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GENERAL INTRODUCTION

HEAD AND NECK CANCER

Head and Neck cancer represents a heterogeneous group of tumors. The majority of these
lesions arises from the mucosa of the upper aerodigestive tract and is classified as squamous
cell carcinomas. Other, rarer entities are adenocarcinomas or sarcomas. Classical risk factors
for the development of mucosal head and neck squamous cell cancer are smoking, alcohol
consumption or the combination of both'. The last decades the HPV-16 was added as an
important etiologic factor mostly affecting younger patients®. Nasopharyngeal carcinoma,
except for squamous cell carcinoma, forms an exception to the above-mentioned etiologies
and is strongly related to Epstein Barr virus, but genetic factors and environmental influen-
ces are also of importance in the pathogenesis of this disease. Much less is known about the
etiology of salivary gland cancer. Exposure to radiation in the past is suggested as risk factor,
based upon studies of atomic bomb survivors from Japan® and patients irradiated in their
childhood for any cause**.

For initial treatment, surgery was long considered the only curative treatment option for
most head and neck carcinomas. Since this treatment modality causes serious functional de-
ficits in locally advanced cases, the combination of chemotherapy and radiotherapy gained
terrain rapidly as organ sparing therapy during the last decades®. Next to chemoradiothe-
rapy, radio-sensitizing drugs (like the monoclonal antibody cetuximab) were introduced

in order to improve outcome’. The radiation component of these multimodality treatments
has improved over the last decade. The introduction of intensity modulated radiothera-

py (IMRT) and volumetric modulated arc therapy (VMAT) have led to an improvement

of efficacy and also decreased toxicity (i.e. xerostomia) of radiotherapy, compared to the
previously used 3D conformal technique®®. Surgical techniques also evolved during the last
decades, with the introduction of minimal invasive techniques, such as CO2 laser'® and
transoral robotic surgery" for small, localized cancers in the oral cavity, larynx and pharynx.
The anatomically complex head and neck area makes treatment of head and neck cancer
challenging, particularly since there is a delicate balance between functional and oncologic
outcome. The influence of inter-patient variety and treatment choices on this balance makes

that the field of head and neck cancer can be classified as “high-risk” cancer care.




CONCEPT OF QUALITY

In general, quality of an ordinary product is defined by the phrase: “It does what you expect
of it to do”. This might be a realistic expectation for simple products, but defining “quality”
in healthcare is much more complex for multiple reasons. The Institute of Medicine'?, a
division of the National Academies of Science, Engineering and Medicine in the USA, issued
the following definition for quality of care: “Quality of care is the degree to which health
services for individuals and populations increase the likelihood of desired health outcomes
and are consistent with current professional knowledge™?. It helps government and patients
by providing information to make proper health decisions and by providing robust evidence
with help of experts in the field. Another, more detailed definition, also issued by the same
institute is: “Getting the right care, to the right patient, in the right setting, in the right way,
by the right (team of) doctors, at the right time, every time!”

Within quality of care several quality domains can be defined*:

Safety Health care is intended to help patients, so adverse events must
be avoided at any time.

Effectiveness Use the available health care wisely, according to up to date
scientific data. In short: avoid over- and underuse of the available
health care facilities.

Patient-centered Health care should be provided in a tailored fashion to individual
patients with respect to all patients’ with their preferences, needs
and values.

Timeliness Finding the optimal balance between available health care
facilities and reducing (harmful) delay.

Efficiency In this era of increased interest in durability, also health care
providers must minimize waste of products, but also minimize
waste of time, ideas and energy.

Equity It must be unthinkable that quality of provided care is based on

ethnicity, gender, geographic location and socio-economic status.

In order to critically evaluate quality of care, the perspective needs to be clear. Each time one
has to question whether it concerns the health care system as a whole, a single health care
institution, a single health care professional or a specific intervention'*'*. After assuring the
domain focus and the approach, the next step concerns the evaluation of the actual quality.

In this thesis our focus is on the domains: safety and effectiveness.



QUALITY ASSESSMENT

In 1988, Donabedian et al."® suggested the implementation of an indicator model, based
upon three types: structure, process and outcome indicators. All three are separately invol-
ved in assessment of quality, but are also causally cross-linked. Nevertheless, by exploring
these three separately, it is possible to gain better insight in the complexity of health care
quality assessment. The following issues have to be addressed before assessing quality: Who
is being assessed? What are the activities being assessed? How are these activities supposed
to be conducted? What are they meant to accomplish?

After analyzing these issues, the context of the system being assessed might become more

evident.

I. STRUCTURE INDICATORS

Structure indicators describe the health care environment, the setting in which care is provi-
ded. Examples in this group are the number of qualified personnel and the equipment of the
assessed facility. Structure indicators are meaningful for explanation of results of exceptional
surgeries like pancreaticoduodenectomies ', esophagectomies', cystectomies' and other
high risk surgeries like open cardiac surgery'. The use of structural indicators often has

the advantage of easy and inexpensive access to data, mostly administrative of origin. The
biggest disadvantage of using these indicators is that they are only proxies for quality of care
and no guarantee for it. Moreover, structural indicators lack the opportunity to learn from
differences in care processes. The consequence of using structural indicators is that clinical
improvements are obtained more slowly or even impossible: low volume hospitals cannot

turn into high volume hospitals at once.

II. PROCESS INDICATORS

Process indicators describe the process of health care using organizational parameters in-
volved in the primary care process. This involves the whole diagnostic and, medical decisi-
on-making process as well as the treatment trajectory. Often-discussed examples of process
indicators are waiting times, discussion in a multidisciplinary team (MDT) and pre-opera-
tive antibiotics. Process indicators are mostly based on evidence-based guidelines or consen-
sus-based quality standards, and measure the adherence to these guidelines or standards on
a patient level. An often-used example of a process indicator is waiting time. The shorter-the

better is the adagio for waiting times, but is it gut feeling or evidence based?




Another example of a process indicator is the routing of surgical specimen after resection,
i.e. the way histopathology is acquired and reported.

As mentioned above, evidence based guidelines are often the foundation for process indica-
tors, which measure the implementation of these guidelines in real clinical practice (locally
or nationally). Examples of these are diagnostic trajectory guidelines and definition of opti-
mal treatment regimes. For instance, magnetic resonance imaging (MRI) has superior soft
tissue contrast that is crucial for delineating tumor extension in the head and neck area. Ho-
wever, MRI has its limitations in moving target volumes, i.e. the larynx during swallowing
reflexes, thus for imaging of the laryngeal area a more rapid imaging technique, computer
tomography (CT), is preferred. This illustrates the basis of a process indicator evaluating the
use of the right diagnostic modality for the right tumor extension.

Many process indicators are based on what is considered strongly evidence based, i.e. based
on results from randomized trials or meta-analyses. New scientific evidence can change
‘state of the art’ care processes within short time periods. Striking examples of randomized
trials in the head and neck cancer treatment leading to paradigm shifts are: the Veterans
Affairs Administration? and RTOG? organ preservation trials in laryngeal cancer with
platinum-based chemo-radiotherapy. The RADPLAT trial®, showing the non- inferiority of
intravenous administration of Cisplatin compared with intra-arterial delivery of Cisplatin
and the Bonner trial” combining Cetuximab and radiation for organ preservation with less
toxicity. These studies have led to alterations in guidelines.

Although working according to guidelines can be seen as useful process indicator, the-

re remain some pitfalls. For instance: trial populations may differ substantially from the
population of patients seen in daily practice, which may hamper the one-on-one transfer of
(positive) trial results. Or what used to be state of the art care can change over time, causing
the process indicator outdated, especially if a guideline is not changed quickly enough. For
example: the above-mentioned RTOG91-11* became the standard for larynx preserving
therapy in a very short time frame, although the pendulum now seems to swing back in
favor for surgical treatment®.

Process indicators have proven to be of general importance since the 20th century. Howe-
ver, they also carry possible disadvantages like the easy influences of population mismatches.
A currently discussed topic in head and neck cancer societies, in line with population mis-
match, is whether all data on oropharyngeal cancer also count for HPV positive tumors®,
because over the years they have constituted a distinct entity”. General process indicators
developed for oropharyngeal cancer might fall short in the current practice where there is

a dichotomy in oropharynx cancer based on HPV status. Reason for this shortcoming is
that increasing evidence appears about differences in, for instance chemo- and radiotherapy

sensitivity between HPV positive and HPV negative oropharyngeal cancers®.



Currently a multicenter prospective randomized trial (NCT01687413) is accruing patients
to determine whether treatment de-intensification is safe in HPV positive oropharynge-

al cancer patients. This data can be used to define HPV positive/negative specific process
indicators.

Moreover, despite the availability of a validated guideline, in the era of shared decision-ma-
king, sometimes patients choose for personal reasons to be treated differently than the
guideline prescribes. Therefore, process indicators should not pursue 100 percent guideline
adherence, because real world clinical practice differs from the trials the guidelines were
based on. These two examples show clearly the difficulty in defining evidence based process
indicators. This stresses the need for choosing carefully relevant indicators and to update

them regularly.

III. OUTCOME INDICATORS

The third component of Donabedians paradigm consists of outcome indicators, which de-
note the actual outcome of health care, provided, tailored to the health of individual patients
or populations. The final outcome is what counts most for individual patients and doctors.
From an economical point of view, health insurance companies are interested in outcome as
well, because this helps them to decide which hospital to contract for a specific care pro-
duct. The involved parameters cover a broad spectrum ranging from very objective (death)
to more subjective [questionnaires, like patient reported outcome (PROM) and experience
(PREM) measures]. This spectrum contains on the one hand pearls, for example the oppor-
tunity to inform patients on outcome for their specific disease, but on the other hand also
pitfalls when an outcome measure does not match with the clinical significance. For exam-
ple, overall survival is not always a meaningful outcome parameter in palliative care, while
it is meaningful in curative care. So when interpreting outcome parameters one needs to
know the context in which they were measured and investigated. Another aspect of outcome
indicators is that outcome is often determined by a combination of factors instead of by one
specific factor. This makes it difficult to design effective measures to improve outcome.
Interpreting differences in indicators and thus assessment of quality of care is only possible
by knowing the cross-linked connection between the three types of indicators.

An example to illustrate the complexity of assessment of quality of care delivered by indivi-

dual providers can be illustrated for laryngectomies performed in different institutes:




STRUCTURE:
o Are these laryngectomies performed in a certified head and neck
cancer center?
o What is the procedural volume of laryngectomies in this specific center?
PROCESS:
o Are all pharyngeal defects primary closed?
o How is the closure procedure conducted?
o Is oral intake resumed immediately post-surgery*’?
oAre patients discussed in a MDT meeting?
OUTCOME:
o What is the complete resection rate?
o How many patients have had complications postoperatively and how many die
due to these complications (failure to rescue)?

o How is the quality of life?

To make valid comparisons in quality of care between centers performing laryngectomies,
risk-adjustment of outcome indicators must be appropriate and could be focused on the

unraveling of differences between centers with attention for:

o Percentage of patients with multiple comorbidities
o Percentage of smokers

o Percentage of locally advanced tumors

o Percentage of primary tumors vs. recurrences

o Percentage of patients with prior treatment with radiotherapy

The connection between the different indicators can be illustrated by the following hypothe-
tical example: a certain hospital has the opportunity to appoint an additional, certified head
and neck specialist (structure indicator - number of certified specialists). Due to this extra
physician the outpatient clinic capacity increases and waiting times for patients shorten
(process indicator — time between first visit and treatment). Also, the volume of the hospital
can be increased (in case the number of patients is unlimited). Previously, the organization
of a MDT meeting was not possible due to an under-staffed department, but now regular
MDT meetings can be organized (process indicator - number of patients discussed in a
MDT). This might lead to improved treatment strategies reflected in higher complete resec-

tion rates, better survival and quality of life (outcome parameters).



However, it remains still unclear which parameter is crucial for the improved outcome of
the individual patient: it could be the experience of the surgeon, the MDT discussion, or the
shorter waiting time or a combination of these factors.

The quality of care concept of Donabedian et al** is a tool to clearly describe and organize
quality of care. The two components (structure, process) are complementary to each other

and all components are necessary to describe quality as complete as possible [figure 1].
QUALITY IMPROVEMENT

Randomized controlled trials

Striving for the best result for the individual patient is an inherent trait of health care profes-
sionals. One of the tools to achieve better clinical results is by conducting Randomized Con-
trolled Trials (RCT). Pubmed generates almost 400,000 hits for RCTs from 1970 to 2015.
Half of these RCTs are published during the last ten years, indicating the increased interest
in health care improvement. Whether this flood of data leads to optimal quality of care for
every patient remains questionable. Quality or impact of a single RCT (as can be assessed by
the critical appraisal tool for RCT (Oxford university 2005 ©) can be too limited to initiate
changes in nationwide guidelines (strict inclusion criteria or inappropriate primary outco-
me). However, it can provide useful information for the treatment of specific subgroups of
patients. Moreover, limited impact RCTs can be included in meta-analyses contributing to
highly powered evidence. Not all clinical questions regarding clinical problems in individual
cases can be solved by RCTs. To search for epidemiological trends or to investigate outcome
from one institute, population-based or cohort studies can be more suitable and can provide

‘real world’ clinical evidence for smaller patient groups.

Quality standards

Next to all research efforts, several other strategies are internationally used to improve qua-
lity of care, for instance: regulation of care, marketplace competition, payment incentives, or
the introduction of a program for continuous improvement of quality (which is encouraged
by organizations like The Joint Commission on Accreditation of Healthcare Organization,
the National Committee for Quality Assurance)® or in the Netherlands “Quality institute” as
part of “The national health care institute”

The most relevant factor for the Dutch situation is regulation of care and can be determin-
ed by setting minimal volume standards. The Dutch Federation of Oncologic Societies
(SONCOS) was founded in 2009 with the objective to improve collaboration between three
oncology-oriented specialisms (surgical oncology, medical oncology and radiation onco-
logy). One of the achievements of SONCOS is a structured document with multidisciplinary

quality standards for oncologic care in general and for each tumor type.




STRUCTURE PROCESS

Extra certified head and neck More outpatient clinic capacity =
specialist more patients

Shorter waiting times
Ability for MDT discussion

\ OUTCOME /

Improved radical resection rate
Better survival
Beter QoL

Figure 1 Example of the relation between quality indicators. This example starts with an extra certified head and
neck specialist. Due to extra capacity, shorter waiting times and increased patient volume could be reached. This
creates higher efficiency and leads to improved oncologic outcome and patient quality of life (or another patient
reported outcome) with two components (structure and, process) acting in a complementary fashion.

Today, more than 20 professional societies contribute to this document and most stakehol-
ders, like the Health Care Inspectorate (IGZ), health care Insurance companies, hospitals
and policy makers have adopted the SONCOS quality standards. Cancer or procedure
specific volume standards are an important part of the document and are the only standards

that can be actively enforced by insurers and inspectorate.

Volume

Luft et al.?® were the first to publish on volume-outcome relationship as quality indicator

in surgery. In their paper they questioned whether higher hospital volume leads to lower
mortality®. In total 1498 hospitals were included and 12 procedures of varying complexity
were examined. In a multiple regression model, including hospital size, teaching status,
geographical location and cost improvement, volume was one of the most important factors
determining mortality. The authors concluded that experience and health care infrastructure

were the main explanations for this finding in high-risk surgery.

Many studies'®'”**3* have shown beneficial outcome for high volume hospitals, using morta-
lity and/or survival as outcome. Soon it became clear that this relationship was most clear in
high-risk procedures like pancreaticoduodenectomies (i.e. Whipple procedure), esophagec-

tomies, gastrectomies, cystectomies and radical prostatectomies (table 1)¢1720-32,



Table 1. A sample from the literature on volume-outcome relationship in oncological procedures.

Author Year N= Procedure Outcome Volume effect

Van Heek'” 2005 19688* Pancreaticoduodenectomy | Mortality Hospital volume: inverse relation
Wouters'® 2012 80202* Esophagectomy Mortality Hospital volume: inverse relation
wilt*! 2008 206141* Radical prostatectomy Mortality Hospital volume: inverse relation
Van Gijn* 2010 80481* Colorectal Mortality Hospital volume: inverse relation
Dikken™ 2013 nr* Gastrectomy Mortality Hospital volume: inverse relation
Hollenbeck* 2007 4465% Cystectomy Mortality Hospital volume: inverse relation
Abbreviations: n.t. not reported, * Systematic reviews

In conclusion, although volume as quality indicator is determined by multiple parameters,
currently available data repeatedly show that higher hospital volume leads to better outcome
in different types of high-risk surgery'®!#*+3¢3”_ Therefore, centralization of services for high-
risk or complex cancer treatment could lead to quality improvement and better outcomes.
Pieper et al.* evaluated 5 systematic reviews on the volume-outcome relationship for clinical
outcome (postoperative mortality, complications and survival) in surgery. Fourteen types of
surgery, including benign as well as malignant diseases, were included. Besides the positive
volume- outcome relationship, the authors defined some methodological pitfalls. The first

is the definition of high volume hospitals: numerically high volume hospitals in the Nether-
lands for example could be defined as low volume in the United States, indicating that

the definition of high volume hospitals is partly geographically determined. For a proper
judgment of volume effects, correction for case-mix is indisputable, although it remains
impossible to correct for every single variable of case-mix. This renders volume to be a
surrogate indicator for several unknown factors. For example, a high volume hospital with

a well-functioning tumor board, might lead to excellent patients’ outcomes, while the actual

interaction of the tumor board remains an undetectable factor.

Clinical Audit

Next to regulation of care by setting volume standards, programs for continuous impro-
vement of quality are important. Registration programs play a pivotal role in this respect.

In the Netherlands, registries like: “The nationwide network and registry of histo- and
cytopathology in the Netherlands” [PALGA] and the Netherlands Cancer Registry (NCR)
were founded in the eighties. This NCR covers all newly diagnosed cancers by registering all

pathology reports and hospital discharge diagnoses.




Specifically trained data managers gather several patient, tumor and treatment parameters
in the individual hospitals. Vital status is annually assessed by linkage to Municipal Personal
Records (in Dutch: “Basisregistratie Personen or BRP”). Over the years, the nation-wide
coverage reached at least 95%%. This registry is a unique base for epidemiological studies
and due to its high coverage it is also suitable for quality control studies.

Individual hospitals have been scoring complications for decades, but since 2000 better-or-
ganized registries started evaluating the whole process of hospital care and its outcome,
adjusting for differences in case-mix between participating hospitals. An example are the 23
quality registries of the Dutch Institute for Clinical Auditing (DICA)*’, which was founded
in 2010 after the successful initiation of the Dutch Surgical Colorectal Audit in the Nether-
lands. Initially, the DSCA was a surgery-based registry, which started with the registration
of primary colorectal cancer patients’ characteristics, treatment and outcome. Feedback is
given continuously through a web-based system in which hospitals find their own results in
perspective to the other hospitals in the country (benchmarking). This is called the au-
dit-feedback principle and leads to an awareness of each hospital’s performance in compa-
rison to the rest of the hospitals. In case hospitals persistently perform below the national
average, this system will give a notice. A team of specialists appointed by the Association

of Surgeons in the Netherlands will visit such a hospital to try to identify points for im-
provement, resulting in a thorough problem analysis and quality improvement program.
Subsequently the continuous audit monitors the effect of the initiated quality improvement

programs, which completes the “audit-cycle”

HEAD AND NECK CANCER AND QUALITY

The head and neck departments in the Netherlands have been pioneers in centralizing mul-
tidisciplinary care in order to improve quality. Already in 1984 the Dutch Head and Neck
collaborative group was founded®. Goals were initially to share knowledge and collaborate
in research, but soon after foundation quality improvement was added by stating that every
single malignant head and neck tumor should be treated in one of the eight head and neck
cancer centers or one of the preferred partners. This resulted in a centralization rate of
above 95% in the mid 90’s*’. The remaining 5% possibly were small T1 laryngeal tumors that
were easily removed by the oto-rhinolaryngologist or salivary gland carcinomas that were
thought to be benign on preoperative workup. Nowadays, six preferred partner hospitals are
participating in the Netherlands head and neck oncology center network, resulting into 14
certified head and neck centers in the country.

Head and neck cancer patients often deal with swallowing problems and impaired speech

either induced by tumor growth or by treatment, with serious consequences for their quality
of life.



Since both function and esthetics are easily affected, treatment of head and neck cancer is
typically dependent on a multidisciplinary approach, in which the surgeon (oncologic and
reconstructive), radiation oncologist, medical oncologist and paramedics play their indivi-
dual roles.

An integrated multidisciplinary care program, containing all disciplines, has led to incre-
ased patients satisfaction and higher quality of life*. Such a quality improvement program
is made up by different indicators, which cover all three fields of quality (structure, process
and outcome). Ouwens et al.** developed a set of clinical quality indicators consisting of
eight specific integrated care indicators (for instance, availability of a clinical pathway, case
managers and the number of patients that feel well informed) and 23 specific head and neck
indicators (for instance, availability of head and neck radiologists, number of patients with
swallowing problems and the availability of a multidisciplinary stop-smoking program)®.
With this set of indicators, they studied head and neck cancer care quality in one certified
Head and Neck Center. They found that especially assessment of nutrition, waiting times;
swallowing and speech rehabilitation and emotional support leave room for improvement.
All of these were patient-oriented items, showing the gap in focus between doctors and pa-
tients in relation to quality of care improvement. An implementation study of the program
published by Ouwens et al.* also showed the positive effect of such integrated care program
on quality of care in head and neck cancer patients, especially on patient information by
introducing an information folder, waiting times by optimizing the process and improved
nutrition guidance by strict dietician control (improvement from 44% to 88% in dietician
visits). The multidisciplinary rehabilitation program after treatment for head and neck can-
cer is another example of an evidence based quality improvement program. This program
contains a dedicated multidisciplinary (para-) medical team of specialists in rehabilitation
aiming for a personalized rehabilitation program, which leads to improvement in health
related quality of life and also in less distress®.

The aforementioned audit-feedback principle, like the DICA system, has also been assessed
for head and neck surgeons in MD Anderson, Houston Texas*. Investigators evaluated a
patient cohort containing 2618 procedures (2004 — 2008). After evaluation several (quality)
indicators they confronted the surgeons/departments with their individual performance.
Thereafter, they evaluated a post feedback series of procedures (n=1389) from 2009-2010,
to check the influence of feedback on performance. They found a significant decrease in
the mean length of stay as well as the number of negative performance measures (mortality,
readmission, reoperation, surgical site infection, blood transfusion).

This thesis deals with an exploration of potential indicators in a well-centralized head and

neck cancer setting and is outlined as follows.




OUTLINE OF THE THESIS

Quality of health care is a very large and unbounded concept. In order to streamline this re-
search project, the concept of quality assessment of Donabedian et al15 was used. This thesis
describes quality of head and neck cancer care in the Netherlands. It is divided into the three

components of quality indicators, which are structure, process and outcome.
STRUCTURE INDICATORS

Because head and neck cancer is centralized the Netherlands, the question arose whether
increasing volume of hospitals improves outcome. In CHAPTER 2 a literature search was per-
formed to find evidence whether higher (centralized) volume in head and neck is associated
with better outcome.

In CHAPTER 3 variation of care was evaluated in seven head and neck cancer centers and
three preferred partner hospitals to assess whether centralization leads to uniformity in

diagnostic and treatment processes

PROCESS INDICATORS

In CHAPTER 4 we analyzed the influence of waiting times in the Netherlands Cancer Institu-
te on survival as process indicator. Processing of pathological specimens is another impor-
tant process indicator, which is almost unknown among clinicians. All of the steps involved
in the pathology process are quality sensitive steps, meaning that small disturbances can
lead to misinterpretation or even wrong diagnosis. To uniform these steps all pathology
laboratories in the Netherlands work with quality assured protocols.

The influence of a pathology protocol change has been investigated in CHAPTER 5 with focus
on lymph node yield in neck dissection specimens, comparing two examination protocols.
CHAPTER 6 focuses on the outcome variation evolving from the pathology protocol of
lymph node dissections. In this chapter we studied the variation in prognostic value of

Lymph Node Ratio (LNR) in relation to changes in pathology protocols.

OUTCOME INDICATORS

Outcome in cancer care is mostly defined as overall survival or disease specific survival. Be-
sides the variation of care, CHAPTER 3 also describes different outcome indicators (survival

and recurrence rate) for head and neck squamous cell carcinomas in the Netherlands.



This chapter specifically describes variables (including hospital volume) influencing the
outcome of head and neck cancer patient cohort from 2008.

Despite the fact that salivary gland carcinoma treatment should be centralized in head and
neck cancer centers; the centralization rate remains lower for salivary gland tumors com-
pared to most other head and neck carcinomas. Salivary gland tumors are unique since this
group consists of both benign and malignant neoplasms. To achieve better knowledge of the

epidemiology of salivary gland carcinoma we performed nationwide studies on outcome of

salivary gland carcinomas over the past 21 years (CHAPTER 7) and pleomorphic adenoma
over the same period (CHAPTER 8).
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Rising health care costs and increasing incidence of cancer prioritize the improvement of the
effectiveness of cancer care'. This induces a progressing interest in quality indicators
measuring the quality and effectiveness of health care in a standardized way. These
indicators comprise 3 categories focused on structural, process, and outcome aspects?.

They are developed to measure health care performance and compare health care providers,
for example, on postoperative complication rates, reinterventions, blood transfusions, length
of hospital stay, and mortality. In colorectal cancer, measuring the hospitals’ performance on
these indicators have played decisive roles at several levels of health care management and

economics®.

PROCEDURAL VOLUME

One of the quality indicators frequently mentioned in literature is procedural volume,
hospital, or surgeon based*. The rationale lying behind this indicator is the notion that the
experience of a surgeon with a certain, often complex surgical procedure is related to the
outcome®. However, experienced surgeons do not treat patients on their own, a multi-
disciplinary team of medical specialists and nurses is involved in the care for individual
patients. Therefore, hospital volume can act as a surrogate for surgeon volume, although it
also adds additional information on the quality of care provided.

Generally, high-volume hospitals have more specialized (diagnostic) facilities, well-
organized multidisciplinary meetings, and shorter diagnosis—treatment interval. Thereby,
high-volume centers tend to adhere more to national guidelines; the volume effect may also

partly represent the institutional organization.

PROCEDURAL VOLUME AND OUTCOME FOR OTHER CANCER PROCEDURES

Over the past decade, a strong relation between hospital volume and survival has been
reported, suggesting that procedural volume is an important determinant of outcome in
surgery and patient care* . Birkmeyer et al” studied the impact of volume of surgical cancer
treatment in general and reported a statistically significant inverse relation (adjusted
mortality decreased in high-volume centers ranging from 20.3% to 8.4% after
esophagectomy and from 2.6% to 2.1% after nephrectomy. This publication was followed by
many confirmatory reports, next to esophagectomy, also focusing on other specific high-
risk low-volume procedures, like radical prostatectomy and pancreatectomy®'°. Wouters

et al® performed a systematic review of 43 studies (>70,000 patients), studying the relation

between volume and outcome in esophagectomies.



They concluded that outcome of esophageal cancer surgery is significantly better when
performed at a highvolume hospital. Next to esophagectomies, this correlation has also been
established in a systematic review for pancreatectomy by van Heek et al’. They included 12
studies with >19,000 patients and found that pancreatic resections performed at high-
volume hospitals had lower mortality rates than low-volume hospitals (0% to 3.5% vs 13.8%
to0 16.5%; p <.001). In a recently published systematic review covering >30 (n532)
systematic reviews for different surgical procedures (oncology and non-oncology), it was
concluded that, especially for cancer procedures, there is a tendency to support a hospital-
volume-outcome relationship'. Although they were able to summarize evidence, they did
not attempt to calculate the minimum volumes (cutoff values) required to provide high-

quality cancer care.

