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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 

Excretor yy 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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Chapterr I 

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. 
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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-

19 9 



Chapterr I 

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 

20 0 



introductionn and outline of the thesis 

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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Chapterr I 

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 

22 2 



Introductionn and outline o' tns thesis 

(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 
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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 
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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-
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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 
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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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Itt  is the best thing, in my opinion, for  the physician to apply himself dili -
gentlyy to the art of foreknowing. 

TÓvv iTjTpöv ftoK€i  jioi fipioTov eïvai npövoiav êniTijöetieiv. 

Hippocrates,Hippocrates, nPOrNQSTKON, I  (Prognostikon), 377 B.C. 
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Abstract t 

Background::  Concerning malignant submandibular gland tumors, a rare dis-
easee entity, there are few recent reports of long term treatment results and of 
prognosticc factors modifying these results. 

Methods::  The clinical data of 43 patients with malignant submandibular 
glandd tumors who were treated at the Netherlands Cancer Institute between 
19733 and 1994 were reviewed to evaluate treatment results and to control 
describedd prognostic factors. The median follow-up for patients alive at the 
endd of follow-up was 143 months. Only univariate analyses were performed. 

Results::  The crude 5- and 10-year survival rates were 50% and 36%, respec-
tively;; the 5- and 10-year disease specific survival (DSS) rates were 61% and 
51%,, respectively; the 5- and 10-year recurrence free percentages were 57% 
andd 52%, respectively. Factors predicting crude survival were age at diagno-
siss (P= 0.0006), International Union Against Cancer/ American Joint 
Committeee on Cancer (UICC/AJCC) TNM classification and its regrouping 
intoo tumor stage (/>=0.001), and clinical skin invasion (P=0.005). In surgi-
callyy treated patients, soft-tissue invasion (P= 0.005), metastatic lymph nodes 
(P=0.006)) and perineural growth (P=0.0\) were prognostic for survival. 
Factorss predicting DSS were the UICC/AJCC TNM classification and 
regroupingg into tumor stage (P= 0.002). In surgical patients, perineural 
growthh (P=0.0008) conferred a lower DSS. Factors predicting tumor recur-
rencee were the UICC/AJCC TNM classification and its regrouping into 
tumorr stage {P=0.009). In surgical patients, perineural growth (T^O.003) 
predictss tumor recurrence. 

Conclusions::  Of patients with submandibular gland carcinoma treated 
accordingg to a stable treatment protocol in a European tertiary referral center, 
522 % were tumor free 10 years later. Patients exhibiting the described adverse 
prognosticc factors are likely to benefit from added radiotherapy. 

Introductio n n 

Salivaryy gland malignancies in general are rare tumors, and their image is 
furtherr complicated by a remarkable histological diversity1'2 specific to sali-
varyy gland tissue. Within these malignancies, tumors arising in the sub-
mandibularr gland form a well-defined clinical entity, with a well-defined 
treatmentt technique. 
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Too diagnose one new case in the male Dutch population, one million of 
menn at risk must be followed one year: the age-adjusted, world standardized 
incidencee ratio per  106 person-years in the Netherlands is 1.0 for  men and 0.4 
forr  women.3 It is evident that clinical experiences with this type of disease 
aree scarce. The low incidence makes it difficul t to evaluate the natural histo-
ry,, prognostic factors, and different treatment modalities in a prospective 
manner.. Therefore, to date, this information relies on retrospective analyses. 
Thee early authors remained purely descriptive;4'5 more recently, one tried to 
identifyy prognostic factors through statistical analysis, looking at crude sur-
vival,66 disease specific survival, or  tumor recurrence7. 

Ourr  long-standing experience with this disease and a consistent treatment 
policyy over  the years, including a long follow-up (median, 143 months for 
patientss alive at the end of follow-up), form a good starting point for  a thor-
oughh statistical evaluation looking at different important outcomes in oncol-
ogy::  crude survival, disease specific survival and tumor free interval. 
Thereforee our  group of 43 patients who were treated between 1973 and 1994 
wass studied for  treatment results and the major  prognostic indicators before 
andd after  treatment, and the findings were compared with those in the litera-
ture.6-7 7 

Patientss and methods 

Fromm January 1, 1973 to January 1, 1995,243 patients with the primary his-
tologicc diagnosis of a malignant salivary gland tumor presented at our  insti-
tute.. Forty-three of them (16%) had a submandibular  gland carcinoma. Of 
these,, 36 (84%) received their  complete, definitive protocollary treatment in 
ourr  institute, (surgery with or  without preceding surgery elsewhere, with or 
withoutt  postoperative radiotherapy), 6 patients were referred to our 
Departmentt  of Radiotherapy after  adequate surgery in the referrin g hospital, 
andd 1 patient was not treated at all. The study population consisted of 22 
womenn (51%) and 21 men (49%). The median age at diagnosis was 59 years 
(range,, 20-84). According to our  institutional policy, informed consent for 
retrospectivee studies was not requested. 

Al ll  clinical information was extracted from the patient files. Factors 
investigatedd for  prognostic value were patient characteristics, clinical and 
histologicall  tumor  characteristics, and treatment characteristics (Table 1). 

Clinicall  TNM classification was according to the 1992 International 
Unionn Against Cancer  (UICC) guidelines8 (Table 2). Histology of the resec-
tionn specimen was reviewed and reclassified according to the World Health 
Organizationn (WHO) classifications of 1972 and 199112 (Table 3). Levels of 
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thee WHO classification were reduced to a dichotomy of clinically high grade 
malignantt versus clinically low grade malignant tumors, as shown in Table 1. 
Forr surgical patients, information on histopathologic tumor characteristics 
wass abstracted from the original pathology report. 

Tablee 1. 
Variabless in the analysis 

Variable e Levels s 

Agee (yrs) 

Gender r 

Durationn complaints (weeks) 

Painn at presentation 

TT classification3 

NN classification3 

MM classification3 

Stage3 3 

Skinn invasion 

Locall  extension3 

High-loww grade'5 

Softt tissue extension0 

Metastaticc lymph nodes'1 

Perineurall growthc 

Surgicall  margins0 

Vascularr invasion0 

Tumorr spill0 

Previouss treatment0 

Treatmentt type 

Intervall  surgery/RTe (weeks) 

<40,, 40-70, >70 

Malee vs. female 

<6,, 6-24, >24 

Painn or numbness: yes vs. no/not reported 

T1-T4 4 

NOO vs. any lymph nodes 

MOO vs. Ml 

1-IV V 

Yess vs. no/not reported (untreated patients) 

Clinicall  evidence of skin, soft tissue, bone or nerve invasion vs. no such 
evidence e 

Highh grade (high grade mucoepidermoid carcinoma, adenocarcinoma, 
undifferentiatedd carcinoma, squamous cell carcinoma, malignant mixed 
tumor,, adenoid cystic carcinoma) vs. low grade malignancy group (acinic 
celll  carcinoma, low grade mucoepidermoid carcinoma) 

Histologicc evidence of extraglandular extension (skin, bone, nervous, or 
vascularr structure invasion; positive section margins or extranodal spread 
inn the neck dissection specimen) vs. no such evidence 

Histologicc evidence of metastatic lymph nodes in the neck dissection 

specimenn vs. no such evidence 

Describedd vs. not described in the pathology report 

Positivee vs. "close and negative margins" 

Describedd vs. not described in the pathology report 

Yess vs. no or not reported in the operative report 

Patientss without vs. with incisional or excisional biopsy at presentation 

Surgery,, surgery followed by RT, RT 

<55 vs. >5 

RT:: radiotherapy 
aa International Union Against Cancer/American Joint Committee on Cancer TNM classification8.9 

bb World Health Organization 1972 and Millio n et al.'°;Spiro and colleagues11-12 uses the same reference 
levell  (low grade mucoepidermoid and acinic cell carcinoma). 
00 Only evaluated for surgical patients 
dd Only evaluated for NO patients who had surgery (only one Nl patient had a neck dissection, the rest of 
N++ patients did not) 
ee Only evaluated for patients who had surgery followed by RT 
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Tablee 2. 
TNMM  Classification and Stage Grouping8'9 

TNMM (%) 

Tll  (18.5) 
T22 (28) 
T33 (18.5) 
T4(21) ) 
TT missing (14) 

NOO (81%) 
Noo Stage 

66 1 
12( l)aa II 
77 III 
44 IV 
6 6 

Nll  (7%) 
No o 

1 1 
0 0 
0 0 
2 2 
0 0 

Stage e 

III I 
III I 
III I 
IV V 

N2-N3(10%) ) 
No o 

01 1 
0 0 

KD D 
3(2) ) 
0 0 

Stage e 

V V 
IV V 
IV V 
IV V 

NN missing (2%) 

1 1 
0 0 
0 0 
0 0 
0 0 

aa Between brackets: number of Ml-status patients in this T-N combination. 
Thee one patient with the T2N0M1 has Stage IV disease 

Tablee 3. 
Distributio nn of Histologic Types 

WHOO 1972 type 

Acinicc cell 
Mucoepidermoid d 
Adenoidd cystic 
Adenocarcinoma a 
Malignantt mixed 
Squamouss cell 
Undifferentiated d 
Others s 
Total l 

originall  diagnosisa 

3 3 
2C C 

18 8 
8 8 
4 4 
2 2 
4 4 
2 2 
43 3 

revision n 

4 4 
0 0 
16 6 
6 6 
2 2 
2 2 
2 2 

32 2 

WHOO 1972b revisionn WHO 1991 

4 4 
0 0 
16 6 
3 3 
2 2 
2 2 
2 2 
3 d d 

32 2 

WHO:: World Health Organization 
aa Used for inclusion based on data from surgical resection specimen, incisional biopsy or aspiration cytol-
ogy. . 
""  Based only on slides of surgical resection specimen. The diagnosis for 11 patients could not be revised 
(basedd on cytology [n=5], lost slides in regional hospitals [n=2], or lost slides in our own archives [n=4]). 
cc Mucoepidermoid carcinomas in our series were low grade mucoepidermoid carcinomas. 
***  "Others" in WHO 1991 classification are one polymorphous low grade adenocarcinoma, one salivary 
ductt carcinoma, and one basal cell adenocarcinoma, classified as adenocarcinoma according to the WHO 
19722 classification. 

Recurrencess were noted as the first site of failure. Patients with residual 
tumorr at the end of therapy were attributed an artificial recurrence free peri-
odd of 0.1 month. 

Al ll  patients presented with a submandibular swelling, existing for a medi-
ann duration of 13 months (range, 1-330 months). The swelling was painless 
inn 31 patients (72%), whereas twelve patients (28%) had experienced local 
pain.. Skin invasion was difficult to evaluate in patients who underwent pre-
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viouss incisional biopsy or had an inadequate resection (excisional biopsy). 
Beforee any treatment, visible skin invasion was present in only three patients. 
Inn one of them, a paresis of the marginal mandibular branch of the facial 
nervee existed. This symptom also was present in two patients with swelling 
withoutt skin invasion. In one patient, there was fixation to the mandible. 
Sevenn patients (17%) presented with clinically palpable lymphadenopathy. 
Threee of them had also distant metastases. One patient had distant metastases 
withoutt regional lymph node involvement. TNM classification 8<9 could be 
performedd in 36 of the 43 patients, resulting in six Stage I, eleven Stage II, 
eightt Stage III and eleven Stage IV patients (Table 2). 
Diagnosiss was made by means of histology of resection specimen (n=35) for 
surgicall  patients and incisional biopsy (n=3) or aspiration cytology (n=5) for 
non-surgicall  patients (Table 3). 
Thee majority of patients (n=29; 67%) received standard therapy, consisting of 
surgeryy followed by radiotherapy. Surgery alone was performed in six 
patientss (14%). Of the 35 surgical patients, only 7 were without any previous 
treatment;; the remaining 28 had undergone an incisional biopsy (n=l 5) or an 
inadequatee resection elsewhere (n=13). 

Thee standard surgical procedure consisted of a supraomohyoid neck dis-
sectionn in 24 patients, an extended supraomohyoid neck dissection with exci-
sionn of the floor of mouth and inferior mandibular rim in two patients, a rad-
icall  neck dissection in eight patients, and a modified radical neck dissection 
inn 1 patient. In 7 of 32 NO patients who underwent neck dissection, one or 
moree metastatic lymph nodes were recovered (occult rate, 22%). Only one 
N11 patient had a neck dissection confirming metastatic disease; none of the 
otherr lymph node positive patients were treated surgically. 

Postoperativee radiotherapy (wedged-pair technique, 48%; midline dosage, 
21%;; isodensity dosage, 31%; isolated photon therapy, 69%; combination of 
photonss and electrons, 28%; isolated electron therapy 3%) was given to a 
locall  median dose of 6000 centigrays (cGy) during a median period of 43 
days,, and in 34% of patients, associated with a regional median dose of 5000 
cGyy during a median period of 37 days. Both local radiotherapy and region-
all  radiotherapy were given in median fractions of 200cGy. The median inter-
vall  between surgery and the onset of the postoperative radiotherapy was 6 
weeks. . 
Isolatedd radiotherapy was used for six patients who were judged inoperable 
(two(two of them received neutron irradiation to a dose of 1600 cGy in fractions 
off  80 cGy during a period of 30 days). One patient received palliative 
chemotherapy,, and one patient received no treatment at all. 
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Follow-up p 

Follow-upp was complete for 40 patients up to January 1, 1995, the closure 
datee of the study. In 3 patients, the tumor status remained unknown. Two of 
thesee patients were alive without tumor recurrence at 85 and 138 months of 
follow-up.. The remaining patient had died due to an unknown cause with an 
unknownn tumor status at 108 months of follow-up. 

Att the time of our analysis, 25 patients had died and 18 patients were still 
continuingg follow-up. Of these, 17 patients were alive without evidence of 
diseasee and 1 was alive with recurrent disease. The median follow-up from 
thee first day of diagnosis was 45 months (range, 1-274 months), whereas the 
mediann follow-up for patients alive at the end of their follow-up (excluding 
patientss that died with a known tumor status) was 143 months or almost 12 
years. . 

