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Chapterr  I 

Whereass scientific knowledge is generalized and impersonal, medical prac-
ticee takes place under conditions which are singular, individual and irre-
versible. . 
Weissman,Weissman, Theoretical Medicine and Bioethics, 1998 

Anyonee can learn the technique, it is knowledge and judgement that makes a 
reall  surgeon. 
MichaelMichael DeBakey, 1950 
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Chapterr I 

Generall  introduction and outline of the thesis 

Thee studies presented in this thesis were performed: 

(1)) to describe the population of patients with epithelial salivary gland car-
cinoma,, treated in the Netherlands Cancer Institute during the period 
1973-1994,, with regard to treatment results, 

(2)) to apply common epidemiological techniques for prognostic research in 
thiss population, focusing on conventional clinical and histopathological 
factors,, thereby wanting to push the limits to a level that is as high and 
ass practical as possible, 

(3)) and to relate the findings under (1) and (2) to the past and current world 
literaturee on this topic. 

Inn this introductory chapter, the specificities of the research area "malignant 
epitheliall  salivary gland carcinoma" are discussed, serving as a theoretical 
frameworkk to facilitate integration of the information resulting from the prog-
nosticc studies that were performed. 

Inn Chapter 1.1, the different aspects of the domain "epithelial salivary gland 
carcinoma""  are discussed. The picture resulting from this discussion is that of 
aa rare disease with an extremely varied phenotypic appearance. Next, the 
salivaryy gland carcinoma patient group we examined, is shortly described. 

Inn Chapter 1.2, the epidemiological and biostatistical tools that were used to 
answerr our basic research questions are described. Already during the dis-
cussionn of this theoretical basis, some relevant links to the studies, performed 
andd reported upon in Chapters II , III , IV,V and VI, are highlighted. We refer 
too these studies for specific difficulties and limitations that were encountered 
whenn applying the epidemiological and biostatistical tools to the complex 
studyy domain. 

Inn Chapter 1.3., the aims of our studies are shortly presented. An attempt to 
answerr these questions is done by applying the methodology under Chapter 
1.22 to the population as described under Chapter 1.1. As already pointed out 
inn the course of Chapter 1.2., the application of the methodology is mainly 
limitedd by the patient number available for study, and the number of events 
occurringg in these patients. The analogy with "the prognostic ladder" is intro-
duced,, the prognostic researcher wanting to reach as high a step on the lad-
derr of prognostic evidence as possible, thereby being limited by the nature of 
thee patient group under consideration. 
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Introductionn and outline of the thesis 

1.. The domain "salivary gland carcinoma" 

Thee study domain, epithelial salivary gland carcinoma, is marked by a very 
loww incidence and a very heterogeneous appearance, both on the macro-level 
(anatomy)) and on the micro-level (histology). 

1.1.. Incidence 

Whilee tumors of epithelial origin account for the majority (95%) of salivary 
glandd malignancies, they remain an infrequent phenomenon.1 Data on annu-
all  incidence of "all salivary gland carcinomas" range from 4 to 65 new 
patientss per 106 people, with very high incidence rates being reported in 
Greenland22 and the Canadian Arctic (135 per 106).3 The United States inci-
dencee is reported to be 10 new patients per 106 per year.4 

Forr the Netherlands, different figures are available, depending on the group 
off  patients considered. 
Consideringg "all salivary gland carcinomas", the incidence in the 
Netherlandss (European standardized rate per 106 persons) has been stable in 
thee period 1989-1995, and was e.g. 6 for men and 5 for women in 1995.5 This 
iss at the lower end of the rather wide incidence range as cited by Ellis and 
Auclair.66 Ethnicity and geographical location are thought to account for these 
observedd differences in incidence.2 However, comparing the incidence found 
inn the Netherlands to the incidence cited in Denmark in the period 1983-
1987,, being reported as 6 for men and 5 for women, it is quite likely that the 
Netherlands'' incidence data can be extrapolated to its neighboring countries. 
Inn 1995, 89 new salivary gland carcinomas were diagnosed in the 
Netherlands,, at that time having a population of 15,5*  106 inhabitants 
(Netherlandss Interdisciplinary Demographic Institute). Considered at the dif-
ferentt echelons of health care, a general practitioner is expected to see one 
suchh patient in 50 years of practice, an otorhinolaryngologist one or two 
patientss a year, and about ten new patients are expected to present at an aver-
agee center for Head and Neck Oncology.7 

Tumorss classified as "malignant epithelial salivary gland tumors" occur on 
differentt anatomical locations, and thus incidence data are also reported by 
anatomicall  site. Of the different anatomical sites, carcinomas most frequent-
lyy arise in the parotid. The age-adjusted incidence of parotid carcinomas per 
1066 person-years in the Southern Netherlands (Eindhoven region) in the peri-
odd 1988-1992 was 3.2 for men and 1.9 for women,7 as compared to an inci-
dencee for submandibular and sublingual malignancies of 1.0 for men and 0.4 
forr women. 
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Chapterr I 

1.2.. Morphology: anatomy and histology 

1.2.1.. Anatomy 

AA distinction is made between the paired major salivary glands (parotid, sub-
mandibular,, and sublingual) and the minor salivary glands. The latter are the 
seromucouss glands that are found throughout the entire upper aero digestive 
tract:: 500 a 1000 of these glands are located in the oral cavity including lips, 
floorr of mouth, cheek mucosa, tongue, soft and posterior hard palate, but also 
thee nasal cavity, paranasal sinuses, nasopharynx, middle ear, Eustachian tube, 
oropharynx,, hypopharynx and even trachea.3 The majority of tumors (64 to 
80%)) arise in the parotid glands, 15 to 32% of which are malignant. Seven to 
111 % arise in the submandibular glands, 41 to 45% being malignant. Less than 
1%% of salivary gland tumors occur in the sublingual gland, most of these (70 
too 90%), however, are malignant. Minor salivary gland tumors form 9 to 23% 
off  the entire group, one in two being malignant.3 This observation has been 
thee basis for the didactic rule "the smaller the salivary gland, the less frequent 
aa tumor arises in it, but the more frequently malignancy is involved". 

1.2.2.. Histology 

HistologyHistology of the normal salivary glands - histogenetical theories 

Thee basic histology of the normal salivary gland differs according to the 
anatomicall  location and consists of different combinations of the basic com-
ponents,, acini on one hand and a more or less developed ductal system on the 
other.. This can be visually appreciated in "the salivary gland unit" or "duc-
toacinarr unit" (Figure 1). 
Serouss acinus cells are predominately present in the parotid and the sub-
mandibularr gland, and form only a minority of acini in the sublingual gland. 
Mucouss acinus cells are the predominate source of saliva in the latter gland, are 
alsoo well represented in the submandibular gland, and are the only source of 
salivaa in minor salivary glands. The duct system consists of, with increasing 
diameter,, intercalated ducts, striated ducts and excretory ducts. Luminal cells 
aree well-differentiated epithelial cells, the abluminal part of the ducts contains 
(1)) myoepithelial cells (also found at the abluminal side of the acini) and (2) 
basall  cells (undifferentiated, pluripotent, according to the reserve cell theory8'9). 

Twoo theories attempt to explain the histogenesis of this ingenious system, in 
ann effort to shed light on both the complicated appearance of normal salivary 
glandd tissue and also on the even more complex histological "multicellular" 
lightt microscopical phenotype of benign and malignant salivary gland 
tumors.. The "Multicellular theory"10'1! favors a transformation of the entire 
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Introductionn and outline of the thesis 

Excretoryy Duct 

Figuree 1. Histology of the normal salivary gland. One layer of myoepithelial cells invests the 
terminall  secretory ductoacinar unit - the intercalated duct and the acinus. 
Source:Source: Atlas of Clinical Oncology. "Cancer of The Head and Neck", Jatin P Shah, editor. 
ChapterChapter 2, p. 25. Reprinted by permission of the American Cancer Society, Inc.. 

ductoacinarr unit and thus requires the various "differentiated" cells to 
becomee "dedifferentiated", deranged in their growth pattern, to result in the 
combinationn of light microscopically different components observed in the 
variouss types of salivary gland tumors. The "reserve cell theory",8-9 on the 
otherr hand, states that both the normal salivary gland unit and the different 
tumorr types are the result of differentiation of undifferentiated, pluripotent, 
precursorr cells. Tumor cells are then supposed to arise when a problem 
occurss in the normal differentiation process. The earlier in differentiation the 
problemm occurs, the more undifferentiated and "high grade" the resulting 
tumorr type. This role of precursor cell is attributed to the "basal cells or 
epitheliall  basal ductal cells", cells that, also in the normal salivary gland, can 
bee found at the abluminal side of the ductular system, resting on the basement 
membrane.. In its original form, the "reserve cell theory" was called the 
"bicellular""  reserve cell theory, distinguishing two types of reserve cells, one 
att the abluminal side of the intercalated ducts (intercalated duct reserve cell) 
andd another at the abluminal side of the excretory ducts (excretory duct 
reservee cell).8-9-12 Different tumor types were supposed to result from the 
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intercalatedd duct reserve cells (adenocarcinoma, acinic cell carcinoma, ade-
noidd cystic carcinoma, mixed malignant tumor, oncocytic tumors) on the one 
hand,, and from the excretory duct reserve cells (mucoepidermoid carcinoma, 
squamouss cell carcinoma) on the other. Recent research from the University 
off  Leuven, Belgium, has furnished strong evidence for the latter theory, by 
indicatingg the common origin of both the epithelial, myoepithelial and the 
mesenchymall  components of pleomorphic adenoma in exactly these epithe-
liall  basal ductal cells.13 In this way it seems possible that the scala of differ-
entt histologic types of salivary gland tumors can be traced back to the com-
monn precursor cell and errors in its differentiation process towards the dif-
ferentt normal components of the salivary gland unit. 