HEAD AND NECK CANCER

For head and neck cancer, surgery is still the mainstay of primary treatment and its role as
salvage treatment after (chemo-)radiation is increasing. As stated before, in general, head
and neck surgical procedures are of a highrisk nature and are often performed in a low-
volume setting. The risk of functional sequelae is high by the impact of surgery on
swallowing, speech, self-image, and shoulder function with a major influence on the
patient’s quality of life. The essence of high-risk surgical care in this patient group is
always balancing between complete resection and preservation of function®. In contrast to
the plethora of studies on the volume aspects of other high-risk cancer surgeries, a
literature search of volume aspects in head and neck surgery did reveal only 8 suitable
articles published in the English language'*-. An overview of these studies is available in
Table 1. These studies did not exceed a total number of 19,000 patients. It remains
disappointing that head and neck cancer, which can be characterized as a relatively rare
disease with a typical low-volume high-risk profile, contrasts so significantly with the
analysis of volume aspects of other surgical procedures. The main reason could be that in
contrast to esophagectomies, for example, the studies performed in head and neck cancer
evaluate a group of various disease entities, whereas other volumeoutcome studies assess
single procedures. Therefore, more focused studies on the volume-outcome relationship for
specific head and neck procedures, such as neck dissection, laryngectomy, parotidectomy,

and transoral resection, are required.
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CAUSES FOR LATE CENTRALIZATION: METHODOLOGICAL PROBLEMS IN VOLUME-OUTCOME
STUDIES

Causes why head and neck surgeons respond late to the trend of evidence-based
centralization are philosophical. In most countries, large databases with detailed clinical
information, including outcomes of head and neck cancer procedures, are lacking. Most
volume-outcome studies evaluate mortality as their main outcome measure, whereas the a
priori mortality rate after major head and neck surgery is relatively low. Furthermore,
treatmentrelated effects are multidimensional, complex to investigate, and often lacking

administrative and clinical databases. Another methodological problem of “procedural

volume studies” is weighing differences in case mix factors between volume-groups. Most
positive head and neck volume-outcome relations were found in studies with poor or even
without case mix adjustments. Head and neck cancer cohorts are, by definition,
heterogeneous, because they consist of many different diseases, with different etiologies,
disease stages, and different intrinsic prognoses. For example, half of the studies we found
were not corrected for disease stage or treatment (concurrent chemoradiation, primary
radiotherapy, or adjuvant radiotherapy after surgery, etc.)'®***>», The difficulty in case-mix
adjustment is that you do not know whether all possible influencing variables are
investigated. Only large detailed clinical databases provide enough variables; although the
more variables you include, the more patients are needed to obtain statistically significant
results. Another methodological pitfall is the definition of “high” and “low” volume head
and neck cancer centers. This remains vague, without any clear evidence-based volume
cutoft values. In our systematic literature search, the cutoff points for “high volume” range
widely from 22 to 182 procedures annually. Because of differences in subsites and treatment
modalities, a firm conclusion on cutoff points based upon the current available literature can
therefore not be made. These results are in contrast with volume cutoffs for esophageal
cancer, aiming at a minimum of 20 resections annually for high-volume hospitals®.
Nonetheless, in esophageal cancer, there is also no international consensus reached on the
definition of a high-volume hospital.

For head and neck cancer, there is not (yet) an evidence-based volume standard, but the
Dutch Head and Neck Society recommends a minimum of 200 new patients with head and
neck cancer per year. Another difficulty is the wide variety in biological behavior of all
different types of head and neck tumors. For instance, the biological nature of
nasopharyngeal carcinomas is completely different from that of hypopharyngeal carcino-

mas.



Also, surgeries differ significantly from each other; petrosectomy differs in risk and
complexity from a transoral excision. It is conceivable that the true effect of hospital volume
in head and neck cancer is overshadowed by the above-mentioned case mix differences.
Therefore, to represent the true effect of procedural volume in a study, thorough case mix
adjustments based on detailed clinical data are crucial®. Most volume studies are cross-
sectional studies, without exploring changes in volume and performances over time. All of
our selected studies belong to this category. Last, volume should be modeled as a
continuous variable; by using logistic regression analysis to examine how a set of variables

predicts outcome measurements®. None of the referenced studies met this criterion

CONCLUSION

This all makes it problematic to generalize and meta-analyze data regarding volume versus
outcome and compare it with well organized studies, like in esophageal surgery® and
pancreatic surgery’. Despite these limitations, volume-criteria studies investigating the
relation between volume and outcome are of great importance, because they can move the
head and neck field forward. The proposed benefit of high-volume care advocates the
foundation of a limited number of comprehensive head and neck cancer centers.

Following the example of major head and neck cancers in the world, with annual new
patient visits surpassing 4000,%-%* it should be possible to unravel the process contributing
to better head and neck cancer care. With larger patient cohorts and standardized treatment
protocols, it might be possible to compare the effect of volume on treatment results. Our
comparative survey on volume effects in pancreatic, esophagus, and head and neck surgery
makes it definitely clear that more research needs to be done to define the volume-outcome
relationship in head and neck cancer. In our opinion, the best study setup would be to start
a study comparing international “real” high-volume centers and low-volume centers with
thorough case-mix adjustments (stage, treatment, histology, etc.) in specific head and neck
procedures (laryngectomy, parotidectomy, and neck dissection). After that, it might be
possible to draw evidence-based conclusions and define clear cutoft points for hospital

volume in head and neck procedures, as has been done for other types of surgery.
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ABSTRACT

BACKGROUND
To explore variation in numbers and treatment between hospitals that treat head and neck
cancer (HNC) in the Netherlands.

MATERIAL AND METHODS

Patient, tumor and treatment characteristics were collected from the Netherlands Cancer
Registry, while histopathological features were obtained by linkage to the national pathology
record register PALGA. Inter-hospital variation in volume, stage, treatment, pathologically

confirmed loco-regional recurrence and overall survival rate was evaluated by tumor site.

REsuLTS

In total, 2094 newly diagnosed patients were included, ranging from 65 to 417 patients in
participating hospitals treating HNC in 2008. Oral cavity cancer was mainly treated by sur-
gery only, ranging from 46-82% per hospital, while the proportion of surgery with (chemo)
radiotherapy ranged from 18-40%. Increasing age, male sex, and high stage were associated
with a higher hazard of dying. In oropharynx cancer, the use of (chemo)radiotherapy varied
from 31-82% between hospitals.We found an indication that higher volume was associated
with a lower overall hazard of dying for the total group, but not by subsite. Low numbers,
e.g. for salivary gland, nasopharynx, nasal cavity and paranasal sinus, did not permit all

desired analyses.

ConcLusioN

This study revealed significant interhospital variation in numbers and treatment of especi-
ally oropharyngeal and oral cavity cancer. This study is limited because we had to rely on
data recorded in the past for a different purpose. To understand whether this variation is un-
wanted, future research should be based on prospectively collected data, including detailed

information on recurrences, additional case-mix information and cause of death.

KEY WORDS:

Head and neck cancer, outcome, survival, epidemiology, treatment, quality of care



INTRODUCTION

Head and neck cancer (HNC) consists of a heterogeneous group of cancers. The individual
types are characterized by their low incidences, but as group they take the 7th and 9th place
in men and women, respectively, in the Netherlands'.

Because of the many vital functions in the head and neck, the delicate balance between
optimal oncological and functional outcome characterizes treatment choices for of HNC.
Centralization of care was shown to improve outcome in HNC and other high-complex
types of cancer treatment®”.

Since the foundation of the Dutch Head and Neck Society (DHNS) in 1984, over 90 %

of HNC patients are treated in specialized head and neck cancer centers (HNCC) in the

Netherlands'. Several HNCC:s collaborate with regional hospitals (Preferred Partner clinics
(PPC)). In the Netherlands, possibly related to this centralization, survival rates are good for
HNC compared to other European countries''2

Despite the presence of national guidelines, differences in treatment patterns have been
described for the American® and British'* setting. To discover the extent of variation
between hospitals treating HNC in the Netherlands, we studied variation in patient and
tumor characteristics, type of treatment, volume, recurrences and overall survival for HNC

patients within the participating hospitals.

PATIENTS AND METHODS

DATA SOURCES

All patients diagnosed with primary invasive HNC in 2008 identified in the Netherlands
Cancer Registry (NCR) and known in one of the participating hospitals were included.
Patients with carcinoma in situ, skin cancer, sarcomas or hematological malignancies of the
head and neck area were excluded.

The NCR is population-based and cancer cases are identified from pathology records
received from the nationwide pathology network PALGA, as well as from the hospital
discharge registry. The completeness of the NCR was estimated to equal at least 95%".
Following notification, trained tumor registration clerks abstract a minimum data set,
including patient, tumor and treatment characteristics from hospital records.

To evaluate recurrences within 5 year from diagnosis, the dataset of the NCR was linked to
PALGA data by a trusted third party. PALGA data included all conclusions from pathology
reports, containing information on tissue site, procedure for tissue retrieval, histo-
pathological diagnosis and date of specimen retrieval.

Participating hospitals (HNCC N=7 and PPC N=3) consented to anonymous analyses of

their data; an independent employee at the NCR performed anonymization.



DEFINITIONS

Patients were classified based on ICD-O-3 code: oral cavity cancer (C02, C03, C04, C05.0,
C05.8, C05.9, C06), oropharyngeal cancer (C01.9, C05.1, C05.2, C09, C10 (except C10.1)),
laryngeal cancer (C10.1, C32), hypopharyngeal cancer (C12, C13) and cancer at other
subsites [salivary gland, nasopharynx, para-nasal sinus or nasal cavity] (C07, C08, C11, C30,
C31, C14).

In case patients were known in more than one HNCC, the center in which patients were
treated was chosen as coding center. Second opinions without treatment were not included
in the numbers per center. Volume was included in accordance with the previous report by
Halm et al"’.

Pathological TNM (6th edition'®) was used and complemented with the clinical
classification if pathological stage was unavailable.

Treatment was classified into 4 groups: surgery only, surgery plus (chemo-)radiotherapy (C)
RT), (C)RT or other/palliative therapy. Patients with distant metastases at diagnosis (M+) or
untreated patients were excluded from analyses on treatment and survival.

All recurrences reported are pathologically verified recurrences, since the pathology
databank was our only source with information on recurrences; thus clinical recurrences

could not be included.

STATISTICAL ANALYSIS

Univariate testing was done by Chi-square, Kruskal-Wallis or Fisher’s Exact test. Recurrence
and survival analyses using the Kaplan-Meier method. Multivariate survival analyses inclu-
ding sex, age, stage and hospital volume was performed using the Cox regression analysis.
P-values <0.05 were considered statistically significant.

Statistical programs used were SPSS (version 22.0, IBM Chicago, IL) and STATA data
analysis and statistical software (version 10.0, StataCorp LP, TX, 1996).

RESULTS

In total 2094 patients, were included in this study. The number of newly diagnosed patients
in 2008 ranged from 129-417 in HNCC and from 65-86 in PPC. There was variation in site
distribution and in sex between hospitals (table 1). In all subsites, men were more affected

than women.
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ORAL CAVITY CANCER

There were 602 patients with oral cavity squamous cell cancer. Hospital volume ranged
from 23-119. Most patients had stage I disease (36%), followed by stage IVMO (27%), stage
IT (18%), stage III (12%) and stage IVM1 (6%). The stage distribution was not different
between hospitals (p=0.639). After exclusion of M+/untreated patients 565 patients were
analyzed. Surgery only was treatment of first choice, ranging from 46%-80% between
hospitals (P<0.001) (table 2). The proportion of surgery with adjuvant (C)RT, which was
almost exclusively postoperative radiotherapy (PORT), ranged from 18%-40%. The use of
PORT differed significantly between the hospitals (p<0.001), but appeared independent
from hospital volume (p=0.162).

The pathology proven loco-regional recurrence rate after 5 years was 29% (162 recurrences).
There was no significant difference in recurrence rates between the hospitals (p= 0.779).

The overall 5-year survival was 60% (227 events) and was significantly associated with stage
(p<0.001): stage I 78% (45 events), stage I 71% (30 events), stage III 52% (32 events) and
stage IVMO 36% (113 events) [figure 1a].

In multivariate cox regression analysis: higher age, male sex and higher stage were negatively

associated with overall survival (table 3).

OROPHARYNGEAL CANCER

In total 453 patients were diagnosed with oropharyngeal cancer. The number of newly
diagnosed patients ranged from 13-91 in participating hospitals. Most patients were
diagnosed with stage IV (55%). The stage distribution did not differ between hospitals
(p=0.647). For patients without distant metastases and undergoing treatment (n=406;
90%) organ-sparing treatment was performed in most cases (73%), ranging from 31-85%
(p=0.002). Primary surgery was given in up to 36% (range 15-36%) of the patients in
HNCC:s (table 2). Use of primary radiotherapy varied from 7%-58% between HNCCs and
the use of primary chemoradiation ranged from 20%-55%.

The 5-year pathology proven loco-regional recurrence rate was 26% (107 recurrences).
There was no statistically significant difference in recurrence rate between the hospitals
(p=0.901).

Five-year overall survival was 52% (196 events) and did not statistically differ by stage

(I: 59% (21 events), II: 56% (28 events), III 53%, (36 events) and IVMO 47% (110 events);
p=0.310) [figure 1b].

In multivariate Cox regressions analysis stage IV (HR 1.60 (95%CI 1.02-2.49) and higher
age (HR 1.04 for each year (95%CI 1.02-1.05) were associated with a lower overall survival
(table 3).
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LARYNGEAL CANCER

In total 585 patients were identified with laryngeal cancer. Hospital volume ranged from 10-
133 newly diagnosed patients per year.

Stage distribution varied significantly between the hospitals; stage I ranged from 30-41%
and stage IV from 18%-33% (p=0.012).

The proportion of stage I patients was higher in PPCs compared to HNCCs (36% vs. 26%,
p=0.003). Stage IL, III and IV did not significantly vary between PPCs and HNCCs (p=0.804,
0.096 and 0.084 respectively).

After exclusion of M+/untreated patients, 566 patients were left for additional analyses.
Most patients with laryngeal cancer were treated by an organ preserving treatment (55%-
94%, p=0.004) (table 2)

After 5 years, pathology proven loco-regional recurrences were found in 20% of the patients
(114 events). The recurrence rate did not vary between hospitals (p=0.779). The 5-year
overall survival of laryngeal cancer equaled 66% (194 events) (stage I: 80% (39 events), stage
IT1 74% (39 events), stage III 58% (38 events), stage IVMO 40% (74 events) (p<0.001) [figure
Ic].

Multivariate Cox regression analysis showed significantly increased hazard rates of dying for
higher stage (stage III: HR 3.20 (95%CI 2.12-4.85) & stage IV disease: HR 5.74 (95%CI 3.96-
8.33), increasing age (HR 1.07 95% CI 1.05-1.08) and (borderline significant) female gender
(HR 1.42 95%CI 1.00 -2.01). Hospital volume was not associated with overall survival (table
3).

HYPOPHARYNGEAL AND OTHER TYPES OF HNC

Hypopharyngeal cancer (n=175, hospital range 1-43) was mostly diagnosed staged IV
disease (>70%). The stage distribution did not differ between hospitals.

After exclusion of primary metastasized or untreated patients 149 patients were included in
the treatment and survival analyses.

The majority of the patients were treated with organ preserving treatment regimens [mean
80%, hospital range 58%-100% (p=0.149)] (table 2).

The pathology proven recurrence rate was 25%. This did not statistically differ between the
hospitals (p=0.257).

Five-year overall survival was 39% with the worst survival (32%) for stage IV patients
(p=0.08). Due to low number of events, multivariate analysis could not be performed.
Hundred patients (hospital range 1-18) with salivary gland cancer were represented in this
study cohort. For nasal cavity and para-nasal sinus cancer, the number of patients was 114
(hospital range 1-25). For nasopharyngeal cancer, there were 63 patients ranging from 0-14

per hospital. These low numbers did not allow further analysis.
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DISCUSSION

This study describes HNC patients’ characteristics and outcome from 7 HNCCs and 3 PPCs
in 2008 in the Netherlands. The number of HNC patients equaled 2094 and ranged from
65-417 per center.

Variation in treatment is one of the primary findings in this study and has been described in
the literature before. In previous American™ and British'* studies, differences in treatment
regimens were described, despite the presence of national guidelines, mainly due to health
care organization. However, these studies are not representative for the Dutch setting
because there are fundamental differences in health care organization between these
countries and the Netherlands (e.g. insurance for every inhabitant and only cancer care in
non-private hospitals). Our study is the first to show significant variation in treatment in a
country with centralized head and neck cancer care.

In oral cavity cancer, the use of PORT differed. This difference could probably be

explained by unmeasured pathological characteristics, such as the presence of close or
involved resection margins, extracapsular lymph node extension, or perineural growth: all
indicating adjuvant treatment according to the guideline'> . Therefore, we cannot draw
further conclusions about the source of this difference.

In oropharynx cancer patients there was a wide variation in the primary use of (C)RT.
Because the updated version of the national guideline, with chemoradiation as standard
treatment for advanced stages instead of radiotherapy alone, was published in 2010, early
adoption of the guideline in 2008 by some centers could be an explanation for this observed
variation. For national uniformity in treatment, continuously updated guidelines and rapid

adherence are essential.



For laryngeal cancer, the differences in treatment between hospitals were less clear,
probably because the treatment guidelines can be applied more straightforward in an organ
setting with more clearly defined anatomical boundaries as compared with other head and
neck sites. An ongoing debate on treatment of laryngeal cancer is how to treat T4 laryngeal
carcinomas. Unfortunately, our series contained insufficient number of T4 laryngeal cancer
patients per center to evaluate differences.

However, there is a recent publication of Timmermans et al® that showed there is a
declining tendency in primary laryngectomy for laryngeal cancer in the Netherlands over
the past 20 years. However, this analysis was not split for different centers, so whether there
is hospital based variation in treatment of T4 laryngeal cancer remain a topic of future

research.

Another interesting observation in the laryngeal cancer group was the higher hazard of
death for female patients (HR: 1.42 (95% CI: 1.00-2.01), while for most cancer types, the
survival is better for women compared to for men?*.. This can be explained by the fact that
women more often have supraglottic cancer, associated with higher stage, as shown in
another study from the Netherlands®.

The exclusion of untreated or metastasized patients from treatment analyses may introduce
bias because differences in techniques used to evaluate distant metastasis may differ between
hospitals, as well as the decision to treat or not to treat curatively. However, a fairly good

consensus on when to treat curatively was shown in the Netherlands®.

A second important finding of our study is the variation in site distribution per hospital.
Quite a large difference in site distribution is found, which might be explained by
historically defined referral patterns. Another explanation could be the variation in
composition of the population in the adherence area of the HNCC. A clear example of that
is the distribution of Asian immigrants across the Netherlands and the clustering of

nasopharyngeal cancer in accordance with that distribution.



Our survey revealed low numbers of salivary gland, nasopharynx, nasal cavity and paranasal
sinus cancer, rarely exceeding twenty cases per center. These low numbers did not permit
any robust data analysis, and will never be sufficient to evaluate variation. To obtain suffi-
cient numbers, centralization may be advocated. However, other considerations should be
taken into account: salivary gland cancers are part of a larger cohort of benign salivary gland
tumors also providing surgical expertise. Another example is chemoradiation for nasop-
harynx, which demands experience and specific expertise from the radiation oncologist,

as well as experience and specific expertise of the supporting personnel with toxicity and
complications related to the treatment. More or less similar considerations play a role for
paranasal sinus cancer with the need of functional endoscopic and neuro- surgical expertise.
Assuming that increasing volume contributes to improved quality of care, further

centralization of these rare HNC might contribute to better outcomes.

We found a significantly lower hazard rate of dying with increasing hospital volume, after
correction for age, gender and stage (HR 0.98 per 25 patients, p=0.034).However, volume
was no longer statistically significant in analyses restricted by subsite. This is probably the
result of the lower number of patients by subsite in combination with the low effect for
volume.

We found a significantly lower hazard rate of dying with increasing hospital volume, after
correction for age, gender and stage (HR 0.98 per 25 patients, p=0.034). However, volume
was no longer statistically significant in analyses restricted by subsite. This is probably the
result of the lower number of patients by subsite in combination with the low effect for
volume.

Our findings are in line with a report on head and neck surgery* showing, that the hazard
of dying was lower in high-volume hospitals (HR per 25 patients 0.976 (95% CI 0.955-
0.997) in multivariate analysis). A recent meta-analysis, including five large (n= 805-19,326)
studies showed a similar volume-survival relationship in 49,403 HNC patients (HR 0.886
(95% CI, 0.820-0.956)*. However, volume cutofts of the original studies were used, causing
heterogeneity in numbers classified as high or low volume. It was argued that differences in
definitions of volume only change the amplitude and not the relationship of the effect®.
This study was mainly limited by the fact that data were recorded in the past, and not
specifically for this goal. Specific characteristics necessary for case-mix adjustments, like
performance status, comorbidity, smoking, alcohol drinking and HPV status, are lacking.
Another limitation of this study was the missing pathology data; available information was

mainly free unstandardized text, complicating complete and uniform extraction of data.



Despite insufficient information to score perineural growth, extracapsular spread or
resection margins, pathologically proven recurrences could be scored. Several studies
showed that the use of standardized pathology reports improves the quality of the reports?”
8, Furthermore, the list of important pathology items for HNC grows rapidly PALGA is
currently working on a national protocol for synoptic reporting in HNC. The use of only
pathology proven recurrences definitely leads to an underestimation of the recurrence rate,
and may contribute to differences in tumor recurrence rates between hospitals, since centers
may utilize different techniques to prove a recurrence. Therefore recurrence-free survival 3
should be interpreted with caution. Some precaution should also be made in the inter-
pretation of survival , since only overall survival data was available for this cohort. Ideally

disease specific survival is the outcome parameter of choice.

The Dutch national prospective audit will provide additional detailed information on case-

mix, recurrences (both clinical and pathological) and cause of death in the future.

Summarizing, our study revealed significant variation in treatment of head and neck
carcinomas and low numbers of salivary gland, nasopharyngeal and paranasal cancer per
hospital. To understand whether this variation is unwanted or not, we need more detailed
information on large number of cases to accommodate robust analysis. Even though HNC
care is already at a high level of centralization in the Netherlands, there may still be

opportunities for improvement.
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ABSTRACT

OBJECTIVE

The increasing volume of head and neck squamous cell carcinoma (HNSCC) patients can
lead to longer intervals between histopathological diagnosis and primary treatment. This
could cause psychological distress to the patient, but more importantly could possibly lead
to tumor progression and decreased survival. Accordingly, this study investigates these

relationships.

METHODS

The correlation of professional delay and clinical characteristics of

2493 patients, treated between 1990 and 2011 with oral, oropharyngeal, hypopharyngeal and
laryngeal SCC, was investigated. Patients were divided in two groups based on treatment
delay, defined as the interval between histopathological diagnosis and initial treatment.
Univariate and multivariate proportional hazards models were used to assess disease specific

survival (DSS) and disease free survival (DFS).

REesuLTS

Year of diagnosis, tumor site and therapy were significantly related to treatment delay.
Tumor stage was not related to treatment delay. Multivariate regression models revealed that
the group with a delay of more than 30 days had a better DSS (HR .838, CI .697-.922, p =
.041) and DFS (HR .816, CI.702-.947), p = .007) than the group treated within 30 days.

ConcLusioN

In our study, treatment delay up to 90 days is not related to impaired survival. This argu-
ment can be used extremely cautiously to comfort patients who have to wait several weeks
for treatment. Although, possible tumor progression during treatment delay could have
led to increased morbidity subsequent to more extensive treatment. Also, possible negative

psychological impact of delay in treatment should not be underestimated.

KEY WORDS
Head and neck, squamous cell carcinoma, professional delay, treatment delay, waiting time,

prognosis, survival



INTRODUCTION

Along with the ageing of the population and despite reduced smoking, the total volume of
cancer patients is continuously increasing in Western Europe, resulting in a growing de-
mand for treatment capacity'. Furthermore, as high volume centers have proven to provide
better care, there is a worldwide tendency to centralize cancer care**. When providers face
difficulties in matching this increasing demand with sufficient capacity, waiting

lists for treatment can emerge>®. The resulting diagnostic or treatment delay might cause the
patient and relatives psychological distress’, but more importantly, may give the tumor the
opportunity to grow and metastasize, which could ultimately lead to impaired survival. Mul- 4
tiple studies did analyze this relation between treatment delay and prognosis and found no

influence of a delay longer than one month on the survival for breast?, lung’, colorectal'® and

pancreatic cancer''. However, a study from South Korea reported a significantly improved
prognosis for patients with stomach, colon, rectal, pancreatic, lung and breast cancer who
were surgically treated within one month'? and a Canadian study reported similar results

in bladder cancer®. In head and neck cancer, the world’s sixth most common malignancy;,
screening and early detection is complex and often not routine

practice. The main reasons are the lack of a reliable diagnostic modality for screening and
the limited awareness and knowledge of early signs and symptoms'*'¢. Especially tumors in
the naso- and hypopharynx are associated with extended patient delays, while glottic larynx
tumors are detected relatively early due to the earlier onset of symptoms such as hoarse-
ness'. As described in several studies, HNSCCs are relatively rapidly proliferating
malignancies, the tumor volume doubling time being reported 30 days or less in individual
cases'®. This rapid growth, together with factors such as the patient’s insufficient know-
ledge about the disease and inability to recognize alarm symptoms'”?' is resulting in more

than 60% of the patients being diagnosed with advanced stage at diagnosis.



Consequently, the prognosis is rather poor with a mortality rate over 50%. Since tumor stage
is the most important prognostic factor and decisive in the choice of treatment, it is suppo-
sed that reducing the total delay (i.e. patient delay and professional delay) for treatment is
desirable?*. In the guidelines of the Dutch Head and Neck Society it

is stated that 80% of the patients should be treated within 30 days after their first appoint-
ment®. In practice this goal is sometimes hard to achieve?®?. Although intuitively plausible,
the prognostic impact of treatment delay has not been studied thoroughly.

In this population based retrospective cohort study, we aimed to investigate the association
of treatment delay and long-term survival of HNSCC patients in a Dutch comprehensive

cancer center.
PATIENTS AND METHODS

STUDY POPULATION

We identified patients that were registered in The Netherlands Cancer Institute (NCI)
database between 1990 and 2011 with newly diagnosed, previously untreated, squamous cell
carcinomas in oral cavity (ICD-10, C02-C05, C06-08), oropharynx (ICD-9, C01, C051-52,
C09-10), larynx (ICD-10, C32) and hypopharynx (ICD-10, C12-13) (n = 3447).

Patient and tumor characteristics such as sex, age, date of registration, date of pathological
diagnosis, anatomical site of tumor, TNM classification, treatment modality and date, date
of recurrence, survival and cause of death were extracted from the tumor register and were
complete in 3021 patients. Patients with distant metastasis at diagnosis (n = 60) were exclu-
ded, as well as patients with secondary primary tumors (n = 199) and patients who had an
excessive treatment delay (>90 days), e.g. due to comorbidity (n = 114). In order to prevent
time-dependent bias, we created a landmark at 90 days and excluded all patients lost to fol-
low up within 90 days in our univariate and multivariate stepwise Cox proportional hazards
regression analysis (n = 155). Eventually 2493 patients were eligible for the study and were

included for analysis (Fig. 1).