Statistics s 

Thee product-limit method as described by Kaplan and Meier13 was used to 
calculatee overall survival, DSS, and tumor-free percentages. Presumed prog-
nosticc factors were evaluated univariately for significant differences in sur-
vival,, DSS and recurrence free intervals using the log-rank test, with the sig-
nificancee level set at p<0.01 because of the number of variables tested. 
Wheree appropriate for categorical data, a trend log-rank test was performed. 
Thee end point in this analysis was the moment of death, the moment of dis-
easee specific death from the day of diagnosis, and the moment of tumor 
recurrencee (local, regional or distant), starting from the first day of definitive 
treatment. . 

Results s 

Survival l 

Thee overall 5- and 10-year survival rates from the day of diagnosis were 50% 
(standardd error, [SE], 7%) and 36% (SE, 8%), 5- and 10-year DSS rates from 
thee day of diagnosis were 61% (SE, 7%) and 51% (SE, 9%), respectively. In 
Figuree 1, this DSS curve is compared with the DSS curve of 168 patients with 
primaryy malignant parotid tumors who were treated at our institute during the 
samee period.14 
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tumorr site 
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-- parotid 
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monthss from diagnosis 

Figuree 1. Kaplan-Meier disease specific survival curves by tumor site 

Recurrencee - Residual Tumor 

Sevenn patients, including the four patients with an Ml classification at diag-
nosis,, remained with residual tumor after treatment. Twelve patients who ini-
tiallyy were free of tumor clinically at the end of therapy had recurrences after 
aa median tumor free interval of 17 months. Local recurrence occurred in 3 
patients,, and regional without local recurrence in 1 patient. Isolated distant 
metastasiss occurred in 7 patients (16%), whereas 1 patient presented with 
synchronouss locoregional and distant metastasis. The 5- and 10-year recur-
rencee free percentages from the first day of therapy were 57% (SE, 8%) and 
52%% (SE, 8%), respectively. 

Distantt metastases occurred eventually in 16 patients, of whom 4 had dis-
tantt metastases at presentation. The organs involved at the first diagnosis of 
distantt metastasis were the lungs in 7 patients (44%), the skeleton in 4 
patients,, the liver in 1 patient and a combination of these in 4 patients. Eight 
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off  18 patients with adenoid cystic carcinomas (44%) developed distant 
metastases,, 1 of 3 acinic cell carcinomas, 1 of 2 mucoepidermoid carcino-
mas,, 4 of 8 adenocarcinomas and 1 of 4 carcinomas ex pleomorphic adeno-
ma. . 

Prognosticc factors for  survival 

Ann overview of the univariate analysis of prognostic factors for the different 
outcomess is given in Table 4. 
Agee was prognostic for survival: people <40 years of age have a 91 % 5-year 
survivall  compared with 50% for the age group 40-70 years of age and a 16% 
5-yearr survival >70 years of age (trend log-rank test, P= 0.0006; Fig.2a). Of 
threee patients with clinically visible skin invasion, none survived for 5 years, 
whereass the other patients showed a 54% 5-year survival rate (P= 0.005). 

Patientss with Stage I disease had a 5-year survival rate of 83%, patients 
withh Stage II disease had a 81% 5-year survival rate, patients with Stage III 
diseasee had a 25% 5-year survival rate, and patients with Stage IV disease 
hadd an 18% 5-year survival rate (trend log-rank test, P=0.001). These per-
centagess show a clear dichotomy between patients with Stage MI disease on 
onee hand and patients with Stage III-I V disease on the other (log-rank test, 
P=P= 0.001). In accordance with this dichotomy between Stage groups differing 
inn N classification, patients who were without clinically palpable regional 
metastasess (5-year survival rate, 56%) did better than patients who presented 
withh regional metastases (5-year survival rate, 14%; P= 0.003). Classifying 
patientss according to T status also resulted in prognostically different groups 
(P=0.001):: patients with Tl tumors showed an 87.5% 5-year survival rate 
comparedd with only 22% for patients with T4 tumors. 

Surgicall  patients who were diagnosed with a tumor displaying soft tissue 
invasionn (P-0.005;fig.2b) or perineural growth (P=0.0\) had worse sur-
vivals.. Of 32 surgically treated NO patients, 7 patients had occult metastatic 
disease,, as stated above, which influenced their survival negatively 
(P=(P= 0.006). Thus, the group of NO patients can be further subdivided with 
regardd to prognosis based on the presence of histologically confirmed 
metastaticc lymph node disease. 
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Tablee 4. 
Identifiedd Prognostic Factors for  Different Outcomes. 

PP Values According to the Log-Rank Test 

Prognosticc factors Survival l Diseasee specific survival Recurrence e 

Patientt characteristics 

Age e 
Gender r 
Durationn of complaints 
Painn at presentation 

Clinicall  tumor characteristics 

TT classification 
NN classification 
MM classification 
Stage e 
Skinn invasion 
Locall  extension 

0.0006a a 

0.93 3 
0.90 0 
0.95 5 

0.001 1 
0.003 3 
0.002 2 
0.001 1 
0.005 5 
0.18 8 

0.018 8 
0.67 7 
0.67 7 
0.75 5 

0.005 5 
0.0003 3 
0.0002 2 
0.002 2 
0.08 8 
0.46 6 

Histopathoiogicall  tumor characteristics in surgical patients 

High/loww grade 
Softt tissue invasion 
Metastaticc lymph nodes 
Perineurall  growth 
Surgicall  margins 
Vascularr invasion 

Treatmentt characteristics 

Tumorr spill 
Previouss treatment 
Treatmentt type 
Intervall  surgery/radiotherapy 

0.02 2 
0.005 5 
0.006 6 
0.01 1 
0.08 8 
0.19 9 

0.56 6 
0.12 2 
0.0001 1 
0.14 4 

0.07 7 
0.03 3 
0.026 6 
0.0008 8 
0.25 5 
0.06 6 

0.51 1 
0.32 2 
0.0003 3 
0.43 3 

0.04 4 
0.97 7 
0.66 6 
0.26 6 

0.014 4 
0.0001 1 

0.009 9 
0.15 5 
0.09 9 

0.05 5 
0.22 2 
0.08 8 
0.003 3 
0.52 2 
0.10 0 

0.54 4 
0.23 3 
0.0002 2 
0.92 2 

aa significant P values at the 0.01 level are printed in bold. 

Patientss who were treated with surgery alone (5-year survival rate, 67%) and 
patientss who were treated with postoperative radiotherapy (5-year survival 
rate,, 61%) did better than patients treated with radiotherapy alone (no 5-year 
survivors;; log-rank test, T^O.OOOl). However, the difference was not signif-
icantt (P=0.51) in a pair-wise comparison of the first two groups. 
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Prognosticc factors for  DSS 

Analysiss for DSS showed a similar prognostic effect of stage (trend log-rank 
test,, P= 0.002) with the same dichotomy between Stage I-II and Stages HI-IV 
{P={P=  0.004; Fig. 3a). Logically, as explained above, clinically palpable lymph 
nodess conveyed a worse prognosis (P= 0.0003; fig.3b). The prognostic effect 
off  T status (trend log-rank test, P=0.005) also was reflected in the overall 
prognosticc effect of stage grouping. Soft tissue invasion (P=0.03) and its 
importantt component perineural growth (P= 0.0008) implicated a bad prog-
nosiss for surgical patients. 

Patientss who were treated with surgery and postoperative radiotherapy (5-
yearr DSS, 74%) and patients who were treated with surgery alone (5-yearr DSS, 
67%)) did better than patients treated with radiotherapy alone (no 5-year DSS; 
log-rankk test, P= 0.0003; Fig.3c). However, the difference between the first two 
groupss in pair-wise comparison was not significant (P=0.4). Previously 
untreatedd patients did better (5-year DSS, 86%) than patients who had under-
gonee an incisional biopsy or a previous inadequate resection (5 year DSS, 68%) 
andd better than patients who did not receive surgical treatment at all (none sur-
vivingg for 5 years without tumor; P=0.00001). However, the difference in a 
pair-wisee comparison of the first two groups was not significant (P=0.32). 
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Figuree 3. Kaplan-Meier disease specific survival curves by prognostic fac-
torss stage (a), N classification (b) and treatment type (c). Bullets indicate cen-
soredd patients. 
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Prognosticc factors for  recurrence 

Prognosticc factors for recurrence free percentages were again stage (trend 
log-rankk test, P= 0.009), with the same dichotomy emerging between stages 
I-III  and stages III-IV . Classifying patients according to N status (7>=0.0001) 
alsoo resulted in prognostically different groups. 

Surgicall  patients with tumors growing perineurally (P=0.003; fig.4) were 
significantlyy more subject to tumor recurrence. The presence of perineural 
growthh resulted in a 5-year recurrence free percentage of 44% compared with 
87%% in the absence of it. 
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Kaplan-Meierr recurrence free interval curves by perineural growth. Bullets 
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Discussion n 

Similarr to what has been described in others series1'6'7'1516©^ patients pre-
sentedd in the sixth decade (mean age, 57 years; median age, 59 years) with 
ann equal distribution between genders.715 This equal gender distribution was 
nott expected, because the reported incidence density rates3 are 2.5 times 
higherr in men. Referral bias is a possible explanation for this. 

Symptomss were not alarming and consisted of a slowly growing, painless 
masss in the neck accompanied in exceptional cases by skin invasion or some 
formm of nerve dysfunction. The median duration of symptoms was 13.5 
months.. The median duration of complaints may range from 3 years for low 
gradee types to 6 months for high grade types5-7. The extremes in our patients 
rangedd from <1 month to >27 years. Almost one-third of the patients com-
plainedd of pain, which is a sign of local extension. This striking complaint 
sometimess may be mentioned by half of the patients with submandibular 
glandd malignancies ,7. 

Forr the majority of histologic types, the frequency in our study by and 
largee equals the percentages reported by others (Table 5). Differences should 
nott be overemphasized in view of the small patient number and the possible 
referrall  biases. However, it is noteworthy that, in all cited series, adenoid cys-
ticc carcinoma comprises 40-45% of all cases. It was noted previously by 
Eneroth44 that adenoid cystic carcinoma is the most frequently encountered 
typee of tumor by far. Only five patients could be assigned to the clinically low 
gradee type malignancy group, defined as described in Table 1. In other series, 
thiss low grade malignant group is also a minority; therefore, in this respect, 
onee could question the relevance of this dichotomy, which proved to be use-
full  for parotid malignancies10. 

Tablee 5. 
Frequenciess (%) of Histologic Types According to Different Authors 

WHOO 1972 Current Scries3 Weber6 Spiro15 Bissett7 Andersen18 Batsakis16 

Typess (n=43) (n=86) (n=2l7) (n=91) (n=38) (n=358) 

Acinicc cell 
Mucoepidermoid d 
Adenoidd cystic 
Adenocarcinoma a 
Malignantt  mixed 
Squamouss cell 
Undifferentiated d 
Others s 

11 1 
5 5 
44 4 
19 9 
9 9 
5 5 
7 7 
--

1 1 
17 7 
43 3 
10.5 5 
9 9 
9 9 
5 5 
5.5 5 

1 1 
19 9 
35 5 
12 2 
19 9 
12 2 
2 2 
--

4 4 
15 5 
41 1 
15 5 
11 1 
6 6 
8 8 
--

0 0 
8 8 
42 2 
16 6 
16 6 
8 8 
8 8 
1 1 

1 1 
17 7 
40 0 
10 0 
12 2 
11 1 
9 9 
--

WHO::  World Health Organization 
aa revised-reclassified diagnoses were completed with the best available histological information we had 
forr  not-revisable pathological diagnoses 
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Thee treatment of choice has shifted in the past decades from purely surgi-
call  (rather aggressive and extended resections5-15) to more functional and less 
extendedd surgery, according to the needs of the local situation, complement-
edd with radiotherapy. 6-711 The standard operation used to be oriented more 
towardd including the submandibular gland in a radical neck dissection, often 
withh en bloc excision of the floor of mouth and lower rim of the mandible. 5>15 

Thee more recent tendency toward more preservative surgery has been demon-
stratedd clearly by Spiro et al.,n who describe an increase in the use of a 
supraomohyoidd neck dissection from none in the period 1939-1965 to 38% of 
thee surgeries in the study period 1966-1982. In our study period, ranging from 
19733 to 1994, 68% of the operative procedures consisted of a standardized 
supraomohyoidd neck dissection. This supraomohyoid neck dissection 
accountedd for 66% of operative procedures in the period 1973-1983 and for 
71%% of the procedures between 1984 and 1994; therefore, its use was distrib-
utedd evenly over the entire study period. Thus, the trend toward more conser-
vativee surgery is confirmed and seems to have increased even further. One 
shouldd only extend the operation beyond the boundaries of the supraomohy-
oidd dissection, if the local extension of the disease makes this necessary. 6 

However,, this is a relatively rare situation in previously untreated patients. 
Inn the early 1970s Conley et al.5 stated that there was no indication that 

irradiationn should be given when an adequate operation has been performed; 
thus,, only 12% of his patients were treated in a combined fashion. Even 
lowerr percentages of 3% were published in those days. 15 In contrast to this 
andd in accordance to more recent recommendations, 6-7-19 the majority of our 
patientss (67%) received combined treatment schedules as the standard treat-
mentt protocol. In the series of The Princess Margaret Hospital, 7 59% of 
patientss were given postoperative irradiation; in that analysis, radiotherapy 
wass found to improve locoregional control significantly. The role of postop-
erativee radiotherapy, however, is questionable for the subgroup of patients 
withh low grade malignancies. We do not believe that surgical removal of 
intraglandularr tumors with safe margins, no soft tissue extension and per-
ineurall  invasion, should be followed by radiotherapy. 