HistologicalHistological classification and grading of malignant epithelial sali-
varyvary gland tumors 

Non-epitheliall  tumors found in the salivary glands are not considered in our 
currentt work and include mainly hemangioma, lymphangioma, heman-
giopericytoma,, schwannoma, lipoma, granular cell tumor, fibroma and sar-
coma.14 4 

a.. Classification of malignant epithelial salivary gland tumors 

Whateverr the mechanism of tumor-histogenesis, an extremely varied picture 
off  possible tumor types of epithelial origin is found in the clinical reality. For 
malignantt epithelial salivary gland tumors, the 7 types distinguished in the 
19722 World Health Organization Classification are displayed in table l.15 

Tablee 1. 
WHOO classification of epithelial salivary gland tumors15 

Tumorr type: carcinomas 

Acinicc cell carcinoma3 

Mucoepidermoidd carcinomab 

Adenoidd cystic carcinoma 
Adenocarcinoma a 
Carcinomaa in pleomorphic adenoma 
Squamouss cell carcinoma 
Undifferentiatedd carcinoma 

aInn the original publication the definition is "Acinic cell tumour", and the proposition is only 
too use the term carcinoma, if the tumor "happens to metastasize". 
^Thee same holds for mucoepidermoid carcinoma, the original term published in 1972 being 
"Mucoepidermoidd tumour". In the years following publication, with increasing clinical expe-
rience,, the term "carcinoma" became the standard term. 

18 8 



Introductionn and outline of the thesis 

Thiss classification still contains the core of the most frequently encountered 
salivaryy gland malignancies and is rather limited as compared to the current-
lyy used 18-tiered 1991 WHO classification. Therefore, the 1972 classification 
iss still appealing to a lot of clinicians, and is still widely used. Table 2, mod-
ifiedd from Seifert and Sobin,16 displays the most recent WHO classification, 
markedd by an increase in the number of consistently identifiable types. 

Tablee 2. 
Thee WHO 1991 histologic classification of malignant salivary gland 

tumorss 16 

Tumorr type: carcinomas 

1.. Acinic cell carcinoma 
2.. Mucoepidermoid carcinoma 
3.. Adenoid cystic carcinoma 
4.. Polymorphous low-grade adenocarcinoma (terminal duct adenocarcinoma) 
5.. Epithelial myoepithelial carcinoma 
6.. Basal cell adenocarcinoma 
7.. Sebaceous carcinoma 
8.. Papillary cystadenocarcinoma 
9.. Mucinous adenocarcinoma 

10.. Oncocytic carcinoma 
11.. Salivary duct carcinoma 
12.. Adenocarcinoma 
13.. Malignant myoepithelioma (myoepithelial carcinoma) 
14.. Carcinoma in pleomorphic adenoma (malignant mixed tumor) 
15.. Squamous cell carcinoma 
16.. Small cell carcinoma 
17.. Undifferentiated carcinoma 
18.. Other carcinomas 

Thiss 18-tiered system has proven difficult to work with in clinical practice, 
and,, time evolving, the picture is becoming even more complicated. First, the 
numberr of consistently identifiable light microscopically diverse types is still 
increasing.. Among other new entities are hyalinizing clear cell adenocarci-
noma,11 7"20 oncocytic mucoepidermoid carcinoma,21 and even primary chon-
drosarcoma.222 Given the recent evidence that the abluminal epithelial basal 
ductall  cells can also differentiate into mesenchymal cells,13 explaining the 
"chondroidd part" observed in pleomorphic adenoma, the primary chon-
drosarcomaa is one manifestation obscuring the clear borders between epithe-
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liall  salivary gland carcinomas and non-epithelial primary malignant tumors 
foundd in the salivary glands. 
Second,, in several histological types that classically were associated with a 
specificc degree of clinical aggressivity, subtypes with exactly the opposite 
clinicall  behavior are described. This holds true for some allegedly low grade 
tumors,, where subgroups with aggressive behavior have been defined. A sub-
groupp of solid-microcystic acinic cell carcinomas shows a definitely poorer 
prognosis.233 Also the low profile aggressiveness of epithelial myoepithelial 
carcinomaa has to be reconsidered in view of series with a recurrence rate of 
40%% and a disease specific survival of 60%.24"26 The "goblet cell aggressive 
variant""  is a seemingly microscopically low grade mucoepidermoid carcino-
maa with a particularly aggressive behavior.27 Conversely, in some allegedly 
high-gradee tumors, variants with a more indolent clinical course have been 
recognized.. In salivary duct carcinoma (SDC), uniformly considered to be 
highlyy aggressive, a low-grade variant exhibiting the typical microscopical 
SDCC features has been described.28-29 

Too facilitate clinical use of the information contained in histological typing, 
thee different tumor types are frequently reclassified according to their clini-
call  behavior. Several systems have been proposed, most of them being two-
tieredd or three-tiered. Aggressive tumors are then called "clinically high 
gradee tumors", an "intermediate grade" group is sometimes considered, and 
thee slow growing, indolent, rarely metastasizing tumors are described as 
"clinically"clinically  low grade tumors". It is important to distinguish this "grade" cor-
respondingg to clinical behavior, which creates a subdivision between histo-
logicall  types, from histological grading, corresponding to morphological fea-
turess associated with degree of differentiation and invasiveness of growth, 
creatingg a subdivision within histological types. The fact that clinical behav-
iorr and "clinical grade" often parallels histological grade, explains the fre-
quentt mix-up. In quite some publications, 30"33 the inexplicit use of these two 
typess of grading creates confusion. Table 3 shows the still widely used 
dichotomyy in the 1972 WHO classification. 

Tablee 3. 
Dichotomyy into low-grade and high-grade salivary gland carcinoma30>34 

Low-gradee High-grade 

Acinicc cell carcinoma 
Low-gradee mucoepidermoid carcinoma 

Adenoidd cystic carcinoma 
Squamouss cell carcinoma 
Adenocarcinoma a 
Carcinomaa ex-pleomorphic carcinoma 
High-gradee mucoepidermoid carcinoma 
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Tablee 4 shows a more recent proposal for a three-tiered subclassification in 
thee 1991 classification as proposed by Klijanienko and Vielh (modified) from 
thee Institut Curie in Paris.35 

Tablee 4. 
Three-tieredd subclassification in the 1991 classification as proposed 

byy Klijanienk o and Vielh (modified)35 

Low-grade e II  ntermediate-grade High-grade e 

Polymorphouss low-grade 
adenocarcinoma a 

Metastasizingg pleomorphic 
adenoma a 

Basall  cell adenocarcinoma 

Acinicc cell carcinoma 

Mucoepidermoidd carcinoma 

Adenocarcinomaa NOS 

Carcinomaa ex pleomorphic 
adenoma a 

Lymphoma a 

Adenoidd cystic carcinoma 

Carcinosarcoma a 

Squamouss cell carcinoma 

Undifferentiatedd carcinoma 
Salivaryy duct carcinoma 
Myoepitheliall  carcinoma 
Epithelial-myoepitheliall  carcinoma 
(Papillaryy )cystadenocarcinoma 
Sebaceouss carcinoma 
Mucinouss carcinoma 
Oncocyticc carcinoma 
Secondaryy tumours 

Itt is this type of "reduction according to clinical behavior" that is commonly 
usedd in prognostic factor studies, and this is also the form in which we have 
analyzedd the variable "histological type".36-38 For a rare disease like salivary 
glandd carcinoma, this "level reduction" is obviously interesting from the 
numericall  point of view. For statistical computation, it is clearly more inter-
estingg to have to subdivide a small patient sample in only two or three cate-
goriess than to have to consider 18 categories. It has to be realized, however, 
thatt a lot of interesting information contained within the more detailed clas-
sificationn is not considered in this way. 

b.. Grading of malignant epithelial salivary gland tumors 

Thiss aspect of the histopathological work-up has already been touched in the 
previouss paragraph. 
Histopathologicall  grading attempts to explain variable biologic behavior 
withinn one histiotype, but remains controversial because of lack of uniformi-
tyy and insufficient independent prognostic power. Uniformity remains prob-
lematical39'400 due to a weak consensus on grading criteria. Multiple collinear-
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itiess (stage-grade4'/age-grade 38/irradical resection-grade42) often make grad-
ingg a non-essential piece of information in clinical decision making. 
Generally,, a grading effort is done in three histopathological types: mucoepi-
dermoidd carcinoma, acinic cell carcinoma and adenoid cystic carcinoma. 