DEFINITION OF PROFESSIONAL DELAY

In our study we categorized professional delay into different categories: referral delay, diag-
nostic delay, total treatment delay and treatment delay at the Netherlands Cancer Institute.
Referral delay was defined as the interval between the date of a tumor positive histopatho-
logical diagnosis elsewhere and the date of registration at the Netherlands Cancer Institute.
We defined NCI diagnostic delay as the period elapsed between the date of registration and
the date of histopathological diagnosis at our institute. For dependency analyses, both types
of delay were divided into two groups: 0-14 days and >14 days.



HNSCC patients from the Netherlands Cancer Institute database

(n=3447)
426 excluded fom analysis due to incomplete data
3021 (87.6%)
373 excluded fom analysis
- distant metastasis (n=60)
- secondary primary tumors (n=199)
-»90d treatment delay (n=114)
2648 (76.8%)

155 excluded fom analysis (followup <30 days)

2493 (72.3%) included in the univariate and multivariate Cox regression
analysis

Total treatment delay was defined as the interval between the date of a tumor positive
histopathological diagnosis and the date of initial therapy whereas NCI treatment delay was
the delay from the first visit to the NCI. To measure the association of treatment delay and
survival, the patients were divided into two groups, based on delay: 0-30 days and >30 days.
This categorization was chosen as the first group (0-30 days) is a group treated with accepta-
ble delay; the second group (>30 days) represents the population that is treated after the 30
days waiting time that is recommended by the Dutch Head and Neck Society®. The different

types of professional delay mentioned above are summarized in Fig. 2.
FReleral delay Total reatment delay
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STATISTICAL ANALYSIS

Differences in categorical data were analyzed by using the chisquare test and means were
compared using the non-parametric Kruskal Wallis test. A p value 6 0.05 was considered
statistically significant. In our multivariate regression model, we included variables that are
known to be prognostic factors for survival (i.e. tumor stage, age, sex, tumor site, year of
diagnosis). The assumption of the proportional hazards model was tested by using

log-log plots. Primary outcome measure was disease specific survival (DSS), which was
defined as the time elapsed after the landmark of 90 days from histopathological diagnosis
to disease specific death (underlying cause of death was an HNSCC). Patients dying due to
not-disease related causes or who were still alive at the time of follow-up were censored. Di-
sease free survival (DFS) was defined as the interval between 90 days from histopathological
diagnosis and locoregionally or systemic recurrence of disease. Patients without recurrence

were censored. SPSS 20 (SPSS Inc., Chicago, IL) was used for analysis.
RESULTS

STUDY POPULATION

Patient characteristics (n = 2493) are summarized in Table 1, categorized by total treatment
delay. More than two-thirds of the patients were men (median 61 years, range 19-94 years)
and nearly one-third female (median 61 years, range 30-94 years). More than 30% of the
HNSCCs were found in the oropharynx, almost 60% of the malignancies were diagnosed at
an advanced tumor stage (Stage III-IV) and the distribution of the initial treatment moda-
lity, surgery or radiotherapy/chemoradiation, was about even. 1730 (69%) patients (Table
2) were referred for treatment to the Netherlands Cancer Institute with a pathologically
confirmed diagnosis, whereas in 763 (31%) patients the pathological diagnosis

was made in our institute (Table 3).

PROFESSIONAL DELAY

The median time between the histopathological diagnosis and initial treatment was 39 days
(25-75% IQR 26.5-51). Table 1 reveals that year of diagnosis, tumor site and therapy were
all significantly related to treatment delay (p < 0.05). The median treatment delay in the
period between 1990 and 1994 (31 days (25-75% IQR 22-42)) was significantly shorter than
in the following periods (median ranging from 38 to 41.5 days). Tumors that were found

in the hypopharynx (35 days (25-75% IQR 23-47)) and larynx (35 days (25-75% IQR 25-
48)) were significantly treated with less delay as tumors in the oral cavity (38 days (25-75%
IQR 27-50.5)) or oropharynx (41 days (25-75% IQR 30-54)).



Table 1. Characteristics and total treatment delay of all HNSCC patients treated in the Netherlands Cancer Institute (n=2493)

Characteristics Total number (%) by characteristic, devided in subgroups based on total Total treatment delay (days) in relation to
treatment delay characteristic
All 0-30 days >30 days p-Value® Median (25- Mean + SEM p-Value®
75% IQR)
All 2493 810 (32) 1683 (68) 39 (26.5-51) 39.12 + .38
Sex 0.926 0.295
Male 1779 579 (32) 1200 (68) 38 (27-50) 38.88 + .44
Female 714 231 (32) 483 (68) 40 (26-52) 39.71+.71
Age 0.821 0.312
<40 55 17 31) 38 (69) 38 (23-47) 36.84 +2.43
40-49 311 98 (31) 213 (69) 39 (27-49) 39.35+.99
50-59 765 258 (34) 507 (66) 39 (26-52) 39.10 £ .69
60-69 775 240 (31) 535 (69) 40 (28-52) 40.22 + .66
>70 587 197 (34) 390 (66) 37 (26-50) 37.77 + .80
Year of diagnosis <0.001 <0.001
1990-1994 360 175 (49) 185 (51) 31(22-42) 32.66 + .85
1995-1999 504 156 (31) 348 (69) 40 (28-52) 40.31 + .85
2000-2004 717 177 (25) 540 (75) 42 (31-56) 43.03 .72
2005-2010 912 302 (33 610 (67) 38 (26-49) 37.93 + .61
Tumor site <0.001 <0.001
Oral cavity 668 217 (32) 451 (68) 38 (27-50.5) 39.14 +.72
Oropharynx 836 212 (25) 624 (75) 41 (30-54) 42.25+ .61
Hypopharynx 272 107 (39) 165 (61) 35(23-47) 35.93 +1.10
Larynx 717 274 (38) 443 (62) 35 (25-48) 36.67 +.74
Stage 0.530 0.787
Stage I-IT 1004 319 (32) 685 (68) 38.5 (27-50) 38.75 £ .60
Stage I1I-1V 1489 491 (33) 998 (67) 39 (26-51) 39.37 + 48
Treatment <0.001 <0.001
Surgery + RT 1185 484 (41) 326 (25) 34 (22-47.5) 35.09 + .55
(C)RT 1308 701 (59) 982 (75) 41 (31-54) 42.77 + .49

Abbreviations: HNSCC, Head and Neck Squamous Cell Carcinoma; IQR, InterQuartile Range; RT, radiotherapy; CRT, chemoradiotherapy
a Chi-square test of independence (chi-square test for trend when applicable).

b Kruskal Wallis test
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Table 4. Univariate and weighted multivariate Cox regression analyses for HNSCC patients treated in the Netherlands Cancer Institute (n = 2493).

Univariate Multivariate Univariate Multivariate

No. HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Sex
Male 1779 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Female 714 .917 (.780-1.078) .884 (.751-1.042) .980 (.851-1.129) .935 (.810-1.079)
Age
<40 55 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
40-49 311 1970 (.590-1.596) 1.038 (.629-1.713) 1.008 (.648-1.566) 1.084 (.695-1.689)
50-59 765 .945 (.586-1.524) 1.101 (.681-1.782) 973 (.637-1.486) 1.115 (.728-1.706)
60-69 775 868 (.537-1.403) 1.115 (.687-1.810) 911 (.596-1.393) 1.133 (.739-1.739)
>70 587 .833 (.511-1.359) 1.191 (.726-1.952) .802 (.520-1.238) 1.049 (.676-1.626)
Year of diagnosis
1990-1994 360 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
1995-1999 504 1.057 (.847-1.319) 913 (.728-1.147) 1.014 (.832-1.236) .941 (.768-1.152)
2000-2004 717 1.130 (.913-1.400) 972 (.777-1.217) 1.008 (.834-1.219) 1929 (.761-1.133)
2005-2010 912 910 (.723-1.146) .798 (.629-1.011) .823 (.674-1.006) .762 (.621-.936)
Tumor site
Oral cavity 668 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Oropharynx 836 1.189 (.993-1.424) .814 (.668-.993) 1985 (.840-1.154) .776 (.651-.925)
Hypopharynx 272 1.278 (1.008-1.621) .849 (.661-1.090) 1.023 (.825-1.270) .778 (.620-.977)
Larynx 717 .601 (.489-.738) .577 (.459-.725) .592 (.496-.707) .584 (.479-.713)
Stage
Stage I-11 1004 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Stage ITI-IV 1489 3.007 (2.540-3.560) 2.774 (2.313-3.326) 2.003 (1.745-2.300) 1.884 (1.622-2.189)
Treatment
Surgery + adjuvant radiotherapy 1185 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Radiotherapy/chemoradiation 1308 1.131 (.980-1.306) 1.365 (1.155-1.612) 975 (.859-1.107) 1.184 (1.021-1.374)
Total treatment delay
0-30 days 810 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
>30 days 1683 870 (.749-1.009) 838 (.708-.992) 835 (.732-.953) 816 (.702-.947)
NCI treatment delay
0-30 days 1069 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
>30 days 1424 .889 (.770-1.026) .905 (.767-1.069) 878 (.773-.998) .955 (.824-1.106)

Abbreviations: HNSCC, Head and Neck Squamous Cell Carcinoma; ref, reference; HR, Hazard ratio; CI, Confidence Interval; NCI, Netherlands

Cancer Institute.
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Patients treated with radiotherapy or chemoradiation had to wait significantly longer

than patients who underwent primary surgery (41 days (25-75% IQR 31-54) vs. 34 days
(25-75% IQR 22-47.5)), caused by the high number of oropharyngeal cancer patients in this
group. The median treatment delay was not related to tumor stage.

In Table 2, the characteristics of the patients who had their biopsy elsewhere and were then
referred to the NCI are depicted. On average, almost 13 days passed between the
pathological diagnosis and the date of first visit at the NCI. This was shorter in the period
between 1990 and 1994 (10 days) and also shorter for laryngeal cancer (11 days). Mean

NCI treatment delay after the first visit for patients who arrived at the Netherlands Cancer
Institute with a histopathological diagnosis confirmed elsewhere, was almost 33 days. These
patients had a mean total treatment delay of 45 days. Only in very young patients (<40 years
old), those surgically treated, in the first period (1990-1994) and those with oral cancer,
over 50% were treated within 30 days. In all other groups, more than half of the patients had
a NCI treatment delay over 30 days. In Table 3 the patients are listed who had their biopsy at
the NCI. The mean NCI treatment delay of this group was almost 39 days. In this group, the
diagnostic delay was shorter in oral and oropharyngeal cancer patients because these often
had biopsies in the outpatient clinic. For the NCI treatment delay, only oral cancers had a
shorter interval. Patients treated in the first time period, more advanced stages and

surgically treated cases had a shorter NCI treatment delay.




SURVIVAL

Mean follow up time after starting point (90 days after diagnosis) was 44.14 months (range
0-238). Disease specific 5-year survival (DSS) for 2493 patients diagnosed with HNSCC
between 1990 and 2011 was 68.0%, disease free 5-year survival (DFS) 58.7%. The relative
hazard ratios for DSS from univariate and multivariate Cox regression analyses are shown in
Table 4. Advanced stage disease (Stage III-IV) was the worst prognostic factor in univariate
and multivariate analyses for DSS (HR 2.774, CI 2.313-3.326, p = .000) and DFS (HR 1.884,
CI 1.622-2.189, p = .000) (Fig. 3).

The multivariate Cox proportional hazards regression analyses we performed revealed that
patients with a treatment delay of 30 days or less were associated with diminished disease
specific survival (HR .838, CI .697-922, p = .041). Fig. 4 shows the Kaplan Meier curves for
the different treatment delay intervals related to disease specific survival, adjusted for sex,
age, year of diagnosis, stage and therapy. Multivariate analysis for disease free survival
resulted in a similar relationship (HR .816, CI .702-947), p = .007). Our multivariate
proportional hazards model also reveals that patients who were treated between 2005 and
2011 had a significantly better DFS than in all prior periods, in spite of the fact that
treatment delay was not shorter in this period. NCI treatment delay showed that there was a

non-significant trend towards a better outcome with longer delays.

DISCUSSION

In our institute, the order of treatment is made on a first come, first serve basis. Although
exceptions are made for patients whom we think have rapidly progressive tumors, in general
we do not take age, stage of disease or social aspects into account. In this article the
association of professional delay and disease specific and disease free survival in HNSCC
patients is studied. Multiple studies described that these malignancies are subject to a typical
rapid growth and reported a doubling time of 30 days or less'®*. Hypothetically, longer
delays lead to locoregionally more advanced disease and metastasis. The presently recom-
mended time between first appointment at a head and neck cancer center and treatment
should not exceed 30 days according to the Dutch guidelines®. As in patients who come to
our hospital without a histologically proven HNSCC there is also an interval between the
first visit to the clinic and the pathological diagnosis (as biopsies are often taken during the
examination under general anesthesia), the actual diagnostic delay should be added to the

treatment delay and that is why in these patients we use the NCI treatment delay.



The average total treatment delay in our study was more than 38 days, whereas the NCI
treatment delay was almost 33 and 40 days for patients who either had their biopsy
elsewhere or in the NCI. Patients who had a pathological diagnosis elsewhere and referred
to our institute for treatment (65%) even had an average total treatment delay of 45 days.

As reported by Chen et al*® in patients with radiotherapy as their single treatment modality,
we expected a negative impact of lengthy waiting times on patient outcome. On the con-
trary, we found that patients treated within 30 days had significantly the worst outcome,

a relationship that was found earlier by Leon et al”. A possible explanation could be that
patients with advanced stage disease are being treated quicker, due to the greater risk of be-
coming inoperable or because they have more complaints. However, in this series, stage ITI-
IV disease was not associated with shorter waiting times. In the pre-analyses we performed,
we divided the treatment delay in 4 patient groups (0-14 d, 15-28 d, 29-42, >42 d) and con-
cluded that the DSS and DEFS of the first group (0-14 days) was significantly worse compa-

red with all other groups. The other groups showed no significant difference in-between.
Consequently, the poor survival of the patients with a treatment delay less than 30 days is
due to the outcome of the patients with 0-14 days delay. From the databases, in this group
we could not find differences in tumor or patient characteristics that were different from
the other groups and could explain this prognostic finding. A possible explanation for the
poorer prognosis of patients treated within 30 days could therefore be that we selected
patients with a history of rapidly tumor progression or pain and thus biologically aggres-
sive tumors to be treated with minimal delay. There are several studies that investigated
the relationship between professional delay and prognosis in HNSCCs patients. Seoane et
al. summarized the effect of diagnostic delay on survival in a systematic review and found
diagnostic delay as a significant moderate risk factor for mortality in HNSCCs™®. A systema-
tic review that investigated the relationship between waiting time before radiotherapy and
survival found that treatment delay is a prognostic factor for local recurrence and overall
survival as well?®. The majority of studies performed in other areas of cancer care found
no significant relationship between treatment delay and prognosis 8'*. In contrast to these

findings, a very large study conducted in South Korea did report an influence of surgical



treatment delay on long-term patient survival in different types of cancer. Unfortunately
they did not control for tumor stage, that could have possibly altered the main outcomes and
thus they may have overestimated the effect of delay'2. Despite our large patient population
(n = 2493) and long follow up (0-238 months), there are limitations to this analysis, mostly
because of the nonrandomized retrospective nature of this study. A prospective study would
obviously be unethical and impossible to conduct. In our institute, delays are mainly caused
by limitations of diagnostic and treatment capacity. However, individual circumstances

and logistics of treatment planning are not systematically recorded. It is possible that other
important parameters, such as fast tumor progression or patient complaints and preferences
have influenced treatment delay. Furthermore, comorbidities requiring preoperative analysis
might have influenced treatment delays. As pretreatment imaging possibilities have dramati-
cally increased, these are certainly used more widely now as compared to the early

1990s. The treatment modality has also shifted more toward chemoradiation in these two
decades, and this might explain a better outcome for patients treated more recently. We were
not able to control for smoking status, alcohol abuse and socioeconomic characteristics.
Factors like these can have an important negative impact on survival*’~** and might have had
an effect on treatment delay as well**~*’. Although most of these factors

are known to prolong the interval between diagnosis and treatment, in our study this longer
interval does not lead to a worse prognosis. Further, in the database of the NCI there are

no data available on date of first symptoms or referral date from a general practitioner or
medical specialist. Therefore we could not analyze the hazard ratios of total patient and total
professional delay (referral delay, diagnostic delay and treatment delay) and compare the
prognostic values of the different types of delay with each other. While we found in this stu-
dy that the shortest treatment delay was associated with the worst prognosis, we certainly do
not want to propagate longer waiting times. Although there was no influence on prognosis,
the possible tumor growth might have led to more extensive treatment and thus increased
morbidity and costs. Individual cases were seen that became inoperable in the waiting time,
or had to undergo more extensive treatment. The negative psychological impact of a delay in
treatment should also not be underestimated. Several studies demonstrated that the waiting
phase between diagnosis and therapy is a frustrating and stressful period for patients and
close relatives™***°. This stress is hard to bear and can even possibly lead to disturbed relati-
onships with the treating physicians and impaired compliance in postoperative

care and follow up*’.



CONCLUSION

Our study indicates that the delay in referral, diagnosis and treatment is quite long in the
Netherlands Cancer Institute, and in the majority of patients the national guidelines are not
met. Currently a fast-track program is set up to diminish these delays. In this population,
the interval between diagnosis and treatment is not a prognostic factor for survival. This
argument can cautiously be used to comfort patients who indeed have to wait for several
weeks for treatment. For the mentioned psychological reasons as well as the possible incre-
ased morbidity as a result of more extensive surgery and/or expanded radiation fields, it is
still of great importance for policymakers to consider treatment delay as an indicator for
quality of care and patient well-being. We believe that, next to providing sufficient diagnos- 4
tic and treatment capacity in order to anticipate adequately to the increasing cancer inci-

dence, further research should be conducted with the objective of improving the logistics of

head and neck cancer care and to make a better selection of patients needing urgent care.
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ABSTRACT

OBJECTIVES

Recent studies suggest that lymph node ratio (LNR) is a strong prognostic factor in head
and neck cancer. This study aims to determine if the yield of harvested lymph nodes (LNs)
influences the LNR.

METHODS

The study included 522 head and neck cancer patients, undergoing 638 primary and salvage
(selective) neck dissections between 2002 and 2012. Before 2007 the neck dissection speci-
mens were macroscopically and microscopically examined by pathologists and after 2007
the macroscopic examination

was performed by pathology technicians. For comparison of mean LN yields, univariate and

multivariate analyses were performed.

REsuLTS

The mean number of LNs among 374 specimens examined by pathologists was 24 (range
0-89) vs. 32 (range 2-89) among 264 specimens examined by pathology technicians (P <
.001). This caused the mean LNR in the non pre-treated patient group to drop from 11.4% to
8.7%. The counts of LNs per type of neck dissection were significantly different and incre-
ased with the number of levels involved. However, there was no linear relationship and the
higher yields could be mostly ascribed to LNs in level V. The LNR

varied from 8.1% to 18.4% among the different types of neck dissections.

CONCLUSIONS

A significant increase in the number of harvested LN, but a decrease in LNR was observed
after introducing pathology technicians for macroscopic examination. A clear association
between the extent of the dissection and the number of harvested LNs was observed. LNR

appears to be strongly dependent on the harvesting protocol and the extent of the dissection.



INTRODUCTION

Head and neck cancer tends to metastasize to cervical lymph nodes (LNs) and the presence
of lymph node metastases is an important prognostic indicator'. The probability of distant
metastases is dependent on the extent of lymph node disease in the neck and determines
overall survival. Although the TNM classification — where N status is based on the diameter,
bilateral occurrence and number of positive nodes — has developed into an important in-
strument for determining the prognostic impact, other ‘lymph node associated factors, such
as the exact number of positive nodes, the total number of harvested nodes and the
presence of extra-capsular growth®* also play an important role and are not included in the
current TNM classification. The lymph node ratio (LNR), a possible alternative for prognos-
tication, represents the fraction of metastatic nodes among all harvested nodes. This ratio
determines the extent of cancer spread and extent of clearance. In stomach-, bladder- and
esophageal cancer, the LNR has been proven to be a reliable prognostic factor and

has been used as an indicator for adjuvant treatment**. Evidence has emerged showing that

the LNR also seems to be a strong prognostic factor in head and neck cancer, outweighing
the TNM classification in multivariate analysis"~'2. Nevertheless, before introducing the
LNR as a reliable prognostic index, standardization of harvesting the LNs from the neck
dissection specimen and accurate classification of the extent of neck dissection is of utmost
importance. In the literature on this subject, uniformity of analysis is lacking.

In order to lower the workload of pathologists in our institution, pathology technicians
were introduced for taking over certain routine activities, including harvesting LNs. Since
October 2007 pathology technicians asses neck dissection specimens in accordance with a
standardized protocol. The aim of this study is to determine if the yield of harvested lymph
nodes (LNs) influences the lymph node ratio, by determining the nodal yield after introdu-
cing pathology technicians for examining the specimen and by investigating the influence of

the extensiveness of the neck dissection on nodal yield.



MATERIAL AND METHODS

PATIENTS

All patients who underwent primary and salvage (modified) radical neck dissections [(M)
RND] and selective neck dissections (SND) for primary tumors of the oral cavity, orop-
harynx, nasopharynx, hypopharynx, larynx and lip, between 2002 and 2012 in our institute,
were selected. We excluded patients who received a super selective neck dissection (SSND)
(two levels or less, or three levels separately) or those with a previous ipsilateral neck dissec-
tion. In total, 638 (selective) neck dissections were performed in 522 patients, of which 104
bilateral procedures, as well as fourteen patients who underwent a subsequent operation at
the contralateral side were considered as separate cases. Patients, who underwent previous
(chemo) radiation targeted at the neck, were excluded from calculating the LNR analyses.
(Selective) neck dissection specimen processing All neck dissections, either SND or (M)
RND were performed in a standardized manner by experienced Head and Neck Surgeons.
Operation specimens were fixated in neutral buffered formaldehyde. From 2002 to 2007,
neck dissection specimens were both macroscopically and microscopically examined by a
pathologist and from 2007 to 2012 the macroscopic examination was done by a pathology
technician. Over the whole period three technicians did the macroscopic lymph node coun-
ting according to a strict protocol (see below). Microscopic examination was still done by a
pathologist. The macroscopic examination was done in accordance with a standardized
protocol, based on the international level classification of the neck'®. The protocol started
with orientation of the specimen based on beads, indicating the separate neck node levels,
applied by the surgeon, and the identification of the sternocleidomastoid muscle, salivary
glands and the internal jugular vein. Subsequently, a macro photo was made and the levels
were designated in the photograph; submandicular-submental (I), high jugular (II), mid
jugular (IIT) low jugular (IV) posterior triangle V and sometimes the anterior triangle/para-
tracheal (VI). Thereafter, the specimens were accurately manually palpated for LNs and all

identified LNs were counted, embedded in paraffin and stained with hematoxolin-eosin.



STATISTICAL ANALYSIS

Univariate analysis was based on Mann-Whitney U-tests, Kruskal-Wallis tests and Jon-
ckheere-Terpstra tests. Multivariate analysis was based on linear regression. A p-value of
<0.05 was considered statistically significant. Statistical analysis was performed using SPSS
version 20.0 software (SPSS Inc, Chicago, IL). As stated in the previous section, 118 of the
522 patients (23%) contributed two neck dissections, which could have introduced depen-
dence among our observations. However, we believe that for the outcomes studied here, i.e.
the number of LNs and the LNR, little or no correlation remains among neck dissections
from the same patient, given the factors included in the multivariate linear regression. We

therefore did not perform clustered analysis.

RESULTS
PATIENT DEMOGRAPHICS

The study population of 522 head and neck squamous cell carcinoma patients consisted

of 449 men and 189 women with a mean age of 62 (range 28-89). Relevant patient demo-

graphics are summarized in Table 1.

NECK DISSECTIONS

The type of neck dissection included 337 (53%) (modified) radical neck dissection (M)RND
(level I to V), 119 (19%) selective neck dissection (SND) including level I to III, 65 (10%)
SND level IT to V, 103 (16%) SND level II to IV and 14 (2%) SND level I to IV. Sixty-four
percent of patients received no treatment before surgery. Twelve percent received chemora-
diotherapy prior to surgery and 24% radiotherapy.

Table 2 shows the mean number of LNs found, before and after October 2007, by type

of neck dissection. Overall, the (M)RND (level I-V) produced the largestnumberof LNs
(range: 1-89;mean34), followed by SND level II-V (range:2-60; mean 23), SND level I-1IT
and SND II-1V, (respectively range: 3-52; mean 18 and range: 2-47; mean 17). We included
both salvage patients as well as non treated patients. In the group of previously untreated
patients there were 17 specimens containing <10 lymph nodes. Fifteen of those specimens
were processed before 2007, i.e. according to the old protocol. The remaining specimens
(both SND) were processed after 2007, yielding 4 and 7 lymph nodes. [Fig. 1] The mean
number of LNs differed significantly by type of dissection. (P <.001). Node counts increased
significantly by number of neck levels involved. (P < .001).



Table 1 Patient demographics.

Variables Before Oct’ 07 N (%)* | After Oct 07 N (%)* Total N (%)* P Value
Age

Average (SD) 61.16 62.60 61.75 0.073**
Range 35-88 28-89 28-89

Sex

Female 99 (26.5) 92 (34.8) 191 (29.9) 0284+
Male 275 (73.5) 172 (65.2) 447 (70.1)

Site of carcinoma

Lip 7(1.9) 9(34) 16 (2.5) 011+
Oral cavity 137 (36.5) 130 (49.4) 267 (41.8)

Oropharynx 87 (23.2) 47 (17.9) 134 (21.0)

Nasopharynx 5(1.3) 1(0.4) 6(0.9)

Hypopharynx 40 (10.7) 19(7.2) 59 (9.2)

Larynx 98 (26.1) 58 (22.0) 156 (24.4)

Type of neck dissection

Level I-V 197 (52.7) 140 (53.0) 337 (52.8) 1200
Level II-V 41 (11.0) 24(9.1) 65 (10.2)

Level -1V 5(1.3) 9 (3.4) 14 (2.2)

Level I-11I 63 (16.8) 56 (21.2) 119 (18.7)

Level TI-1V 68 (18.2) 35 (13.3) 103 (16.1)

Preoperative treatment

No treatment 245 (65.5) 168 (63.6) 413 (64.7) T784%%
Chemoradiotherapy 46 (12.3) 31(11.7) 77 (12.1)

Radiotherapy 83 (22.2) 65 (24.6) 148 (23.2)

Total 374 (100) 264 (100) 638 (100)

* Unless otherwise stated in the first column.

** Mann-Whitney U-test
*** Exact Chi-square test.




‘Table 2. Total and positive number of LNs by type of neck dissection before and afier October 07.