Overalll  survival rates in our series (5-year survival rate, 50%, 10-year 
survivall  rate, 36%) are comparable to the results of a nationwide analysis 
showingg a 5-year survival rate of 52%.3 Crude survival rates in earlier series 
weree lower ,5>19 or were in the same range. 20 An exceptionally high figure 
wass described by Weber et al., who reported a 5-year survival rate of 69% 6 

inn a population with a surprising majority of T4B disease. 
DSSS in our series (5-year DSS, 61%; 10-year DSS, 51%) is almost simi-

larr to the findings of Bissett et al.7(5-year DSS, 60%; 10-year DSS, 48%). 
Again,, earlier series show lower percentages.1521 
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Unlikee the paradigm that assumes that malignant submandibular gland 
tumorss imply a worse prognosis than their parotid counterparts, 4,15,16,21,22 
wee could not confirm this difference in our patients. In accordance with more 
recentt findings in the literature ii.n.23-25 a nd as shown in Figure 1, overall 
survivall  for our patients is comparable to the overall survival of patients with 
malignantt parotid tumors treated in our institution in the same treatment 
periodd (5-year survival rate, 46%; 10-year survival rate, 39%;P=0.47).14 

Thiss indicates that site by itself may be less important than previously 
assumed. . 

Decreasingg survival, as can be expected by the nature of age itself, paral-
lelss increasing age. Age at diagnosis (three categories: <40 years, 40-70 
years,, and >70 years) is prognostic for survival after the diagnosis of a malig-
nantt submandibular gland tumor. The difference remains but, indeed, 
becomess less pronounced when DSS is taken into account (filtering out 
patientss dying of other diseases), and it is even less pronounced examining 
tumorr control. Surprisingly few studies include age as a prognostic parame-
ter.. Only Bissett and Fitzpatrick7 found that age significantly predicted DSS 
usingg a dichotomy (younger age vs. >60 years). 

Stagee provides prognostically separate groups with respect to survival, 
DSS,, and tumor control, with a distinct dichotomy between Stages I-II and 
Stagess III-IV . T status alone also predicts all three examined outcomes, 
althoughh not at the 0.01 level for tumor recurrence. N status, defined in the 
samee dichotomous manner used in the current report, was described as prog-
nosticc for survival, 6*15 for DSS, and for tumor control in terms of recurrence 
freee survival. 7 

Inn our series, it is noteworthy that 3 of the 4 patients who presented with 
Mll  status were in the positive lymph node group. Because both factors are 
signss of disseminated disease, such a finding is not a surprise. However, 
keepingg the univariate character of the analysis in mind, it is important to 
realizee that the effect of N status is explained in part by the effect of M sta-
tuss (confounding), because M status itself is of course associated with very 
poorr survival and very poor DSS in our patients. 

Muchh emphasis has been put on the factors local extension or extraglan-
dularr soft-tissue extension (the a-b distinction in the UICC/AJCC T classifi-
cation)) in predicting survival. 6>7 In our series, this tumor characteristic was 
nott found to separate prognostically different groups. Skin invasion, although 
itt is an element of local extension, was associated with a worse survival rate 
inn our series. 

Histologicc extraglandular extension or soft tissue invasion has been iden-
tifiedd previously as prognostic for survival, 6 and we can confirm this. We 
foundd that perineural growth was prognostic for all three examined out-
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comes.. This feature was also examined but not identified as prognostic for 
survivall  by others. 6 

Wee must not be misled by the significant difference in survival between 
thee three treatment categories examined, because inspection of the figure 
pointss out that the significant difference is between patients who underwent 
surgeryy or surgery and postoperative radiotherapy on one hand and patients 
whoo underwent only radiotherapy on the other. At our institute, the latter 
patientss are selected for this treatment because of their poor chances of sur-
vivingg surgery or because of unresectable disease. Moreover, a pair-wise 
comparisonn of survival of patients treated with surgery versus patients treat-
edd with surgery and postoperative radiotherapy did not show a significant dif-
ferencee (P=0.50). Fitzpatrick and Black,20 looking at all salivary gland 
tumors,, found a similar picture: patients who were treated with surgery with 
orr without postoperative radiation had the same survival rate, whereas 
patientss with a poor prognosis who received radiotherapy obviously did very 
poorly.. Bissett and Fitzpatrick7 found the same results for survival but found 
aa significant improvement in locoregional control when radiotherapy was 
addedd to a surgical treatment. Weber et al. 6 examined this effect of added 
radiotherapyy on locoregional control in patients with histopathologic soft tis-
suee disease and also found a significant improvement in locoregional control. 

Itt is always risky to try to draw conclusions about the value of therapy 
fromm a retrospective study; however, unfortunately, no prospective random-
izedd trial determining the role of postoperative radiotherapy has been per-
formedd to date. In our view, due to the rarity of the disease, such a study wil l 
continuee to be an unrealistic option in the future, and, even in a multicenter 
setting,, such a study will be unacceptable ethically. Our approach is to com-
binee a functional type of surgery (supraomohyoid neck dissection in the 
absencee of invasion of bone or floor of mouth) with a radiotherapeutic 
scheme,, as described above, except in cases where there is total absence of 
thee above-described adverse prognostic factors. Relative support for this 
combinedd therapeutic approach is found in the lack of statistically significant 
differencess in survival, DSS and tumor control in our series: our patients who 
weree determined clinically to have submandibular gland carcinoma with a 
worsee prognosis were selected for postoperative radiotherapy and did as well 
ass the patients who underwent surgery alone, the latter being selected for this 
treatmentt type because they were considered to have a carcinoma with a bet-
terr prognosis. Support also comes from other authors 6>7 who have found a 
differencee in locoregional control, which is all the more convincing given the 
negativee selection bias for combined treatment. Thus, we also recommend 
thatt radiotherapy be added to the treatment of all submandibular gland carci-
nomass unless they are Stage I—II tumors without association of the above-
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identifiedd prognostic factors. The same approach is also promoted by Spiro23 

onn the basis of one of the best studies in this regard: the matched-pair analy-
siss of Armstrong et al.,26 which examined parotid and submandibular carci-
nomass and found a significant increase in DSS and local control for patients 
withh AJCC stage III and IV and for patients with lymph node disease. Other 
authorss who have analyzed retrospectively their results in their patients with 
submandibularr and parotid carcinomas make similar recommendations. ]7>25 

Inn conclusion, this series provides a number of identified and confirmed 
prognosticc factors for three key outcomes in oncologic treatment analysis. A 
problemm inherently linked to the study subject is the relatively small patient 
number;; nevertheless, our series was marked by a stable treatment protocol 
andd a consequent long term follow-up. Treatment results are comparable to 
reportedd results in the literature. Identification of prognostic factors in uni-
variatee analysis, however, is no guarantee that these factors will remain inde-
pendentt in multivariate analysis. On the contrary, many of the identified fac-
torss in the field of salivary gland malignancies refer to another aspect of the 
samee pathophysiologic mechanism. Logical interrelations are those between 
T,, N and M status; T status and skin invasion; clinical local extension and his-
tologicc soft tissue extension; clinically high grade malignant histology and 
perineural,, vascular and extraglandular invasion. Strongly interrelated factors 
likee these are likely to lose part of their prognostic effect when subjected to 
multivariatee analysis; consequently, this approach to analysis can provide 
moree insight into the complex correlations between univariately important 
prognosticators. . 

Thee therapeutic implications of the findings in this study can be summa-
rizedd in our current treatment policy: isolated surgical removal can suffice for 
patientss diagnosed with Stage I or II tumors that show no clinical or histo-
logicc extraglandular extension and no perineural growth. Radiotherapy 
shouldd be added in any situation in which the described adverse prognostic 
factorss are present, with high stage, clinical or histologic extraglandular 
extension,, and perineural invasion being the main indicators that a patient 
wil ll  require combination treatment. 
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Abstract t 

Background::  The myriad of histologic types and anatomic sites of occur-
rencee make minor salivary gland carcinomas the most heterogeneous group 
off  carcinomas of the upper aerodigestive tract. Many publications addressing 
thiss group consider different subsections, making it hard to get a clear picture 
off  long term treatment results and of modifying prognostic factors. 

Methods::  Overall survival, disease specific survival and percentage rates for 
noo recurrence in all 55 patients with a minor salivary gland carcinoma, treat-
edd at the Netherlands Cancer Institute from 1973 to 1994, were calculated 
andd compared to the results in major salivary gland carcinoma patients. 
Majorr prognostic factors were univariately analyzed. The median period of 
follow-upp time for patients alive at the end of follow-up was 134 months. 

Results::  The overall 5- and 10-year survival rates were 66% and 57%, 
respectively.. The 5- and 10-year disease specific survival rates (DSS) were 
76%% and 74%, respectively; and the 5- and 10-year recurrence-free rates were 
63%% and 60%, respectively. Prognostic for overall survival were age 
(P=0.0005),, site of occurrence CP=0.0001) and the International Union 
Againstt Cancer/American Joint Committee on Cancer (UICC/AJCC) Tumor, 
Node,, and Metastases (TNM) classification and stage regrouping system 
(P=Q.00Q\).(P=Q.00Q\). Factors predicting DSS were site of occurrence (PO.0001) and 
thee UICC/AJCC TNM classification and stage regrouping CPO.0001). In 
surgicall  patients, histologic evidence for metastatic lymph nodes (7>=0.0037) 
andd vascular invasion (JP=0.0051) conferred a lower DSS. Tumor recurrence 
wass predicted by the UICC/AJCC TNM classification and stage regrouping 
(P== 0.0001). In surgical patients soft tissue invasion (P=0.0085) predicts 
tumorr recurrence. 

Conclusions::  Sixty percent of patients treated for minor salivary gland car-
cinomaa were free of tumor ten years later. This equals the result in major sali-
varyy gland carcinoma patients. The recent UICC/AJCC TNM classification 
andd stage regrouping are confirmed as major predictors of outcome. 
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Introductio n n 

Thee estimated number of patients with salivary gland malignancies alive in 
thee Netherlands in 1995 was 900, based on a prevalence of 6 per 100,000.! 

Ninetyy to 95 % of these tumors arise in major salivary glands: 70% occur in 
thee parotid and 20-25% in the submandibular and sublingual glands. Less 
thann 10% arise in the minor salivary glands. Their scarce occurrence and their 
specificc histologic diversity 2>3 complicate the image of salivary gland malig-
nancies. . 

Inn accordance with their well defined anatomic borders, tumors arising in 
majorr salivary glands form circumscribed clinical entities, and treatment 
techniquess for them have been well defined.4-5 Minor salivary gland carcino-
mass (MSGC) represent a more complicated group, given their lower inci-
dencee and marked anatomic diversity. These carcinomas arise from 500 to 
10000 minor salivary glands6 located throughout the upper aerodigestive tract, 
includingg paranasal sinus, middle ear, oral, nasopharyngeal, oropharyngeal, 
hypopharyngeall  and laryngotracheal mucous membranes. 

Ass a consequence, clinical experience regarding natural history, prognos-
ticc factors, and treatment modalities is scarce, making prospective evaluation 
off  these disease aspects almost impossible. Data still arise from retrospective 
analyses,, which report treatment results and prognostic factors for overall 
survival,, disease specific survival (DSS) or tumor recurrence.7-19 

Ourr extensive experience with salivary gland carcinoma includes a long 
follow-upp (median 134 months). We describe our findings in 55 patients 
treatedd between 1973 and 1995. The association of prognostic indicators with 
overalll  survival, DSS, and tumor-free interval in these patients is verified and 
comparedd to the literature. 

Patientss and methods 

Fromm January 1, 1973 to January 1, 1995, 243 patients with the primary diag-
nosiss of a malignant salivary gland tumor presented at our institute. Fifty-five 
weree referred with an MSGC. Forty-three (76%) received their complete 
definitivee treatment in our institute. In 17 of them, an incisional biopsy had 
beenn performed at another institution. Of 10 patients presenting after an inad-
equatee surgical attempt elsewhere, 9 were operated upon again at our insti-
tute;; all 10 received postoperative radiotherapy. Three patients had adequate 
surgeryy elsewhere complemented with radiotherapy at our institute. Thirty-
sixx women (65.5%) and 19 men (34.5%) with a mean age at diagnosis of 56 
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Tablee 1. 
Variabless in the Analysis 

Variable e Levels s 

Agee (yrs) 

Gender r 

Durationn complaints (wks) 

Painn at presentation 

Site e 

TT classification a 

NN classification a 

MM classification a 

Stagee a 

High-loww grade (1972)b 

High-loww grade (1991) 

Bonee invasion 

Soft-tissuee extension" 

Metastaticc lymph nodese 

Perineurall  growth'1 

Surgicall  margins0" 

Vascularr invasion" 

Tumorr spill0' 

Previouss treatment" 

Treatmentt type 

Treatmentt period 

Intervall  surgery/RT 

<40,40-70,>70 0 

Malee vs. female 

<6,6-24,>24 4 

Painn or numbness: yes vs. no/not reported 

Orall  cavity - oropharynx vs. paranasal sinus and/or-nasopharynx 

T1-T4 4 

NOO vs. any lymph nodes 

MOO vs. Ml 

1-1V V 

WHOO classification 19722>-*: high grade (high grade mucoepidermoid carci-
noma,, adenocarcinoma, undifferentiated carcinoma, squamous cell carcino-
ma,, malignant mixed tumor, adenoid cystic carcinoma) vs. low grade malig-
nancyy group (acinic cell carcinoma, low grade mucoepidermoid carcinoma) 
WHOO classification 19912,3: dichotomy0: high grade (high grade mucoepi-
dermoidd carcinoma, adenoid cystic carcinoma, adenocarcinoma NOS, carci-
nomaa in pleomorphic adenoma, squamous cell carcinoma, and undifferenti-
atedd carcinoma) vs. low grade malignancy [acinic cell carcinoma, low grade 
mucoepidermoidd carcinoma and polymorphous low grade adenocarcinoma 
(PLGA)] ] 

Histologicc evidence of bone invasion vs. no such evidence 
Histologicc evidence of extraglandular extension (skin, bone, nervous, or vas-
cularr structure invasion, positive section margins, or extranodal spread in the 
neckk dissection specimen) vs. no such evidence 

Histologicc evidence of metastatic lymph nodes in the neck dissection speci-

menn vs. no such evidence 

Describedd vs. not described in the pathology report 

Positivee vs. "close and negative margins" 

Describedd vs. not described in the pathology report 

Yess vs. no or not reported in the operative report 

Patientss without vs. with attempted surgery before presenting at our institute 
Surgery,, surgery followed by RT, or palliative treatment (RT, chemotherapy 
inn an experimental protocol combination with either one or a combination of 
thee other modalities) 

22 equal patient groups: 1973-1983 vs. 1984-1994 

<55 weeks vs. >5 weeks 

RT:: radiotherapy 
aa International Union Against Cancer/American Joint Committee on Cancer TNM classification20 

bb World Health Organization 1972 and 19912'3 and Million , et al.21 Spiro and colleagues8 use the same 
referencee level (low grade mucoepidermoid and acinic cell carcinoma). 
cc Only types present in our material are mentioned 
dd Only evaluated for surgical patients 
ee Only evaluated for patients who had a neck dissection 
ff  Only evaluated for patients who had surgery followed by RT 
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yearss (15-89 years) formed the study population. Informed consent for ret-
rospectivee studies was not requested according to Dutch law. 
Patientt characteristics, clinical and histologic tumor characteristics, and treat-
mentt characteristics, as displayed in Table 1, were investigated for their prog-
nosticc value. Not all possible sites were present in our material: 52 patients 
(95%)) had a tumor of the lips, oral cavity, or oropharynx; 2 patients had a 
nasopharyngeall  tumor, and 1 had maxillary sinus localization. Hypo-
pharyngeall  and laryngeal MSGC were not seen during the study period. 
Tablee 2 gives an overview of affected sites. Clinical TNM classification and 
stagee grouping were according to the 1997 UICC guidelines20 for squamous 
celll  carcinoma in the same region for oral and oropharyngeal MSGC (pro-
posedd by Spiro et al11) and for nasopharyngeal and paranasal sinus primary 
tumorss (Table 3). The World Health Organization (WHO) classifications of 
19722 and 19912*3 were the bases for revision of histology (Table 4). 