Inn grading mucoepidermoid carcinoma, two and three-tiered systems have 
beenn advocated. Batsakis, et al.40-43 follow the suggestion of Healey, et al.44 

forr a three-leveled system, based mainly on the involved cell types. This sys-
temm is supported by univariable survival and cure effects in Healey's series, 
wheree recurrence rates of both low and intermediate grade carcinomas are 
quitee close together. Healey, et al.44 describe a recurrence rate of 6% and 20% 
forr low and intermediate grade mucoepidermoid carcinomas respectively, vs. 
78%% for high grade, and disease specific death rates in 6% and 8% for low 
andd intermediate grade mucoepidermoid carcinomas, respectively, vs. 72% 
forr high grade lesions. Batsakis and Luna43 also cite Spiro, et al., who used 
comparablee grading criteria,45 but they wrongly cite a 83% cure rate for the 
intermediatee group in the series of Spiro et al, whereas the authors mention a 
63%% cure rate.43 The Armed Forces Institute of Pathology (AFIP)41 also 
favorss a three-leveled grading system, based on different criteria, and pro-
motess a more quantitative approach. We, however, do not feel, that the clini-
call  data supporting this complicated grading system, are very convincing.41 

Brandwein,, et al.27 showed a good correlation of these AFIP grades with 
stagee and subsequent local control, but revealed a significant grading dispar-
ity,, even using the "standard AFIP grading criteria" among 5 participating 
experiencedd oral pathologists. They formulated yet another grading proposal. 
Moree appealing to clinicians are simpler two leveled grading systems, 16-46 

usingg less and less complicated criteria (Evans: >90% solid tumor = high 
gradee - only univariable analysis to support this ; Seifert: > 90% epithelial 
cellss = high grade). Spiro45 in his original study also joins intermediate and 
highh grade in his analysis, because of the markedly more aggressive behav-
iorr and the need for maximum (combined) treatment in these two subgroups. 
Onlyy the low grade subgroup is manageable with surgery alone. 

Forr acinic cell carcinoma, the empiric three leveled grading system as 
proposedd by Batsakis, et al.,47 combines histopathological and clinical fea-
tures.. Until now, no hard data support the usefulness of this grading system. 
Heree also, the collinearity with disease stage seems to overrule the informa-
tionn resulting from histopathological grading.48 The inclusion of tumor size 
inn the histological grading criteria exemplifies and induces this collinearity. 
Interesting,, however, is the focus this effort brings on a high grade subgroup 
off  acinic cell carcinoma where even in low stage combined treatment should 
bee considered. This point is also made in a recent large overview49 of patients 
fromm the National Cancer Data Base. A subset of acinic cell carcinomas 
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(16.5%% of 438 graded tumors, out of a total of 1353 patients with acinic cell 
carcinoma)) has a propensity for being larger and having neck metastasis at 
presentation,, and (often irradical) resection should be followed by radiother-
apy. . 

Everyy adenoid cystic carcinoma (AdCC) should by all means be consid-
eredd a "clinically high grade malignant neoplasm". The three-leveled grading 
system500 into tubular (grade I), cribriform (grade II) and solid (grade III ) sub-
typess univariately explains differences in tumor control,51-52 but wil l not 
changee the clinical management. The three patterns can be present in one 
tumor,, and especially tubular and cribriform growth patterns frequently over-
lap.533 Spiro and Huvos found no definite prognostic role for histopathologi-
call  grading of this tumor type, prognosis being mainly determined by tumor 
stage.533 A recent interesting study confirmed these findings regarding stage, 
andd found an additional independent role for immunohistochemical detection 
off  e-cadherin, reduced expression paralleling increasing grade. This 
approach,, when confirmed, may be a more direct measurement of aggressiv-
ityy than optical grading.54 

Whereass occurrence of distant metastasis in AdCC is currently reported to 
occurr in around 40% of the patients and to be related to initial stage of the 
tumor53,, an exceptionally high rate was found in an interesting study of 
AdCCC showing a cumulative incidence of distant metastasis in 100% of 
patientss followed up for longer than 5 years, regardless of grade and initial 
stage.555 Tumor doubling time studies by the latter authors suggest that distant 
metastasiss would very often be present subclinically long before the initial 
diagnosiss of the primary salivary gland tumor. 

Thee only grading that has clinical treatment influencing implications until 
noww is the grading of mucoepidermoid carcinoma into low grade versus 
intermediatee and high grade types, the former requiring no additional radio-
therapyy in completely resected Stage I and II tumors.56-57 

1.3.. The study population 

1.3.1.. The Netherlands Cancer  Institute: salivary gland carcinoma 
patientss 1973-1994 

Inn the period 1973-1994, 326 patients with the diagnosis "salivary gland car-
cinoma""  were treated at the Netherlands Cancer Institute. Of these, 53 
patientss presented with a recurrent or metastatic tumor following treatment of 
theirr primary tumor in another hospital, whereas 273 patients were diagnosed 
withh and subsequently treated for a primary salivary gland carcinoma. 
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Accordingg to subsite, 43 patients (15.8%) were diagnosed with a primary 
submandibularr gland carcinoma, 55 patients (20.1%) were diagnosed with a 
carcinomaa arising in the minor salivary glands, 168 patients (61.5%) pre-
sentedd with a primary parotid carcinoma. Only 7 patients (2.6%) presented 
withh a carcinoma of the sublingual gland. The clinical and histological char-
acteristicss of the patients with primary submandibular carcinoma are exten-
sivelyy described in the "patients" section of Chapter II, and the same holds 
forr the patients with minor salivary gland carcinoma (Chapter III ) and parotid 
carcinomaa (Chapter IV). 

1.3.2.. The Dutch Head and Neck Oncology Cooperative Group parotid 
carcinomaa patients 1985-1994 

Thee Dutch Head and Neck Oncology Cooperative Group (NWHHT) is an 
organizationn with the aim of improving research in Head and Neck Cancer by 
joiningg efforts among tertiary referral centers. One of its projects was and still 
iss creating and updating databases of patients with Head and Neck Cancer 
treatedd in its member centers. As a member of the Dutch Cooperative Group, 
wee had the opportunity to use the database of patients treated for primary 
parotidd carcinoma in the Netherlands Cancer Institute (NKI/AvL ) and in the 
academicc centers of Groningen (AZG), Leiden (UMC Leiden), 
Maastricht/Heerlenn (AZM/ RTIL), Nijmegen (AZN), Rotterdam 
(AZR/DDHK)) and Utrecht (UMC Utrecht) from 1985 to 1994. The original 
databasee consisted of 333 records from consecutive patients treated for 
parotidd carcinoma. Of these 333, we excluded 7 records. Four patients with 
unknownn tumor status at the end of follow-up after 1,6, 11 and 88 months, 
forr whom date of last tumor status could not be reconstructed, were exclud-
ed.. Two patients both had 2 records. For the first patient, the 2 records were 
almostt exactly the same, except that follow-up was more complete in one 
record.. The less complete record was excluded. The two records for the sec-
ondd patient had a number of differences, indicating a double primary tumor. 
Bothh records were excluded. The total number of patients valid for consider-
ationn was thus 325. For our major computations, and as explained in Chapters 
VV and VI, this group was further reduced to 231 patients, after leaving out the 
patientss treated in the Netherlands Cancer Institute (NKI/AvL) , and the 
patientss not free of disease at the end of treatment. The latter patient group is 
extensivelyy described in Chapters V and VI. 
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2.. Prognostic research. Epidemiological and biostatistical 
aspects,, application to our  domain 

2.1.. Definition of prognosis 

"Thee essentials of clinical practice of medicine include diagnosis, therapy, 
prophylaxis,, and prognosis. The first three are based on action. The last 
essential,, prognosis, is an art and a science of prediction and is based on the 
knowledgee distilled from the diagnosis and the information gained from prior 
experience".58 8 

Prognosiss refers to the possible outcomes of a disease and the frequency with 
whichh these can be expected to occur.59 Relating the heterogeneity in the out-
comee of disease to (one or more) different variables measured in individual 
patientss is the object of the study of prognostic factors.60 Reasons to define 
thiss relationship between prognostic factors and outcome, are, as stated by 
George600 and Altman and Royston,61 

a.. to inform treatment or other clinical decisions for individual patients. In 
thee field of salivary gland cancer this could e.g. be to avoid exposing low-
riskk patients (as defined by prognostic factors present at the moment of 
primaryy surgical treatment) to the strains of an adjuvant radiotherapy or 
ann elective neck dissection; 

b.. to inform patients and their families regarding the potential outcome of 
thee disease. This is a medico legal responsibility, more applicable in sys-
temss where informed consent is established (US), but also in Europe an 
increasingg demand for quantitative information on outcome for a given 
diseasee treated by a given treatment is observed; 

c.. to create clinical risk groups for stratifying patients by disease severity (in 
clinicall  trials). This is essential for observational studies but may also 
applyy to clinical trials, in order to improve comparison of patient groups 
forr treatment effect, either by stratified randomization or adjustment dur-
ingg analysis. However, to date, no such trials have been performed in the 
fieldfield of salivary gland cancer. Prognostic information may also help to 
selectt patients, mostly the ones with a bad prognosis under the current 
treatmentt types, to plan future studies with new treatment types: creating 
riskk groups helps in defining eligibility criteria.62 

d.. understanding of the disease process, learning about the "treated history" 
off  a disease - provides directions for further study. 