Before Oct 07 Afier Oct'07* Tol P Value (Mann-Whitney)

LN Mean (SD) Positive INs (sD) | INMean(sD) | Positive INs (D) | INMean(sD) | Positive LNs (D) LN Mean (SD) Positive LNs (SD)**

Level 1-V 29058) 2761) 410164) 28(63) 3407.1) 28(56) <001 <0701

Level I1-V 20020 26029) 290153) 1309 240140) 2307) 07 <0467

Level 1-IV 2022) 1007 27007) 10(8) 25(104) LoD 257 <0720

Level 1111 179) 38(9) 19(96) 8108) 18(93) 6(4) 173 <0085

Level I1-1V 1704) 57(09) 17(114) 1003) 17(101) 7(10) 738 <0313

Total 20145) 19(41) 2077) 21661 27(164) 20043) <001 <0519

AN ole LN

a pathology technician thereaficr

P c
Al calculating the mean numbe

A clear dichotomy could be discriminated between the number of lymph nodes harvested
from specimens before 2007 and thereafter (Table 2). The 374 (M) RND and SND specimens
before 2007 had a mean of 24 and a median of 20 LNs (range 0-89). The 243 (M) RND and
SND specimens after October 2007 had a mean of 32 and a median of 29 LNs (range 2-89)
(P <.001). Between the SND I-IIT and SND II-IV no differences were found in lymph node
counts after introducing pathology technicians (2002-2007 vs. 2007-2012). However, in
specimens of (modified) RND, as well as the SND II-V significantly more lymph nodes were
found after October 2007, respectively 29 vs. 41 and 20 vs. 29 (P < .001), indicating that this

difference was determined by the extra number of nodes found in level V (Fig. 2).

The LNR is calculated as the ratio of positive lymph nodes to the total number of lymph
nodes removed (Table 2) multiplied by 100. The LNR dropped from a mean of 11.4% to a
mean of 8.7% after introducing pathology technicians (p = .016) (Table 3).

Table 3. Lymph node ratio according to type of neck dissection before and after October ‘07.

LNR (SD) P Value
(Mann-Whit-

Before Oct 07 After Oct 07 Total ney)
Y.
Level I-V 10.8 (14.6) 8.8 (13.3) 10.0 (14.1) .075
Level [I-V 21.3 (16.0) 55(5.3) 18.4 (15.1) 076
Level I-IV 21.4* 5.8(2.9) 8.4 (6.9) 143
Level I-1IT 10.7 (6.1) 10.1 (10.3) 10.3 (8.6) 174
Level II-IV 8.7 (4.8) 6.7 (1.8) 8.1(4.3) 792
Total 11.3 (15.6) 8.7 (11.8) 10.2 (13.2) .015

All salvage patients were excluded in calculating the lymph node ratio.
* With exclusion of salvage patients this group consisted of only one patient.




RADIOTHERAPY OR CHEMORADIOTHERAPY

In the salvage (selective) neck dissections, both preoperative radiotherapy (RT) and chemo-
radiotherapy (CRT) had a significant influence on the number of harvested LNs compared
to the untreated neck dissections (Table 4). In total, 76 neck dissection specimens, from
patients who underwent preoperative CRT had a mean of 18 LNs (range 2-83). 146 speci-
mens from patients who received only RT had a mean of 20 LNs (range1-78). The 413 neck
dissections from patients receiving no treatment had a mean of 31 LNs (range 4-89). The
differences between pre-treated and untreated neck dissection specimens were statistically
significant (P < .001).

MULTIVARIATE ANALYSIS

In the multivariate analysis we included all above-mentioned variables; before or after 2007,
type of neck dissection and preoperative treatment. The variables age and sex, which might
influence the LN vyield, were also added. In multivariate linear regression none of the patient
characteristics influenced the lymph node counting, whereas all the above mentioned fac-
tors showed a significant relationship with the number of LNs (P < .003, Table 5).
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Figure 1. Box plots of nodal yield per type of dissection, before and after October 2007. These box plots indicate
the smallest observation, the lower quartile, the median, the upper quartile, and largest observation.
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Figure 2. Difference in lymph node yield between previously untreated and treated patients, subcategorized
in dissected levels.



Table 4. Nodal yield according to preoperative treatment.

LN mean (SD) | P Value
No treatment 31 (16.6) <.001 (Mann-Whitney)
Radiotherapy 20 (13.5)
Only radiotherapy 21 (14.0) .099 (Kruskal-Wallis)
Chemoradiotherapy 18 (12.4)

All LN means are completed on whole LNs.

Table 5. Multivariate linear regression of LN.

Variable Coeflicient B | 95% CI P value
Constant 39.1 32.8t045.5

Sex, man vs. woman -9.4 -19t0 2.7 743
Age at diagnosis (per year) -0.1 -2t0.0 .060
After vs. before October 2007 8.5 6.1t010.3 <.001

Preoperative treatment vs.
no treatment

Chemoradiotherapy -12.0 -153t0-8.7 | <.001

Radiotherapy -9.4 -12.1t0-6.8 | <.001

Neck dissection vs. I-V

I-v -5.6 94t0-19 | .003

-1V -10.8 -17.9t0-3.7 | .003

I-1II -17.2 200 to-14.5 | <.001

-1V -13.4 -16.4t0-10.4 | <.001
DISCUSSION

This is the first report comparing LN harvesting from neck dissection specimens by
pathologists and pathology technicians. Our study showed a significant increase of LN
harvesting after the introduction of the pathology technician with the use of a standard
protocol. In colorectal resection specimens it has already been demonstrated that the intro-
duction of the pathology technician results in a significantly improved retrieval of LNs™.
Kuijpers et al

showed that a pathology technician recovers more and, in particular, smaller LNs from
colorectal resection specimens than the pathologist; 83% of the pathology technicians vs.

61% of the pathologists sampled more than 10 LNs per specimen.



This is most probably caused by the increased amount of time they can spend on harvesting
lymph nodes, due to the nature of their job. In that study, after the introduction of pathology
technicians for harvesting lymph nodes in colon specimens, the number of patients eligible
for adjuvant chemotherapy reduced from 17% to 1% and diminished thereby the costs and
morbidity. However, increased nodal yield will not only subject the LNR to shifting, it will
also lower the risk of missing micro-metastases’. Ebrahimi et al’ even suggest that nodal
yield may be a surrogate quality control measure, with more thorough pathological analysis
of the specimen leading to higher nodal yields and reducing the likelihood of under staging.
Regarding the utility of the LNR in head and neck carcinomas, previous studies on LNR
describe cutoff values for therapeutic decision making. These values vary between 2.5% and
20.0% (median:

6%) among the different studies’'2. In our study the LNR dropped from a mean of 11.4%

to a mean of 8.7% after introducing pathology technicians (p = .016) (Table 3). It is obvious
that such a change might have consequences for patients in determining the necessity of

adjuvant treatment.

In contrast to other studies on LNR”*!"!2, we made a clear distinction between the
extensiveness of neck dissections. As opposed to Friedman et al'®, we found a clear
correlation between the number of harvested LNs and the extent of the dissection.
Surprisingly, in SND I-III and II-IV there is no significant difference in LNs count before
and after introducing pathology technicians, as opposed to the (M)RND and SND II-V,
indicating that this difference was determined by the number of nodes harvested from level
V. This could imply that level V entails a larger amount and more difficult to identify LNs
compared to LNs in other levels. From our analysis it became apparent that the number of
levels involved in the neck dissection and number of LNs are not directly linearly related.
Recent studies show a very low prevalence of metastasis in level V'7*%; nonetheless lymph
node counts in level V significantly influence the LNR, with LNR ranging from 8.1% to
18.4% in the different type of neck dissections. It should therefore be emphasized that cutoff
points for LNR are inextricably linked to the extensiveness of the neck dissection,
demonstrated by the different mean LNR per type of dissection (Table 3). The prognostic
impact of LNR could perhaps be more substantial if the type of neck dissection was taken
into account 1412,

The higher number of primary neck dissections before 2007 in our series may be due to

the introduction of organ preserving chemo-irradation, which led to an increase of salvage
super selective neck dissections'. All recent studies on LNR exclude patients treated with

radiotherapy prior to surgery.



The known literature regarding preoperative RT or CRT and cervical LNs counts is
conflicting with regards to the decrease of lymph node number in the specimen®** as found
by us (mean 31 vs. 20). This effect was even more pronounced in the group which received
concurrent CRT (mean 18). In a small amount of cases it remains unclear if the radiation
field included all the dissected levels, or if the radiation field was limited to fewer neck node
levels, but even after we excluded these cases the outcome remained similar in both
univariate and multivariate analyses. The negative influence of radiotherapy has also been
described in patients who have been treated for rectal cancer’>”. Whether we are dealing
with an actual decrease in number of lymph nodes or with a more difficult detection of
lymph nodes by radiotherapy induced fibrosis remains to be elucidated?. If the LNR could
have prognostic impact in patients, undergoing salvage neck surgery after (C)RT should be

further investigated.

CONCLUSIONS

The results of this study show a significant increase in the number of harvested LNs, but a
decrease in LNR after introducing pathology technicians for examination of the neck
dissection specimen. We also found a clear correlation between the number of harvested
LNs and the extent of the dissection. Based on our findings, it appears that in order for the
LNR to become a reliable index, a standardized protocol in harvesting LNs and different

cutoff points of LNR per type of neck dissection should be applied.
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ABSTRACT
In head and neck squamous cell carcinoma (HNSCC), the search for better prognostic
factors beyond TNM-stage is ongoing. Lymph node ratio (LNR) (positive lymph nodes/total

lymph nodes) is gaining interest in view of its potential prognostic significance.

All HNSCC patients at the Netherlands Cancer Institute undergoing neck dissection for
lymph node metastases in the neck region between 2002 and 2012 (n = 176) were inclu-
ded. Based on a protocol change in specimen processing, the cohort was subdivided in two
distinct consecutive periods (pre and post 2007). The prognostic value of LNR, N-stage, and

number of positive lymph nodes for overall survival was assessed.

The mean number of examined lymph nodes after 2007 was significantly

higher (42.3) than before (35.8) (p = 0.024). The higher number concerned mostly lymph
nodes in level V. The mean number of positive lymph nodes before 2007 was 3.3 vs. 3.6

after 2007 (p = 0.745). By multivariate analysis of both pre- and post-2007 cohort data, two
factors remained associated with an increased hazard of dying: N2 [HR 2.1 (1.1-4.1) and 2.4
(1.0-5.8)] and >3 positive lymph nodes [HR 2.0 (1.1-3.5) and 3.1 (1.4-6.9)]. Hazard ratio
for LNR >7 % was not significantly different: pre 2007 at 2.2 (1.3-3.8) and post 2007 at 2.1
(1.0-4.8, p = 0.053).

In this study, changes in specimen processing influenced LNR values, but not the total
number of tumor positive nodes found. Therefore, in HNSCC, the number of positive nodes
seems a more reliable parameter than LNR, provided a minimum number of lymph nodes

are examined.

Keywords Prognosis .Lymph nodemetastases . Lymph node ratio . Staging . Head and neck

cancer



INTRODUCTION

Lymph node metastases are among the most important independent

prognostic factors in head and neck carcinoma®'?' and, as a consequence, N-stage has a
significant influence on treatment choice. In addition, the number of metastatic lymph no-
des, contra-lateral lymph node status, level (s) involved, and extracapsular extension (ECE)
are independent prognostic parameters and contribute to further tailoring of treatment®

21, However, the value of N-stage as prognostic indicator is under discussion, in particular
for patients after postoperative radiotherapy »*>%. Bernier et al compared the results of two
trials (EORTC #22931 and RTOG #9501) which studied postoperative chemo-radiotherapy
of locally advanced head and neck squamous cell carcinoma?. They found as a prognostic
factor, for both loco-regional recurrence and survival, involvement of resection margins
and ECE is more significant than N-stage. Others reported similar findings in patients who
had undergone complete surgical excision and postoperative radiotherapy”?>%. In a recent
study, however, ECE lost its prognostic significance in patients who had undergone postope-
rative radiotherapy'’. For malignancies other than head and neck cancer, the lymph node

ratio (LNR), the proportion of lymph nodes with metastases relative to the total number of

examined lymph nodes, has emerged as an important prognostic parameter in surgically
treated patients®'>!*13 In colorectal cancer, LNR is a significant prognostic factor for a
5-year overall survival (OS) and disease-specific survival (DSS)'. For gastric cancer, by mul-
tivariate analysis, LNR but not N-category emerged as an independent prognostic factor for
overall survival'®. Data on the prognostic influence of LNR in head and neck cancer predo-
minantly focus on surgically treated oral cavity carcinomas (Table 1), and show poor prog-
nosis in patients with higher LNR values®# 12-16.23-25,29-32.34,36.37 Tn g recent multi-institutional
study on oral cavity carcinoma, reliability and applicability of the LNR were assessed in
predicting outcome®. An LNR above 7 % was associated with a significantly increased risk
of death from oral cancer [multivariate HR 1.62 (p = 0.004)]. In a multivariate model, TNM
with LNR (TLNRM) stage was superior to TNM stage. However, LNR is a derivative of two
variables which are both related to the lymph nodes “harvested” from surgical specimens.
To investigate the effect of these two variables, we compared in two consecutive time frames,
which differed in the method of processing of neck dissection specimens, the prognostic

impact of LNR, traditional N-stage, and the number of positive lymph nodes found.



PATIENTS AND METHODS

PATIENTS

Medical records of all 522 head and neck cancer patients, undergoing a (modified) radical
[(M) RND] or selective neck dissection (SND) for squamous cell cancer of the larynx, hy-
popharynx, oropharynx, and oral cavity between 2002 and 2012, were retrieved. We did not
include patients with a stage pNO or pN3 (the latter often representing clusters of metastatic
lymph nodes) and patients with a prior neck dissection or prior radiotherapy, as the number
of lymph nodes in these specimens is influenced by previous treatment (s) or cannot be

reliably counted®. In total, 176 patients were included in the study.

SPECIMEN PROCESSING

All neck dissections were performed in the same institute by experienced head and neck
surgeons. Levels of dissection were classified according to the guidelines of the American
Head and Neck Society*. Between 2002 and 2007, pathologists performed macroscopic
examination of the specimen.

From 2007 to 2012, pathology technicians processed the specimens according to a standard
protocol, which included a more thorough examination of the neck dissection specimen and
yielded a higher number of examined lymph nodes [20]. Cutoft value for high and low LNR

was set at 7 %, based upon a large international series of >4000 patients®.

STATISTICAL ANALYSIS

Median overall survival (OS) was calculated using the Kaplan-Meier method. OS was
defined as time between surgery and death.We evaluated the prognostic effect of T-stage,
N-stage, ECE, LNR and number of positive nodes, sex, age, adjuvant therapy, and number
of evaluated nodes. Univariate significant factors were retained in the final multivariate Cox
regression model. Analyses were done separately for the time periods before and after 2007.
Outcome analyses were done for individual patients. Categorical data were analyzed using
chi-square test or Fisher’s exact, normally distributed continuous data using t test. Trend
tests were based on the p value of the coefficient for the continuous variable. Significance
levels were set at <0.05. All analyses were done by PASW statistics 20.0 (SPSS Inc. Chicago).



Table 1. Literature overview: lymph node ratio as survival predictor in head and neck cancer

Author Year Site n N+ Ntot LNR cut off | OS/DSS
Shrime[14] 2009 Oral cavity 2955 3 26 (N1) 0% - 6%, 6% - [N}
32 (N2) 12.5%, >12.5%
Gil[18] 2009 Oral cavity 386 3 35 6% OS/DSS
Suslu[23] 2010 Larynx, hypopharynx, 142 2 n.a. 4% OS / DSS
oral cavity, oropharynx,
skin
Ebrahimi[17] 2010 Oral cavity 313 3 27 2.5% - 7.5%, OS/DSS
7.5% - 20%,
>20%
Kim[19] 2011 Oral cavity 211 2 25 6% DSS
Liao[20] 2011 Oral cavity 148 I-111 3, I-11T 40. 4.8% OS/DSS
1-V5 1-V 57
Rudra[21] 2013 Oropharynx, 38 na. na. 2% OS/DFS
Oral cavity,
CUP, Larynx
Hypo-pharynx
Kiinzel[26] 2013 Oropharynx 384 4 4 10% DSS
Sayed[22] 2013 Oral cavity 1408 3 3 8.8% 0OS / DSS
Patel[16] 2013 Oral cavity 4254 3 3 7% OS/DSS
‘Wang|[24] 2014 Hypopharynx 916 2 2 RO -0,R1 CSS/0S
- <5%, R2
-5-30%, R3 -
>30%
Kiinzel[25] 2014 Oral cavity 374 3 3 5% - 7% DSS
‘Wang|[29] 2014 Larynx 1963 2 2 R1 - <9%, R2 [oN]
-9-20%, R3 -
>20%
Prabhu[27] 2014 Larynx, oral cavity 350 n.a. n.a. 20% LRR
Reinisch[28] 2014 HNSCC 291 n.a. n.a. 6% OS, LRR
Kiinzel[30] 2015 Larynx 202 3 3 5%, 7%, 9% DSS

Abbreviations: OS - overall survival, DSS - disease specific survival, DFS - disease free survival, LNR - lymph node ratio, CSS - cause specific
survival, LRR - locoregionall recurrence. N+ — mean number of positive LN found, Ntot — mean total number of LN examined, n.a. - not
available, HNSCC - head and neck squamous cell carcinoma, CUP - carcinoma of unknown primary




RESULTS

PATIENT CHARACTERISTICS (TABLE 2)

Of the 176 patients who met the inclusion criteria, 118 (67 %) were male and 58 (33 %) were
female. Of the patients, 13 % had laryngeal, 3 % hypopharyngeal, 19 % oropharyngeal, and
64 % oral cavity cancer. Of the 33 oropharyngeal tumors, 17 (52 %) were HPV positive. The
pre-2007 period contained 30 oropharynx carcinoma patients, of whom 15 were HPV
positive. The majority of patients (135; 77 %) underwent a (Modified) Radical Neck Dissec-
tion [(M)RND] and 41 (33 %). a selective neck dissection. Details about the different

types of neck dissection are listed in Table 3. The majority of patients (61 %) underwent
postoperative radiotherapy and 21 % were treated with postoperative concurrent cispla-
tin-based chemo-radiotherapy. Less than half of the patients (40 %) suffered from recurrent
disease. Of those, 20 % had a loco-regional recurrence without distant metastases and 20%
had distant metastases (some in addition to locoregional recurrent disease). Patient charac-
teristics did not significantly differ between the periods before and after October 2007,
except for tumor site, as after 2007, there were significantly less oropharyngeal carcinomas
(27 vs. 5 %, p = 0.004). Patient, tumor, and treatment characteristics were equally distributed

between both groups.

LYMPH NODE PARAMETERS

The mean number of examined lymph nodes was 38.1 (range 7-100; median 36). Mean LNR
was 8 % (range 1—77 %; median 5 %) (Table 2). There was no difference in LNR between
SND and (M) RND (p = 0.757). The mean number of examined lymph nodes in the period
after the change in protocol was significantly higher (35.8 before and 42.3 after

October 2007; p = 0,024) (Table 2). The increased number was notably on account of more
lymph nodes in level V (Table 3). The mean number of detected lymph node metastases

was not significantly different between the two periods (3.6 vs. 3.3 nodes; p = 0.745) (Table
2). Also, N-stage distribution was similar (p = 0.740).



‘Table 2. Demographic distribution

Total Pre 2007 Post 2007 p-value
n % n n %
Age
<65 116 66 73 65 43 68 0.624
265 60 34 40 35 20 32
Sex
Male 118 67 79 70 39 62 0.279
Female 58 33 34 30 24 38
Tumor site
Larynx 24 14 17 15 7 11 0.004
Hypopharynx 6 3 5 4 1 2
Oral cavity 13 64 61 54 52 83
Oropharynx 33 19 30 27 3 5
HPV+ 17 52 15 50 2 67
HPV- 11 33 10 33 1 33
HPV doubtful 3 9 3 10 - -
HPV na. 2 6 2 7
Tstage
T1-2 %0 51 58 51 32 51 0.867
T3-4 71 40 40 35 31 49
Tx 15 9 15 13 - -
N-stage
N1 64 36 37 33 27 43 0.740
N2a 12 7 11 10 1 2
N2b 78 4 48 43 30 48
N2c 2 13 17 15 5 8
ECE
Absent 90 51 49 43 41 65 0554
Present 82 47 61 54 21 33
Unknown 4 2 3 3 1 2
Additional therapy
None 2 14 8 7 16 25 0070
Radiotherapy 108 61 75 66 33 52
Concurrent chemo-radiation 37 21 25 22 12 19
Other 7 4 5 4 2 3
‘Type of dissection
MRND 135 77 %0 80 45 71 0.151
SND 41 24 23 20 18 29
Level I1-V 9 2 7 6 2 3
Level I-1V 6 15 1 1 5 8
Level I-111 14 34 6 5 8 13
Level II-IV 12 29 9 8 3 5
Vital status.
Alive 93 53 57 50 36 57
Death 83 47 56 50 27 43
LNR (Mean (range) 102 (1.2-90.9) 108 (1.5-90.9) 9.0 (1.2-66.7) 0382
Number of positive nodes (Mean (range) 3.5(1-45) 3.6 (1-45) 3(1-22) 0.745
Lymph node yield (Mean (range) 38.1(7-100) 35.8 (9-100) 423(7-83) 0024

Abbreviations: HPV — human papilloma virus, n.a. - not available - ECE -extracapsular extension, MRND - modified radical neck dissection, SND —
selective neck dissection, LNR - lymph node ratio




OVERALL SURVIVAL (TABLE 4)

Median overall survival of the cohort was 71 months (95%CI 45-97 months), in which 83
events occurred. There was no significant difference in overall survival between the two time
periods (p = 0.270). Cox regression analysis of the period before October 2007

yielded as significant prognostic factors for overall survival LNR >7 % HR 2.2 (95 % CI
1.3-3.8), T3-4 HR 2.0 (95 % CI 1.1-3.6), N2 HR 2.1(95 % CI 1.1-4.1), and the number of
positive lymph nodes >3 HR 2.0 (95 % CI 1.1-3.5). For the period after October 2007, these
were N2 HR 2.4 (95 % CI 1.0-5.8), ECE HR 2.5 (95 % CI 1.1-5.3), and number of positive
nodes >3 HR 3.1 (95 % CI 1.4-6.9). After exclusion of patients with HPV-positive orop-
haryngeal carcinoma, HRs were similar except for T-stage which was no longer significant.
Adding individual lymph node parameters in a multivariate model did not change the out-
come of the analysis. Since LNR and number of positive lymph nodes are continuous
variables, a similar multivariate model introducing step-wise LNR and number of positive
nodes as continuous variables was performed, indicating trend p values of positive lymph
nodes and LNR as listed in Table 4.

Table 3. Number of examined and positive nodes by level and year

Mean examined nodes Mean positive nodes

Pre 2007 Post 2007 Pre 2007 Post 2007
MRND
Level I-V 36.0 47.2 35 3.4
SND 34.1 51.5 5.0 2.5
Level II-V 14.0 25.6 3.0 1.4
Level I-11T 34.0 24.8 35 43
Level II-1IV 38.9 37.3 3.0 3.7
Total 35.8 423 3.6 33
Abbreviations: MRND: Modified radical neck dissection, SND: selective neck dissection




‘Table 4. Multivariate Cox regression analysis for overall survival

Before October 2007 After October 2007

HPV + included HPV + excluded HPV + included HPV + excluded

HR(95%CD) | p-value | HR (95% CI) pvalue | HR(95%CD) | p-value HR (95% CI) p-value

T-classification

T3-4vs. T1-2 20(11-36) | 0023 1.7(09-32) 0.09 1.6 (0.8-3.5) 0216 1.7 (0.8 - 3.6) 0.18

Extra capsular extension

ECE + vs. ECE - 1.4 (0.8-2.4) 0253 1.3 (07 - 2.4) 035 25(1.1-53) 0.024 25(1.1-53) 0.02

LNR

>7% vs. < =7% 22(13-38) <0.001* 19(1.1-32) 0.03 2.1(1.0-4.8) 0.086* 20 (0.9 - 4.4) 0.07

Positive nodes

>3vs. <=3 201135 | <0001 | 16(09-3.0) 012 31(14-69) 0.037* 32(15-7.1) 0.004

N-classification

N2vs. N1 2.1(1.1-4.1) 0.026 21(11-41) 0.03 24(1.0-5.8) 0.044 24(1.0-56) 0.05

DISCUSSION

LNR is a ratio, based upon the number of tumor-positive lymph nodes in a neck dissection
specimen as numerator and the total number of lymph nodes as denominator. The potential
advantage of LNR relative to the number of metastatic nodes only is that LNR takes into ac-
count both parameters. Studies on the prognostic value of LNR are part of an international
search for accurate and objective staging methods. The prognostic value of LNR has been
demonstrated in a variety of cancer types®'"'*13% including head and neck cancer (see
Table 1)&812-1623-25,29-32,34.36,37 Geveral authors' > have suggested that LNR might be added
to the current TNM staging. Based upon a series of more than 4000 oral cancer patients,
Patel et al. reported that LNR is superior to the current N-stage* and suggested to include
LNR as a rule in TNM staging.

In a recent paper, however, Roberts et al”” questioned the role of LNR as a prognostic factor
for HNSCC on a multivariate analysis of 12,437 patients. They did not confirm prognostic
significance of LNR, whereas the prognostic value of pN and AJCC stage was confirmed.
Gleisner et al’ also questioned the value of the total number of examined lymph nodes in a
SEER database study on a series of 154, 208 colorectal cancer patients and found that outco-
me for patients with the same LNR could be completely different. As an example, a patient
with one metastasis in a single examined lymph node (LNR = 1) had a better prognosis than
a patient with 12 metastases in 12 lymph nodes (LNR = 1). Examination of a single lymph
node probably represented serious under-sampling. Their conclusion was that the number
of positive lymph nodes is a better indicator of survival than the LNR. We have previously
shown that the total number of examined nodes varies significantly between different me-

thods of neck dissection specimen processing®.




The present study documents that a more detailed protocol applied by pathology technicians
resulted in a significantly higher number of harvested lymph nodes, while the lower mean
LNR (from 10.8 to 9.0 %) and range (from 1.5-90.9 % to 1.2-66.7%) were not statistically
significant. The latter may be due to the low number of cases collected since 2007. Many of
the additional lymph nodes were found in level V, where lymph nodes as a rule are rather
small. It is unlikely that the higher number of lymph nodes can be attributed to a change in
surgical technique as this has not changed being performed by a stable group of surgeons

in our institution. It is more likely that the difference in the number is due to the intro-
duction of a stricter protocol executed by pathology technicians. The observation that the
mean number of positive lymph nodes did not change significantly lends credibility to this
assumption. Our data show that the prognostic value of three lymph node statusassociated
prognostic factors, total number, number of nodes with metastases, and LNR, is influenced
by variations in pathology

specimen processing.We document intra-institutional variation but contend that this can
be extrapolated to interinstitutional variations in specimen processing. Why LNR does not
emerge uniformly as valuable prognostic factor is clarified by the results of our study in that
different lymph node procurement protocols result in different yield with an effect on LNR.
The finding that prognostic significance of LNR was not different between the two time
frames while that of the number of positive lymph nodes appeared stronger after 2007 me-
rits some comments. A higher yield of lymph nodes not accompanied by more lymph node
metastases only dilutes LNR importance. The importance of LNR is that it provides insight
into the quality of lymph node dissection/sampling. For other cancer types, this problem has
been addressed by requiring examination of a minimum number of lymph nodes, resulting
in a quality indicator of at least 10-12 evaluated lymph nodes in colon cancer [4]. A recent
paper on lymph node sampling in colon cancer showed that a higher yield of lymph nodes
does not necessarily increase the number of nodes with metastases or of lymph node-posi-
tive cases®. The UICC guideline states that selective neck dissection ordinarily

includes 6, and (modified) radical neck dissection ordinarily includes 10 lymph nodes” and
Bif lymph nodes are negative, but the number ordinarily examined is not met, they have to
classify as pNOA [33]. This statement does not clarify what the minimum number of lymph
nodes is to qualify sampling of a neck dissection specimen as sufficient. The numbers stated
in the UICC guideline seem to be very low, as in the literature reviewed; for our study, we

found 23 as the lowest number of sampled lymph nodes (Table 1).