Tablee 2. 
Anatomicall  Sites Involved 

Site e Frequency y % % 

Hardd plate 
Softt  palate 
Gingiva a 
Buccall  mucosa 
Lowerr  lip 
Upperr  lip 
Orall  tongue 
Retromolarr  trigone 
Tonguee base 
Nasopharynx x 
Maxillar yy sinus 
Total l 

21 1 
4 4 
4 4 
6 6 
2 2 
7 7 
1 1 
1 1 
6 6 
2 2 
I I 

55 5 

38 8 
7 7 
7 7 

II I 
4 4 

12 2 
2 2 
2 2 

11 1 
4 4 
2 2 

100 0 

Tablee 3. 
Clinicall  TNM classification a and Stage Grouping 

TNMM  (%) 

Tll  (36) 
T2(3I ) ) 
T3(7) ) 
T44 (22) 
TT missing (4) 

NOO (85%) 
No.. Stage 

199 I 
12(l)bb 11 
44 111 
100 IV 
2 2 

Nll  (13%) 
No. . 

1 1 
4(1) ) 
0 0 
2(1) ) 
0 0 

Stage e 

II I I 
II I I 
II I I 
IV V 
--

N2aa (2%) 
No.. Stage 

00 IV 
11 IV 
00 IV 
00 IV 
0 0 

aa International Union Against Cancer/American Joint Committee on Cancer  TNM classification ^0 
"Th ee numbers of MI  status patients in thisT-N combination are indicated in parentheses. The one patient 
withh the T2 NO Ml has Stage IV disease. 
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Forr the purpose of analysis, we reduced the WHO classification to a dichoto-
myy of clinically high grade versus clinically low grade malignant tumors 
(Tablee 1), just as we previously did for parotid22 and submandibular4 carci-
nomas.. Histopathologic tumor characteristics were extracted from the origi-
nall  pathology report in surgical patients. Recurrences were noted as the first 
sitee of therapy failure. For computational purposes, patients with residual 
tumorr at the end of therapy were considered as patients having an immediate 
recurrencee after an artificial recurrence-free period of 0.1 month. 

Thee median duration of complaints before diagnosis was 8.5 months 
(11 month - 6 years). A painless swelling was the major complaint in 35 
patientss (64%). Twenty patients (36%) had experienced pain. Eight patients 
(15%)) presented with lymphadenopathy. Three patients had lung metastases 
att presentation (one undifferentiated carcinoma, one adenocarcinoma NOS 
andd one adenoid cystic carcinoma). All died of tumor at 2, 11, and 42 months 
respectively.. TNM classification20 could be performed in 53 of the 55 
patients,, resulting in 19 Stage I, 11 Stage II, 8 Stage II I  and 15 Stage IV 
patientss (Table 3). 

Tablee 4. 
Distributio nn of Histologic Types 

WHOO 1972 type Original diagnosis3 Revision WHO 1972b Revision WHO 1991 

Acinicc cell 3 
Mucoepidermoidd 13 
Adenoidd cystic 23 
Adenocarcinomaa 4 
Malignantt mixed 10 
Squamouss cell 0 
Undifferentiatedd 1 
Othersee 1 
Totall  55 

WHO:: World Health Organization 
aa Used for inclusion, based on surgical specimen, incisional biopsy or aspiration cytology, 
bb Based on surgical specimen. The diagnosis of 9 patients could not be revised (based on cytology [n=2] 
orr lost slides (regional hospitals [n=6J, our own archives [n=l]) . 
cc Mucoepidermoid carcinomas were 8 low grade and I high grade; 2 were reclassified as adenoid cystic 
carcinoma;; 2 were not available for revision. 
dd Of malignant mixed tumors, 3 were reclassified as adenoid cystic carcinoma, 2 as PLGA, 3 as adeno-
carcinomacarcinoma NOS. Only in 1 the original diagnosis was maintained. The last one could not be reviewed. 
ee "Others" is 1 myoepithelial spindle cell carcinoma in the original codes. Nine diagnoses could not be 
revised, , 
ff  These 9 adenocarcinomas consist of 5 PLGA and 4 adenocarcinomas NOS. 

3 3 
9c c 

22 2 
9 9 
id d 
I I 
1 1 
9 9 

55 5 

3 3 
9 9 

22 2 
9f f 
I I 
1 1 
1 1 
9 9 

55 5 
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Forr surgical patients (n=43) the diagnosis for inclusion was based on resection 
specimenn histology. For non-surgical patients the diagnosis for inclusion was 
basedd on incisional biopsy (n=10) or fine needle aspiration cytology (FNAC; 
n=2)) (Table 4). Before treatment, malignancy was confirmed by incisional 
biopsyy in 48 patients and only by FNAC in 6 patients. One patient was diag-
nosedd with a carcinoma ex pleomorphic adenoma on the surgical specimen. 

Treatmentt was individually tailored and heterogeneous. Nineteen patients 
weree treated with only surgery. One patient received intra-arterial chemother-
apyy (5FU) prior to surgery, not followed by radiotherapy. Twenty patients 
receivedd a combination of surgery and postoperative radiotherapy without 
chemotherapy.. In 2 patients the combination surgery-radiotherapy was pre-
cededd by intraarterial chemotherapy (5FU) in the context of a clinical trial. 
Onee patient was judged inoperable by another institution and received radio-
therapyy there. He then came to our institute where he was operated upon and 
irradiatedd with neutrons. Palliative treatment for inoperable patients (n=8) 
consistedd of isolated radiotherapy (n=2), isolated chemotherapy (n=l) and a 
combinationn of chemotherapy and radiotherapy (n=5). Four patients were not 
treated.. The reasons were advanced age and extended disease (n=3) and a 
coexistentt extended esophageal carcinoma (n=l). 

Off  43 surgical patients undergoing wide local excision, 8 had tumor spill, 
66 of which had positive section margins. Four other patients without spill also 
hadd positive section margins, so altogether 10 patients (23%) had positive 
sectionn margins. Vascular invasion was noted in one patient with an adenoid 
cysticc and in 2 patients with a polymorphous low grade adenocarcinoma 
(PLGA).. Four adenoid cystic carcinomas and one squamous cell carcinoma 
exhibitedd perineural growth. 

Inn 8 patients a neck dissection (supraomohyoid: n=3; radical: n=3; modi-
fiedd radical: n=2) was performed. In two NO patients who underwent pro-
phylacticc neck dissection, their specimens did not reveal metastatic lymph 
nodess (occult rate 0%). The specimen of all N+ patients showed metastatic 
disease:: one Nl neck revealed one metastatic node, two Nl necks two 
metastaticc nodes, two Nl necks three metastatic nodes, and one N2a neck 
revealedd a coalescent group of metastatic lymph nodes. Extracapsular growth 
wass seen in two Nl necks and in one N2a neck. 

Postoperativee radiotherapy was applied to the primary site using a total 
mediann dose of 6000 cGy, and, in 25% of patients, was combined with a 
mediann regional dose of 5000 cGy. Radiotherapy was given in fractions of 
200cGy.. Isocentric techniques were used and included multiple photon 
beamss (60%), lateral-opposed photon beams (25%), brachytherapy with 
Iridium-1922 implant (10%), and orthovoltage (5%). The median interval 
betweenn surgery and radiotherapy was six weeks. 
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Follow-up p 

Follow-upp was updated to January 1, 1998 for 42 patients. In 13 patients, the 
tumorr status was unknown at this moment: 11 of these patients were alive 
withoutt tumor recurrence after a median follow-up period of 150 months, and 
22 of these 13 patients who had tumor recurrence at 4 and 129 months did not 
returnn for follow-up. At the time of analysis, 28 patients had died, and 27 
patientss were alive at their last follow-up. Of the latter 27, 24 were alive with-
outt disease, and 3 were alive with recurrent disease. The median follow-up 
periodd from the first day of diagnosis was 84 months (range 1-266 months). 
Thee median follow-up period for patients alive at the end of follow-up was 
1344 months. 

Statistics s 

Overalll  survival, DSS, and tumor-free percentage rates were calculated using 
thee Kaplan and Meier product-limit method 23 In overall survival calcula-
tions,, every patient death is classified as a failure of treatment, and patients 
lostt to follow-up are classified as censored. In calculating DSS, deaths direct-
lyy related to the tumor are classified as failures, and deaths from other caus-
ess are classified as censored observations. The log-rank test was used for uni-
variatee evaluation of differences in survival, DSS, and recurrence-free inter-
valss according to the levels of potential prognostic factors. The significance 
levell  was set at P < 0.01 because of the number of variables tested. A trend 
log-rankk test was performed, where appropriate, for categorical data. 
Endpointss were the moment of death (overall survival) and the moment of 
disease-specificc death from the day of diagnosis (DSS), and the moment of 
tumorr recurrence (local, regional or distant) from the first day of definitive 
treatment. . 

Results s 

Survival l 

Overalll  5- and 10-year survival rates were 66% (Standard error (SE): 7%) 
andd 57% (SE: 7%), respectively. Five-and 10-year DSS rates were 76% (SE: 
6%)) and 74% (SE: 6%), respectively. Figure 1 compares the DSS curve of 
patientss with MSGC to that of patients with primary malignant tumors of the 
majorr salivary glands treated in the same period.4 
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Figuree 1. Disease specific survival curves by tumor site. 

Recurrencee and Residual tumor 

Thee percentage of patients remaining free of tumor recurrence for 5 years 
fromm the first day of therapy was 63% (SE: 7%), and the percentage of 
patientss remaining free of tumor recurrence for 10 years was 60% (SE: 7%). 
Theree was total tumor control after the first treatment in 34 patients (62%). 
Eventuallyy locoregional control was achieved in 42 of 55 patients (76%). 
Residuall  tumor was found in four untreated patients, and in five other 
patientss at the end of curative treatment. Twelve patients clinically free of 
tumorr at the end of primary therapy had tumor recurrence after a median 
tumorr free interval of 24 months. Four patients developed only locoregional 
recurrence:: 3 patients were treated, two of these with success. 

Distantt metastases occurred in 8 initially M0 patients (14.5% of patients 
treatedd with curative intent) after a median period of 19 months. These dis-
tantt metastases were first observed in the lungs (n = 4), in the skeleton (n=3) 
andd in multiple sites (n=l). Adding the three Ml patients, distant metastases 
occurredd in eleven patients (20%). Late distant metastases were noted in one 
low-gradee mucoepidermoid carcinoma at 53 months and in two adenoid cys-
ticc carcinomas at 103 and 139 months of follow-up. 

p=0.13 3 b_ _ 
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Prognosticc factors for  survival 

Tablee 5 displays the univariate analysis of prognostic factors for the three 
studiedd outcomes. 

Tablee 5. 
Identifiedd Prognostic Factors for  Different Outcomes 

Accordingg to the Log Rank Test 
P-Values s 

Prognosticc factors 
(Noo patients)3 

Patientt characteristics 

Agee (55) 
Genderr (55) 
Durationn of complaints (55) 
Painn at presentation (55) 

Clinicall  tumor characteristics 

Sitee (55) 
TT classification (53) 
NN classification (55) 
MM classification (55) 
Stagee (53) 

Histopathologicc tumor characteristics 

Highh -low grade '72 (43) 
High-loww grade'91 (43) 
Bonee invasion (43) 
Softt tissue invasion (43) 
Metastaticc nodes (43) 
Perineurall  growth (43) 
Surgicall  margins (43) 
Vascularr invasion (43) 

Treatmentt characteristics 

Tumorr spill (43) 
Previouss treatment (51) 
Treatmentt type (51) 
Treatmentt period (55) 
Intervall  surgery/RT (20) 

Overalll  survival 

0.0005b b 

0.06 6 
0.64 4 
0.18 8 

0.0001 1 
0.0015 5 
0.11 1 
0.0004 4 
0.0006 6 

inn surgical patients 

0.035 5 
0.038 8 
0.48 8 
0.28 8 
0.30 0 
0.84 4 
0.22 2 
0.37 7 

0.74 4 
0.09 9 
0.065 5 
0.89 9 
0.045 5 

DSS S 

0.09 9 
0.04 4 
0.69 9 
0.40 0 

<< 0.0001 
0.007 7 
0.09 9 
<< 0.0001 
<< 0.0001 

0.30 0 
0.49 9 
0.08 8 
0.11 1 
0.0037 7 
0.81 1 
0.82 2 
0.0051 1 

0.50 0 
0.064 4 
0.0049 9 
0.13 3 
0.41 1 

Recurrence e 

0.25 5 
0.20 0 
0.61 1 
0.44 4 

0.0008 8 
0.0038 8 
0.27 7 
0.0001 1 
0.0001 1 

0.12 2 
0.47 7 
0.08 8 
0.0085 5 
0.028 8 
0.26 6 
0.71 1 
0.020 0 

0.97 7 
0.097 7 
0.0056 6 
0.052 2 
0.21 1 

aa between brackets is the number  of patients evaluated for  this variable 
bb /'-values at or  below the 0.01 level are printed in bold. 