AA continuing interest in prognostic factors is exemplified by a number of 
publicationss addressing this cornerstone of medicine.58-63"66 Several 
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researcherss from different fields in medicine consider the development and 
validationn of prognostic indices the way to go for an improved and accept-
ablee prognostication.6367"70 

2.2.. Study of prognosis in oncology 

Prognosticc research in oncology typically tries to predict specific outcomes 
(seee 2.2.1) by relating them to specific prognostic factors (2.2.2), using spe-
cificc techniques (2.2.3). This chapter deals with these basic notions. In the 
marginn of this discussion, links to the studies adopted in this thesis are made, 
discussingg the limitations when using the theoretical base in the practice of 
prognosticc research for salivary gland carcinoma. 

2.2.1.. Outcomes in oncology: which one to study, what are the specifici-
ties? ? 

Thee most frequently studied outcomes in oncology are usually time-event 
outcomes,, consisting of a time variable (i.e. an interval between two dates) 
andd an indicator variable, indicating whether the event under study (death, 
recurrence,, complications, etc.) occurred at that time or not. This event is 
commonlyy called "failure" for it is exactly the opposite of what the oncolo-
gistt and the patient are trying to achieve. The time factor indicates the time 
att which the event occurs or the time at last follow-up. In choosing between 
thee different events, there is always a trade-off between relevance and relia-
bility.. For four events, a definition will be followed by remarks on relevance 
andd reliability. 

a.. Overall survival: very reliable - less relevant 

Whenn considering this outcome, every patient that has died at the moment of 
studyy closure, from whatever cause, is considered a treatment failure. This 
resultss in a decline in the survival curve at every moment in follow-up a 
patientt dies. 
AA lot of non-tumor related factors (intercurrent disease, psychological status, 
age,, gender, etc.) can influence this outcome, and make this outcome less 
interestingg for evaluation of treatment results and the prognostic factors asso-
ciatedd with these results. 
Ann advantage of this outcome and the reason why studies do use it frequent-
ly,, is that it is more reliable and easier to determine than e.g. tumor recur-
rence.. The investigator can simply use the death certificate, or call the gen-
erall  practitioner in case of losses to follow-up, and still get a reliable state-
mentt on the survival status and the date of death. 
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b.. Disease specific survival (DSS): less reliable - very relevant 

Onlyy patients dying as a direct result of tumor are considered treatment fail-
uress in this instance. This is a very interesting measure, as intercurrent dis-
easess leading to patients' death do not influence the height of the survival 
curve,, and hence the observed effects of the treatment and the prognostic 
variabless under study on tumor control. The disease specific survival curve, 
byy definition, should be located at the same (if patients die only because of 
theirr tumor) or mostly at a higher level than the corresponding overall sur-
vivall  curve. The interesting point when using this outcome, is that patients 
whoo suffer tumor recurrence, but are cured subsequently (resection of local 
orr neck recurrence, resection of isolated lung metastasis), are not considered 
treatmentt failures. It is thus a measure of "best obtainable treatment result" 
off  "all possible treatment given", including salvage treatment for recurrence. 
Thee disadvantage is that the cause of death is always much more difficult to 
assesss than death itself; here lies a problem of "assessment bias". 
Furthermore,, of deceased patients that are judged to be disease free, the 
investigatorr never knows to what extent disease was latently present, or what 
thee chances of recurrent disease would have been, had the patient not died. 
However,, when using methods like Kaplan-Meier analysis (see 2.2.3), the 
latterr is not a problem if the death is unrelated to the existence of the tumor. 

c.. Disease free survival (DFS) 

Forr this outcome, to be considered as treatment failure, patients must have 
hadd a tumor recurrence or have died at the moment of evaluation. This meas-
uree suffers the same flaw as the outcome "overall survival", in that a lot of 
non-tumorr related factors can influence this outcome. It is, however, a fre-
quentlyy used outcome in oncologic prognostic research, but many authors 
confoundd it with the next outcome to be discussed, disease free interval. This 
mistakee can be seen in any study presenting a DFS curve that is located at a 
higherr level than the overall survival curve, whereas this logically should be 
lower,, as also patients that are alive after a tumor recurrence are considered 
treatmentt failures. This is a realistic situation in patients with salivary gland 
carcinoma:: a lot of patients are alive for years with distant metastasis (e.g. 
typicall  situation in adenoid cystic carcinoma). They thus lower the observed 
diseasee free survival curve, whereas they are considered "treatment success-
es""  when looking at overall survival. The latter curve should thus, by defini-
tion,, be located on a higher level than the corresponding DFS curve. 

d.. Disease/recurrence free interval (DFI or RFI) 

Generall  RFI looks at all possible sites of recurrence and is mainly interesting 
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fromm the point of view of the newly diagnosed patient, answering the ques-
tion:: how is the chance of being cured following this first therapy? Provided 
theree is an adequate follow-up and a substantial effort to detect tumor recur-
rence,, this measure can be considered the most direct reflection of treatment 
successs in terms of "cure following the initial treatment". A subdivision 
accordingg to the site of recurrence (local, regional, distant) can be made, 
mainlyy interesting to evaluate the effect of locoregional treatment. This can 
bee interesting in case of salivary gland carcinoma, as the two treatment types 
used,, surgery and radiotherapy, are locoregional treatment modalities. 
Att this moment, however, the problem of competing risks arises.71 It is like-
lyy that the chance of occurrence of distant metastasis is not independent of 
thee risk of developing locoregional recurrence, and an early death may ren-
derr assessment of treatment effect on locoregional control impossible. A fur-
therr discussion of this more difficult topic is beyond the scope of this thesis. 

Forr the latter two outcomes (DFS and RFI) to be reliable, all patients should 
bee examined consistently at fixed times after entering the study. This prereq-
uisitee was no problem in the patient group of the Netherlands Cancer 
Institute,, who adhere closely to a fixed follow-up protocol: patients are 
reevaluatedd every 4 weeks during the first year following treatment, every 2 
monthss during the second year, every 3 months during the third year, every 4 
monthss during the fourth year, every 6 months during the fifth year, and year-
lyy from the sixth year on. 

Forr all four measures starting and end date of the interval also have to be 
definedd clearly. The starting date should be chosen as the date at which inclu-
sionn criteria for the study are first satisfied. If we want to include only surgi-
call  patients, then the time of surgery should be the starting date. However, if 
wee want to include all patients with a certain diagnosis, then date of diagno-
siss is the relevant starting date. If an event during follow-up (e.g. metastasis) 
definess inclusion, then that date should be the starting date. Regarding the 
endd date, it is always wise to choose a fixed closure date for the study and try 
too follow-up all patients up until that closure date. Later events should be dis-
regardedd in order to prevent overestimation of the number of events. Events 
aree often more likely to come to the attention of the researcher than unevent-
full  follow-up visits. 

Wee studied overall survival, DSS and recurrence free interval and the prog-
nosticc factors determining these outcomes for patients with submandibular 
carcinomaa (Chapter II) and minor salivary gland carcinoma (Chapter III) . 
Thee multivariable analysis for patients with parotid carcinoma (Chapter IV) 
consideredd only RFI, for it was our aim to devise a patient-informing model, 
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andd it was our belief that the question "What are my chances of being tumor-
freee following this first treatment" was the most relevant one in this respect. 

2.2.2.. Prognostic factors 

Forr oncological patients in general, but specifically for patients with salivary 
glandd carcinoma, a remarkable heterogeneity in the outcomes described 
underr 2.2.1, can be observed. A logical next step is to go and search for 
"determinants""  of these diverging outcomes. The term "determinant" should 
inn this respect not be considered a causative factor, but merely a strongly 
associatedd factor.59 Such determinants are commonly called "prognostic fac-
tors",, variables that can account for some of the heterogeneity associated 
withh the expected course and outcome for a patient with a specific disease,58 

andd are commonly looked for in characteristics of the particular patient or of 
thee disease he is affected by. In this respect prognostic factors are usually dis-
tinguishedd from "risk-factors", patient characteristics associated with the 
developmentt of the disease in the first place, implying a more causative rela-
tionship. . 
Prognosticc factors can be of several types: 

a.. Semantic classification 

Inn general prognostic research, demographic (age, gender, race, etc.), dis-
ease-specificease-specific (cardiac status, tumor stage, etc.) or comorbid (performance 
status,, etc.) prognostic factors are distinguished. Oncologic prognostic 
researchh for rare diseases such as salivary gland malignancies, often focuses 
onlyy on demographic and disease specific prognostic factors. Distinguished 
categoriess are patient-characteristics (age, gender, symptoms, signs), tumor-
characteristicss (clinical, histopathological, and lately molecular biological 
characteristics),, and treatment characteristics. 

b.. Classification according to behavior in time 

Distinctionn is made between time-dependent and "fixed" covariates or prog-
nosticc factors. Fixed prognostic factors such as gender, age at diagnosis, etc., 
doo not change during follow-up, while time-dependent factors such as the 
valuee of serial biological markers or response status do. In our studies, all 
factorss examined are fixed. Specialized statistical methods have to be used to 
deall  with time-dependent factors. 

c.. Classification according to definition of scale of a prognostic factor 

Prognosticc factors can be categorical (ordered, e.g. T and N classification vs. 
unordered,, e.g. histological types) or continuous (e.g. age at diagnosis). 
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Continuouss variables can be used as such in multivariate Cox proportional 
hazardss analysis (Chapter IV and V), but have to be reduced to ordered cate-
goricall  variables for univariable analysis using the product-limit method of 
Kaplann and Meier (Chapter II and III) . Both ordered categorical and continu-
ouss variables should be handled with proper care in statistical analyses. 