We argue that a minimum number of lymph node samples from a MRND should be 20
rather than the 10 required by the UICC. A limitation of our study is that several impor-
tant elements differ from previously published studies on the subject. The majority of our
patients underwent a modified radical neck dissection. This is important, since MRND in-
cludes level V lymph nodes but SND does not, which dilutes LNR significantly. Furthermo-
re, changes in the treatment protocol, such as inclusion in 2010 of postoperative chemo-ra-
diotherapy in cases with positive tumor resection margins and ECE, might have influenced
impact of lymph node-related prognostic factors. A final issue is that we included all head
and neck squamous cell carcinomas and not only oral cavity cancer as most other studies®
812.14,16.23,29.31 'which we consider justified because lymph node staging and its prognostic
value are not different between head and neck subsites. However, for HPV-positive tumors,
TNM stage is less predictive®, and therefore, we performed the multivariate analyses twice,

including HPV-positive tumors and excluding HPV-positive tumors.

In conclusion, we show that LNR is prognostic in head and neck cancer. However, as LNR
varies according to the protocols applied for processing of neck dissection specimens which
may vary between institutions and in time, it is subject to important variability.We find that
the number of positive lymph nodes is as least as good as LNR but less susceptible to vari-
ation, provided that lymph node sampling is adequate. The requirement for the minimum
number of lymph nodes to be examined in an MRND specimen should be increased from
the presently UICC required number of 10 to 20.
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SUPPLEMENTAL MATERIAL

Supplement table 1.

Model 1 Model 2 Model 3

<okt2007 >okt2007 <okt2007 >0kt2007 <okt2007 >okt2007
Sex 0.836 (0.622) | 1.109 (0.797) | 0.817 (0.576) | 1.016 (0.968) | 0.890 (0.746) | 0.886 (0.765)
T_group 1.752 (0.076) | 1.374(0.424) | 1.970(0.025) | 1.644 (0.205) | 1.880 (0.038) | 1.688 (0.180
ECE 1.345 (0.289) | 1.712 (0.242) | 1.190 (0.540) | 2.259 (0.042) | 1.261 (0.407) | 1.971 (0.111)
Pos LN 1.832 (0.089) | 2.973(0.008) | * * * *
LNR * * 2.184 (0.011) | 2.150 (0.050) | * *
N_group * * * * 1.957 (0.074) | 2.538 (0.037)

Abbreviations: ECE: extra capsular extension, LN: lymph node, LNR: lymph node ratio

Supplement table 2. Univariate analysis

<2007 >2007

HR 95% CI p HR 95% CI P
Sex 1.025 0.574-1.831 0.925 1.059 0.486-2.305 0.854
T_group 1.993 1.100-3.613 0.018 1.622 0.754-3.489 0.204
ECE 1.375 0.797-2.373 0.274 2.453 1.126-5.344 0.031
Pos LN 1.985 1.119-3.520 0.010 3.134 1.421-6.911 0.002
Pos LN_cont | 1.113 1.065-1.162 <0.001 1.072 1.005-1.143 0.021
LNR 2.165 1.250-3.751 0.006 1.978 0.921-4.249 0.080
LNR_cont 1.044 1.026-1.062 <0.001 1.029 1.006-1.052 0.011
N_group 2.121 1.096-4.107 0.018 2.436 1.026-5.782 0.031
Nodal yield 0.992 0.977-1.008 0.280 1.003 0.982-1.024 0.650
Abbreviations: HR: hazard ratio, ECE: extra capsular extension, LN: lymph node, LNR: lymph node ratio
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ABSTRACT

BACKGROUND
The relative 5-year survival rate of salivary gland cancer is moderate at best. This study was
set up to evaluate whether the improvements in diagnosis and treatment in the last decades

impacted the incidence, mortality and survival of salivary gland cancer.

METHODS

Data on patients with salivary gland cancer from 1989 through 2010 were extracted from
the Netherlands Cancer Registry (NCR); we examined incidence, mortality and relative
survival. Furthermore, information on sex, age, tumor stage, histology, and treatment was

taken into account.

REsuLTS

A total of 2737 patients were included. Fifty-three percent (53%) were males and 47% were
females with a significant higher proportion of early stages in women. In 2010, the incidence
rate (European Standardized Rate (ESR)) of salivary gland cancer was 0.9 per 100,000 per
year. The estimated annual percentage change in incidence rate since 1989 equaled 0.6%
(95%CI: 0.2-1.4). Mortality rates (ESR) decreased in men until 1997 and increased thereaf-
ter. Mortality in women remained stable at 1.5 per 100,000.

Over time more patients were treated by surgery and radiotherapy (p< .001). The relative

five-year survival rate equaled 69% and did not change in time.

ConcLusioN

We observed no relevant changes in incidence or mortality rates in the last two decades.
Despite the increased combined treatment by surgery and radiotherapy, survival did not
improve. This implies an urgent need for the development of new effective treatment moda-

lities



INTRODUCTION

‘What progress has been made against cancer?’ is one of the most frequently asked questions
in Western medicine. With this question in mind, several large cancer survival studies have
been published over the past years, generally showing that incidence, as well as survival rates
are rising'~. Increasing incidence has mainly been explained by population aging and better
cancer detection. Improvements in early detection and treatment may

explain better survival rates. However, the war against cancer is still far from over**. In-
cidence trends of head and neck cancer differ by localization; the calculated incidence of
oral cavity and pharyngeal cancer according to estimated annual percentage change EAPC
increased with 1% per year for males and 2% for females since 1989, while the incidence in
laryngeal cancer decreased with 2% per year for males and remained stable for females*. The
most likely explanation for decreasing laryngeal cancer incidence in males is the decline in
smoking prevalence®’. Salivary gland carcinomas are a special group among head and neck
carcinomas, because of its relatively rare occurrence at 150 new diagnoses per year in the
Netherlands, and a greater variation in the histological subtypes. Also, malignancy rates dif-
fer by localization. About 80% of salivary glands tumors originate from parotid glands (25%
malignant), 10% from the submandibular gland (50% malignant), 1% from the sublingual
gland (95% malignant) and 9% from small submucous glands (60% malignant)®. Further-
more, the most important risk factors for head and neck cancer tobacco and alcohol use’,
are less clearly associated to salivary gland tumors. Some reports suggest that exposure to
ionizing irradiation'® or Epstein Barr virus (EBV) infection' could be risk factors. Radiation
was suspected based on the observation of high incidence rates among atomic bomb survi-
vors in Japan'? and patients who received radiation in childhood for indications like Hodg-
kin lymphoma'®"®. The current knowledge suggests that only lymphoepithelial carcinoma,
constituting 0.4% of all malignant salivary gland tumors, might be strongly associated with
EBV!. This study was initiated to assess whether progress has been made regarding salivary
gland cancer. Therefore, we calculated the changes in burden, indicated by incidence, mor-

tality and survival rates over a 22-year period in the Netherlands.




2. PATIENTS AND METHODS

2.1. PATIENTS

For this study, all primary cancers of the salivary glands diagnosed between 1989 and 2010
were extracted from the Netherlands Cancer Registry (NCR), leading to 2764 tumors in
2760 patients. We excluded 4 second primary salivary gland tumors, and 23 other non-car-
cinomas (sarcomas) resulting in data for 2737 patients. The NCR covers the total population
of the Netherlands (16,574,989 inhabitants in 2010). The registry receives lists of all newly
diagnosed cancers on a regular basis from the nationwide pathology network PALGA (all
pathology laboratories in the Netherlands participate in PALGA). In addition, the NCR
receives also diagnoses from the hospital discharge registries. The completeness of inciden-
ce of the NCR was estimated to equal at least 95%*. Following notification, trained tumor
registration clerks abstract a minimum data set, including patient characteristics (sex, age at
diagnosis), tumor information (date of diagnosis, topography, histology, stage at diagnosis)

and treatment information from hospital records.

Group 1CD-0 code

2.2. TUMORS

Muco

Topography was coded according to the international

Acini

classification of diseases for oncology (ICD-0-3)"; codes

8550, 8551

8070, 8071, 8072, 8074, 8075,
8078, 8083

8140,8190, 8201, 8230, 8260,
5 8181,

CO07 (parotid gland)-C08 (other salivary glands) were in-
cluded. The histology was coded according to the ICD-O-3

morphology coding and categorized into 7 groups as

Carcis

described in Table 1. Tumor stage was recorded according
to the International Union against Cancer (UICC) TNM
classification according to the UICC 4th edition from 1989
through 1996 (1st and 2nd revision)'®", the UICC 5th
edition from 1999 until 20028, the UICC 6th edition from
2003 to 2009" and the UICC 7th edition in 2010%. Major
changes in classification were: from 5th to 6th edition all
tumors >4 cm were considered T3 tumors (previous
editions limited T3 tumors to tumors 4-6 cm in size) and
T4 tumors were divided into T4a (tumor invasion of skin,
mandible, ear canal and/or facial nerve) and T4b (tumor
invasion of skull base, pterygoid plates and/or encasement

of carotid artery). Scoring all T4, T4a and T4b as T4 tumor

obviated the latter change. To evaluate changes over time,
five equal time periods were defined: 1989-1993, 1994-
1998, 1999-2002, 2003-2006 and 2007-2010.
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2.3. STATISTICAL ANALYSIS

Differences between groups were assessed using Fischer’s exact test or chi-square test (whi-
chever was appropriate). Trends in incidence and mortality were evaluated using Joinpoint
Regression Program, Version 3.5.3. May 2012; Statistical Research and Applications Branch,
National Cancer Institute”, calculating the estimated annual percentage change (EAPC)
over the European Standardized rates. Overall survival was analyzed using Kaplan-Meier
estimations. Relative survival rates were calculated using Paul Dickman’s STATA model

for relative survival (Ederer IT method)®. In relative survival analyses the ratio of observed
survival to the expected survival was calculated. Survival time was defined as date of diagno-
sis to date of death or date of censoring (date of emigration or date of record linkage to the
municipal records to assess the vital status). The administrative censoring date was Decem-
ber 31, 2010. Patients with a survival time of 0 days were excluded (N = 1). Poisson regressi-
on modeling was used to calculate the multivariable relative excessive risk of dying (RER)*.
All statistical analyses were performed using STATA data analysis and statistical software
(version 10.0, StataCorp LP, TX, 1996).

3. RESULTS

3.1. PATIENTS, TUMOR AND TREATMENT CHARACTERISTICS

A total of 2737 patients were included in the study. This cohort consists of 1464 (53.5%)
male patients and 1273 (46.5%) female patients (Tables 2 and 3). The median age of male sa-
livary gland cancer patients was 64 years, while female patients had a median age of 62 years
(p = 0.03). In this cohort 78.3% of the tumors were from the parotid gland. The other 21.7%
were found in submandibular, sublingual or minor salivary glands (Tables 2 and 3). Most
patients were treated with a combined scheme of surgery and postoperative radiotherapy
(61.8%), sometimes combined with chemotherapy. Other treatment modalities included
only surgery (23.8%) and only primary radiotherapy (7.8%). A total of 5.1% of the patients
did not undergo any form of treatment (only best supportive care) (Tables 2 and 3).

The distribution of all different histological types of salivary gland cancer over the years is

shown in Table 2.



Table 3 Patient, tumor and treatment characteristics by sex

Male Female p-value
Age
Median, years 64 62 0.032a
Year of diagnosis
1989 - 1993 276 (18.9%) 260 (20.2%) 0.064b
1994 - 1998 310 (21.0%) 249 (19.5%)
1999 - 2002 288 (19.5%) 239 (18.5%)
2003 - 2006 246 (16.7%) 263 (20.4%)
2007 - 2010 353 (23.9%) 276 (21.4%)
Histology
Adenoid cystic carcinoma 184 (12.5%) 271 (21.0%) <0.001b
Muco-epidermoid carcinoma 184 (12.5%) 189 (14.6%)
Acinic cell carcinoma 189 (12.8%) 217 (16.9%)
Carcinoma ex pleiomorphic 114 (7.7%) 93 (7.2%)
adenoma
Adenocarcinoma NNO 279 (18.9%) 172 (13.3%)
Squamous cell carcinoma 199 (13.5%) 78 (6%)
Other salivary glandcarcinoma 324 (22.0%) 267 (20.8%)
Localisation
Parotid gland 1167 (79.3%) 996 (77.4%) 0.244b
Minor salivary gland 306 (20.8%) 291 (22.6%)
Stage
1&2 623 (42.3%) 747 (58.0%) <0.001b
3&4 697 (47.3%) 412 (32.0%)
X 152 (10.3%) 128 (10.0%)
Therapy
No therapy 79 (5.4%) 65 (5.1%) 0.013b
Surgery 322 (21.9%) 336 (26.1%)
Radiotherapy 130 (8.8%) 85 (6.6%)
Surgery + radiotherapy 914 (62.1%) 787 (61.2%)
Other therapy 28 (1.9%) 14 (1.1%)
Total 1473 (53.4%) 1287 (46.6%)

a) Fisher exact, b) Chi square




Over the total study period there was a significant change in stage. The proportion of pa-
tients with unknown stage, due to missing data, declined over time from 8.4% to 5.4%. The
proportion of patients treated by surgery only declined over time and most likely shifted
toward surgery with radiotherapy (Table 2). There were striking differences between male
and female patients (Table 3). While adenoid cystic carcinoma is most common in female
patients (21%), adenocarcinoma NOS was most common in male patients (19%, p < 0.001).
Also, male patients had a significant higher disease stage than female patients at first diag-
nosis (stages IIT and IV disease, respectively 47.5% and 31.6%) (p < 0.001). More primary
radiotherapy was reported in men (8.7% vs. 6.7% in women), while surgery only was more

frequent in women (26.1% vs. 21.7% in men, p = 0.012).

3.2. TRENDS IN INCIDENCE AND MORTALITY RATES

The incidence (ESR) of salivary gland cancer changed from 0.63 per 100,000 per year in
1989 to 0.74 per 100,000 per year in 2010 with an estimated average annual percentage
change (EAPC) of 0.6% (95%CI: 0.2; 1.4) (Fig. 1). This trend was similar in males and fema-
les. Mortality rates declined statistically significantly between 1989 and 1997 with an EAPC
of 6.3% (95%CI: 10.7; 1.6), while from 1997 onwards the EAPC was positive, indicating
stable/increasing mortality rates (the EAPC equaled 2.0% (95%CI: 0.3; 4.4)) (Fig. 2). The
changes in mortality rates showed a similar pattern in males, whereas female mortality rates

remained stable over the entire period.
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Fig. 1. Incidence of salivary gland cancer in the Netherlands 1989-2010



3.3. SURVIVAL

The overall 5-year survival was 59.6% (95%CI: 57.7-61.5); 10-year survival equaled 46.1%
(95%CI: 44.0-48.2). The 5- and 10-year relative survival rate equaled 69.1% (95%CI:
66.8-71.3%) and 61.7% (95%CI: 58.8-64.5%), respectively. Relative survival stratified by sex
and time period is visualized in Fig. 3. Males had a significant lower relative survival than
female patients. Five-year relative survival in male patients was 63%, compared to 76% for
females (p < 0.001). Relative survival did not change over the years as shown in Fig. 3. The
relative survival differed by histology: the best 5-year relative survival rate was observed

for acinic cell carcinoma 97% (95%CI: 93-99%), while intermediate rates were found for
adenoid cystic carcinoma 79% (95%CI: 75-84%) muco-epidermoid carcinoma 76% (95%CIL:

70-81%). and carcinoma ex pleomorphic carcinoma 72% (95%CI: 63-80%).
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Worse 5-year relative survival rates were observed for other salivary gland carcinomas 59%
(95%CI: 54-64%), adenocarcinoma NOS 54% (95%CI: 48-60%), and especially squamous
cell carcinoma 44% (95%CI: 36-51%). Table 4 shows the multivariate relative excess risk of
dying for malignant salivary gland tumors in the Netherlands. Patients with adenocarcino-
ma NOS and primary SCC were twice as likely to die compared to patients with adenoid
cystic carcinoma. Patients with acinic cell carcinoma had the least relative excess risk of
dying (0.44 (95%CI: 0.25-0.79). Females had a RER of 0.88 (95%CI: 0.74- 1.04), which was
not statistically significant.

Table 4. Multivariate RER of dying from salivary gland cancer in the Netherlands
Variable RER multivariate 95% confidence interval
Sex Male 1 reference
Female 0.91 0.77 - 1.06
Stage I 1 reference
1I 2.79 1.77 - 4.40
11T 5.59 3.58-8.72
v 9.77 6.50 - 14.67
Histology Adenoid cystic carcinoma 1 reference
Muco-epidermoid carcinoma 1.51 1.07-2.13
Acinic cell carcinoma 0.46 0.25-0.80
Ca ex pleiomorphic adenoma 1.50 1.01 2.23
Adenocarcinoma NOS 1.92 1.42 -2.59
Squamous cell carcinoma 247 1.79-3.39
Other salivary gland carcinoma 2.18 1.63 -2.93
Treatment No therapy 1 reference
Surgery 0.20 0.15-0.28
Radiotherapy 0.50 0.37 - 0.67
Surgery + radiotherapy 0.18 0.14-0.24
Other 0.65 0.42 - 1.02
Year of diagnosis grouped 1989 - 1993 1 reference
1994 - 1998 0.96 0.75-1.23
1999 - 2002 1.04 0.81 -1.33
2003 - 2006 0.98 0.76 - 1.26
2007 - 2010 0.77 0.60 - 1.01




4. DISCUSSION

4.1. MAIN FINDINGS

Over the past 22 year, the standardized incidence rate of salivary gland carcinomas in the
Netherlands was stable, but hospitals still see a greater number of patients due to population
growth and aging. The most remarkable findings are related to sex differences in mortality
(stable in women; significantly decreasing until 1997 in men and stable, but tending toward
increasing afterwards) and relative survival (63% for men and 76% for women). These
differences could be explained by the finding that male patients more often presented with
higher stage disease than female patients and with different histological subtypes (male

more often adenocarcinoma NOS and women adenoid cystic carcinoma).

4.2. COMPARISON INCIDENCE TO LITERATURE AND POSSIBLE EXPLANATIONS OF CHANGES/
TRENDS

Crude incidence of salivary gland carcinoma in the Netherlands is 0.9 per 100,000 in 2010,
and equals other international studies reporting crude incidences from 0.7 per 100,000 per
year to 1.3 per 100,000 per year* . Age standardized (ESR) incidence rate in this cohort is
approximately 0.8 per 100,000 per year in the Netherlands. The male: female ratio of 1:0.87

is in agreement with the international literature, which ranges from 0.67 to 1.04%%30-2,

Furthermore, the mean and median age of patients found in this study corresponds well

to the ages reported in the literature*?#3233, Qver the years, we found a stable incidence
rate, although a tendency toward an increase could not be neglected. Changes in incidence
rate may sometimes reflect the improvement of the diagnosis or reclassification of benign
salivary gland tumors to malignant salivary gland tumors®.

The diagnosis is clearly a challenge for epithelial salivary gland carcinoma since they are
uncommon and very heterogeneous appearance (anatomy as well as histology). The current
World Health Organization (WHO) categories no less than 24 different malignant salivary
gland lesions. It is the general opinion of experts in the field that from the moment patholo-
gists in the Netherlands started to centralize the pathological review of parotid tumors, often
consulting their experts in case of difficult classification, a higher percentage of malignan-
cies have been diagnosed. Because this trend started slowly a clear starting year cannot

be given. Interestingly, there was an absolute increase observed of T1-T2 tumors. This
could be due to the widespread use of ultrasound-guided fine-needle-aspiration cytology
(FNAC)* and magnetic resonance imaging (MRI)* in the Netherlands. In this cohort, the
most common histological type was adenoid cystic carcinoma, followed by adenocarcinoma
NOS, acinic cell carcinoma, and muco-epidermoid carcinoma (respectively 16.56%, 16.5%,
14.78% and 13.6%).



Adenocarcinoma NOS, was the number one diagnosis in male patients, whereas adenoid
cystic carcinoma was most common in females. Internationally, muco-epidermoid carcino-
ma represents the major subtype, followed by adenoid cystic carcinoma and adenocarcino-
ma NQS§?242630-3236-40 Ty studies described the same pattern of sex difference in histo-
logy****. This phenomenon is not well understood. The significantly higher tumor stage at
diagnosis in male patients compared to female patients (stage IV: 36.2% vs. 21.3%, respecti-
vely p < 0.001), may be related to the greater attention of women to their appearance and to

disease, as has been suggested by Micheli et al*'.

4.3. COMPARISON MORTALITY TO LITERATURE AND POSSIBLE EXPLANATIONS OF CHANGES/
TRENDS

Mortality showed an interesting difference between men and women. We have no explana-
tion for the trend break in 1997 for men. As far as we know, such a trend break has not been
described before.

4.4. COMPARISON RELATIVE SURVIVAL TO LITERATURE AND POSSIBLE EXPLANATIONS OF
CHANGES/TRENDS

The relative survival curve was significantly lower for male patients compared to female
patients for all time periods. This can partly be explained by an early stage at diagnosis and
more favorable histological subtypes in women.

A prognostic benefit in women for adenoid cystic carcinoma of the head and neck has been
described previously*’, while sex differences for other types of salivary gland carcinomas
have never been described before. However, in the multivariate RER analysis the sex diffe-
rence, in favor of females, disappeared. Differences in the trend analysis were thus mainly

determined by stage and histology.

4.5. TREATMENT IN RELATION TO INTERNATIONAL TRENDS AND RELATION TO PROGNOSIS
Since 1989 treatment regimens consist of primary surgery, with or without adjuvant irradi-
ation. More recent literature demonstrates that chemo-radiotherapy as part of the treatment
leads to better survival***. Pederson et al showed better 5-year locoregional progression free
survival (96% vs. 86%) for adjuvant chemo-radiotherapy compared to surgery with radio-
therapy for loco-regionally advanced and high-risk salivary gland cancer in a series of 24
consecutive patients”. Another study found a 92% 3-year overall loco-regional control rate
in the post surgery chemo-radiotherapy group, even though more high-risk patients (high-
risk included: T3-T4 disease, nodal positivity and positive resection margins) were included
in the chemo-radiotherapy group*. In our cohort, only 22 patients were treated by chemora-

diotherapy for advanced disease.



This treatment modality did not increase over the years. It is doubtful whether chemora-
diotherapy contributes to outcome of our study, but future analysis of adjuvant chemo-ra-
diation should certainly be performed in a prospective randomized fashion. This initiative
should be taken up by the International Head and Neck Oncological societies to combine

efforts for improving the survival rates for patients with head and neck cancer.

4.6. CHANCES FOR IMPROVEMENT

For several tumors (e.g. esophagus, pancreas and bladder), a positive relationship between
higher surgical volume and better outcome has been shown*~*%. Since salivary gland cancer,
and in fact all head and neck cancers, can be qualified as rare disease, the volume-

outcome relationship is likely to be positive, although a recent editorial showed the lack of
good studies confirming this relationship®. A fact is that rare tumors require experienced
decision-making, so the Dutch head and neck cancer co-operative group started
centralizing head and neck cancer in 1984*°. However, due to the low incidence rate the
mean number of salivary gland carcinomas per head and neck cancer center does not

exceed 15 new patients per year. Compared to other major clinics in the world, this remains 7
a very low number. It may be expected that further centralization of this rare disease will

improve patient outcomes.

4.7. LIMITATIONS AND ASSETS

Compared to other salivary gland carcinoma epidemiological studies in the literature, we
describe one of the largest populationbased cohorts from the Western world. In this study,
information over a total of 22 years was available, which made it possible to evaluate time
trends. However, the numbers still did not permit extensive subgroup analyses. And since it

was retrospective, some data was missing.

5. CONCLUSION

Summarizing, incidence, mortality and relative survival did not improve. Progress may be
possible by further centralizing the treatment of salivary gland carcinomas by exploring
multimodality therapies and by increasing the public awareness to prevent high stage

cancers in male patients.
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ABSTRACT

INTRODUCTION

Whereas salivary gland pleomorphic adenoma (SGPA) is the most common type of salivary
gland tumor, little is known about its epidemiology, as national cancer registries do not

register this disease.

OBJECTIVES
Our aim was to look at SGPA incidence trends, and to establish recurrence rates and associ-

ated factors, as well as rates of secondary malignant transformation in the Netherlands.

MATERIALS AND METHODS

After retrieving SGPA data from the Dutch pathology registry PALGA for the years 1992,
1997, 2002, 2007, and 2012, we calculated figures for incidence, epidemiology, recurrence,
and secondary malignant transformation, and performed multivariate analysis to discover

the risk factors for recurrence.

REsuLTS

We counted 3 506 cases of SGPA, and calculated an overall European standardized rate of
4.2-4.9 per 100 000 person-years. Our figures showed a female preponderance (1:1.43) with
an annual 1% rise in female incidence (95% confidence interval [CI]: 0.2-1.8) and a bimodal
age distribution in women (p<0.0001). The overall 20-year recurrence rate was 6.7%, and
median time to first recurrence was 7 years. Positive and uncertain resection margins and
younger age at diagnosis were risk factors for recurrence, with odds ratios (ORs) of 4.62
(95%CI 2.84-7.51), 4.08 (95%CI 2.24-7.43), and 0.42 (95%CI 0.29- 0.63), respectively. Tu-
mor locations in minor salivary glands had lower odds of recurrence than tumor sites in the
parotids (OR 0.24; 95% CI: 0.07-0.77; p<0.016). Malignant transformation occurred in
0.15% of SGPAs (3.2% of recurrences).

CONCLUSION
This first nationwide study clearly showed sex differences in SGPA epidemiology, possibly
suggesting some underlying hormonal mechanism. Long-term recurrence risks were low,

and secondary malignant transformation risks were very low.



INTRODUCTION

Most salivary gland tumors are benign, with only 14% malignant lesions"?. The most
common type is salivary gland pleomorphic adenoma (SGPA), which accounts for no less
than 70% of benign epithelial tumors. These well-circumscribed tumors with ductal and
myoepithelial elements affect both major and minor salivary glands, though most occur in
the parotids. They seem to develop more often in women and diagnosis is mostly at middle
age (40-59)>. The standard of treatment is nerve-conserving, superficial parotidectomy (or
extracapsular dissection in well-trained hands), which shows a 5% recurrence rate, whereas
enucleation shows recurrence rates of up to 45%*°. Favorable results in retrospective series
suggest that postoperative radiotherapy may be helpful after incomplete resection or tumor
spill, or in multiple or multinodular recurrences**’.

In 1.8-6.2% of cases, SGPA transforms into carcinoma ex pleomorphic adenoma®’. These
cases make up 7.7-11.6% of all malignant salivary gland tumors®". In recurrent SGPA, de
novo malignant transformation is reported in 0-23%*. As common a tumor as SGPA may
be, its epidemiology has long remained uncertain for lack of national registration practices
#1112 Some research focused on benign salivary gland tumors in general or subgroups of
SGPA?1-15, Others looked at regional incidence of SGPA or national incidence of parotid
SGPA'?, but national incidence of all-location SGPA and trends over time were not investi-
gated. Of course, without any national data, no rates can be calculated for all-location SGPA
incidence, recurrence, and secondary malignant transformation while ruling out referral
bias. We, therefore, decided to turn to PALGA, the Dutch nationwide registry of pathology
reports. This registry is not restricted to any specific type of finding or disease, thus making

a suitable database for studying SGPA epidemiology features, including trends over time.