AgeAge predicts survival. Five-year survival rates were 90 % for patients < 40 
yearss of age, 71% for patients 40-70 years of age, and 35% for patients >70 
yearss of age (trend log-rank test, .P=0.0005; Figure 2a). Although only 3 
patientss had a nasopharyngeal or paranasal sinus localization, these patients 
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alll  died before 18 months of follow-up, and clearly had a poor prognosis 
(P=0.0001).. No difference in survival was seen when comparing patients 
whoo had an oral cavity tumor to patients with an oropharyngeal localization 
(P-0.35). . 
StageStage is associated with survival. Patients in Stage I displayed a 5-year sur-
vivall  rate of 84%, decreasing to 73% for stage II, 60% for stage III and 29% 
forr stage IV patients (trend log rank test: P=0.0006). Of the separate con-
stituentss of the stage grouping system, only the levels of the T and M classi-
ficationfication resulted in prognostically different groups. Eighty-five percent of 
patientss with a Tl tumor survived 5 years compared to T4 patients who had a 
survivall  rate of only 28% (trend log-rank test, P=0.0015). None of the patients 
whoo presented with Ml survived five years compared to the 70% five-year 
survivall  rate of MO patients (P=0.0004). No adverse prognostic impact could 
bee attributed to clinically suspect nodes at presentation (P=0.1 1). 

Nonee of the investigated histopathologic or treatment parameters predict-
edd survival. Interestingly, a nearly significant prognostic value could be 
attributedd to the previously mentioned histologic type dichotomy. This effect 
wass seen for both the dichotomy in the 1972 WHO classification (P=0.035) 
andd the dichotomy in the 1991 classification (P=0.038). The latter produced 
10-- year survival rates of 58% for patients with high grade lesions, and 88% 
forr patients with low grade lesions (Figure 2b). 

Prognosticc factors for  DSS 

Thee 3 patients with a nasopharyngeal or paranasal sinus localization had a 
poorr DSS (PO.0001). No difference in DSS was found when comparing 
patientss with an oral cavity tumor to those who had an oropharyngeal local-
izationn (P=0. 31). 

Stagee showed a prognostic power for DSS similar to overall survival 
(trendd log-rank test, PO.0001; Figure 3a). Again, only the levels of the T and 
MM classifications resulted in DSS differences. Patients with a Tl tumor dis-
playedd a 95% 5-year DSS rate, compared to 80% for T2 patients, 67% for T3 
patientss and only 35% for T4 patients (trend log-rank test, P=0.007). The 
poorr prognosis for patients with suspect nodes at presentation (P=0.09) did 
nott reach statistical significance. Patients with Ml at presentation could 
expectt no 5-year DSS whereas patients with MO at presentation could expect 
ann 81% 5-year DSS rate (pO.0001). 

Off  the histopathologic parameters, the subdivision of histologic types 
accordingg to clinical malignancy grade lost all predictive effect. Metastatic 
diseasee in a neck specimen predicted a poorer prognosis than the absence of 
metastases.. We observed a 62% 10-year DSS rate with neck nodal metastasis 
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versuss a 95% 10-year DSS rate without metastases (P=0.0037; Figure 3b). A 
poorr DSS also was observed in patients with vascular invasion (P=0.0051). 
Thee effect of the treatment modality (P=0.0049) was located in the difference 
inn DSS between patients receiving surgical treatment with or without radio-
therapyy and non-surgical patients (P=0.75 when comparing these two groups). 

1200 180 300 0 

monthss from diagnosis 

22 0.0 

300 0 

monthss from diagnosis 

Figuree 2. Overall survival curves by age (in years) (a) and histology (WHO 
1991)) (b). Bullets refer to censored patients. 
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Figuree 3. Disease specific survival curves by stage (a). Bullets refer to cen-
soredd patients, (b) Disease specific survival curves by pN+ status. Bullets 
referr to censored patients. 
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Prognosticc factors for  recurrence 

Prognosticc factors determining the recurrence free rate were site (P=0.0008), 
stagee (trend log-rank test, P=0.009) and T (P=0.0038) and M classification 
(?=0.0001).. Surgical patients with tumors showing soft tissue invasion had a 
tumorr recurrence significantly more frequently (P=0.0085; Figure 4). The 
predictivee value of treatment type on recurrence rates (P=0.0056) was simi-
larr to that observed for DSS. 
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1200 180 240 300 
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Figuree 4. Recurrence free interval curves by soft tissue invasion. Bullets 
referr to censored patients. 

Discussion n 

Ass in other series 1.9-12,14 o ur patients presented mainly in the sixth decade. 
Thee gender distribution in our study population, with women (66%) outnum-
beringg men (34%), confirms the findings of other authors. 14>16.24 Some stud-
jes9-i2,i99 display an equal gender distribution. This is expected because of 
equall  population-based incidence-density rates for men and women.1 

Referrall  bias, which can skew the gender distribution in a study population, 
iss a probable explanation for female predominance. 

92 2 



Minorr salivary gland carcinoma 

Thee most frequent sites of origin were the mouth and the oropharynx. 
Withinn the oral cavity, most tumors developed in the hard palate, because this 
iss the region with the highest gland density. 6,10,12,15,25 

AA slowly growing, painless, submucosal mass in the oral cavity or the 
oropharynx,, explains the long duration of symptoms (median: 8.5 months) 
beforee patients sought medical attention. The 26% of patients with local pain 
att presentation is close to the 28% described by Chou et al.26 Pain or numb-
nesss warrant magnetic resonance imaging to rule out nerve invasion. ,4 The 
15%% of patients with nodal disease at presentation was consistent with the lit-
erature,10* 1115'199 and was even lower in prognostically better subsites. (3% 
forr palatal MSGC 14) This rate was low compared to study findings in head 
andd neck squamous cell carcinoma (40% to 57%).27 

Treatmentt should not be instituted without a histologic diagnosis.25 This 
iss done preferentially by incisional biopsy that includes surrounding normal 
tissue.. This does not negatively affect outcome.14 

Histologyy of salivary gland carcinomas is a difficult subject, demonstrat-
edd by the 29% reclassification due to a new histologic classification system 
byy van der Wal, et al.,28 and by a substantial interobserver variability.16 Our 
studyy displayed a 22% reclassification rate (Table 4). Reclassification, inter-
observerr variability, referral bias, and geographical variation explain dispar-
itiess in the distribution of histologic diagnosis as published in the literature. 
Onlyy a population-based study can give a valuable idea of the incidence of 
differentt histologic types. However, in most cited series,10'15»16'19'29 adenoid 
cysticc and mucoepidermoid carcinomas account for the majority of MSGCs 
(50-89%% of histologic types). The frequent observation of polymorphous low 
gradee adenocarcinoma in the current study (n = 7) and the infrequent finding 
off  malignant mixed tumor (n = 1), basal cell adenocarcinoma (n = 0), and 
acinicc cell carcinoma (n=3), correlate well with the experience of the Armed 
Forcess Institute of Pathology.30 

Elevenn patients (8 low grade mucoepidermoid carcinomas, 3 acinic cell 
carcinomas)) were assigned to the clinically low grade type malignancy 
group,, as defined in Table 1. This dichotomy, proposed for salivary gland 
malignanciess in general,21 could not be shown to be important prognostical-
lyy for MSGC. 

Wee do not perform histologic grading routinely, because we believe that 
itt is subject to too much interobserver variation.8 The only distinction we 
makee is between high and low grade mucoepidermoid carcinomas.31 Low 
gradee mucoepidermoid carcinomas outnumber their high grade counterparts 
inn the current series (90%; 79% in the UCLA series 15). Spiro, et al.11 

describee a 1:1.5 low grade/high grade ratio. 
Regardingg treatment, there is agreement upon the need for wide local 
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excision,, the margins dictated by the localization on the one hand, and his-
tologyy and other prognostic factors on the other. The difficult access to 
MSGCC results in a high percentage of close or positive margins. The 23% 
positivee margins we find is in the range of the 26% of van der Wal, et al.28 

Percentagess up to 40% were reported.9 Neck dissection is obviously needed 
inn clinical or radiological nodal disease. For the NO neck, elective treatment 
shouldd not be performed, given the low incidence of neck failure (around 
10%32'33)) in untreated NO necks. Garden, et al.9 did not detect a difference in 
locoregionall  control, comparing patients with a prophylactic neck dissection 
too patients with an untreated NO neck. In the current series, no metastatic dis-
easee was recovered in prophylactic neck dissection specimens. 

Thee role of radiotherapy in treating salivary gland carcinomas is an area 
off  discussion. Patients with unresectable tumors or patients unfit for surgery 
aree always referred for radiotherapy, sometimes with high local control 
rates.32'344 The decision to add radiotherapy to surgical treatment depends on 
adversee prognostic factors: positive or close surgical margins,9-15 28>35 a high 
gradee malignant histology (Table l),9-16-35 perineural growth ("named nerve 
invasion""  in particular14»35), bone and muscle invasion, paranasal sinus local-
ization,, high stage, and positive neck nodes.9 When these adverse factors are 
present,, radiotherapy is performed to improve local control. Local control 
doess not invariably lead to higher survival rates. Spiro, etal.11 could not show 
aa survival benefit for patients receiving postoperative radiotherapy, after 
matchingg for stage, site and histology. The unaffected incidence of distant 
metastasiss could be the explanation. Thirty-six percent of patients with good 
locall  control following combined treatment eventually developed distant 
metastasess in the study by Garden, et al.9 

Overalll  survival rates in the current series of patients (5-year: 66%, 10-
year:: 57%) are comparable to the 68% 5-year survival rate reported by 
Jenkins,, et al.32 and the 56% 10-year survival rate reported by Spiro, et al.11. 
However,, higher 5-year (70-80%9'U-,5'19>26) and 10-year survival rates (65 to 
70%913'15'26)) have been reported. This discrepancy can be because of differ-
encess in non-tumor related deaths, referral bias, and selection bias. Selection 
biass typically occurs when comparing overall results of all localizations to 
thosee of only oral19 or palatal14 MSGCs, known to have a lower presentation 
stage.. Another selection bias is incomplete follow-up. The current series dis-
playss a long follow-up (median 84 months; median for patients alive at the 
endd of follow-up 134 months) and this allows registration of most failures 
(comparedd to 38 months follow-up in another study I5). Selection bias also 
occurss when comparing series including all patients to series excluding 
patientss with short follow-up, prior treatment with delayed referral, or distant 
metastasis.14 4 
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DSSS reflects treatment success well.11 DSS in the current series of 
patientss (5-year: 76%, 10-year: 74%) is similar to the findings of Spiro, et 
al.1'(5-yearr 73%, 10-year 62%). Beckhardt, et al. 14 report higher DSS rates 
(5yy 87%, lOy 80%) but again consider only palatal MSGCs. 

Recurrencess occurred up to 139 months (median: 23 months); all recur-
rencess after 5 years were in patients with adenoid cystic carcinoma. Similar 
findingss were reported by Sadeghi, et al.,15 so that long follow up, especial-
lyy in adenoid cystic carcinoma, is recommended. The 56% initial tumor con-
troll  after primary therapy in the Memorial Sloan Kettering Cancer Center1' 
iss comparable to the 62% in the current series. Also the 20 % of patients 
developingg distant metastasis equals the "1 in 5 rule" proposed by other 
authors.11'15 5 

MSGCss do not imply a poorer prognosis than their submandibular and 
parotidd counterparts. Statements on this subject vary. Spiro, et al. found a 
poorerr prognosis at first33 but later described a comparable prognosis.5'11 

Others35-377 found a better prognosis for MSGC. The current series shows 
slightlyy better DSS rates for MSGC (Figure 1). 

Noww let us consider the prognostic factors for the three outcomes under 
study.. As in any other malignancy, decreasing survival parallels increasing 
age.. Survival decreases with increasing age at diagnosis of a MSGC. This 
differencee is less clear for DSS, patients dying of other causes not being con-
sideredd as failures. The same holds for tumor control: no predictions can be 
donee on age categories. Few studies include age as prognostic parameter. The 
categoriess we used are described as prognostic for disease free survival by 
Anderson,, et al.,35 but this effect disappears in multivariate analysis. The 
prognosticc effect for survival, disappearing for recurrence, is described by 
Lopes,, et al.19. The effect of increasing age on survival is not the specifical-
lyy due to MSGC, and we conclude that age has no effect on tumor control. 
Agee alone should not determine treatment policy. 

Regardingg the anatomic site of MSGCs, the few cases in the current series 
off  patients confirm the very poor treatment results11,12,15,24,35 j n paranasal 
sinuss localizations. This relationship of site to prognosis is most likely con-
foundedd by stage (Stage bias:1011: paranasal sinus lesions are usually high 
stagee at diagnosis). Treatment of high stage paranasal sinus primary tumors 
iss all the more difficult due to poor surgical access. The three patients with 
thiss localization in the current series were Stage IV at diagnosis. 