Inn practice, prior knowledge is used to indicate which are relevant factors to 
consider.. This usually results in a fairly limited number of candidate vari-
ables.722 Our studies were all set up to confirm or reject candidate prognostic 
factorss that were identified earlier in the literature. A table displaying the 
variabless studied and the scale upon which they were defined is given in each 
chapter. . 

2.2.3.. Techniques to study the relationship prognostic factors - outcome 

a.. Clinical epidemiological aspects 

a.. 1. Study design 

Thee best study to identify and quantify the effect of one or more prognostic 
factorss is a prospective cohort study.5973 In such a study, a well-defined 
groupp of patients (in casu newly diagnosed patients with a primary salivary 
glandd carcinoma), not yet having suffered the adverse outcome, has to be fol-
lowedd over time for an adequate length of time. At the beginning of follow-
up,, patients differ regarding baseline values of essential known prognostic 
factorss and also hypothetical prognostic factors. These baseline values have 
too be registered, and the prospective design is ideal for minimizing missing 
valuesvalues in this essential information. Follow-up time elapsing, failures are reg-
istered,, preferably using a rigid follow-up scheme and standardized detection 
methods. . 
Thee relatively rare incidence of salivary gland malignancies and the well-
knownn long term evolution, with some patients recurring only after 15 years, 
hass until now precluded this type of study. For prognostic research, we are 
forcedd to rely on "historical cohort studies" or retrospective studies, which 
aree much more vulnerable to bias and missing data, because they depend on 
thee accuracy of the medical records. 
Thee studies we performed were for this very reason essentially all "historical 
cohort""  or "retrospective studies". Several techniques to optimize follow-up 
(writtenn contact with general practitioners for data regarding tumor status or 
death)) and to minimize effect of missing data (use of dummy variables in 
multivariatee analysis) were used to overcome these problems as adequately 
ass possible. 
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a.2.. The prognostic ladder: increasing evidence parallels increasing com-
plexityy of studies 

AA helpful classification of studies of prognostic factors is the one proposed 
byy Simon and Altman,73 a classification which parallels clinical trial termi-
nology. . 
Mainlyy considering the advent of new, molecular biological factors that 
allegedlyy carry prognostic information, Simon and Altman distinguish 
between: : 

1.. Early exploratory studies (phase I) are just checking whether a specif-
icc factor is associated to the outcome of interest. The studies described 
inn Chapter II and Chapter III can be considered early exploratory stud-
ies,, in that they only verify the described association of certain report-
edd prognostic factors, without real quantification of effect. 

2.. Extended exploratory studies (phase II) generate hypotheses from 
extensivee analysis of data. The study described in Chapter IV can be 
consideredd a phase II, extended exploratory study, screening for inter-
estingg hypotheses to be tested in independent data sets. The prognostic 
indexx resulting from it can be considered the scientific hypothesis, stat-
ingg a testable quantification of the different identified prognostic fac-
tors. . 

3.. Large confirmatory studies of prestated hypotheses (phase III studies). 
Mostt of these are studies linking prognosis and therapy, defining sub-
setss of patients benefiting from a given therapy, allowing for precise 
quantificationn of the observed effect. Notwithstanding the absence of a 
linkk to therapy, the study in Chapter V is a real confirmatory study of 
aa hypothesis stated in advance (the prognostic index generated in 
Chapterr IV) and can thus be considered a phase III prognostic factor 
study. . 

a.3.. Quality checkpoints to judge a prognostic factor study 

Severall  of these checkpoints can be found in Table 1 in the article by Simon 
andd Altman "Guidelines for phase III prognostic factor studies".73 However, 
thiss table mainly aims at judging prospective prognostic factor studies exam-
iningg the additional effect of a potentially new, often molecular biological 
factor,, to the effect of a set of "standard prognostic factors". For this reasons 
nott all of the points mentioned in that table can be extrapolated to judge our 
studies.. Other "quality" points that are discussed are drawn from Laupacis, et 
al.599 and George.60 
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a.3.1.. Clear inception cohort 

Ann important prerequisite is that "a clear inception cohort should be assem-
bled",, with few patients non-evaluable due to missing data (<15%,73 

<20%60). . 

AA representative and well-defined sample of patients at a similar point in the 
diseasee follows clearly defined in- and exclusion criteria, so that later on it is 
clearr to which patients the results can be extrapolated. 
Thee patients we are working with in our studies (Chapter II , III , IV, V, VI) are 
alll  patients with their primary treatment in a tertiary referral center, so that 
conclusionss will be applicable to patients in this setting. Throughout the 
world,, most patients with the rare condition "salivary gland carcinoma" are 
predominatelyy referred to tertiary centers for treatment. 
Valuess can be missing with regard to outcome and with regard to modifying 
variables. . 
Missingg values regarding "outcome" can be minimized using the strategies as 
describedd under a.1. Optimizing conclusions from a patient series with 
remainingg missing values requires use of the survival analysis technique, 
whichh takes into account "censored observations" (see 2.2.1) in reaching 
treatmentt outcome estimates. 
Thee problem of missing values regarding "modifiers of this outcome", i.e. 
prognosticc factors, can affect univariable analysis badly and multivariate 
analysiss even worse.60 

Thee simplest way to tackle this problem is to eliminate all subjects with miss-
ingg values from the analysis. This is only valid if the missing data are miss-
ingg completely at random,74 meaning that patients with missing data do not 
differr systematically from the other patients regarding the prognostic factors-
outcomee relationship examined; and this may be a difficult assumption to 
support.. Deletion of patients with missing values of course also decreases 
precisionn and power of the study. In the studies in Chapter II and III , patients 
withh missing data were simply deleted from the analysis. The assumption of 
"dataa missing completely at random" seems hard to hold if too much values 
aree missing. A rule of thumb proposed by George is that covariates with at 
leastt 20% of missing values are to be eliminated and not considered for 
analysis.. In this way, e.g. in the multivariate analysis in Chapter IV, T sta-
tus,, associated with the largest number of missing values (missing in 17% of 
patients),, is retained in the analysis (Table 3 of Chapter IV). 
Iff  this "deletion of patients with missing values" is to be done in multivari-
ablee analysis, the effect is multiplicative, and soon no data remain for analy-
sis.. George describes a hypothetical situation where in a study with 18 fac-
torss to evaluate, and every factor randomly missing in 10% of patients, only 
15%% of patients remain with information on every covariate. A mathematical 

32 2 



Introductionn and outline of the thesis 

rescuee mechanism, which we have applied in Chapter  IV, is the use of "dum-
mies""  in multivariabl e analysis. In this strategy, dummies (0 = unknown/not 
applicable,, 1 = known) were added to the model when evaluating factors with 
missingg values and factors referrin g only to subcategories of the total cohort. 
Thee factors themselves were assigned some arbitrar y value, preferably the 
referencee level of the observed values. As an example of the application of 
thee "dummy"  principle, the estimate of the prognostic impact of the factor 
"presencee of perineural growth"  can be considered. This aspect can only be 
determinedd in the subcategory of surgical patients, where a resected specimen 
cann be examined for  this feature. It makes only sense to estimate the prog-
nosticc power  of this factor  in the subcategory of patients where this informa-
tionn is not missing: those who have undergone surgery and where presence of 
perineurall  growth was determined. Patients with code 0 for  the dummy are 
assignedd to the reference category of the variable involved, and both the fac-
torr  and its dummy are entered simultaneously in the multivariabl e analysis. 
Inn this way patients with missing values do not contribute to the estimation 
off  the prognostic power  of the missing variables themselves, but are still used 
forr  estimation of the prognostic power  of other  variables. For  this method to 
work,, it is still required that missing information is completely at random. 
Moree advanced methods of dealing with missing values such as multipl e 
imputation755 or  maximum likelihood estimation using a joint distributio n for 
thee prognostic factors and the response76 are still difficul t to use in standard 
statisticall  packages, such as SPSS and SAS, available to us at the time of 
analysis.. They are also no panacea for  missing values as they generally have 
too rely on untestable assumptions. 

a.3.2.. The hypothesis should be stated in advance 

Thee hypotheses of the studies in Chapters II , II I  and IV are the list of vari-
abless that were selected from the available information in the literature, and 
thatt  are displayed in a table in every study. The hypothesis at start for  the 
studiess in Chapter  II  and II I  was "th e variables listed in the table have a uni-
variat ee prognostic power  for  the different outcomes considered". Only in the 
studyy on parotid carcinoma, the number  of patients studied was sufficient to 
alloww for  a subsequent multivariabl e assessment of prognostic ability . The 
resultingg prognostic index served as the basis for  the new hypothesis to be 
testedd in the study in Chapter  V. The hypothesis here was that a good prog-
nosticc abilit y would be retained in independent patient material. 