OBJECTIVES

Our primary aim was to accurately establish SGPA incidence rates and trends over time, as
well as any age and sex differences. We further aimed to establish recurrence rates and risks
of secondary malignant transformation and to explore risk factors. This knowledge will help

physicians to measure treatment results and express population-based prognoses.




MATERIALS AND METHODS

DATABASE

Set up in 1991, the PALGA registry automatically receives anonymized pathology reports
from all Dutch laboratories, which include age, sex, date, and diagnosis. Excerpts are availa-

ble for research purposes.

PATIENT SELECTION

We searched the PALGA registry for codes of pleomorphic adenoma or mixed tumor and
manually checked all excerpts thus created for SGPA. Then, we included all patients who
had a first histology diagnosis in 1992, 1997, 2002, 2007, or 2012. We excluded 442 patients
(11%) for reasons mentioned in Additional Table A. Likewise, we analyzed histology and
cytology data about recurrences up to September 1, 2013, defining recurrence as a secon-

dary tumor occurring in the same tumor site at a minimum of six months post surgery.

INCIDENCE

We calculated SGPA incidence in the Netherlands from mid-year population size figures
provided by Statistics Netherlands (CBS)", and worked out the male to female incidence
ratio by looking at average male and female incidence data. To cancel out changes in age
structure of the Dutch population over time, we computed European standardized incidence

rates (ESRs), basing our calculations on the “2013 reference population™®*’,

PATIENT, TUMOR, AND TREATMENT CHARACTERISTICS

To further analyze our primary tumor data, we scored for sex, age at diagnosis, salivary
gland of origin, side of the body, surgical procedure, and margin status. In case of ambigui-
ty, we checked with the author pathologists to decide on interpretation. Recurrence rates
and malignant transformation: Focusing on patients with at least five years of follow-up, we
calculated first-recurrence rates at 5, 10, and 15 years, as well as median time to first and
subsequent recurrences. We excluded primary carcinomas ex pleomorphic adenoma from
our database, and counted secondary carcinomas ex pleomorphic adenoma (SGPAs that
recurred as malignant tumors) both as malignant transformations and as recurrences. Carci-

nomas in situ ex pleomorphic adenoma were not considered malignant transformations.

RISK FACTORS FOR RECURRENCE
In determining risk factors, we looked at sex, age, tumor site, and margin status. As the type
of surgery was not always specified, and reporting practices varied, we decided to exclude

this factor from our observations.



STATISTICAL ANALYSIS

We analyzed our data with SPSS (version 21.0; SPSS Inc., Chicago, III) and R*%, taking a
p-value of <0.05 to be statistically significant for all purposes. Using linear regression and
the natural log rhythm of ESR, we computed annual percent changes (APCs) by sex and
overall, and we applied finite mixture models to investigate distribution patterns for age at
diagnosis®. With the Kaplan-Meier method, we calculated times to recurrence, and we
identified potential predictors of recurrence using multivariate logistic regression analysis.
In addition to our analysis of complete cases, we performed missing data analysis and multi-
ple-imputation analysis, imputing missing data by letting the R MICE package generate five
imputed datasets and comparing the pooled results to our analysis of complete cases.

RESULTS

INCIDENCE

After data cleaning, 3 504 unique patients remained of a total of 3 948 diagnosed with
pleomorphic adenoma (Table 1). Two developed a second primary SGPA at a different ana-
tomical site. Overall crude incidence varied from 3.9 to 4.7 per 100 000 person-years (Tables
2a and 2b). ESR ranged between 4.2 and 4.9 per 100 000 person-years. After stratifying for
sex, we found a statistically significant annual rise of ESR in women (APC= 1.0% per year;
95% CI: 0.2-1.8), but not in men (APC= 0% per year; 95% CI:-1.0 to 0.9) (Figure 1).

European Standardised Rate (ESR)

""" women (APC 1.0,95%C10.2 (0 1.8)
—— total (APC06;95%Cl-02101.4)
men  (APC 0.0;95%Cl-10t008)

[ T T 1
1992 1997 2002 2007 2012

incidence year
Figure 1. European Standardized Rate (ESR) in the five investigated years, with interpolation

in‘the periods in between. The annual percent change (APC), Calculated from the five years,
shows an increase in female SGPA incidence.



Table 1. Population characteristics primary SGPA and 1st recurrence

Primary [n (%)]

1st Recurrence [n( %)]

Overall (n=3 506)

Male (n=1421)

Female (n=2 085)

Overall (n=125)

Patients
Age

Age group

Location

Side

Treatment

Procedure

Resection margins

Mean (range)

0-19

20-39

40-59

60-79

>80

Parotid gland
Superficial lobe

Deep lobe
Submandibular gland

Sublingual gland
Minor salivary glands
Unknown

Missing

Left

Right

Unknown

Local excision
Partial parotidectomy

Total parotidectomy /
Submandib. gl.resection

Subtotal parotidectomy
Excision deep lobe parotid
Biopsy

Unknown type of excision
Missing

Negative

Positive

Uncertain

Unknown

49 (8-94)

112 (3)

959 (27)

1417 (40)

919 (26)

99 (3)

2733 (78)

2603 (74)

130 (4)
310 (9)

6(<1)

377 (11)

38 (1)

42(1)

1423 (41)

1399 (40)

684 (19)

297 (8)
1214 (35)

227 (6)

67 (2)
103 (3)
114 (3)
1449 (41)
35(1)
2028 (58)
491 (14)
261 (7)

726 (21)

48 (9-92)

54 (4)

393 (28)

600 (42)

343 (24)

31(2)

1112 (78)

1066 (75)

4(<1)

187 (13)
13 (<1)
12 (<1)
571 (40)
560 (39)

290 (20)

50 (8-94)

58 (3)

566 (27)

817 (39)

576 (28)

68 (3)

1621 (78)

1537 (74)

84 (4)
217 (10)

2(<1)

190 (9)

25(1)

30 (1)

852 (41)

839 (40)

394 (19)

39 (8-89)

12 (10)

60 (48)

33 (26)

18 (14)

2(2)

110 (88)

102 (82)

8(6)

9(7)



PATIENT, TUMOR, AND TREATMENT CHARACTERISTICS

Primary SGPAs occurred more often in women (59.5%) than in men (40.5%) (Table 1), sho-
wing a female to male ratio of 1.43:1. The mean age at primary diagnosis was 48.0 in men,
and 49.6 in women. Seventy-eight patients (2%) were under 18 when diagnosed. Around
40% of cases occurred in the age group of 40-59. In women, a bimodal age distribution was
found, with peaks around the ages of 38 and 64 (p<0.0001). Age in men showed a normal
distribution (Figure 2). The most common tumor site by far was the parotid gland (78%),
followed by the minor salivary glands (11%) and the submandibular glands (9%). Only six
SGPAs occurred in sublingual glands (<1%). Submandibular SGPA was more common in
women than in men, whereas for minor-gland SGPA, this was the other way around (Table
1). In patients under 18, the minor and submandibular glands were affected more often
than in adults (Additional Table B). Surgery had comprised partial parotidectomy in 35% of
cases, local excision in 8%, and complete gland removal in 6%. In 41%, the excerpts did not
specify the type of excision performed, and in 1%, there was no mention of type of procedu-
re at all. Margin status was negative in 58%, positive in 14%,

uncertain in 7%, and unknown in 21%.

RECURRENCE RATES, CHARACTERISTICS, AND MALIGNANT TRANSFORMATION
The disease recurred in 125 (4.6%) of the 2 719 patients who had at least five years of
follow-up. Twenty (16%) also had a second recurrence, and two (10%) had a third. In 4

patients (0.15%), the disease recurred as carcinoma ex pleomorphic adenoma, which means
that 3.2% of all recurrences (4/125) showed malignant transformation. First-recurrence rates
were 2.3% at five years, 4.0% at 10 years, 5.6% at 15 years, and 6.7% at 20 years of follow-up,
with a 7 years’ median time to first recurrence (range 0.6-20.7, 95% CI 5.9-8.1) (Figure 3).
Second-recurrence rates were 12% at five years and 14% at ten years of follow-up. The me-
dian time to second recurrence was 2 years (95% CI: 0.9-3.1). Sex distribution patterns were
similar in both recurrences and primary tumors (58% females versus 42% males).

The mean age at primary diagnosis was 40 in patients who later developed recurrent disease
and 49.3 in patients who did not develop recurrent disease. This 10-year age difference

appeared in both sexes.

Figure 2. Age distribution, showing a bimodal Figure 3: Recurrence-free survival in patients

curve in women. who develop a recurrence, reflecting a decrease
in median time to recurrence: 7 years to 1s
recurrence and 2 years between 1st and 2nd.



Table 2a. Number of SGPAs in the cohort in relation to the Dutch population

SGPAs (n) Dutch population (n)

M F Total M F Total
1992 253 343 596 7 480 422 7 648 728 15129 150
1997 280 384 664 7 696 803 7 870 304 15 567 107
2002 288 401 689 7 971 967 8133318 16 105 285
2007 304 466 770 8088 514 8269478 16 357 992
2012 296 491 787 8282871 8 447 477 16 730 348
Total 1421 2085 3506

Abbreviations: SGPA salivary gland pleomorphic adenoma; M male; F female

RISK FACTORS FOR RECURRENCE

Margin status, age at diagnosis, and tumor location all turned out to be associated with risk
of recurrence (Table 3). As to margin status, the odds ratios in complete cases (n=1 663)
were 4.62 for positive resection margins (95% CI 2.84-7.51), and 4.08 for uncertain margins
(95% CI 2.24-7.43), when compared to clear margins. For young age at diagnosis, the odds
ratio was 0.42% (per IQR [25y]; 95% CI 0.29-0.63). Primary tumor location showed an odds
ratio of 0.24 for minor salivary gland disease when compared to parotid disease (95% CI
0.07-0.77). Risk factors for

malignant transformation of recurrent SGPA could not be determined, due to the low event

rate (0.15%).

Table 2b. Incidence of SGPAs in the Dutch population

Crude incidence (per 100 000 per year)

ESR (per 100 000 per year)

M F Total M F Total
1992 3.38 4.48 3.94 3.60 4.78 4.19
1997 3.64 4.88 427 391 5.11 4.54
2002 3.61 4.93 4.28 3.78 5.02 4.39
2007 3.76 5.64 4.71 3.88 5.79 4.85
2012 3.57 5.81 4.70 3.57 5.81 4.69

Abbreviations: ESR European Standardized Rate; SGPA Salivary Gland Pleomorphic Adenoma; M Male; F Female



MISSING DATA AND IMPUTATION

Type of surgery performed and margin status were not mentioned in 42% and 21% of
excerpts, respectively. There were 1 663 complete cases. Missing data on resection margins
showed a significant association with recurrence (OR 1.5; 95% CI 1.00-2.23; p = 0.04).
Taking this association into account, our analysis of imputed data with multiple-imputation

models revealed the same risk factors as our analysis of complete data (Table 3).

“Table 3. Multivariate analysis of factors pos

Complete-case analysis

B-Coefficient SE (of B) OR (95% CI) p-value

Resection margins

Negative Reference

Positive 153 025 462 (2.84t07.51) <0.001

Uncertain 141 031 4.08 (224107.43) <0.001
Female -0.15 023 1.16 (0.75 to 1.81) 0.501
Age* -0.86 018 042 (0.29 10 0.63) <0.001
Location

Parotid gland Reference

Submandibular gland -1.02 0.60 0.36 (0.11to 1.16) 0.087

Minor gland 144 0.60 024 (0.07 t0 0.77) 0.016

Deep lobe of parotid gland 013 045 113 (0.47 t0 2.73) 0778

Imputed analysis

p-Estimate SE OR (95% CI) p-value

Resection margins

Negative Reference

Positive 147 024 435 (2750 6.96) <0.001

Uncertain 138 029 398 (223107.10) <0.001
Female -0.07 019 0.93 (0.63 to 1.35) 0711
Age 0.04 001 0.96 (0.95 0 0.97) <0.001
Location

Parotid gland Reference

Submandibular gland -0.34 0.38 0.71 (0.34 to 1.51) 0.374

Minor gland -0.86 038 0.42 (020 to 0.89) 0.024

Deep lobe of parotid gland 0.24 0.39 1.28 (0.59 t0 2.75) 0.535

sbandOR i
DISCUSSION

Our investigations of a large cohort of 3 506 patients with extended periods of follow-up
have shed new light on SGPA incidence, recurrence, and secondary malignant transformati-
on. Novel findings were a rising female incidence, a bimodal age distribution in women, and
an overall 20-year recurrence risk of 6.7%. Positive or uncertain margins and younger age at
diagnosis showed an increased overall risk of recurrence, whereas primary tumor locations

in minor salivary glands showed lower recurrence.



INCIDENCE

Direct comparisons with previous research on SGPA incidence are hard to make. In the past
50 years, crude incidence figures between 1.5 and 7.2 per 100 000 person-years">*1*-'¢ (Ad-
ditional Table C) have been reported. However, most authors had not categorized tumors

by anatomical site, and only one paper discussed national figures, which related solely to
parotid SGPAs and did not standardize for age’. Interestingly, SGPA ESR in 2012 was 4.7 per
100 000 person-years, whereas salivary-gland cancer ESR in 2010 was 0.74%. These figures
indicate that any salivary gland lump is 6.5 times more likely to be SGPA than carcinoma.
The 1% annual increase of SGPA ESR in women was a remarkable finding, as was the female
preponderance of SGPA. Possibly, women are more aware of their appearance than men and
more willing to seek medical attention for any lumps they find**?. On the other hand, there
may also be an influence of gonadal hormones, as in breast cancer, since SGPA is known

to express estrogen and progesterone receptors”?. Salivary gland neoplasms have been
associated with breast cancer before?. One risk factor for breast cancer is advanced maternal
age at first childbirth**-*2. In the Netherlands, this age rose from 28.0 to 29.4 in the period we
investigated'”. A link with the increase we found in female SGPA incidence is not inconcei-

vable.

PATIENT, TUMOR, AND TREATMENT CHARACTERISTICS

The bimodal age distribution in female SGPA incidence remains unexplained. Further
research is needed to explore any hormone influences. According to literature, salivary gland
tumors affect the parotid, submandibular, and minor glands in a ratio of 10:1:1%%. The ratio
we found was 12:1:2, possibly because of an absence of selection bias in our data.

In our cohort, submandibular SGPAs were more common in women than in men, whereas
minor salivary gland SGPAs were more common in men than in women. Since we found

no previous mention of any sex differences in SGPA location, further research is needed to
confirm and explain this finding. As the PALGA database focuses on pathology, information
on the type of surgery performed was often missing (42%). Recently, new insights about the
benefits of standardized structured pathology reporting* have led to improved reporting
practices for high-incidence cancers in Dutch laboratories.

Hopefully, this systematic approach will be adopted for other diseases, too, including for
SGPA. Resection margins had not been recorded in 21% of cases. In a posthoc analysis,
these cases turned out to have a 1.5-fold higher likelihood of recurrence, even after adjust-
ment for gender, age, topography, and type of treatment. There may be several reasons why
margin data are often missing. First, SGPAs are usually removed without complete margins

of normal salivary gland tissue, for instance when they are close to the facial nerve.



Second, covering (pseudo) capsules may be very thin, and multinodular growth patterns
make it hard to determine whether any nodules have been left behind. Third, SGPAs are be-
nign, so there is little priority in describing their margins, unless the pathology order holds

a specific request to do so, along with sufficient clinical information.

RECURRENCE RATES AND MALIGNANT TRANSEORMATION

Whereas the 4.6% first-recurrence rate we found in patients with at least five years of fol-
low-up (2,719) replicates previous findings?, our 12% secondrecurrence rate at five years is
lower than the 14% stated in most papers (Additional Table D). However, some caution is
needed here, as populations and follow-up periods vary between cohorts, and none of the
figures have taken any clinical or mortality data into account. For this present research pro-
ject, we excluded malignant transformations of primary SGPA. In earlier research, however,
we found 34 cases of salivary gland carcinoma ex pleomorphic adenoma in the same period
of investigation®. Four occurred in recurrent SGPA and were added to our database, leaving
30 cases to account for a 1.1% risk of de novo malignant transformation of primary SGPA
(30 in 2,749). This is a similar percentage as the 1.8% that was reported in parotid pleom-
orphic adenoma in Denmark®.

This is a similar percentage as the 1.8% that was reported in parotid pleomorphic adeno-
ma in Denmark®. Earlier publications reported a mean 6.2% risk, but their figures relate

to single-center data and may reflect a referral bias®**. The 0.15% secondary malignant

transformation rate we found (carcinoma ex pleomorphic adenoma in recurrent SGPA in
our SGPA cohort; 3.2% of all recurrences) is in the low range of earlier findings*. These
numbers are also lower than the Danish 0.35% and 12.6% respectively. To some extent, the
differences may be explained by different inclusion criteria, but more importantly, we ruled
out referral bias by compiling a nationwide cohort, rather than using single-center data.

Our results confirm that on a population level, complete surgical removal of SGPA can be
difficult, leading to a 4.6% first-recurrence rate and a 16% second-recurrence rate (median
times to recurrence 7 and 2 years, respectively). Recurrences are often multinodular (around
50), with a mean number of 25 nodules found in the primary resection bed*. These figures
provide a strong argument for MRI follow-up after all first recurrences, to avoid a need for

more extensive surgery at some later point in time.

RISK FACTORS FOR RECURRENCE

We found margin status to be the primary risk factor for recurrence. However, our margin
data were based on microscopy, whereas in practice, margin status is often determined ma-
croscopically by the surgeon. In many resections, sufficient argins cannot be taken because
of adjacent facial nerve branches, and the pathologist will only have a very thin capsule to

examine.



This problem may raise doubt as to the reliability of microscopy data for multivariate analy-
sis. Still, if margins are positive or uncertain, it is highly plausible to expect higher recurren-
ce, since positive microscopic margins are accepted as a primary cause for tumors to recur,
as are rupture and spillage®?’.

A second recurrence risk factor we found was age. Mean age at primary SGPA diagnosis
was 49 in patients who did not develop a recurrence later on, and 40 in patients who did.
Although there may be an age bias here (higher age suggesting shorter survival, with death
as a competing event), our findings are in line with literature®-$-*. Some researchers have
explained the age difference by suggesting that surgeons tend to take a less radical approach
and make smaller incisions in younger patients, for esthetic reasons®. Our multivariate ana-
lysis, however, did not show any correlation between age and margin status. Wittekindt et al.
observed a further age difference.

In their study population, mean age at primary diagnosis turned out to be lower in sin-
gle-recurrence patients than in multiple-recurrence patients (30.2 versus 40.3)%*. Possibly,
tumor biology is somehow different in younger patients, because of hormonal aspects,
genetic background, or some other factor as yet unknown.

A third risk factor for recurrence in our cohort was tumor location, which to our knowledge
is a novel finding. SGPA in minor salivary glands was found to recur less frequently than
SGPA in larger glands. Lumps in the minor glands are possibly more likely to be noted at

an earlier stage. Moreover, complete excision of these lumps is easier to achieve, although
margin status may be hard to assess for lack of capsule formation*'. Female gender was not
found to be a recurrence risk factor, which is in line with Maran et al** in smaller series, but

in contrast to other publications®**>*,

LIMITATIONS

There are some limitations to our study. First, there is a slight information bias. Given

the suboptimal diagnostic accuracy of cytology (84%-99%)*, we included histology-con-
firmed SGPA, only. With only 98 cytology diagnoses, however, and no data on nonpa-
thology-proven recurrences, the 4.6% recurrence rate we found may be something of an
underestimate, although hardly a gross one. A second limitation is the lack of radiotherapy
data. Literature suggests there is a (small) role for radiotherapy in the adjuvant treatment of
recurrent SGPA****. Third, since we retrieved all our information from nonstandardized pa-
thology reports, there may be an interpretation bias concerning the description of margins

by pathologists and the information supplied by surgeons.



CONCLUSION

Nationwide pathology data regarding SGPA in the Netherlands in the period 1992-2012
reflect some remarkable incidence trends: female incidence was on the rise, there was a
bimodal age distribution in women, and women were affected more often than men. These
findings may suggest some underlying hormonal mechanism. Overall figures for this period
showed an ESR ranging between 4.2 and 4.9 per 100,000 person-years, a 4.6% first-recur-
rence rate after at least five years of follow-up, and a 6.7% recurrence rate at 20 years of
follow-up. Malignant transformation had occurred in 1.1% of primary, and 0.15% of se-
condary SGPAs at 5 years of follow-up (3.2% of all recurrences). Risk factors for recurrence
were positive or uncertain surgical margins, younger age at primary diagnosis, and primary
tumor location, with lower odds for minor-gland primaries to recur, when compared to
parotid SGPAs. Where margin data were missing, the odds of recurrence were higher, which
emphasizes the need for improved, possibly standardized reporting in a joint effort by both

surgeons and pathologists alike.
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SUPPLEMENTAL MATERIAL

Additional Table A. Excluded patients

Exclusion criterion n
Cytological diagnosis 98
Malignancy 62
Revision of earlier diagnosis 21
Non salivary gland 178
Recurrence/residual disease 63
Expertise for foreign patient 8
Missing data on diagnosis 6
Primary not in inclusion period 6
Total 442

Additional Table A. Excluded patients

Age groups [n (%)]
Localisation 0-19 20-39 40-59 60-79 >80
Parotid gland 67 (60) 759 (80) 1,139 (80) 694 (76) 74 (75)
Superficial lobe 63 (56) 735 (77) 1,075 (76) 662 (72) 68 (69)
Deep lobe 4(4) 24 (3) 64 (5) 32(3) 6 (6)
Submandibular gland 21(19) 78 (8) 113 (8) 92 (10) 6 (6)
Sublingual gland 1(1) 1(<1) 3(0) 1(0) 0
Minor glands 19 (17) 100(10) 130 (9) 190 (12) 19 (19)
Unknown salivary gland 1(1) 12 (1) 13 (1) 12 (1) 0
Unknown localization 3(3) 9(1) 19 (1) 11(1) 0
Total 112 959 1,417 919 99




Additional Table C. Reported incidence numbers of benign SG tumors and SGPA

Author, year (country) Period Tumor n Parotid SM Minor | SL Incidence SR
Gunn (UK.)1 1978-1982 SGPA 232 232 0 0 0 15 NR
Pinkston (U.S.A.)2 1968-1989 Benign SG 209 181 28 NR 0 3.05 NR
Przewozny (Poland)3 1991-2000 Benign SG 354 354 0 0 0 1.35 1.6
Mortensen (Denmark)4 1984-2003 Benign SG 621 571 73 NR 0 6.6 NR
Bradley (UK.)5 1988-2007 SGPA 651 538 67 46 0 6.3-7.3 NR
Moeller (Germany)6 2005 Surg. SGPA | 81 71 10 0 0 3.05 NR
Andreasen (Denmark)7 1985-2010 SGPA 5497 5497 0 0 0 429 NR

Abbreviations: SG salivary gland; SGPA salivary gland pleomorphic adenoma; SM submandibular gland; SL sublingual gland; SR standar-
dized ratio; NR not reported

Additional Table D. Reported rate of SGPA re-recurrence
Author n Follow up (year) Re-recurrence rate
Phillips, 1995 126 Mean 14,5 32.5%
Glas, 2001° 52 Median 9 15%
Zbiren, 2005 33 Mean 9 18%
‘Wittekindt, 2007 108 Total 22 16, 42, 75% (1, 5, 15 year)
Redaelli de Zinis, 2008 33 Median 10.5 14, 31, 43, 57% (5, 10, 15, 20 year)
Makeieff, 2010" 62 Median 9 9.7%
Riad, 2011" 18 Mean 5 11%
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SUMMARY

CHAPTER 1.
GENERAL INTRODUCTION OF THE THESIS

This thesis describes the search for quality indicators in head and neck oncology. The
National Healthcare Institute of the Netherlands states that aging of the population will
lead to an increased pressure on the Dutch healthcare system in 2030". Taken into account
the costs of all healthcare innovations, especially in the field of oncology, a challenge lies
ahead to still treat every patient according to the highest standard in decades from now.
Obviously, current high standards should not be compromised and quality of care must be
clearly defined. The first step to define current quality is to develop a set of indicators for the
assessment of quality.

In order to structure the assessment of quality of care, Donabedian et al.* subdivided
quality of care into three indicator pillars: structure, process and outcome. All three
components are not only separately involved in assessment of quality, but also related to
each other. Structure indicators describe the health care setting in which care is provided
(hospital type, numbers of qualified personnel and hospital volume). Process indicators
measure the process of diagnosis and treatment on a patient level and are based on
evidence from literature or consensus between experts. Outcome indicators denote the
actual outcome of treatment. This can be evaluated by a broad spectrum of measurements
ranging from undesired events during treatment (complications, incomplete resections) to
survival of patients and quality of life scores using validated questionnaires.

The main objective of this thesis is to explore currently available information on variation
in care and possible quality indicators in head and neck cancer care and derive lessons for

future studies and quality evaluations.



CHAPTER 2.
VOLUME CRITERIA FOR THE TREATMENT OF HEAD AND NECK CANCER: ARE
THEY EVIDENCE BASED?

It is already known from other low-volume high-risk fields of oncology (for instance
esophageal and pancreatic cancer treatment) that provider or procedural volume relates to
outcome. The purpose of this literature review is to evaluate the volume-outcome
relationship in head and neck cancer care.

Our literature search led to the inclusion of eight published papers on the volume-outcome
relationship in head and neck cancer. All eight studies describe a positive relationship;

increased provider or procedural volume leads to improved survival.

Several comments can be made in relation to the volume-outcome literature:

L. Outcome measures should be clinically relevant. Sometimes 30-days mortality is
chosen as outcome parameter for high-risk surgical procedures, whereas 30-days
mortality of head and neck cancer procedures is typically low.

2. Volume is often presented as a categorical variable, where volume actually needs
to be analyzed as a continuous variable. There is also much heterogeneity of cut-off
points presented in literature.

3. Case mix is an important factor when analysing results of different hospitals. Many
studies lack adequate adjustment for differences in case-mix between providers.

4. Head and neck cancer is a group of distinct cancer types with all (subtle) different

treatment options and outcome. To consider head and neck cancer as one group in
volume-outcome studies can cause under-/overestimation of the effect on

individual head and neck cancer subsites.

Despite all limitations, all reviewed papers point towards a positive volume-outcome
relationship. Definitely more research needs to be done to further characterize this

relationship with emphasis on case mix adjustment and tumor specific volume effects.



CHAPTER 3.
VARIATION IN HEAD AND NECK CANCER CARE IN THE NETHERLANDS - A
RETROSPECTIVE COHORT EVALUATION OF INCIDENCE, TREATMENT AND
OUTCOME.

Head and neck cancer consists of a heterogeneous group of cancers. As a group it is the 9th
most common cancer type. However, all subtypes can be viewed as low incidence tumors.
Since the foundation of the Dutch Head and Neck Oncology Collaborative Group in 1984,
head and neck cancer is treated predominantly in eight specialized head and neck centers

or one of the six preferred partner hospitals across the country. The aim of this study was to
evaluate variation of care in the Netherlands.