Stagee prognostically determines separate groups for survival, DSS, and 
tumorr control. Our data confirm the usefulness of applying the staging crite-
riaa for head and neck squamous cell carcinomas, as promoted by Spiro, et 
al.111 and subsequently reported by others9'10-12'25'26'35 subsequently. T classi-
ficationfication alone also predicts all outcomes; as others previously have report-
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ecjj  10,14,15,26 N classification was described as prognostic for survival, l2-13>35 

DSS,355 and tumor control.10 The failure of N classification to show prognos-
ticc power in this study can be explained by the low occurrence of N+ disease 
att presentation, which is typical for this disease. Ml classification is known 
too be linked to poor outcome. 

Off  the histologic features, the weak evidence for a negative impact of a 
highh grade malignancy on survival (Figure 2b), lost when considering DSS, 
cann be explained by confounding by age. The median age for patients with 
loww grade malignancy is 48 years, compared to a median age of 60 years for 
patientss with high grade malignancies (chi squared test with continuity cor-
rection:: P = 0.015). Advanced age is associated with fewer years to live, and 
thiss affects the comparison of low to high grade malignancies. Of the other 
features,, only soft tissue invasion was identified as prognostic for recurrence; 
metastaticc neck disease in the surgical specimen and vascular invasion her-
aldedd a poor DSS. Histopathologic neck disease also has been linked to poor 
survivall  and recurrence by others19. Prognostic value also has been ascribed 
too histologic parameters, such as positive or close surgical margins,9'35 high 
gradee histologic types,19-35 perineural growth, and bone invasion, which we 
weree not able to confirm in the present series. All these factors are currently 
usedd to decide upon the need for additional radiotherapy. 

"Confoundingg by indication" generated the difference in DSS and recur-
rencee in the examined treatment categories. Patients were selected for radio-
therapyy alone because of poor general health or unresectable disease, and 
thuss were expected to have poor outcomes irrespective of the treatment 
used.100 Notwithstanding the overall impression of a better DSS in the com-
binedd treatment group during the first fifteen years (in spite of a negative 
selection),, DSS of surgical patients was not different from DSS of patients 
receivingg combined treatment (^=0.75). Furthermore, a retrospective study 
cann not exclude bias and thus can never give definitive information on the 
relativee value of different treatment protocols.4 To our knowledge, no 
prospectivee randomized trial determining the role of postoperative radiother-
apyy has been performed, and the rarity of disease condemns this superior 
researchh method to remain unrealistic in the future. A possible way to over-
comee the statistical problem of "rarity of disease" would be to study salivary 
glandd carcinomas at different sites as one group, considering the convergent 
DSS-curvess (Figure 1). 

Inn conclusion, this series confirms the oral squamous cell carcinoma TNM 
classificationn and stage regrouping as major prognostic factors for all onco-
logicc outcomes after diagnosis of a MSGC, as proposed by Spiro, et al.11 in 
1991.. This is reflected in our current treatment policy. After obtaining histo-
logicc proof through incisional biopsy, we perform wide local excision sur-
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gery.. This can suffice for Stage I and II lesions that show no soft tissue exten-
sion.. All other lesions are treated with a combination of surgery (wide local 
excisionn with or without neck dissection) and radiotherapy (locally including 
orr not including the neck). Clinical epidemiologic methodology however 
learnss that only large multicenter prospective therapeutic experiments are 
capablee to give the exact scientific answer to the question, which subgroup of 
patientss displaying specific prognostic factors will benefit from postoperative 
radiotherapy,, and how substantial this benefit will be in terms of improved 
oncologicc outcome. 
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Medicinee is a science of uncertainty and an art of probability. 
SirSir William Osier, 1904 
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Abstract t 

Background::  Understanding of prognostic factors in parotid carcinomas has 
grownn considerably. In particular, clinical tumor staging and histological 
classificationn have been found to be prognostically important. Univariate and 
multivariatee analyses have indicated other variables, such as age, pain, skin 
invasionn and facial nerve impairment, are important predictors as well. In an 
actuall  patient, some of these factors are present and others are absent. 
However,, a clinical tool incorporating this information, resulting in an indi-
vidualizedd prognosis based on the combined effects of present adverse prog-
nosticc factors, has never been devised. 

Methods::  Out of a cohort of 168 patients, 151 patients were evaluated to 
assesss the prognostic value of clinical and pathologic factors in a multivari-
atee proportional hazards analysis. Follow-up ranged from 1 to 278 months 
(mediann 37 months). The end point was tumor recurrence. Identified prog-
nosticc factors and their hazard ratios were combined into prognostic scores. 

Results::  Clinical T classification, clinical N classification, pain, age at diag-
nosis,, skin invasion, facial nerve dysfunction, perineural growth, and positive 
surgicall  margins acted as major factors predicting recurrence. A prognostic 
scoree (PS), generated by the weighted combination of the factors present in 
thee individual patient, placed the patient in one of four subgroups with 
markedlyy different prognoses. In the subgroups based on the preoperative 
prognosticc score, 5-year recurrence free percentages ranged from 92% (in the 
groupp PS 1=1) to 23% (in PS 1=4). In the subgroups based on the postopera-
tivee prognostic score, which took into account the histologic details from the 
resectedd specimen, 5-year recurrence free percentages ranged from 95% (in 
thee group PS2=1) to 42% (in PS2=4). 

Conclusions::  The proposed subgrouping, which is based on the combined 
effectss of key prognostic preoperative and postoperative factors, provides a 
practicall  prognostic grouping system for the clinician treating patients with 
parotidd carcinoma. 
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Introductio n n 

Parotidd malignancies are relatively rare and comprise 1-3% of all head and 
neckk cancers.1 The age-adjusted incidence of parotid carcinomas per 10̂  per-
son-yearss in The Netherlands during the period 1988-1992 was 3.2 for men 
andd 1.9 for women.2 Patients with parotid carcinoma show remarkable diver-
sityy in recurrence free survival which is mainly associated with type of his-
tologyy and tumor stage, as is in general terms illustrated by the frequently 
observedd short recurrence free survival for a patient with a T4 NO MO undif-
ferentiatedd carcinoma (in our series: one month) and the long recurrence free 
survivall  for a patient with an Tl NO MO adenoid cystic carcinoma (in our 
series:: 16 years). In recent decades, understanding of prognostic factors in 
salivaryy gland tumors has increased significantly with the employment of 
univariate11 >3-7 and multivariate statistical analyses1'8"12 of patient characteris-
ticss in relation to treatment results. Histology, stage, age, gender, pain and 
treatmentt emerged as important prognosticators in this respect. Although 
considerablee progress has been made in establishing a reproducible histolog-
icc classification system13»14 and easy to use staging system,15*16 these items, 
consideredd separately, still may not accurately reflect prognostically uniform 
groupss of patients. 

Placingg patients in different prognostic categories based on the combined 
effectss of important key prognostic factors in multivariate analysis would 
providee useful information for individualized counseling regarding progno-
sis.. In the design of future clinical trials, it could also enable us to compare 
treatmentt groups with comparable baseline risks for recurrence. 

Basedd on our data set of treated patients, we identified the most relevant 
prognosticc factors and studied their relative importance in predicting tumor 
recurrence.. Of many prognostic factors that were important in univariate 
analysiss and were often related to each other, the Cox proportional hazards 
model177 retained only the strongest factors, which withstood the test of mul-
tivariatee analysis. The relative prognostic strength of these remaining factors 
iss reflected in their accompanying hazard ratios. 

Too enable the use this of this qualitative and quantitative information on a 
case-by-casee basis, prognostic groups were established, both in the situation 
beforee and the situation after surgical treatment (the latter situation providing 
neww information in the form of possibly prognostically important histologi-
call  details). 
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Patientss and methods 

Patients s 

AA retrospective follow-up study was conducted. To determine crude and dis-
easee specific survival, all patients presenting at our institute from January 1, 
19733 to December 31, 1994, with a primary pathologically confirmed diag-
nosiss of a malignant parotid tumor, who received their complete definitive 
treatmentt (n=124) or a substantial part of their definitive treatment (n= 44) at 
ourr institution were analyzed (total, n=168). The latter group of 44 patients 
wass referred to our Department of Radiotherapy after adequate surgery in a 
regionall  hospital, or was irradiated elsewhere following surgery at our insti-
tution.. There were 79 women (47%) and 89 men (53%) with a median age of 
633 years (range 11-94 years) at diagnosis. According to our institutional pol-
icy,, informed consent concerning use of patient information for retrospective 
studiess was not requested. 

Becausee the main outcome for the analysis of prognostic factors was 
tumorr recurrence, 17 patients were excluded from this analysis. Six patients 
withh inoperable disease, medical contraindications, or distant metastases did 
nott undergo any treatment, one patient died during treatment, 7 patients who 
presentedd with distant metastases received only palliative treatment, and 3 
patientss had residual tumor at the end of treatment given with curative intent. 
Thiss resulted in a total number of 151 evaluable patients as to the outcome of 
tumorr recurrence. 

Treatment t 

Alll  patients were treated by a fixed multidisciplinary team. Every patient with 
thee diagnosis of a malignant salivary gland tumor without medical contraindi-
cationss and not manifestly locally inoperable was treated according to the 
standardd therapy protocol of The Netherlands Cancer Institute. This protocol 
consistss of surgery followed by radiotherapy. The majority of patients (68.5%) 
receivedd this treatment. Surgery was usually nerve-sparing. Sacrifice of facial 
nervee (branches) was only performed in case of obvious paralysis. Intact facial 
nervee function and macroscopically free dissection of the nerve from the 
tumor,, with the risk of leaving microscopical disease behind, always resulted 
inn nerve preservation. The main trunk of the facial nerve was sacrificed in 
17%% of the operated cases, and 1 branch was sacrificed in 10%. Postoperative 
radiotherapyy was then given to a local median dose of 6000 centigray (cGy) 
duringg a median period of 41 days. In 20% of patients this was associated with 
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aa regional dose of 5000 cGy during a median period of 36 days. Both local 
andd regional radiotherapy were given in fractions of 200 cGy. 

Isolatedd radiotherapy was used for 24 patients whose disease was judged 
inoperablee because of local tumor extent or because of medical contraindica-
tionss for surgery (15 of them received neutron irradiation to a median dose of 
16000 cGy in fractions of 80 cGy during a median period of 30 days). 

Sevenn patients were treated with isolated surgery. Four of them refused 
thee proposed postoperative radiotherapy, in two of them surgical removal of 
loww stage, low grade tumors (acinic cell carcinoma and epithelial myoep-
itheliall  carcinoma) was exceptionally not followed by radiotherapy in mutu-
all  agreement between patient and doctor, in one patient advanced age was the 
reasonn for not adding radiotherapy. 

Nonstandardd therapies were given to 16 patients. Eleven patients with 
advancedd disease took part in therapeutic trials: 4 patients received preoper-
ativee radiotherapy, and 7 patients received the standard protocol associated 
withh preoperative intra-arterial chemotherapy. Five patients received non-
standardd palliative treatment: two patients received chemotherapy, and three 
patientss received chemoradiotherapy. 

Sixx patients with extensive disease and poor general condition received no 
treatmentt at all. 

Dataa collection 

Alll  clinical information on the presumed pre-and posttreatment prognostic 
factorss listed in Table 1 was abstracted from the patient records by one of the 
authorss (V.V.P.). Clinical TNM staging was done retrospectively according to 
thee 1992 International Union Against Cancer (UICC) guidelines.15 Histology 
off  the resection specimen was reviewed and reclassified according to the 
Worldd Health Organization (WHO) classification systems of 1972 and 
]]  99113,14 by o ne experienced head and neck pathologist (B.M.L.). For 33 of 
thee 168 patients, material for review could not be obtained, leaving 135 to be 
reviewed.. In consensus with other head and neck pathologists, 26 of the orig-
inall  diagnoses (15%) had to be changed (changes not due to the new classi-
ficationfication system, but due to another judgment). For the analysis in the Cox 
proportionall  hazards model, the levels of the WHO classifications had to be 
reducedd to a high grade-low grade malignancy dichotomy, as discussed in 
Tablee 1. Histologies are listed in Table 2. TNM staging is presented in Table 
3.. For surgical patients, information on perineural growth, vascular invasion, 
surgicall  margins, lymph node tumor infiltration and extracapsular growth, 
andd greatest dimension of the tumor in the surgical specimen was abstracted 
fromm the pathology report. 
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Tablee 1. 
Variabless in the analysis 

Variable e Codingg and Levels eventually used 

Agee (yrs) 
Pain n 

Gender r 
TT classification (UICC 1992) 
NN classification (UFCC 1992) 

Neckk region V 

Reportedd duration (weeks) 
Skinn invasion 
Faciall  nerve impairment 
Cytology y 
Incisionn biopsy complemented 
withh cytology 
High-loww grade (1972) 

High-loww grade (91) 

Linearly44 and categorized (<40,40-70,>70) 
Dichotomyy (pain or facia! numbness on presentation yes vs no or not report-
edd in the record) 
Malee vs. female 
Linearlyy and categorized: T1-T4 (<2 cm, 2-<4cm, 4-<6cm,>6cm) 
Linearlyy (N0,Nl,N2a,N2b,N2c,N3) and categorized (N0,N1,>N1), N2a-N3 
groupedd together on the basis of small numbers 
dichotomy:: furthest lymph node in region V vs. furthest lymph node in region 
I-IV V 
categorizedd (<3,3-6,6-12,12-24,>24) 
Yess vs. no 
Yess vs. no 

levell  1 = not suspect, level 2 = acinic cell, level 3 = other malignant types 
levell  1= not suspect, level 2 = acinic cell, level 3 = other malignant types 
(forr patients without incision biopsy data, cytology data were used) 
WHOO classification 1972: Dichotomy in this classification based on Millio n 
ett al.28: "high grade" (high grade mucoepidermoid carcinoma, adenocarcino-
ma,, undifferentiated carcinoma, squamous cell carcinoma, malignant mixed 
tumor,, adenoid cystic carcinoma) vs. "low grade malignant" group (acinic 
celll  carcinoma, low grade mucoepidermoid carcinoma) as the reference cat-
egory.. Spiro12-21 uses the same reference level (low grade mucoepidermoid 
andd acinic cell) 
WHOO classification 1991 <*.  Dichotomy: "high grade malignant" (high grade 
mucoepidermoidd carcinoma, adenoid cystic carcinoma, salivary duct carci-
noma,, adenocarcinoma NOS, carcinoma in pleomorphic adenoma, small cell 
carcinoma,, squamous cell carcinoma and undifferentiated carcinoma) versus 
"non-highh grade", consisting of the generally as low grade considered acinic 
celll  carcinoma, polymorphous low grade adenocarcinoma, epithelial-myoep-
itheliall  carcinoma and basal cell adenocarcinoma (the latter two with a rather 
uncertainn but probably not highly aggressive behavior)14 