a.3.3.. Follow-up should be sufficiently long and complete 

Thee reason a patient is lost to follow-up may well be related to outcome. 
Patientss may fail to return because they have suffered exactly those events in 
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whichh the investigators are interested (they have died, a recurrence appeared 
forr  which treatment was sought elsewhere, or  patients who feel cured may 
nott  want to come back for  follow-up). In this respect, a proposed measure of 
qualityy for  the study considered, is the number  of events, compared to the 
numberr  of patients not having follow-up up to five years. Taking Chapter  IV 
ass an example, 2 out of 151 patients did not have follow-up at 5 years, as 
comparedd to 57 events or  recurrences, all but two occurring within 5 years of 
follow-up. . 

a.3.4.. An objective outcome is needed 

Thee respective outcomes studied for  the different studies in the different 
chapterss were extensively discussed in paragraph 2.2.1. 

a.3.5.. Adjustment for  other  prognostic factors, treatment factors 

Thiss is only applicable to the studies in Chapter  IV and V, where the tech-
niquee of multivariat e analysis allows for  adjustment of estimated impact of 
onee prognostic factor  for  the effect of other  prognostic and treatment factors. 
Thee number  of available patients treated with submandibular  and minor  sali-
varyy gland carcinoma limit s the researchers possibilities in the studies 
describedd in Chapter  II  and HI. 

a.3.6.. Report on all results 

Alll  results, positive and negative, significant and not significant, should the-
oreticallyy be reported, and in our  studies they all have been reported (Chapter 
II ,, III , IV, V and VI) . 

a.3.7.. Practicality of results 

Thee final results should be formulated as practical as possible. This is very 
difficul tt  when reporting on results of studies following only univariable 
analysis.. Ideally a prognostic factor  study should answer  the individualized 
questionn "how large is the likelihood of the outcome in a specified period of 
timee for  this patient with this combination of prognostic factors". At that time 
aa table or  formula combining the known prognostic factors in a weighted 
manner,, allowing to individualize the statement on prognosis, comes in 
handy.59633 This was the objective of the creation of a prognostic index in 
Chapterr  IV, and the subsequent transformation of this index in a computerized 
easy-to-usee program, as added to Chapter  V. The observation of the recur-
rencee free interval curves resulting from this analysis can demonstrate the 
timee course of the risk of the outcome to occur  (constant in time, or  e.g. only 
highh initially , then remaining constant). Estimates of likelihood should be 
accompaniedd by a measure of precision of estimation (confidence intervals). 
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Inn conclusion, the reader of a study of prognostic factors needs an answer 
too the question: "Wil l the results help me in caring for my patients?".59 He 
needsneeds to be able to determine whether the patients that generated the hypoth-
esiss of prognostic importance of the described factors are similar to his own 
patient.. The clear inclusion and exclusion criteria as well as the referral pat-
ternn as discussed under a.3.1. are important in this respect, as well as the pres-
entationn of the study results in the form of a prognostic formula, allowing to 
individualizee the statement on prognosis. The information delivered in this 
thesiss essentially cannot be expected to guide decisions about therapy. As a 
rule,, in the management of salivary gland carcinoma, the primary treatment 
consistss of primary surgery, in most instances followed by radiotherapy. Only 
rarelyy the latter treatment can be omitted, and although the prognostic factors 
describedd in Chapters II, III and IV can help in this decision, not one of the 
studiess is able to deliver clear treatment guiding information because of the 
retrospectivee nature. The main use of the presented information on prognos-
ticc factors is for information of the patient and relatives. A quantified good 
prognosiss is a good basis for reassurance, a quantified bad prognosis can help 
inn counseling. Important in this respect is the next topic, a.3.8, the availabil-
ityy of evidence of general izabi Iity. 

a.3.8.. External validation is needed 

Oncee prognostic factors are identified and quantified, external validation is 
needed.60»611 72>77-78 As stated by George, "It is almost certain that the appar-
entt strength of the relationships, and often their actual existence, will be over-
statedd if the results are taken at face value. The proper attitude here is one of 
skepticismm and caution, always demanding further confirmatory studies 
beforee putting much weight on the results".60 Using the same data set to 
derivee a model and to test its performance results in an inflated estimate of 
thee effect of the retained prognostic factors. "A fair evaluation of discrimina-
tivee power of a predictive model requires independent data".69 This was the 
objectt of the study described in Chapter V: to establish generalizability, 
meaning,, to prove, that the index works well for other patients. It is checking 
whetherr a good discrimination is achieved in another group of patients with 
thee same disease, in a broader geographical and historical context.. 

b.. Biostatistical aspects: survival analysis 

Thee results and conclusions presented in this prognostic research oriented 
thesiss are all reached using a specific data analysis approach called survival 
analysis.. Survival analysis has three basic goals and is therefore the ideal tool 
forr our purpose.79'80 

35 5 



Chapterr I 

b.1.. Estimating survivor functions 

Too estimate and interpret survivor functions from survival data. This is what 
wee are interested in, in this salivary gland carcinoma research: treatment 
resultss in terms of survival, disease specific survival, and follow-up time 
withoutt recurrence. 

b.2.. Univariable analysis 

Too compare survivor functions. We want to identify and quantify prognostic 
factors.. Investigating prognostic factors means dividing the patient group 
underr study in subgroups according to the levels of the prognostic factor 
underr study and subsequently compare their respective survivor and/or haz-
ardd functions. 

b.3.. Multivariable analysis 

Too assess the coexistent relationship of different explanatory variables, in our 
casee prognostic factors, to survivor time. This is possible in survival analysis 
usingg mathematical modeling (e.g. Cox proportional hazards model81'82). We 
needd this because we want to study different prognostic factors, each with 
theirr respective levels, at one time, so that we can figure out which factors are 
thee more important ones. 

Att b.1. Estimating survivor functions 

Ass extensively discussed under Chapter ILL , the outcome variable studied is 
"timee until an event occurs", this time reflecting the prognosis of the salivary 
glandd cancer patient. The event that is registered during follow-up can be 
deathh from any cause (overall survival), death due to tumor (disease specific 
survival),, or tumor recurrence (recurrence free interval). For the sake of sim-
plicity,, in the following discussion the terms survival and death are used but 
cann be substituted by every other outcome mentioned. 

Inn this type of analysis, the ideal situation is to have, for every patient 
studied,, the time of death. Often, in real life, many patients are not followed 
longg enough to have reached this endpoint and thus we know only a minimal 
survivall  time. This is e.g. the case when a patient is followed-up for some 
time,, was disease free at last follow-up, but was subsequently lost to follow-
up.. Such an event is called a "censored event". The information carried by a 
patientt surviving before the study end is adequately used by survival analy-
sis.. This is because, in this analysis, the expected survival of a censored 
patientt beyond the censoring time is extrapolated based on the survival expe-
riencee of the patients still at risk at the censoring time. Of course, in calcu-

36 6 



introductionn and outline of the thesis 

latingg standard errors and P-values, the censoring is taken into account. 
Survivall  probabilit y at any given time in follow-up can be displayed as 

S(t)) or  h(t). 
S(t)) is the survival probabilit y at time t and thus has values between 0 and 1 
orr  between 0 and 100 when expressed as a percentage. The mathematical 
notationn is S ^ ^ S^.^ ) * Prenyl T^^j) . The evolution of the survival 
probabilit yy in time can be graphically displayed as a survivor  curve using the 
Kaplan-Meierr  product-limi t method,83*84 in this way allowing for  a simple 
visuall  assessment of the complete survival function of the study cohort. This 
wayy to display the survival experience is sufficient for  univariable analysis. 

Anotherr  way to describe the same survival experience of a patient cohort 
iss the hazard rate, h(t). h(t) is also called a conditional failur e rate. The math-
ematicall  form /*(t)= S(t)7S(t), where S(t)'  is the slope of the survival curve at 
timee t, can be interpreted as an instantaneous probabilty per  unit time for  the 
undesiredd event to occur, given this event has not occurred until t. h(t) is a 
ratee and thus has values ranging from 0 to infinity , this value depending on 
thee time unit used. This form of survival experience is the basis of the Cox 
proportionall  hazards analysis. 