A large (n=2094) retrospective (2008) nationwide cohort of patients with head and neck
squamous cell carcinoma was identified in the Netherlands Cancer Registry. The variation in
numbers, treatments and treatment results between 7 tertiary head and neck cancer centers
and 3 preferred partner clinics across the Netherlands was studied. The number of new head
and neck cancer patients varied from 129 to 417 between the head and neck cancer centers.
The numbers per center of the more rare cancer types (nasopharynx, nasal cavity, salivary
gland) were less than 10 patients per year in nearly all centers. Types of treatment and out-
come varied between the centers especially in oral cavity and oropharyngeal cancer. In oral
cavity cancer there was for instance diversity in the use of postoperative radiotherapy (18%
to 40%) and survival varied significantly. In oropharyngeal cancer there was variation in the
amount of patients treated with organ preserving therapy [i.e. (chemo-) radiotherapy] with
a range of 65 to 85% per center and survival differed significantly between the hospitals.

For laryngeal cancer there were no statistically significant differences between the hospitals
regarding treatment and outcome.

In the total cohort of head and neck cancer patients a significant volume-overall survival
relation was found, stratified for age, sex and stage, since the hazard of dying was 0.98 (95%
CI) for every increase with 25 patients per year.

From this study, we concluded that there was interhospital variation in 2008 in treatment for
oropharynx, oral cavity, hypopharynx cancer, but not for larynx cancer. The numbers of the
more rare cancer types (nasopharynx, salivary gland and paranasal sinus) were too low per

hospital for meaningful analyses.



CHAPTER 4.

THE ASSOCIATION OF TREATMENT DELAY AND PROGNOSIS IN HEAD AND
NECK SQUAMOUS CELL CARCINOMA (HNSCC) PATIENTS IN A DUTCH COM-
PREHENSIVE CANCER CENTER

Waiting time is one of the most psychologically distressing parts of the whole process from
symptoms to diagnosis and treatment. In this study we evaluated the association between
treatment delay and long-term outcome for head and neck squamous cell carcinoma in a
Dutch tertiary head and neck cancer center.

We retrospectively studied a cohort of 2,493 HNSCC patients of the Netherlands Cancer
Institute (NCI), diagnosed between 1990-2011. Professional delay was categorized into three
categories: referral, diagnostic and total treatment delay.

The median time from diagnosis to treatment was 39 days (25-75% inter quartile range: 26.5
- 51), and it was found that year of diagnosis (early period), tumor site (oral cavity) and type
of therapy (surgery) were all statistically significant of influence on the delay. We also found
that referral time (time from biopsy elsewhere to first visit at NCI) significantly increased
over time (from 10 - 13 days).

In the multivariate Cox proportional regression analyses performed, we found that patients
with a treatment delay of less than 30 days had a higher risk of dying from the head and
neck tumor [HR 0.82 (95% CI: 0.70-0.95)].

In sub-analyses this effect was independent from tumor (stage) or patient (age, sex) charac-

teristics. An explanation could be that the early treated (<14 days) patients were selected by

the physician to start early because of a biologically more aggressive tumor (history of tumor
growth or more complaints of pain). In this study population prolonged waiting did not

negatively influence survival.



CHAPTER 5.
THE INFLUENCE OF NODAL YIELD IN NECK DISSECTIONS ON LYMPH NODE
RATIO IN HEAD AND NECK CANCER

The occurrence of cervical lymph node metastases is one of the most important prognostic
factors in head and neck cancer. In the currently used TNM-staging, lymph node metasta-
ses classification is based on diameter, bilateral occurrence and number of positive nodes.

In order to optimize prognostication, the concept of lymph node ratio was introduced. The
lymph node ratio is calculated by dividing the number of positive nodes by the total number
of harvested lymph nodes at a neck dissection. This ratio determines the extent of cancer
spread, but also the extent of clearance.

The purpose of this study was to investigate the influence of nodal yield in neck dissections

on the lymph node ratio.

The focus was on the influence of change in specimen processing at the pathology depart-
ment on lymph node yield and lymph node ratio. The protocol of specimen processing
encompassed a change in 2007: pathologists harvested the lymph nodes themselves before
2007, thereafter pathology technicians were involved.

This change in protocol resulted in a significantly higher yield of lymph nodes after 2007
(24 vs. 32, p<0.001), with a stable number of positive lymph nodes (1.9 vs. 2.1, p=0.519),
leading to a decline in LNR. This increased number of lymph nodes was partly explained
by an increased number of lymph nodes found in level V. Literature, as well as this study,
confirmed that level V contains many (small) lymph nodes. The total number of lymph no-
des decreased significantly after pre-operative (chemo-) radiotherapy, from a mean of 31 in
patients without pre-operative treatment to 20 after radiotherapy or even 18 after (chemo-)
radiotherapy (p<0.001).

This study showed that standardization of pathology processing is an important quality
indicator before interpretation of the prognostic value of LNR.



CHAPTER 6
A CRITICAL EVALUATION OF LYMPH NODE RATIO IN HEAD AND NECK CAN-
CER

The previous study (chapter 5) showed that lymph node ratio is strongly dependent on the
protocol of specimen processing. The aim of this study was to investigate the influence of
this protocol change on the prognostic value of lymph node ratio.

Only patients with cervical lymph node metastases were included. Those with a
conglomerate of lymph nodes (N3 disease) were excluded because lymph node ratio is less
reliable in those patients. Also patients who have been previously treated with
radiotherapy on the neck were excluded, because total lymph node harvest in previously
irradiated patients is significantly lower®.

In total 176 patients with positive nodal HNSCC were studied. We performed survival
estimate analyses on two time periods, based upon a switch in pathology processing
protocol. This switch caused an increased yield of lymph nodes and a stable amount of
positive lymph nodes found in neck dissection specimens. The lymph node ratio was
calculated for both periods and the prognostic value was evaluated.

In the multivariate analyses it was found that pN-stage was an equally potent or even better
prognosticator than the LNR. This can be explained by the earlier finding of the
denominator variation of the ratio (total number of harvested lymph nodes) and a stable
numerator (total number of positive nodes). To set a quality standard and to be able to

reliably compare hospitals regarding lymph node dissections a minimum of lymph nodes

need to be examined, like for instance in colon carcinoma.
It can be concluded from this study that without standardization of specimen processing
LNR is unreliable as prognosticator. Total number of harvested lymph nodes should be used

as quality indicator instead.



CHAPTER 7
AN EPIDEMIOLOGICAL EVALUATION OF SALIVARY GLAND CANCER IN THE
NETHERLANDS (1989-2010) - TRENDS IN SALIVARY GLAND CANCER

Salivary gland carcinomas are a special group among head and neck carcinomas, because of
the very low incidence, a great variation in histopathological subtypes and the lack of
“classical head and neck” risk factors.

The aim of this study was to evaluate the progress made in salivary gland cancer over the
past 22 years. Data was extracted from the Netherlands Cancer Registry, resulting in 2737
patients with a primary salivary gland carcinoma.

Trends over time in incidence and mortality were evaluated by calculating estimated annual
percentage changes over the European Standardized Rates (ESR).

Incidence remained stable around 0.7 per 100,000. Most of the tumors (78%) originated
from the parotid glands. Surgery (with or without radiotherapy) was treatment of choice in
84% of the cases. Over time the use of adjuvant radiotherapy increased (~6%).
Adenocarcinoma was the most common histological type, followed by squamous cell
carcinomas, acinic cell carcinomas, adenoid cystic carcinomas and muco-epidermoid
carcinomas. Striking differences were found between sexes. Mortality tended to increase in
men over the years, whereas in women it remained stable. Also the 5-year relative survival
was lower for men (63%) compared to women (76%). This effect could be partly explained
by the higher initial tumor stage and/or by the higher proportion of poorly differentiated
adenocarcinomas (with worse prognosis) in men.

We concluded that there has been barely any progress made in treatment of salivary gland

cancer over the past 22 years.



CHAPTER 8

SALIVARY GLAND PLEOMORPHIC ADENOMA IN THE NETHERLANDS: AN
OBSERVATIONAL NATIONWIDE STUDY OF PRIMARY TUMOR INCIDENCE AND
RECURRENCE RATE.

The majority of the salivary gland tumors is benign of origin. Of the benign salivary gland
tumors, pleomorphic adenomas are the most frequent. Pleomorphic adenomas are known
for their ability to transform from benign to malignant, so-called carcinoma ex pleomorphic
adenoma. Literature on the occurrence of pleomorphic adenoma, recurrence rate after
surgery and primary or secondary malignant transformation is only available from single
institution series. National data is hard to retrieve in the Netherlands, since its Cancer
Registry only registers malignant tumors. So for this study, we used the nationwide
pathology database PALGA.

From PALGA, excerpts of all patients that have had a pleomorphic adenoma since 1992
(16,437 patients) were retrieved. Data from this database is not coded and consists of free
text, which had to be hand-coded to be able to perform analyses. For that reason we
depicted 5 incidence years (1992, 1997, 2002, 2007 and 2012, representing in total 3506
patients) as a representative sample of possible pleomorphic adenomas and performed trend
analyses on this data.

We found that the European standardized incidence rate of pleomorphic adenoma in 2012
in the Netherlands was 4.7 per 100,000 (total number of patients: a little less than 800 per
year). The incidence of pleomorphic adenomas in women rose over the years with 1% per

year, whereas it remained stable in men.

The long-term risk of (histology proven) recurrence was 4.6% for first recurrence. This
percentage increased steeply for second, third etc. recurrence. Malignant transformation
was very rare (1%) and transformed recurrences were not seen in our cohort. To define risk
factors for recurrence we performed a multivariable analysis: lower age at diagnosis and
positive or uncertain resection margins were associated with risk of recurrence.

This study is the first to give an accurate overview of nationwide incidence and recurrence
of pleomorphic adenoma. Statistically significant risk factors for recurrence were identified,
like positive or uncertain surgical margins, younger age at primary diagnosis or primary

pleomorphic adenoma in the parotid gland.



DISCUSSION

Driven by the public’s attention and demand for transparency, quality assessment in
medicine has become increasingly important during the last decades. The vast expansion of
health care innovations forces administrations to make deliberate choices on organization
and evaluation of care to secure optimal quality and cost effectiveness of treatments. This
makes quality of care currently a key factor in all healthcare policies in the Western world.
One of the challenges is to deal with the dilemma how to keep quality high for all patients in
light of increasing demands that stem from demographic and societal developments. In
several fields of medicine like surgical oncology and cardiovascular surgery major

progress has been made using quality assessment as a tool for increasing quality of services.
For instance, the New England cardiovascular project reduced the mortality rate (minus
24%) of coronary artery bypass surgery by a structured program of visits, data sharing and
training*. Also in cancer care, several quality improvement programs or initiatives started
up in the last decade. In the Netherlands, the Dutch Pancreatic Cancer Group was formed
in 2010, aiming at multidisciplinary collaboration in research, guideline development and
they also introduced a nation-wide prospective audit (Dutch Pancreatic Cancer Audit;
DPCA)’. In the audit detailed clinical data are collected of all patients with pancreatic cancer
in whom surgery is performed in the Netherlands, to provide clinicians with timely, actable
and benchmarked feedback information to improve the quality of their care process and
outcomes. In addition, this collaboration resulted in several multicenter trials and further
improvement in pancreatic cancer care. For upper gastro-intestinal tract cancer an

identical group was formed, the Dutch Upper GI cancer group (DUCG)®. Their mission is to
improve quality of care in upper GI cancer patients by supporting multidisciplinary clinical
and translational research and support in patient registries. In contrast, the head and neck
cancer counterpart, the Dutch Head and Neck Audit (DHNA), is relatively new and does
not have published results yet.

FACTORS THAT DETERMINE QUALITY

As mentioned in the introduction of this thesis, quality is hard to capture. The multi-
dimensional and, in case of head and neck cancer, multidisciplinary character, makes it hard
to define it in concrete terms. Many medical specialists, each of them with specific super-
specialized expertise, are responsible for a (small) part of the process (i.e. head and neck
surgeon, radiation oncologist, medical oncologist, radiologist, pathologist, nuclear
physician). Added thereto the involved paramedics (i.e. nursing staff, speech pathologist,
dietician and physical therapist) make it even harder to define the process of quality
assessment. To create more clarity in the field of quality, Donabedian et al. in 19882
developed a model of quality indicators categorized in three components: structure, process

and outcome.



STRUCTURE INDICATORS

Procedural volume - on a hospital or surgeon level - is one of the most frequently studied,
though also one of the most controversial structure indicators. “Practice makes perfect” may
be a strong argument, especially in surgical disciplines, but is it sufficiently strong to explain
the volume-outcome relation? As mentioned in the introduction, almost all literature
regarding the volume-outcome relations in high-risk and or low-volume care shows a posi-
tive association”"!. A supplementary explanation for this could be that several (infrastruc-
tural) factors (like the function of a tumor board, efficiency of the infrastructure between
different services or training of paramedics for instance) are better organized in high volume
hospitals than in low volume hospitals. This volume effect will probably be more outspoken

in countries with non-centralized head and neck cancer care.

Although many studies pointed to a logical correlation between volume and outcome for
high risk - low volume care, it is still necessary to define a minimum number of
procedures. Compared to the North American counterparts like Memorial Sloan Kettering
Cancer Center, MD Anderson, UCSF, Princes Margaret Toronto and Johns Hopkins, all
Dutch head and neck cancer centers are low volume centers with mean volumes of +250
new patients per year'?). Taking into account the differences between the Dutch centers and
American Cancer Centers, it is remarkable that each of these US head and neck cancer cen-
ters surpasses the number of 4000 new patients per year'*¢, compared to the total of 3000
new patients per year in the Netherlands, who are treated in eight different head and neck

centers [or one of the six preferred partners]. This indicates a high level of

efficiency and cost effectiveness in these US centers. This high standard of head and neck
cancer care attracts many second opinions from all over the world, which can be seen as a
quality indicator by itself. Although there are very few standardized outcome measures to
compare head and neck cancer centers internationally. Moreover, it should be realized that
these large cancer centers are also exceptional in the US and that a large proportion of head
and neck cancer patients are treated in general hospitals, with larger differences in hospital
volumes in the US than in the Netherlands.

Measured by European standards the level of head and neck cancer care in the Netherlands
is high and according to the survival analyses in the EUROCARE-5 studies one of the best
in Europe’’. Despite the variation in care as described in chapter 3, this leading position in
Europe can be attributed to the well-organized care in tertiary head and neck cancer centers,
national treatment guidelines and standardized multidisciplinary approach in each of these

centers.



VARIATION OF CARE AND GUIDELINE ADHERENCE

Evidence-based guidelines are tools meant to guarantee the same basic knowledge regarding
the best treatment options available for medical teams in all hospitals. Adherence to
guidelines is often used as process indicator with the assumption that overall a more
evidence-based care process leads to better patient outcomes. Guidelines standardize
treatment and set standards of care. Variation of care should not be confused with variation
in quality of care. Guidelines leave room for variation to optimize treatment in individual
cases in certain circumstances. A striking example in this respect is the treatment of T1
laryngeal cancer. The Dutch guideline states that endoscopic treatment is comparable to
radiation in oncologic outcome as well as functional outcome. In such a case, specific
expertise of the head and neck team and patient preferences will cause variation in care that
is according to the guideline.

Adherence to guidelines can serve as surrogate marker for differences in quality of care and
few studies evaluated adherence to guidelines and its effect on outcomes for the head and
neck cancer setting>®'®'°. A study evaluating the protocol compliance of radiotherapy plans
for advanced head and neck cancer patients, showed that 25% of the plans were
incompliant[6]. For patients planned to receive over 60 Gy (curative dose) with major defi-
cits in the treatment plan, it was found that survival significantly declined (5-y survival 50%
vs. 70%). Of note, major deficiencies in the treatment plan were highly correlated to low
volume hospitals (p<0.001)°.

The volume-guideline adherence relationship was reproduced by Eskander et al.” in a
cohort of 5720 surgical head and neck patients. They observed a guideline adherence of
around 75%. Several recommendations of the guideline were evaluated, like head and neck
imaging, chest imaging, multidisciplinary meetings and follow up. Higher hospital volume
and even higher surgeon volume were significantly associated with better guideline
adherence (p<0.001). The influence of guideline adherence on outcome was also
demonstrated in a Dutch retrospective study'® evaluating over 800 head and neck cancer
patients eligible for curative treatment. It was found that 17% of the patients did not receive
guideline compliant therapy. Ten percent was due to incompliant advice by the tumor board
and the other 7% due to patients’ preferences. Patients receiving non-standard treatment
due to incompliant advice had significantly lower overall survival after 3y (HR 2.1 - 95%

CI 1.49-3.03). Since guidelines encompass the best evidence based treatment for specific
patients the outcome of the study might not be surprising, however, if we combine the
aforementioned study results, it is striking that most probably 10-15% of the head and neck
cancer patients had a two times higher risk of dying within three years due to guideline

incompliance.



PROCESS INDICATORS

The counter effect of increased volume can be prolonged waiting times for diagnostics or
treatment. Waiting time (or treatment delay) makes patients feel insecure and nervous?.
And due to possibly rapid tumor growth in head and neck cancer, there is a rationale for
research on waiting times as quality indicator. A clear definition and method to measure
treatment delay (day of first visit - first day of treatment) make it a potentially strong
indicator. In other sites (uterine* and breast® for instance) the effect of treatment delay on
outcome was already shown. In head and neck cancer, however, the literature was not clear
on this point. Our study of 2400 patients* showed that patients treated with the shortest
treatment delay had the worst survival. This effect, called the waiting time

paradox, is explained by confounding by indication (patients with rapid progression or
extreme symptoms are treated first). The larger population-based study by van Harten et al.**
(over 13,000 patients), however, showed the negative impact on survival of prolonged treat-
ment delay. They found a curve describing hazard ratio of dying that rapidly ascends from
0-25 days of delay, followed by a plateau until two months and after two months another
rapid ascend. The cutoff point formulated by the Dutch head and neck collaborative group
(NWHHT) of 30 days was not found to be significant in this study.

One of the options to shorten waiting times is to implement short-track programs, like all
diagnostics and tumor board meeting on one day. Currently several head and neck cancer
centers are implementing or have implemented such a program. One of the conditions
necessary for short track programs combined with higher volume care is optimal logistics

without increasing the costs extraordinarily.

Optimizing logistics is also at stake in the chain of surgery and specimen processing. First is
the issue of the extent of the lymph node dissection. The more (fatty) tissue is removed, the
more lymph nodes will be found. Therefore neck dissections should be performed in a
standardized fashion® and taking into account the anatomical boundaries of the neck levels.
When surgery is performed according to these guidelines, variance in the extent of surgery
will be limited. Training institutions should focus on the adherence to surgical guidelines,
supervised by independent audit committees composed of professionals. This brings us to
the last part: the specimen processing at the pathology department. Should the pathologist
try to find, evaluate and describe every node present in the specimen? There is growing lite-
rature about the (prognostic) value of the lymph node ratio (LNR) in various surgical fields
2627 LNR represents the ratio between total number of positive lymph

nodes and total number of harvested lymph nodes. This last mentioned part of the lymph
node ratio is critical. The total number of removed lymph nodes roughly depends on three
factors. The first is the variable number of neck nodes; it is known that total number of

lymph nodes varies considerably between humans?.



However, this variation is indefinable since surgery is not standardized and specimen
processing is not standardized.

We found that the introduction of a different specimen processing protocol changed the
results in the number of lymph nodes found in dissection specimens®*. If calibration scales
differ between two centers, results cannot reliably be compared anymore.

Another critical step in the diagnostic (and/or treatment) trajectory is the pathology report.
Synoptic pathology reporting can be part of an improvement strategy, incorporating only
important and crucial information in a standardized fashion. This can act as a sort of scale
calibration, provided that a uniform acquisition of input is guaranteed (in our study for
instance, the protocol of specimen processing).

Standardized (synoptic) pathology reports result in more complete reports on pathology,
more consistency of the reports and also in quicker available and unambiguous
information®'. This will make it easier for clinicians to adhere to guidelines and possibly
lead to a minimization of treatment delay, increase the efficiency of multidisciplinary tumor
boards and also increase the quality of (retrospective) research. Another possible solution to
improve the process is to combine efforts of maxillo-facial surgeons and otorhino-
laryngologists working in the field of head and neck cancer to set up uniform training
schedules and head and neck oncology departments, solely dedicated to the diagnosis and
treatment of this disease. Apart from the logistic benefits this will also contribute to savings
of costs, time and energy.

These are just examples, and nearby future research needs to focus on how to develop an

efficient workflow.

OUTCOME INDICATORS

Especially in case of “orphan” head and neck cancers like salivary gland, nasopharynx and
paranasal sinus cancer, the field demands a major step forward. For nasopharyngeal® and
paranasal sinus carcinomas® the lack of improvement in survival is shown in

literature. As we have demonstrated in this thesis, the current centralization rate for salivary
gland carcinomas does not lead to volumes with enough power for research on quality or
improvement of outcome (some centers only saw 3 new patients in 2008). We demonstrated
a lack of improvement in outcome over the past 22 years for salivary carcinomas, most
probably due to the absence of effective (neo-adjuvant) systemic therapy*. A reason could
be that randomized clinical trials are almost impossible to initiate, if there are no
international collaborations to create enough statistical power. Centralization or
redistribution of patients with salivary gland cancer, currently not surpassing 10 patients/
year per center and representing more than 20 histological subtypes, seems almost inevitable
and might contribute to a less fragmented participation in international collaborations in

search for new treatment regimens.



A nice example of such international collaboration for rare tumors is seen in Ewing
sarcomas within the framework of EURAMOS®. Ewing sarcomas are very rare soft tissue
tumors (20-25 patients per year in the Netherlands, which are centralized treated in four
specialized centers), where it was possible to perform a randomized trial comparing several
treatment regimens* due to sufficient patient accrual across borders.

Such international collaborative initiatives may be the key for improvements in salivary
gland cancer treatment. Of note, salivary gland cancer exist of much more different entities
compared to Ewing sarcomas, thus it will remain hard to design and initiate randomized
trials. Existing and proven effective, international collaborations, like the European Head
and Neck Society (EHNS), International Federation of Head and Neck Societies (IFHNOS)
or EORTC need to get together and initiate international (randomized) studies for these rare

tumors.

FUTURE IMPROVEMENT PROGRAMS

A part of the above-mentioned indicators are currently included in a prospective audit of
the Dutch Head and Neck cooperative group (NWHHT) that is being rolled out nation-
wide'®. A full set of multidisciplinary quality indicators has been developed by the
Scientific Institute for Quality of Healthcare”. This audit will prospectively gather
information on patient, tumor, treatment and hospital characteristics in all head and neck
cancer centers in the Netherlands. The Dutch Head and Neck Audit (DHNA) is
collaboration between the Dutch head and neck collaborative group NWHHT), the
Scientific Institute for Quality of Healthcare and the Dutch Federation for University
Medical Centers.

The strength of clinical auditing lies in the total package it covers. It combines guideline

adherence, case-mix differences and different outcome measures to give an overview of the
current quality of care at specific hospitals. Benchmarking hospital-specific results catalyzes
quality improvement*. Hospitals scoring well on certain indicators are challenged to keep
their reputation on level and hospitals scoring worse on certain indicators are challenged to
score as well as their bench marked partners. Conceptually beautiful, but hospitals need to
be willing to be completely transparent. Our retrospective study on variation already showed

that lack of transparency of hospitals could limit quality of care research; see chapter 3.

TRANSPARENCY

Transparency is the key factor for quality improvement programs. Hospitals need to open
up and show their results. As a hospital organization you can learn from others or others
can learn from you on certain indicators, but you need to know the performance from each

other. According to Wouters®, transparency can be seen as a 7 level process (figure 1).
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Figure 1. The seven level process of transparency

The spectrum of transparency starts with availability of trivial hospital specific outcome
information and it ends with full publicly availability of hospital or physician specific
outcome data. The goal of transparency is dual: for patients, so they are able to choose the
best hospital for their treatment and for hospitals to create a transparent benchmarked
situation so less performing hospitals know where to target their improvement efforts. The
Dutch Institute for Clinical Auditing (DICA) has delivered the proof of concept® for com-
paring hospital-specific risk-adjusted indicator results, primarily to provide doctors with
benchmarked feedback information, though also to make (differences in) quality of care
transparent for all stakeholders.

The benefit of transparency disappears if the reporting of results is not correct. A hospital

can publish superior results on their website, but if they are selective, manipulated or

incorrectly gathered the benefit of transparency turns 180 degrees.

Austin et al.[40] described how to avoid pitfalls in five steps of quality measurement and

reporting.

L. Measures must be developed and specified for the performance measured. If not,
you are extrapolating or assuming, which decreases the quality of your data
tremendously.

2. Data must be identified and collected to populate the measures. So you need to
have a measurement specific quality assurance, in order to guarantee quality of the
data.

3. Collected data must be applied to the measured specifications. An example in this
respect is blood loss during surgery in ml. One surgeon measures it accurately,
whereas the other surgeon makes estimates based on impression. This

leads to variability and uncertainty in the collected data.



4. Public reports must be reliable regarding classification. Any predefined category
must be reported concordantly. So “hospital A”, must be “hospital A” in
your dataset and “physician B”, must be “physician B”. This to prevent
misclassification and thereby misinterpretation of the data.

5. Communicate results in such a way that there is no room for misinterpretation.
Make sure your report for the press is written according to the knowledge level of

the reader.

These five steps are visible in the approach of DICA and were taken into account at the
foundation of the DHNAZ.

VALUE-BASED HEALTH CARE

Internationally there are several initiatives to transform health care from a volume-driven to
an outcome-driven industry. According to Michael Porter, a healthcare economist from the
Harvard Business School, providers should make patient value the overarching goal to keep
high quality health care sustainable, especially in Western countries. Maximizing value for
patients, means achieving the best outcomes at the lowest costs. This adds another
dimension to the perception of (high) quality care described in this thesis. With the
initiation of the DHNA the Dutch Institute for Clinical Auditing will provide the Head and
neck cancer centers in the Netherlands with benchmarked feedback on their outcomes;
clinical as well as patient reported outcomes. Head and neck cancer centers should use this

information to learn from each other and start fine-tuning and individualizing their multi-

disciplinary care processes. If also the costs of these care processes are measured and stay
on the same level or show a relatively low increase, patient value will improve. In addition,
better care processes may not only lead to better outcomes on the short term, though also
long-term functional outcomes of patients may improve leading to less disabilities and
better societal participation. The International Consortium of Health Outcomes
Measurement (ICHOM) organizes global teams of physician leaders, outcomes researchers
and patient advocates to define Standard Sets of outcomes per medical condition, and then
drives adoption to enable health care providers globally to compare, learn, and improve
their care [www.ichom.org]. By bringing health outcome measurement from a national to an
international level, insight in variation in care processes and the resulting outcomes between
providers in different countries could lead to even more improvement in patient value. An
international standard set for measuring outcomes of Head and neck cancer patients is not

available yet, though will certainly be developed in the near future.



CONCLUSION

This thesis shows the complexity and multidimensional concept of quality of care in head
and neck cancer. The selected topics represent examples of quality assessment using
structure [centralization (CHAPTER 2) and variation of care (CHAPTER 3)], process [wai-
ting time (CHAPTER 4) and pathologic specimen handling (CHAPTER 3, 6)] and outcome
indicators [influence of volume and variation of care on outcome (CHAPTER 3) and specific
outcome of rare head and neck tumors arising in the salivary gland (CHAPTER 7, 8)].

Head and neck cancer care in the Netherlands is centralized in specific head and neck
cancer centers, but nonetheless the care given varied per head and neck center. We showed
that volume may play a role in this variation, but several other quality related aspects of head
and neck cancer care are of influence as well. For instance: waiting time differences, as we
showed that waiting time has significant influence on outcome. What we also showed is that
pathology specimen handling is another key factor, and that non-standardized workflow
leads to differences and non-uniformity.