Dichotomy:: described vs. not described in the pathology report 
Dichotomy:: described vs. not described in the pathology report 
Dichotomy:: positive vs. "close and negative margins" 
Dichotomy:: extracapsular growth vs. no lymph nodes and lymph nodes with-
outt extracapsular growth 
Linearlyy and categorized (0 as reference level, 1, 2-5, 6-"lump") 

11 = surgery, 2 = surgery followed by radiotherapy, 3 = radiotherapy, 4 = non-
standardd therapy 
Linearlyy and categorized (4 equal patient groups: 1973-1977,1978-
1983,1984-1988,, and 1989-1994) 
11 = treated completely in our hospital, 2 = insufficient surgery elsewhere, 
reoperatedd and radiotherapy in our hospital, 3 = sufficient surgery elsewhere, 
radiotherapyy in our hospital 

UICC:: International Union Against Cancer; WHO: World Health Organization, NOS:not otherwise specified 
aa linear analysis means we assumed the variable to be continuous, and we tested, e.g., for age whether the risk 
forr recurrence increases linearly with every year the patients age; at the same time, we tested whether a catego-
rizedrized form of the variable fits better to the observed increase in risk with increasing age, 
00 only evaluated for patients who had surgery 
cc only evaluated for patients who had a neck dissection 
dd only types present in our material are mentioned 

Perineurall  growth0 

Vascularr invasion0 

Surgicall  margins0 

Extracapsularr growth0 

Noo of lymph nodes in neck 
dissectionc c 

Treatmentt modality 

Periodd of treatment 

Locationn of treatment 
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Tablee 2. 
Distributio nn of Histologic Diagnoses 

Type e 
(terminologyy WHO 197213»14) 

Acinicc cell carcinoma 
Mucoepidermoidd carcinoma 
Adenoidd cystic carcinoma 
Adenocarcinoma a 
Carcinomaa in pleomorphic adenoma 
Squamouss cell carcinoma 
Undifferentiatedd carcinoma 
Others s 
Total l 

Originall  diagnosis 
(usedd for  inclusion)3 

29(17%) ) 
24(14%) ) 
19(11%) ) 
422 (25%) 
16(10%) ) 
122 (7%) 
211 (13%) 
55 (3%) 

168 8 

Revisionn and classification 
(WHOO 1972)b 

277 (20%) 
14(10%) ) 
18(13%) ) 
455 (33%) 
88 (6%) 
99 (7%) 

14(10%) ) 

135 5 

WHO::  World Health Organization 
abasedd on data form surgical resection specimen, incision biopsies, or  aspiration cytology. 
"A ss used in the regression model, based only on available slides of surgical resection specimens 

Tablee 3. 
TNMM  Stage Distribution 15 for  168 Patients 

withh Primary Parotid Carcinoma 

NO O 
(78%) ) 

Nl l 
(5%) ) 

N2-N3 3 
(16%) ) 

NN missing (1%) 

Tl l 
n=27(16%) ) 

T2 2 
n=52(31%) ) 

T3 3 
n=29(l7%) ) 

T4 4 
n=32(19%) ) 

TT missing 
n=28(17%) ) 

255 ( l ) a 

44(1) ) 

20(1) ) 

21(3) ) 

21 1 

0 0 

1 1 

3 3 

3(1) ) 

1 1 

2 2 

6 6 

6 6 

8(3) ) 

5 5 

0 0 

1 1 

0 0 

0 0 

I I 

aBetweenn brackets: no. of Ml classification patients within the displayed number  of patients with this 
T-NN combination. Lik e other  patients not free of tumor at the end of therapy, these Ml patients are not 
evaluatedd for  the risk for  recurrence. 
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Follow-up p 

Att the time of analysis (study closure date, December 31, 1994) 101 patients 
hadd died and 67 patients were still continuing follow-up. Of these, 64 were 
alivee without evidence of disease and 3 were alive with recurrent disease. The 
mediann follow-up from the first day of diagnosis for the entire population 
(1688 patients) was 37 months (range 1-278 months), whereas the median fol-
low-upp for patients who were alive at the end of their follow-up was 94 
monthss (excluding patients who died with a known tumor status). 

Statisticall  methods 

Thee end point for the assessment of prognostic factors was the moment of 
tumorr recurrence (local, regional or distant), starting from the first day of 
definitivee treatment, this being, in our opinion, the most objective and for the 
patientt most relevant outcome parameter. All patients not reaching the end 
pointt were censored at the end of follow-up or death. 

Thee first column of Table 1 lists the patient, tumor and treatment factors 
usedd in the analysis. Because of the correlations among several of the factors 
studied,, a Cox proportional hazards model17 was used in a stepwise manner 
too identify and quantify prognostically important factors. In this analysis, the 
mostt significant factor controlled the next step if P<0.\5 (based on the like-
lihoodd ratio statistic), with reassessment of significance for each factor in the 
modell  at each step; a factor losing significance was to be removed once its P 
valuee increased to >0.20. A limit to the number factors to be included was set 
onn 5% of the number of subjects examined (i.e., 7). With this model, a scor-
ingg function relating the expected recurrence free interval times of individual 
patientss to the values of prognostic factors indicates how strongly the recur-
rencee rate is related to these factors. The manner the presumed prognostic 
factorss were used in the model is demonstrated in Table 1. 

Thee relation between prognostic factors and tumor recurrence was 
primarilyy modeled in a time-independent manner, assuming a constant rela-
tivee hazard from the first day of the definitive curative-intent treatment. This 
proportionall  hazards assumption needed checking after fitting the model; this 
wass done for every included factor by adding a log-time interaction term. The 
proportionall  hazards assumption was rejected if the P value based on the 
likelihoodd ratio statistic was < 0.05. 

Obviously,, treatment factors influence prognosis. Therefore, after 
estimatingg the prognostic effect of each factor under study as a hazard ratio 
perr identified factor, we checked whether a model including treatment factors 
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(treatmentt period, type of treatment, and location of treatment) would give us 
thee same set of prognostic variables, accompanied by the same hazard ratios. 
Iff  not, the observed differences might be caused by treatment differences 
ratherr than by real differences in prognosis. This effect is referred to herein 
ass "confounding by treatment." Because the estimated coefficients for the 
prognosticc variables already included in the model did not change more than 
onee standard error by adding treatment variables to the model, no confound-
ingg by treatment aspects could be demonstrated. 

Dummiess (0 = unknown/not applicable, 1 = known) were added to the 
modell  when evaluating factors with missing values and factors referring only 
too subcategories of the total cohort. An example of such a factor is the pres-
encee of perineural growth. This aspect can only be determined in the subcat-
egoryy of surgical patients, from whom a resected specimen can be examined 
forr this feature. It makes sense to estimate a hazard ratio for this factor only 
inn the subcategory of patients where this information is not missing; patients 
inn the future, where the derived hazard ratio will be used to compute a prog-
nosis,, will also be the ones who have undergone surgery and regarding whom 
aa statement can be made about the presence of perineural growth. Patients 
withh code 0 for the dummy were assigned to the reference category öf the 
variablee involved. In this way, patients with missing or no data on the subse-
quentlyy introduced factors were excluded from the estimation of the associ-
atedd hazard ratio but still contributed to the estimation of hazard ratios of 
variabless known for them. Ordinal factors (T and N classifications) were pri-
marilyy considered to be linearly related to ln(hazard), and subsequently they 
weree tested at every step tested for linearity by adding the tested factor in the 
categorizedd form. Nonlinearity was never demonstrated (P< 0.05). 
Interactionss were not considered. 

Thee result of this analysis is a hazard ratio (HR) for each factor found to 
predictt tumor recurrence. This HR estimates the relative risk of recurrence 
forr a patient based on the presence or absence of a factor, controlled for other 
prognosticc factors. In other words, the relative risk of tumor recurrence for 
otherwisee similar patients who differ regarding only one prognostic factor is 
estimatedd by the HR of this one factor. In the results, the HR will be referred 
too as "relative risk for recurrence". Due to our way of choosing the reference 
levell  for the variables, higher levels of a prognostic factor are always associ-
atedd with relative risks for recurrence greater than 1, meaning "increased risk 
forr recurrence". 
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Results s 

Overalll  survival and recurrence 

Overalll  5- and 10-year survival rates for all 168 patients with primary parotid 
carcinomaa from the day of diagnosis were 46% and 39%, and 5- and 10-year 
diseasee specific survival from the day of diagnosis (patients not dead by or 
withh tumor) were 59% and 54%, respectively. Recurrence occurred in 57 
patients;; the first sign of recurrence was locoregional in 18 patients and 
regionall  and distant in 4 patients, whereas 35 patients showed distant metas-
tasiss as the first site of recurrence. Forty-eight patients eventually developed 
distantt metastases, 42% showing isolated pulmonary metastases, 21%» show-
ingg isolated skeletal metastasis, 19% showing multiple sites, and the rest 
showingg liver, brain, bone marrow and retropharyngeal lymph node infiltra-
tion.. Five- and 10-year recurrence free percentages from the first day of ther-
apyy (of the 151 evaluable patients) were 64% and 61%, respectively. 

Proportionall  hazards analysis 

Ass explained above, 151 patients remained eligible for analysis of prognos-
ticc factors for tumor recurrence. In univariate analysis, many factors proved 
too be significant (Table 4, step 0). The multivariate models are described 
below.. The first model is intended to make a prognosis based on elements of 
thee patient history and clinical examination (Table 4, above the separating 
line),, before it is decided how the patient will be treated, and thus before hav-
ingg the information of the pathology report. In the second model (Table 4, 
beloww the separating line), the latter information is included, sometimes 
changingg the prognostic value of factors that were important in the first 
model. . 

Modell  analyzing pretreatment factors 

Sixx factors were included in the final model: pain, age at diagnosis, T classi-
ficationfication (linearly fitted), N classification (linearly fitted), skin invasion, and 
faciall  nerve dysfunction. Table 4 (above the separating line) shows the step-
wisee analysis. The hazard ratio accompanying every one of these factors 
standss for the relative risk for recurrence associated with the presence of pain, 
skinn invasion, and facial nerve dysfunction or with increasing age, T classifi-
cation,, and N classification. Hereafter, we checked for confounding of these 
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Tablee 4. 
Stepwisee Proportional Hazards Analysis: Encountered P Values (based 
onn the Likelihood Ratio Statistic), with Pretherapeutic Analysis above 

andd Posttherapeutic Analysis below the Separating Line 

Variablee a 

(No.. of patienls)b StcpO Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 

Age(151) ) 
Nonlinearity*' Nonlinearity*' 

Painn (142) 
Genderr (151) 
TT classification (123) 

Nonlinearity Nonlinearity 

NN classification (149) 
Nonlinearity Nonlinearity 

Regionn V (29) 
Durationn complaints (151) 
Skinn invasion (151) 
Faciall  nerve impairment (151) 
Cytologyy (77) 
Incisionall  biopsy (114) 

Age e 
Nonlinearity Nonlinearity 

Pain n 
Gender r 
TT classification 

Nonlinearity Nonlinearity 

NN classification 
Nonlinearity Nonlinearity 

Regionn V 
Durationn complaints 
Skinn invasion 
Faciall  nerve impairment 

<0,001 1 
0,316 0,316 

0,414 4 
0,197 7 
<0,001 1 
0,959 0,959 

<0.001d d 

0.607 7 

0,080 0 
0,382 2 
<0,00! ! 
<0,001 1 
0,013 3 
0,002 2 

<0,001 1 
0.316 0.316 

0,414 4 
0,197 7 
<0,001 1 
0.959 0.959 

<o.ooi i 
0.607 0.607 

0,080 0 
0,382 2 
<0,001 1 
<0,001 1 

High-loww grade, WHO 1972 (135) 0,005 
High-loww grade, WHO 1991 (135) 0,052 
Perineurall  growth (133) 
Vascularr invasion (133) 
Positivee surgical margins (129) 
Extracapsularr growth (55) 
Noo nodes in neck dissection 
specimenn (55) 

Non-linearity Non-linearity 

0,005 5 
0,263 3 
0,003 3 
0,086 6 
0,053 3 

0.779 0.779 

<0,001 1 
0.603 0.603 

0,176 6 
0,528 8 

<0.M1 1 
0,735 0,735 

<0,00f f 
0.607 0.607 

0,112 2 
0,655 5 
0,038 8 
<0,001 1 
0,172 2 
0,051 1 

0,001 1 
0.603 0.603 

0,176 6 
0,528 8 
<0.W1 1 
0,735 0,735 

<0,001 1 
0.607 0.607 

0,112 2 
0,655 5 
0,038 8 
<0,001 1 
0,019 9 
0,179 9 
0,005 5 
0,368 8 
0,004 4 
0,609 9 
0,312 2 

0,438 0,438 

0-002 2 
0,854 0,854 

0,120 0 
0,650 0 
<0,001 1 
0,735 0,735 

<0,001 1 
0,827 0,827 

0,295 5 
0,353 3 
0,127 7 
0,002 2 
0,319 9 
0,162 2 

0,002 2 
0.840 0.840 

0,120 0 
0,650 0 
<0,001 1 
0.735 0.735 

<0,001 1 
0.607 0.607 

0,295 5 
0,353 3 
0,127 7 
0,002 2 
0,021 1 
0,212 2 
0-002 2 
0,279 9 
0,009 9 
0,914 4 
0,755 5 