Att  b.2. Univariable analysis: to compare survival according to two or  more 
levelss of one variable84 

Thee first  step in evaluating a prognostic factor  is to see whether  different out-
comess are related to different levels of the prognostic factor, this factor  con-
sideredd on its own. This is an often used first step to reduce the number  of 
potentiall  prognostic factors that have to be considered in future multivariat e 
analysis,, eliminating those factors that have no significant differences in out-
come,, considered in this way. This univariable screening process carries with 
itt  the risk of failing to identify an important covariate that will show itself 
importantt  only after  correcting for  levels of another  prognostic factor.60 In 
ourr  multivariat e analysis, no reduction of variables was done: even non-sig-
nificantt  variables were repeatedly, at every forward step in multivariabl e 
analysis,, evaluated for  significant contribution. The only variable in our  stud-
iess that turned out to be important after  being non-significant in univariable 
analysiss (step 0 in the Cox proportional hazards model) was the factor  "pain" 
(Chapterr  IV) . 
Again,, the evolution of the survival probabilit y in time can be displayed as a 
survivorr  curve using the Kaplan-Meier  method. At this stage, Kaplan-Meier 
analysiss allows us to compare the survival probabilities of two (or  more) dif-
ferentt  groups of patients at any given time in follow-up. 
Too test the null hypothesis that two (or  more) survival curves are identical, 
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thee most frequently used statistical test is the log-rank test. In a prognostic 
factorr study with multiple prognostic factors analyzed, often a 1% signifi-
cancee level is more appropriate than the usual 5% level,73 and this is the level 
wee used in our studies in Chapters II and III . 
Thee log-rank test is a statistic that provides an overall comparison of the 
Kaplan-Meierr curves being compared, using the difference between observed 
andd expected number of events in each group at each point in follow-up 
wheree a death occurred, the expected number of deaths being calculated from 
thee assumption of no difference in survival. A P-value is most often derived 
fromm the chi-square distribution with one degree of freedom in case of com-
parisonn of two curves. If G groups and their respective survival curves are 
compared,, there are G-l degrees of freedom to derive the P-value from the 
X22 value. An exact version also exists but was not used in this thesis. 

Att b.3. Multivariate analysis 

Differentt prognostic factors can be highly related. Especially in the field of 
oncology,, this is often the case. Examples are e.g. the observation that the 
largerr the primary tumor is (T-status), the higher the likelihood of nodal 
metastasiss (N-status) and subsequent irradical resection (involved mar-
gins).Thee older the patient, the more likely possible genetic damage, possi-
blyy resulting in a more undifferentiated and aggressive tumor. Especially in a 
situationn like this, a multivariable analysis of the joined effect of different 
prognosticc factors, is important. 
Iff  the effect of several potential outcome-influencing or outcome-associated 
factorss is to be assessed in the same analysis, we can use: 
-- either a stratified analysis, assessing differences by the log rank test, and 

subsequentlyy combining these into an overall evaluation. This can only be 
donee in the case where a few categorical variables are considered. 

-- or a more flexible "multivariable analysis" (Cox proportional hazards 
analysis;; recursive partitioning or tree analysis, neural networks, etc.) 

Thee Cox model81*82 is based on the hazard function, and is very popular to 
analyzee the joined effect of different prognostic factors on a specific patient 
outcome,, because each prognostic factor can be studied after canceling out 
thee confounding effects of other prognostic factors. Confounding occurs 
wheneverr the observed relationship between the levels of one candidate prog-
nosticc factor and the outcome is in fact due to another prognostic factor, who 
iss strongly related to the outcome, being unevenly distributed over the levels 
off  the first, candidate prognostic factor. 
Thee outcome is duration of time to the occurrence of a binary "failure event" 
occurringg during follow-up. The prognostic factor is assumed to affect the 

38 8 



SntrccJucuuii  i ai id outline of the thesis 

riskk of failure in a multiplicative fashion, that is constant over time,60 an 
assumptionn that needs verification upon using the Cox model. 
Thee model yields, for every variable under consideration, a significance test. 
aa point estimate of its effect on the hazard rate, called the coefficient, cor-
rectedd for associations with other covariates included in the analysis, and a 
confidencee interval for  this coefficient. 
Thee coefficient gives the change in hazard rate per unit of the variable on the 
naturall  log scale. The hazard ratio per unit of the variable (and its confidence 
interval)) is then obtained as an exponential of the coefficient (and its confi-
dencee interval), and this is the link between the results of the analysis and the 
interpretationn in terms of compared survival functions. 
Itt is interpreted as follows: 
Example:: gender as prognostic factor, women compared to men (men in the 
denominator) ) 
HRR = 1 -> no relationship, no difference in survival function between men 
andd women 
HRR < 1=> women relatively protected, hazard rate of women lower than that 
off  men, survival function of women higher than survival function of men. 
HRR > 1 => men are relatively protected, hazard rate of women higher than that 
off  men, survival function of women thus lower than survival function of men 
Thee P-value of the significance test for a potential explanatory variable is 
derivedd from the Wald statistic (obtained by dividing the coefficient for the 
variablee by its standard error), that is assumed to have a standard normal dis-
tributionn (Wald statistic - Z statistic). This Wald test is used in Chapter V, 
becausee of the computer program used (the SAS® package). A generally bet-
terr but computationally more demanding alternative, the likelihood ratio 
(LR)) statistic, is used in Chapter IV. Both statistics lead to a somewhat dif-
ferentt P-value, but mostly lead to the same conclusions,82 except in certain 
extremee situations where the Wald test becomes unreliable. Fortunately such 
situationss can be deduced from the results of the analysis. A third test based 
onn the proportional hazards regression analysis, the score test, reduces to the 
log-rankk test in the case of a single covariate. This test too is not provided 
withinn the SAS® package. There is generally no definite reason to choose 
betweenn the LR test and the score test, while both are more reliable than the 
Waldd test. In our case with a large data set and enough events and no over-
whelminglyy strong prognostic factors, all three tests give equivalent results. 
Thee most frequent way to proceed in multivariate Cox proportional hazards 
analysiss is called "stepwise regression". The analysis consists of repeated 
assessmentt of all variables under consideration, progressively building a 
modell  containing only the factors that remain significant after adjustment for 
eachh other. In the type of stepwise analysis we have used in the study in 
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Chapterr IV, at every step, the most significant factor that has not been select-
edd yet, is added to the factors used to adjust for, if the accompanying P-value 
stayss below a certain pre-specified value (in our study, the level < 0.15 was 
preset,, with reassessment of significance for each selected factor in the 
model;; a factor losing significance was to be removed once its P- value went 
>> 0.20). Simon and Altman73 and Marubini and Valsecchi72 give an extensive 
overvieww of the caveats associated with the use of forward stepwise propor-
tionaltional hazards analysis, and also of possible alternatives. 
Ass already mentioned under "quality checkpoints" (a.3), an interesting way 
too present the results from a multivariate analysis is the creation of a prog-
nosticc index. The aim is to combine several prognostic factors, each individ-
uallyy giving predictions with relatively low accuracy, into a single variable of 
highh accuracy.63^69'70 As in other fields of medicine, prognostic estimates 
basedd on clinical judgment alone tend to be far from correct, and several 
authors67-68'733 feel that a properly validated prognostic index can lead to more 
accuratee prognoses. 
AA prognostic index is constructed by summing the prognostic variables that 
remainn important after multivariable analysis, each accompanied by a weight 
basedd on the regression coefficients as they emerged from the multivariable 
proportionall  hazards model. For every patient, subsequently a score can be 
computed,, and this range of scores, incorporating the specific individualized 
informationn on prognosis, can then be subdivided to provide for "prognostic 
groups",, with the aim of being "homogeneous within" and "heterogeneous 
between".. This strategy is advocated by Simon and Altman: "It is preferable 
too produce plots based on prognostic categories defined by a prognostic 
index""  (or to use a method to adjust the Kaplan-Meier plot for other vari-
ables).733 Like other authors did before us in other fields of medicine (e.g. the 
Jasss classification for rectal cancer), in the study in Chapter IV, we also con-
structedd a range of scores, subsequently divided into four reasonably bal-
ancedd groups with differing prognosis.85 

c.. Biostatistical aspects: comparing two prognostic systems (Chapter V and 
Chapterr VI) 

AA prognostic system is any combination of different individual prognostic 
factors,, each individually giving predictions with relatively low accuracy, 
intoo a single variable of high accuracy.636970 Only very infrequently, for one 
specificc disease, the predictive values of different prognostic systems are 
comparedd to one another. 66»86 

c.. 1. Qualitative comparison. 