For the more rare types of head and neck cancer, like salivary gland tumors, the low volume
in the Netherlands makes quality assurance almost impossible. For proper quality
assessment and thereby quality assurance, based upon this thesis, redistribution of rare head
and neck cancers appears inevitable. The variation in numbers and treatment we found
could have been biased by case-mix factors we did not include. The relatively small

sample size of our study population limited us regarding some statistics. With data
currently being gathered in the DHNA, more insights in the variation of care can be given.
Especially on detailed, stage corrected treatment variation. Hopefully the prospective audit
database (DHNA) will serve as a unique source of answers to quality of care questions and
will give direction to further improvement of the (already) high quality head and neck
cancer care in the Netherlands.
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SAMENVATTING (NL)

HOOFDSTUK 1.

ALGEMENE INLEIDING

Dit proefschrift beschrijft de zoektocht naar kwaliteitsindicatoren in de hoofd-hals
oncologie. Door vergrijzing van de populatie en toegenomen behandelingsmogelijkheden
door de vooruitgang in de medische wetenschap is er een verhoogde druk ontstaan op de
zorginstellingen om iedere patiént volgens de hoogste standaard te behandelen (zeker
binnen de oncologie). Het is essentieel dat kwaliteit van zorg te allen tijde bewaakt wordt.
De eerste stap in dit proces is om de huidige kwaliteit - en de mogelijke variatie tussen
zorgaanbieders - vast te stellen door het identificeren van belangrijke kwaliteitsaspecten en
het ontwikkelen van kwaliteitsindicatoren.

Om onderzoek naar kwaliteit van zorg te structureren hebben Donabedian et al.!
indicatoren in drie categorieén verdeeld: structuur, proces en uitkomstindicatoren. Deze
worden niet alleen afzonderlijk, maar ook in relatie tot elkaar onderzocht.
Structuurindicatoren beschrijven de zorgomgeving waarbinnen zorg wordt geleverd
(ziekenhuistype, patiénten aantallen en beschikbaarheid van gekwalificeerd personeel).
Procesindicatoren beschrijven het zorgproces: het diagnostisch traject, de medische besluit-
vorming, de behandeling en de nazorg.

Ulitkomstindicatoren beschrijven de daadwerkelijke uitkomst van een behandeling binnen
een breed spectrum variérend van overleving van een groep patiénten tot een door de
individuele patiént ingevulde vragenlijst over kwaliteit van leven.

De inhoud van dit proefschrift richt zich op onderzoek naar actuele variatie van hoofd-hals
oncologische zorg en identificatie van mogelijke kwaliteitsindicatoren om toekomstig

onderzoek naar kwaliteit van zorg te sturen.

HOOFDSTUK 2.
VOLUME CRITERIA VOOR DE BEHANDELING VAN HOOFDHALSKANKER: ZIJN DEZE “EVIDENCE

BASED”?

Van andere ‘laag volume - hoog risico’ vormen van oncologische chirurgie, zoals slokdarm-
en pancreaschirurgie is bekend dat volume per ziekenhuis of chirurg gerelateerd is aan
uitkomst.

Wij onderzochten deze relatie aan de hand van acht gepubliceerde artikelen over de vo-
lume-uitkomst relatie bij hoofd-halskanker. In alle gevallen werd een positieve correlatie

aangetoond tussen een hoger volume en een langere overleving.



Bij dit literatuuronderzoek werden een aantal kritische kanttekeningen gemaakt

1. Uitkomst is klinisch niet altijd relevant gemeten: in sommige gevallen werd
gekozen voor sterfte binnen 30 dagen na chirurgie als uitkomst; voor hoofd-hals
kanker patiénten is deze sterftemaat erg laag en zijn verschillen daardoor
minder relevant.

2. Volume werd vaak weergegeven als categorische variabele, echter volume is een
continue variabele en dient ook als zodanig te worden onderzocht. Bovendien is er
veel variatie in afkapwaarden gebruikt in de beschreven literatuur.

3. ‘Case mix-correctie’ is een belangrijk onderdeel van vergelijkingen van uitkomsten
van ziekenhuizen en veel studies missen correctie voor deze verschillen in “case
mix”.

4. Hoofd-halskanker is een verzamelterm voor verschillende subtypen kanker met
(subtiele) verschillen in behandeling en uitkomst. Door hoofd-halskanker
als één groep te beschouwen in de volume-uitkomst studies bestaat er een kans op

onder- of overschatting van het effect.

Ondanks alle beperkingen wijzen alle onderzochte artikelen in de richting van een positieve
volume-uitkomst relatie. Met zekerheid kan gezegd worden dat er meer onderzoek nodig is
om deze relatie verder te karakteriseren, waarbij de nadruk moet liggen op gedegen

correctie voor ‘case mix’ en verschillen tussen tumortypen.

HoOOFDSTUK 3.

VARIATIE VAN HOOFD-HALS ONCOLOGISCHE ZORG IN NEDERLAND — EEN RETROSPECTIEF

COHORT ONDERZOEK NAAR INCIDENTIE, BEHANDELING EN UITKOMST.

Hoofd-halskanker bestaat uit een heterogene groep van aandoeningen. In Nederland is het
de 9e meest voorkomende kankersoort. Individuele typen zijn ieder als zeldzame tumor

te classificeren. Sinds de oprichting van de Nederlandse Werkgroep Hoofd-Hals Tumoren
(NWHHT) in 1984 worden hoofd-halstumoren hoofdzakelijk behandeld in een van de
acht hoofd-hals centra en zes zogenaamde ‘preferred partners’ verspreid over het land. Dit
onderzoek richtte zich op variatie in hoofd-hals oncologische zorg tussen deze centra.

Er werd een retrospectief landelijk cohortonderzoek verricht van 2094 hoofd-halskanker
patiénten, die geregistreerd zijn door de Nederlandse Kanker Registratie. De variatie in
patiénten aantallen, behandeling en uitkomsten werd vergeleken tussen 7 hoofd-halscentra
en 3 preferred partners. Het aantal patiénten per jaar in 2008 varieerde van 129-417 tussen
de hoofd-halscentra. Voor de meer zeldzamere typen, zoals speekselklier-, nasofarynx-,
neus - en neusbijholten carcinoom, was het patiénten aantal minder dan 10 patiénten per

jaar voor bijna alle deelnemende centra.



Behandeling en uitkomstmaten varieerden voornamelijk bij het mondholte- en orofarynx-
carcinoom. Voor het mondholte carcinoom varieerde de toepassing van postoperatieve
radiotherapie per centrum van 18% tot 40%. Tevens was er een significant verschil in
overleving waar te nemen. Voor het orofarynxcarcinoom was er variatie in het percentage
patiénten dat orgaansparend behandeld werd (65% - 85%). Eveneens varieerde de
overleving significant binnen deze patiéntengroep. Voor larynxcarcinoom patiénten werd er
geen verschil in behandeling of uitkomst gevonden tussen de verschillende centra.

In het totale cohort werd er na multivariate analyse een significant volume-uitkomst effect
vastgesteld na stratificatie voor leeftijd, geslacht en stadium. De hazard ratio (HR) voor
overlijden was 0.98 per toename van 25 patiénten/jaar.

Geconcludeerd wordt dat er was van een significante variatie tussen ziekenhuizen in 2008
voor wat betreft de behandeling van orofarynx-, mondholte- en hypofarynxcarcinoom. De
patiénten aantallen voor de zeldzamere hoofd-halstumoren, nasofarynx-,speekselklier-,
neus- en neusbijholtencarcinoom, waren te beperkt om in de overlevingsanalyse mee te
nemen. Over het algemeen was er een tendens waarneembaar van een positieve relatie

tussen ziekenhuisvolume en overleving voor de totale groep van hoofd-halstumoren.

HOOFDSTUK 4.
HET VERBAND TUSSEN WACHTTIJD TOT BEHANDELING EN PROGNOSE BI] HOOFDHALSCARCI-

NOOM PATIENTEN UIT HET NEDERLANDS KANKER INSTITUUT/ANTONI VAN LEEUWENHOEK.

Een lange wachttijd is voor veel patiénten een stress verhogende factor gedurende het proces
van diagnose en behandeling. In deze studie werd het verband tussen wachttijd en
overleving onderzocht in een retrospectief cohort van 2493 hoofd-halscarcinoom patiénten
(1990 — 2011) van het Antoni van Leeuwenhoek (AVL). Wachttijd werd onderverdeeld in
drie groepen: wachttijd in het verwijzingsproces, gedurende de diagnostiek en in het geheel
van de totale behandeling.

De mediane wachttijd tussen diagnose en behandeling was 39 dagen (25-75% met een
spreiding van 26.5 — 51 dagen). Drie factoren waren significant gecorreleerd aan een langere
wachttijd: een vroeger tijdvak van behandeling, behandeling voor een mondholtecarcinoom
en primaire chirurgie behandeling. Tevens werd vastgesteld dat de tijd die verloopt tussen
biopt in een ander ziekenhuis en het le bezoek in het AVL in de loop der jaren significant

is toegenomen, van 10 naar 13 dagen. In het multivariate Cox regressie model bleek dat
patiénten met de kortste wachttijd van minder dan 30 dagen een hoger risico hadden om te
overlijden aan het hoofd-halscarcinoom [HR 0.82 (95% CI: 0.70-0.95)]. In een sub analyse

bleek dit onverwachte resultaat onathankelijk van tumor stadium, leeftijd of geslacht.



Een aannemelijke verklaring hiervoor zou kunnen zijn dat deze patiénten een klinisch snel
progressieve tumor hadden met snelle toename van klachten, die het behandelend team
ertoe deed besluiten deze patiénten met voorrang te behandelen.

In deze studie bleek een langere wachttijd de overleving niet negatief te beinvloeden.
Toekomstig onderzoek zal zich richten op het onderzoeken van de relatie tussen wachttijd,

psychologische stress en/of morbiditeit.

HOOFDSTUK 5.
DE INVLOED VAN LYMFEKLIER OPBRENGST NA HALSKLIERDISSECTIES OP DE LYMFEKLIERRA-

TIO IN HOOFD-HALSKANKER.

De aanwezigheid van halskliermetastase(n) is een van de belangrijkste prognostische
factoren voor overleving bij hoofd-halskanker. In de huidige TNM-classificatie worden
lymfekliermetastasen geclassificeerd op basis van diameter, aantal en eenzijdig of dubbel-
zijdig voorkomen. In een poging het voorspellen van de prognose te verbeteren is het
concept van de lymfeklierratio bedacht. Deze ratio wordt berekend door het aantal tumor-
positieve lymfeklieren te delen door het totaal aantal verwijderde klieren. Hierdoor is niet
alleen het aantal positieve klieren van belang, maar ook de uitgebreidheid van de
chirurgische ingreep en het aantal lymfeklieren dat door de patholoog gevonden is in het
verwijderde weefsel. Deze studie concentreerde zich op de invloed van de lymfeklier-
opbrengst na halsklierdissectie op de lymfeklierratio met focus op de invloed van een
gewijzigd uitsnijprotocol van het operatiepreparaat. Het protocol hiervoor werd in 2007
gewijzigd, waardoor het niet meer de pathologen zelf waren die uitsneden, maar speciaal
daartoe opgeleide laboranten. Dit resulteerde in een significant hogere opbrengst van totaal
aantal lymfeklieren (24 vs. 32, p<0.001), met een stabiel aantal positieve lymfeklieren

(1.9 vs. 2.1, p=0.519) met als gevolg een afnemende lymfeklierratio. Het toegenomen totaal
aantal verwijderde lymfeklieren werd hoofdzakelijk verklaard door een toename van het
aantal lymfklieren in level V. Het totaal aantal lymfeklieren daalde significant wanneer
patiénten preoperatieve (chemo-)radiatie hadden ondergaan. Deze studie laat zien dat
standaardisatie van het pathologie protocol een belangrijke kwaliteitsindicator is alvorens

lymfeklierratio betrouwbaar kan worden geinterpreteerd als prognostische factor.




HOOFDSTUK 6.

EEN KRITISCHE EVALUATIE VAN LYMFEKLIERRATIO IN HOOFDHALSKANKER.

De studie voorafgaand aan deze studie (hoofdstuk 5) toonde dat lymfeklierratio sterk
afhankelijk is van het protocol dat gebruikt wordt voor het uitsnijden van het preparaat.
Deze studie richtte zich op de invloed van een uitsnijprotocolwijziging op de prognostische
waarde van de lymfeklierratio. Hiervoor werden alleen patiénten met positieve hals lymfe-
klieren geincludeerd. Patiénten met N3 ziekte en voorafgaande (chemo)radiatie op de hals
werden geéxcludeerd vanwege onbetrouwbaarheid van de lymfeklierratio bij deze patiénten.
In totaal werden 176 patiénten met positieve halsklieren van een hoofd-halscarcinoom
geincludeerd. Vervolgens werden er overlevingsanalyses gedaan voor de groep patiénten die
voor en na de protocolwijziging zijn behandeld. Deze wijziging heeft tot een grotere
opbrengst van lymfeklieren in het halsklierdissectiepreparaat geleid, zonder dat er extra
metastasen werden gedetecteerd. In de multivariate analyse bleek pN-classificatie

minstens even goed of zelfs beter voorspellend te zijn voor de prognose in vergelijking met
de lymfeklier ratio. Dit kan verklaard worden door de eerder gevonden variatie in de
noemer van de ratio (totaal aantal lymfeklieren) en een stabiele teller (aantal positieve
lymfeklieren). Om een kwaliteitsstandaard neer te zetten en om tevens verantwoord te
kunnen vergelijken tussen verschillende ziekenhuizen moet er een minimum gesteld
worden aan het aantal

onderzochte lymfeklieren, zoals dat ook gedaan is bij het coloncarcinoom. Uit deze studie
kan geconcludeerd worden dat zonder standaardisatie van de wijze waarop een hals-
lymfeklierdissectiepreparaat wordt uitgesneden de lymfeklierratio als onbetrouwbare
prognostische factor kan worden aangemerkt. Als kwaliteitsindicator kan beter het totaal

aantal onderzochte lymfeklieren gehanteerd worden.

HOOFDSTUK 7.
EEN EPIDEMIOLOGISCHE EVALUATIE VAN HET SPEEKSELKLIERCARCINOOM IN NEDER-

LAND(1989-2010).

Vanwege hun lage incidentie, grote variatie in histopathologie en het ontbreken van
klassieke risicofactoren vormen speekselkliercarcinomen een speciale groep tumoren
binnen het geheel van hoofd-halscarcinomen. Het doel van deze studie was om te evalueren
welke vooruitgang er geboekt is in de afgelopen 22 jaar bij de behandeling van het speeksel-
kliercarcinoom. Hiervoor werden er gegevens van 2737 patiénten met een primair speeksel-

kliercarcinoom opgevraagd bij de Nederlandse Kanker Registratie.



Trends in incidentie en mortaliteit werden geévalueerd aan de hand van geschatte jaarlijkse
procentuele veranderingen in Europees gestandaardiseerde cijfers voor incidentie en
overleving.

Incidentie bleef stabiel, rond 0.7 per 100,000 patiénten per jaar. De meerderheid van de
tumoren (78%) ontstond in de glandula parotis. De meeste patiénten (84%) werden
chirurgisch behandeld, met of zonder adjuvante therapie. In de loop der jaren werd er een
toename van ongeveer 6% gezien in toepassing van postoperatieve radiotherapie. Qua
histologie kwamen achtereenvolgens adenocarcinomen het meest voor, gevolgd door
plaveiselcelcarcinomen, acinic cell carcinomen, adenoid cysteus carcinomen en muco-
epidermoid carcinomen. Opvallende verschillen werden gevonden tussen beide
geslachten. De mortaliteit leek toe te nemen over de jaren bij mannen, waar deze bij de
vrouwen stabiel bleef. Daarbij was ook de 5-jaars relatieve overleving lager voor mannen
(63%) dan voor vrouwen (76%). Dit effect kan deels verklaard worden door het hogere
tumor stadium en een groter aandeel van slecht gedifferentieerde adenocarcinomen (met
een slechtere prognose) bij mannen. Concluderend is er weinig vooruitgang geboekt in de
behandeling en prognose van speekselkliercarcinomen gedurende de laatste 22 jaar. Wij zijn
ervan overtuigd dat verdere centralisering en toegenomen ‘awareness’ voor speekselklier-

zwellingen kunnen bijdragen aan betere uitkomsten.

HooFrDSTUK 8.
PLEIOMORF ADENOOM VAN DE SPEEKSELKLIEREN IN NEDERLAND: EEN OBSERVATIONELE

LANDELIJKE COHORT STUDIE VAN INCIDENTIE EN RECIDIEF PERCENTAGE.

De meerderheid van de speekselkliertumoren zijn benigne van aard. Van deze benigne
tumoren zijn pleiomorf adenomen de meeste voorkomende. Het pleiomorf adenoom staat
erom bekend dat het maligne kan ontaarden tot een carcinoom ex pleiomorf adenoom.
Over de incidentie van pleiomorf adenomen, recidief percentage na behandeling en
secundaire maligne ontaarding is alleen literatuur beschikbaar van beperkte ziekenhuis
series. Vanwege het feit dat de Nederlandse Kankerregistratie zich alleen richt op de
registratie van maligne tumoren zijn landelijke gegevens moeilijk te verkrijgen. Om die
reden is er voor gekozen om data te verzamelen uit het landelijke PALGA systeem (Patho-
logisch-Anatomisch Landelijk Geautomatiseerd Archief). Van alle patiénten die vanaf 1992
met een pleiomorf adenoom werden gediagnosticeerd (n=16437) werden gegevens opge-
vraagd uit PALGA. Omdat de onderzoeksgegevens in vrije tekst opgenomen waren moesten
deze daaruit worden gedestilleerd en met de hand gecodeerd worden. Daarom is besloten
om 5 incidentie jaren (1992, 1997, 2002, 2007 en 2012) te selecteren resulterend in 3506

representatieve patiénten .



De Europees gestandaardiseerde incidentie in Nederland van pleiomorf adenomen in 2012
werd door ons vastgesteld op 4.7 per 100,000 (totaal aantal patiénten ongeveer 800 per jaar).
De incidentie van pleiomorf adenomen bij vrouwen steeg met 1% per jaar, waar deze bij
mannen stabiel bleef.

De lange-termijnkans op een (histologisch bewezen) eerste recidief was 4.6%. Dit
percentage liep snel op voor de kans op tweede, derde en volgende recidief. Maligne
ontaarding was met ongeveer 1% zeer zeldzaam. Tumorrecidieven transformeerden in ons
materiaal niet tot een maligniteit. Aan de hand van een multivariate analyse bleken een lage
leeftijd bij het stellen van de diagnose en positieve of onzekere resectie marges bij
pathologisch onderzoek risico factoren voor een recidief te zijn.

Concluderend gaf deze studie een vrij nauwkeurig overzicht van de incidentie en recidief

kans van pleiomorf adenomen in Nederland.
CONCLUSIES

Dit proefschrift beschrijft de complexiteit van het kwaliteitsconcept rondom hoofd-hals
oncologische zorg. Het is een complex onderwerp, omdat de hoofd-halskanker zorg per
definitie multidisciplinair is en omdat de kwaliteit van zorg vanuit verschillende invals-
hoeken benaderd kan worden. In de drie domeinen van kwaliteit van zorg, structuur, proces
en uitkomst, werden verschillende indicatoren onderzocht. Binnen het domein structuur
werd de centralisatie en variatie van zorg bestudeerd. Hieruit bleek dat, ondanks de hoge
centralisatie graad, de variatie in volume en behandeling tussen de hoofd-hals centra
significant verschillend was. In de literatuur wordt een verminderde adherentie aan de richt-
lijnen genoemd om deze variatie te verklaren met een negatieve invloed op de

overleving van patiénten. Binnen het domein proceswerd de invloed van wachttijd op
overleving onderzocht. In de studie zoals opgenomen in dit proefschrift vonden wij een
contra-intuitieve uitkomst, namelijk dat patiénten met de kortste wachttijd ook de slechtste
overleving hadden. Deze paradox lijkt verklaard doordat patiénten met snel progressieve
tumoren of snel levensbedreigende symptomen als eerste behandeld worden. Uit een daar-
opvolgende landelijke vervolgstudie? bleek de negatieve invloed van langere wachttijd op
overleving aantoonbaar. Aangenomen wordt dat wachttijd een belangrijke kwaliteits-
indicator is in de behandeling van hoofd-halskanker patiénten. Naast de wachttijd werd er
in dit proefschrift ook aandacht besteed aan de rol van geprotocolleerd uitsnijden van een
halsklierdissectiepreparaat. Hoewel wij ons realiseren dat het aantal lymfeklieren in de hals
verschilt per patiént, beperkt gestandaardiseerde chirurgie logischerwijs de variatie in aan-
tallen. Door een wijziging in uitsnijprotocol van een halsklierdissectiepreparaat vond men
significant meer lymfeklieren in het preparaat, terwijl het aantal tumor positieve

lymfeklieren gelijk bleef.



In de literatuur beschrijven verschillende series de prognostische waarde van de ratio tussen
tumor positieve lymfeklieren en het aantal verwijderde lymfeklieren in de hals. Dit wordt de
lymfeklierratio genoemd. Door niet gestandaardiseerde chirurgie of pathologie wordt zon
ratio volstrekt onbetrouwbaar en niet universeel toepasbaar als prognostische factor. Verde-
re concentratie van hoofd-halsoncologische zorg kan hier een positieve bijdrage aan leveren
Binnen het domein uitkomstfocust dit proefschrift op een van de meer zeldzamere vor-
men van hoofd-halskanker, het speekselkliercarcinoom. Uit ons onderzoek blijkt dat er in
de afgelopen 22 jaar weinig tot geen verbetering in overleving wordt gezien. Bovendien is
het aantal speekselkliercarcinomen per hoofd-halscentrum dusdanig laag (soms ‘slechts” 3
patiénten per jaar), dat er over kwaliteit van zorg geen statistisch valide uitspraken gedaan
kunnen worden. Verdere centralisatie lijkt hiervoor een oplossing te kunnen bieden. Kantte-
kening daarbij is dat maligne speekselkliertumoren voorafgaand aan chirurgie niet altijd te
onderscheiden zijn van benigne speekselkliertumoren.

De door de NWHHT geinitieerde prospectieve landelijke registratie van alle hoofd-halstu-
moren in de ‘Dutch Head and Neck Audit (DHNA)’ zal ons meer gedetailleerde informatie
verstrekken over de richtlijn adherentie, case-mix verschillen tussen de centra en eventuele
verschillen in uitkomsten tussen de centra. Bovenal kan dit tot kritische introspectie leiden,
waardoor potentiéle verbeterpunten vroegtijdig gesignaleerd worden en als verbeterprojec-
ten opgepakt kunnen worden. Essentiéle voorwaarde voor het slagen van zon registratie is

transparantie van de resultaten van de deelnemende centra.
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Amsterdam op de afdeling hoofd-halsoncologie onder leiding van prof.dr. A.J.M. Balm.
Direct na het behalen van zijn artsendiploma in december 2011 startte hij als arts-assistent
voor de heelkundig oncologische disciplines in het Antoni van Leeuwenhoek onder leiding
van dr. J.A van der Hage en dr. W.M.C. Klop. Dit combineerde hij met het promotie-
onderzoek naar kwaliteitsindicatoren voor hoofd-halsoncologische zorg in Nederland onder
leiding van prof.dr. A.J.M. Balm en prof.dr. L.E. Smeele.

In 2014 startte hij met de opleiding tot radiotherapeut-oncoloog in het Academisch Medisch
Centrum Amsterdam onder leiding van prof.dr. L.J.A. Stalpers en prof.dr. CR.N. Rasch.

Hij is getrouwd met Denise de Ridder en heeft drie kinderen Amé (2012), Loudi (2014) en
Olav (2016).






DANKWOORD
Graag wil ik iedereen bedanken die heeft bijgedragen aan dit proefschrift.
In het bijzonder,

Promotores,

Prof.dr. A.J.M. Balm, beste Fons, ik ken niemand met zo'n onuitputtelijke bron van energie,
enthousiasme, motivatie en tempo. In plaats van terug te schakelen bij tegenslagen werd er
na een korte peptalk weer altijd opgeschakeld om op een andere manier het doel te bereiken.
Zowel binnen dit project als in de aanloop naar een opleidingsplek kon ik altijd rekenen op

uw steun. Ontzettend veel dank daarvoor.

Prof.dr. L.E. Smeele, beste Ludi, de strakke lijnen en heldere boodschap komt grotendeels
door jouw kritische commentaar op alle stukken. Ik kan me de afspraken op je kamer in het
AMC nog goed herinneren waar je mij leerde om na te denken over wat ik wilde over-
brengen om dat vervolgens op een wetenschappelijk verantwoorde manier te verwoorden.

Veel dank voor alles.

Co-promotores,

Dr. B.A.C. van Dijk, beste Boukje, dankzij jou ben ik de wondere wereld van de
epidemiologie leuk gaan vinden. De dagen in Groningen dat je me alles leerde over de
kankerregistratie en epidemiologie zijn dingen die ik de rest van mijn carriére kan

gebruiken. Ik hoop nog veel mooie dingen samen te kunnen doen in de toekomst.

Dr. M.W.J.M. Wouters, beste Michel, bedankt voor al je kennis aangaande kwaliteit van
zorg. Gaandeweg het project leerde jij mij gelukkig steeds meer begrijpen over dit complexe

onderwerp. Bedankt!

Leden van de promotiecommissie,
Prof. dr. M.W.M. van den Brekel, Prof. dr. J. de Lange, Prof. dr. C. Lucas, Prof. dr. M.A.W.
Merkx, Prof. dr. C.H.J. Terhaard en Prof. dr. M.J. van de Vijver veel dank voor de tijd die u

genomen hebt om het manuscript kritisch te beoordelen.

Alle medeauteurs, bedankt voor alle specifieke expertise en aanvullingen die noodzakelijk

zijn geweest om dit proefschrift de vorm te geven die het thans heeft.



Collega’s van de afdeling hoofd-halsoncologie van het Antoni van Leeuwenhoek, hoofd-
halschirurgen, ANIOS, Marion en Henny bedankt voor alle ondersteuning die nodig was
om dit proefschrift af te ronden. In het bijzonder dr. W.M.C. Klop, beste Martin, bedankt
voor het zetje richting de radiotherapie, ik kan nu al zeggen dat dit één van de betere keuzes

uit mijn carriere is geweest.

Prof. dr. L.J.A. Stalpers en prof.dr. C.R.N. Rasch, allereerst bedankt dat jullie mij willen
opleiden in het mooiste medisch specialisme en eveneens bedankt voor de ruimte om dit

proefschrift af te ronden tijdens mijn opleiding.

Ook veel dank voor de stafleden radiotherapie en arts-assistenten radiotherapie van het
AMC

Als laatste natuurlijk mijn familie en vrienden, waarbij mijn gezin de hoogste plaats

verdient.

Lieve Amé, Loudi en Olav, mijn drie plaatjes. Wat was het heerlijk om thuis te komen in een
bad van kinderlijke vrolijkheid en de drukte van werken en promoveren (even) vergeten. Ik

hou van jullie tot de maan en terug.

Lieve Denise, ik kan wel stellen dat zonder jou dit proefschrift er niet geweest was. Jouw

onvoorwaardelijk steun in alles wat ik doe stuwt mij voort. Ik hou van je.