Discriminationn can be evaluated, by univariately considering the single vari-
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ablee referring to the prognostic system, and constructing Kaplan-Meier 
curves.833 This allows for a visual idea of discriminative capacity and of 
preservationn of correct ordering of patient groups. This way of evaluation 
wass used in Chapter V (comparing the predictive ability of the prognostic 
indicess in the source population versus the ability in the validation sample) 
andd in Chapter VI (comparing predictive ability of the prognostic index PS1 
too the UICC/AJCC stage grouping system). Other authors confine themselves 
too this analysis in comparing prognostic systems.87 However, this way of 
comparisonn remains rather subjective and is difficult in case of more than two 
groups. . 

c.2.. Quantitative comparison 

c.2.1.. Other than merely visual assessment, the Cox proportional hazards 
model811 can be used to compare the predictive perfomance of one or more 
predictivee systems in one or more data sets in a more quantitative way. The 
comparisonn of the predictive performance of one system in two different data 
setss was used in the external validation study in Chapter V. The difference in 
predictivee performance of different prognostic systems in one data set was 
quantifiedd in this way in Chapter VI. 

c.2.2.. Concordance measure C constitutes another way to make a quantitative 
comparisonn of prognostic abilities.72'86-88 It was initially developed for eval-
uatingg one prognostic system in two or more different data sets,89 in the sit-
uationn where before starting analysis, the population is split into a "training" 
andd "testing" population. The model is developed using only the "training" 
population,, followed by a "validation" in the "testing sample". Concordance 
measuree C then allows for a quantitative comparison of prognostic perform-
ancee in training and testing population. It was used in this way in Chapter V, 
wheree the population of the Dutch Head and Neck Oncology Cooperative 
Groupp was used as the "testing sample" to verify the prognostic ability of the 
prognosticc index developed using the population of the Netherlands Cancer 
Institutee (the "training" sample). It can be used in the same way to evaluate 
twoo different prognostic systems in one population, when both systems can 
bee attributed a Concordance Measure C, that subsequently can be compared. 
Thiss was the way we used it in Chapter VI. 
Concordancee measure C estimates the proportion of pairs of patients in 
whomm a worse value of the prognostic system indeed implies a worse out-
come.. It corresponds to the probability that, for a randomly chosen pair of 
patients,, predicted and observed outcomes are concordant.88 Analogous to 
thee "Area under the ROC curve" for diagnostic tools, this measure can range 
betweenn 0.5 (no discrimination ability, 50% of pairs of patients has a con-
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cordancee of predicted and observed outcome, but 50% have no concordance) 
too 1.0 (perfect concordance). It can be theorized, however, that the maximum 
concordancee that can be reached while keeping adequately balanced and cal-
ibratedd patient groups is 0.82 - 0.84.86'90.91 

3.. Prognostic research in malignant salivary gland neoplasms: 
wheree are we now, where should we go from here? Outline 
andd aims of the study 

3.1.. Where are we now? 

Inn addition to the variety of anatomic sites, the high number of different his-
tologicc subtypes and the different grades within these subtypes (Chapter 1.1), 
manyy of the salivary gland tumor types have an indolent behavior and require 
longg follow-up. These factors complicate the possibility for head and neck 
oncologistss to accumulate experience and to evaluate treatment efficacy and 
withh it of course the effect of modifying prognostic factors.4 Taking parotid 
carcinomaa as an example, treatment results in major treatment centers are dis-
playedd in Table 5. These numbers have to be appreciated in their specific con-
textt of stage distribution, percentage of high grade tumors, treatment period 
andd corresponding treatment regimens, and patient inclusion criteria. 

Tablee 5. 
Treatmentt  results in major  treatment centers 

Authorss year of publication DSS 

Frankenthaler,, et al.92 

Kane,, et al.93 

Pedersen,, et al.32 

Poulsen,, et al.94 

Renehan95 5 

Spiro96 6 

Spiroo and Wang 97 

Spiro,, et al.98 

Therkildsen,, et al.99 

1991 1 
1991 1 
1992 2 
1992 2 
1999 9 
1986 6 
1993 3 
1989 9 
1998 8 

5y y 

75% % 
69% % 

71% % 
78% % 
55% % 
77% % 
63% % 
76% % 

lOy y 

70% % 
58% % 
52% % 
65% % 
65% % 
47% % 
65% % 
47% % 
72% % 

Forr the patient groups and the corresponding treatment results within one 
center,, prognosis for individual patients varies widely. Observing this, it is a 
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naturall  reflex for any health care professional working in this field of head 
andd neck cancer, to try and define the relation between different outcomes 
reflectingg treatment results and the variables defining these outcomes. To 
answerr the question for this relationship, basically the tools as described in 
Chapterr 1.2 have to be applied to the study domain as depicted in Chapter 1.1. 
Understandably,, a large number of efforts to do this can be found in the lit-
eraturee of the last decades. Prognostic factors in salivary gland carcinoma 
havee been studied extensively employing univariable32>93>10°-103and multi-
variablee statistical analyses92-95'98-99»104'105 of patient and tumor characteris-
ticss in relation to treatment results. Histologic type31'106 and grade, 
stage,31-92-93'98-10?? increasing age,93.9».*0**  gender,93-»04 pain,38-93.»02 skin inva-
sion,381044 and specifically for parotid carcinoma, facial nerve involvement 
(perineurall  growth),31,92,104 an (j treatment (resection margins),33-38-94 

emergedd as important prognosticators in this respect. However, due to differ-
encess in the study population of the reporting centers with regard to stage dis-
tribution,, percentage high grade tumors, treatment period and corresponding 
treatmentt regimens, and patient inclusion criteria, it remains difficult to get a 
clearr picture of what factor, to what a degree, is predictive of treatment 
results. . 
Mostt authors cite all these prognostic factors separately and expect the clini-
ciann to make an intuitive amalgam of an ever increasing number of factors, 
presentt in a given patient, to get an accurate estimate of prognosis. One way 
too deal with the increasing prognostic information is seen in the evolution 
fromfrom the 1992109 to the 1997110 staging system where factors such as facial 
nervee involvement and evidence of local extension contribute to a higher T 
classification.. A number of studies investigating the added value of this 
changedd classification do not offer very convincing arguments to believe that 
itt is really an improvement.111-112 The question can be asked whether it is 
appropriatee to mix the information of tumor size with other variables like 
faciall  nerve invasion, when these two aspects can occur independently and 
cann be found independently prognostically important in several multivariable 
analyses.38-95 5 

3.2.. Where should we go from here: aim and outline of this thesis 

Thee studies compiled in this thesis were performed with two aims. The first 
wass a descriptive one: to get an idea as accurate as possible of the patient 
populationn treated in our Institute in the past three decades. This information 
iss described for submandibular carcinoma in Chapter II , for carcinoma of the 
minorr salivary glands in Chapter III , and for parotid carcinoma in Chapter IV. 
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Thee next and more important aim was to reach, for the different anatomical 
locationss considered, as high a level as possible on the "prognostic ladder", 
thee hierarchy of prognostic research, as described in Chapter 1.2, based on the 
informationn contained in the patient group treated in the Netherlands Cancer 
Institute.. In this population, of reported prognostic factors, what are the rele-
vantt ones, and to what degree they are relevant? 
Wheree possible, the aim is to go beyond the level of mere identification/con-
firmationn and (eventual) quantification. The latter level is where most prog-
nosticc factor studies dealing with salivary gland carcinoma stop and leave the 
readerr helpless with a list of factors and corresponding P-values, without a 
clearr indication of how to apply this knowledge in clinical reality. 
Severall  limitations of our study material have already been highlighted in 
Chapterr 1.2, when the ideal situation of prognostic research was summarized 
andd thus, unfortunately, for the anatomical subgroups considered in Chapter 
III  and III , the available number of patients and the events occurring limit the 
possibilityy of prognostic research to step 1 on the prognostic ladder. These 
patientt groups have a detailed clinical record and a strong follow-up, howev-
er,, the restriction to univariable analysis limits our prognostic research to a 
solidd identification-confirmation of prognostic factors in our material. 
Inn Chapter IV, the group of patients with parotid carcinoma allows us to step 
upp one level on the prognostic ladder. Following univariable identification, 
multivariablee analysis allows for both identification of factors and quantifi-
cationn of their respective effect. In stead of stopping at the level of reporting 
thee different resulting factors and their respective weight in terms of a hazard 
ratio,, we wanted to report our results in as practical a way as possible, and 
wee therefore chose to create a prognostic index, combining the different inde-
pendentt prognostic factors remaining after multivariate analysis. This index 
sumss the properly weighted contributions of each patient and tumor charac-
teristicc to prognosis into a single number, corresponding to an estimate of 
tumorr recurrence following primary treatment. 
Chapterr V describes the next step on the prognostic ladder, adding scientific 
supportt to the prognostic index developed in Chapter IV. This next step was 
thee testing of the index, created using the patient population of the 
Netherlandss Cancer Institute, in an independent population. The aim here 
wass to add further evidence to the usefulness of the devised prognostic index 
byy indicating generalizability to geographically different patients. For this 
purpose,, we had the opportunity to use the patients included in a nationwide 
database.. Following this external validation, in a search for practical applica-
bility ,, we constructed a downloadable easy-to-use computing program which 
allowss the head and neck oncologist to easily obtain a quantitative estimate 
off  prognosis tailored to the patient he is treating at that moment. 
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Thiss is the highest level of prognostic evidence we have reached in this the-
sis.. The next step up on the prognostic ladder, and thus an even increased 
levell  of credibilit y of our  results, can be reached by multipl e independent val-
idations,, as stated by Justice.77 It is of course also possible that we have to 
stepp down following an independent validation not confirming our  findings. 
Progresss in science can only be made by the continuous creation of rejectable 
hypothesess (Sir  Karl E Popper, 1984), and the future will have to point out 
howw long ours will stand firm . 

Inn Chapter  VI , we leave the prognostic ladder  concept, and attempt to com-
paree the prognostic ability of the created prognostic index to the "estab-
lished""  UICC-AJCC TNM staging concept. For  this purpose we again used 
thee nationwide database of the NWHHT , and applied the techniques as 
describedd under  2.2.3. 

Chapterr  VII  is a literatur e review on management of the largest subgroup of 
patientss with salivary gland carcinoma, the patients with parotid carcinoma, 
integratingg the information from this thesis in the current knowledge base on 
thiss topic. 

Inn Chapter  VIII , a general conclusion with an outlook to the future is formu-
lated. . 
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