0,365 0,365 

0,002 2 
0.854 0.854 

0,051 1 
0,623 3 
<0,001 1 
0,696 0,696 

<0,001 1 
0.931 0.931 

0,150 0 
0,533 3 
0,119 9 
0.005 5 
0,663 3 
0,466 6 

0.005 5 
0.879 0.879 

0,182 2 
0,738 8 
0,009 9 
0.960 0.960 

0,010 0 
0,621 0,621 

0,808 8 
0,414 4 
0,118 8 
0,080 0 
0,078 8 
0,494 4 
0,002 2 
0,888 8 
0,049 9 
0,555 5 
0,501 1 

0.611 0.611 

0,005 5 
0.685 0.685 

0,060 0 
0,918 8 
0,006 6 
0,684 0,684 

<0,001 1 
0.856 0.856 

0,262 2 
0,610 0 
0-072 2 
0,005 5 
0,688 8 
0,569 9 

0,005 5 
0.879 0.879 

0,112 2 
0,717 7 
0,007 7 
0.940 0.940 

0,007 7 
0J29 0J29 

0,453 3 
0,517 7 
0,116 6 
0,150 0 
0,508 8 
0,696 6 
0,002 2 
0,716 6 
0.111 1 
0,768 8 
0,713 3 

0.484 0.484 

0,006 6 
0,609 0,609 

0.044 4 
0,968 8 
0,010 0 
0,736 0,736 

<0,001 1 
0.834 0.834 

0,495 5 
0,363 3 
0,072 2 
0,003 3 
0,596 6 
0,576 6 

0,012 2 
0,837 0,837 

0,124 4 
0,594 4 
0,010 0 
0.921 0.921 

0,004 4 
0,528 0,528 

0,298 8 
0,492 2 
0-066 6 
0,162 2 
0,477 7 
0,747 7 
0,009 9 
0,547 7 
0,111 1 
0.865 5 
0,673 3 

0.304 0.304 

0.004 4 
0,571 0,571 

0.044 4 
0,503 3 
0-011 1 
0,878 0,878 

<0.001 1 
0.922 0.922 

0,455 5 
0,453 3 
0.072 2 
0-006 6 
0,741 1 
0,599 9 

0,015 5 
0.834 0.834 

0,182 2 
0,691 1 
0,025 5 
0.918 0.918 

0,012 2 
0,673 0,673 

0,538 8 
0,168 8 
0,066 6 
0.110 0 
0,606 6 
0,536 6 
0,013 3 
0,379 9 
0,074 4 
0,649 9 
0,525 5 

0,143 0,143 

0.030 0 
0.725 0.725 

0,114 4 
0,523 3 
0.054 4 
0.915 0.915 

0-007 7 
0,489 0,489 

0,642 2 
0,179 9 
0.046 6 
0-110 0 
0,701 1 
0,446 6 
0.043 3 
0,272 2 
0-074 4 
0,911 1 
0,621 1 

0,114 0,114 

Codingg of variable levels, see Table 1. 
"Betweenn brackets is the no of patients evaluated for this variable; for this, the dummy technique as described in 
thee "Statistical Methods" section of the article was used. 
cNon-linearityy refers to the test of whether a categorized form of the examined variable fits better to the risk for recur-
rence. . 
^Underlinedd is the P value of the variable controlled for in that step. 
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Tablee 5. 
Identifiedd Prognostic Factors: Coefficients and Hazard Ratios 

Coefficient33 Standard Er rorb P Value0 HR 
(95%% CI) 

Firstt model: variables in the 
pretherapeuticc analysis 

Painn on presentation 

Agee at diagnosis (linearly) 

TT classification (linearly) 

NN classification (linearly) 

Skinn invasion 

Faciall  nerve dysfunction 

Secondd model: variables in 
thee posttherapeutic analysis 

0,62 2 

0,024 4 

0,44 4 

0,45 5 

0,63 3 

0,91 1 

0,30 0 

0,0087 7 

0,17 7 

0,11 1 

0,34 4 

0,33 3 

0,040 0 

0,006 6 

0,012 2 

<0,001 1 

0,061 1 

0,005 5 

1,85 5 
(1,028-3,33) ) 
1,024 4 
(1,007-1,042) ) 
1,55 5 
(1,10-2,19) ) 
1,57 7 
(1,28-1,94) ) 
1,87 7 
(0,97-3,61) ) 
2,49 9 
(1,31-4,72) ) 

Agee at diagnosis (linearly) 

TT classification (linearly) 

NN classification (linearly) 

Skinn invasion 

Faciall  nerve dysfunction 

Perineurall  growth 

Positivee surgical margins 

0,018 8 

0,39 9 

0,34 4 

0,70 0 

0,56 6 

0,78 8 

0,65 5 

0,0084 4 

0,20 0 

0,12 2 

0,34 4 

0,35 5 

0,38 8 

0,37 7 

0,037 7 

0,055 5 

0,004 4 

0,037 7 

0,109 9 

0,038 8 

0,083 3 

1,018 8 
(1,001-1,034) ) 
1,47 7 
(0,99-2,20) ) 
1,40 0 
(1,11-1,76) ) 
2,00 0 
(1,04-3,85) ) 
1,75 5 
(0,88-3,45) ) 
2,19 9 
(1,05-4,59) ) 
1,91 1 
(0,92-3,98) ) 

aa The coefficient mentioned is the direct result of the proportional hazards analysis and equals the natural 
logarithmm of the hazard ratio. A hazard ratio for, e.g., facial nerve dysfunction means that the relative risk 
forr recurrence of a patient with facial nerve dysfunction is 2.49 times as high as for a patient without this 
feature,, all other variables equal. 
bb The standard error is a means for quantification of the exactness of the estimated coefficient. The real 
valuee of the estimated coefficient is then located with 95% of confidence in the range covered by the dis-
playedd value +/- 1.96 times the given standard error. Conversion of coefficient and its confidence inter-
valss by giving these numbers as exponent to the number "e" yields the hazard ratio and its corresponding 
confidencee intervals, as displayed in the last column. 
cc The P value is another way to quantify the exactness of the estimated coefficient and gives the chance 
off  observing the displayed hazard ratio when the real value is 1 (or there is in fact no increased risk for 
recurrencee associated with the factor under study). 
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computedd hazard ratios by treatment factors. The estimated hazard ratios for 
thee six included factors did not substantially change by including treatment 
variabless in the model, so it is fair to say that the six presented hazard ratios 
aree not overestimated or underestimated (confounded) when treatment vari-
abless are excluded from the model. The proportional hazards assumption 
couldd not be rejected for the included factors (age at diagnosis, P=0.\4; pain, 
/>=0.98;; T classification, P= 0.28; N classification, i>=0.78; skin invasion, 
P=0.65;P=0.65; facial nerve dysfunction, P=0.99). Estimated relative risks for recur-
rencee for the included factors are listed in Table 5. 

Thesee six resulting factors, in proportion to their risk coefficients, were 
combinedd to create a prognostic score: 

PS11 = 0.024 A + 0.62 P + 0.44 T+ 0.45 N + 0.63 S + 0.91 F (A = age at 
diagnosiss [years], P = pain on presentation [l=no pain, 2=pain or numbness], 
TT = clinical T classification [T1=0, T2=l, T3=2, T4=3], N = clinical N clas-
sificationn [N0=0, Nl=l , N2a=2, N2b=3, N2c=4, N3=5], S = skin invasion 
[I=noo invasion, 2=invasion], F = facial nerve dysfunction [l=intact function, 
2=paresis-paralysis]). . 

Calculationn of PS1 is done by observing the above formula, multiplying 
everyy coefficient (e.g., 0.024) by its corresponding factor (e.g., A=50 for a 
patientt age 50 years), and then adding up all the numbers. To visualize the 
combinedd effect of the 6 factors, the study population minus the patients with 
missingg values for the included factors (n=l 18), was divided into 4 groups of 
moree or less equal size on the basis of P SK 3.85 (PS 1=1), PS1 = 3.85-4.74 
(PS1=2),, PS1 = 4.75-5.80 (PS1=3), and PS1 > 5.80 (PS1=4). The correspon-
dingg recurrence free interval curves are displayed on Figure 1. In this way, 
fourr clinically relevant subsets of patients were defined with good, somewhat 
worse,, intermediate and relatively poor prognosis and 5-year recurrence free 
ratess (with 95% confidence intervals) of 92.4% (73.0-98.1%), 82.5% (62.8-
92.4%),, 48.1% (26.1-67.1%) and 22.8% (8.5-41.2%), respectively. This 
scoree now can be calculated for any given patient, who then afterwards can 
bee placed in one of the four prognostic groups. However, as the score was 
optimizedd for our own patients, it is to be expected that the distinction 
betweenn the four groups may look somewhat less clear in another, independ-
entt patient group than is shown in Figure 1. 

Modell  including factors from the pathology report 

Sevenn factors were included in the final model: age at diagnosis, T classifi-
cationn (linearly fitted), N classification (linearly fitted), skin invasion, facial 
nervee dysfunction, histologic perineural growth, and positive surgical mar-
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gins.. The proportional hazards assumption could not be rejected for the seven 
includedd factors (age at diagnosis, P=0.105; T classification, P= 0.544; N 
classification,, P=0.535; skin invasion, P=0.707; facial nerve dysfunction, 
P=P= 0.799; perineural growth, P=0.646; and positive surgical margins, 
P=0A\9).P=0A\9). The stepwise analysis is displayed in Table 4 (below the separat-
ingg line). The estimated relative risks for recurrence are listed in Table 5. 

Again,, these factors, in proportion to the computed coefficients, are com-
binedd to a prognostic score: 

PS22 =0.018 A + 0.39 T + 0.34 N + 0.70 S + 0.56 F + 0.78 PG + 0.65 PM 
(AA = age at diagnosis [years], T = clinical T classification [T1=0, T2=l, 
T3=2,, T4=3],N = clinical N classification [N0=0, Nl = l, N2a=2,'N2b=3, 
N2c=4,, N3=5], S = skin invasion [l=no invasion, 2=invasion], F = facial 
nervee dysfunction [l=intact function, 2=paresis-paralysis]. PG = perineural 
growthh in the resection specimen [l=no;2=yes], PM = positive surgical mar-
ginss [l=no;2=yes]). 
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Figuree 1. Kaplan-Meier recurrence free interval curves by prognostic scores 
(PS1)) based on the analysis of pretreatment factors. 
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Too visualize the effects of the 7 factors, the patients without missing val-
uess for the included factors (n=102) were divided into 4 groups of more or 
lesss equal size on the basis of PS2 < 3.99 (PS2=1), PS2 = 3.99-4.80 (PS2=2), 
PS22 = 4.81-5.67(PS2=3), and PS2 > 5.67 (PS2=4). Figure 2 displays the cor-
respondingg recurrence free interval curves. Again, this picture may be some-
whatt overly optimistic. Four subsets of patients were defined with good, 
intermediatee and relatively bad prognoses and 5-year recurrence free rates 
(withh 95% confidence intervals) of 95% (69.5-99.3%), 82.5% (59.8-93.1%), 
55.9%% (30.8-75.1%) and 42% (21.9-60.9%), respectively; for any given 
patientt a PS2 score can be calculated as the multifactorial estimate of the 
patient'ss prognosis, placing him or her in one of the four prognostic groups. 

Practicall  example 
Patientt X is age 30 and presents with a 3-cm nodule in the left parotid gland. 
Theree is no pain, no skin invasion, and no palpable neck lymph node, and 
faciall  nerve function is intact. At the end of the workup, he is staged as T2a 
NOO MO according to the UICC 1992 classification.15 Patient Y is age 74 and 
alsoo presents with a 3-cm nodule in the left parotid gland. The swelling is 
painful,, but there is no visible skin invasion, no palpable neck lymph node, 
andd no facial nerve dysfunction. This patient however is also staged as T2a 
NOO MO. Using this TNM staging to determine prognosis, and contradictory to 
ourr clinical feeling, no difference in tumor recurrence would be expected in 
thesee two patients. We know that the more advanced age and the pain are neg-, 
ativee signs, but we are unable to quantify how negative they are. How do 
thesee features correlate to prognosis? 

Wee want to inform the patient and to have a more precise idea for our-
selvess what this means in terms of tumor recurrence. This question regarding 
prognosiss in the situation before operation, when information of the patholo-
gyy report is not yet available, can be answered by fillin g out the first formu-
la,, to compute PS1. 

PS11 for patient X is 0.024 x 30 + 0.62 x 1 + 0.44 x 1 + 0.63 x 1 + 0.91 x 
11 =3.32 or below 3.85, corresponding to the prognosis of patients with a PS1 
scoree of 1 in our series, meaning a 92.4% chance of being tumor free 5 years 
afterr treatment The 4 patients with these features in our series all were tumor 
freee at the end of their follow up (median, 106 months). 

PS11 for patient Y is 0.024 x 74 + 0.62 x 2 + 0.44 x 1 + 0.63x1 + 0.91 x 1 
== 5.00 or between 4.75 and 5.80, corresponding to the prognosis of patients 
withh a PS1 score of 3 in our series, meaning only 48% chance of being tumor 
freefree 5 years after treatment. In 1 patient with the same features in our series, 
thee tumor recurred 44 months after primary treatment. Recurrence free inter-
vall  curves applying to these two patients can be seen in Figure 1. 
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Recurrenc ee free interva l curve s by posttherapeuti c prognosti c scor e PS2 
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Figuree 2. Kaplan-Meier recurrence free interval curves by prognostic scores 
(PS2)) based on the analysis of pretreatment factors together with posttreat-
mentt factors (information from the pathology report). 

Discussion n 

Itt has repeatedly been reported that clinical stage is the most important prog-
nosticc variable for both minor and major salivary gland tumors.I2-18-19 The 
prognosticc importance of tumor grading is also well recognized, but has still 
limitedd impact because it is only easily applicable and reproducible for a 
restrictedd number of salivary gland tumor histologies.18 These prognosticators 
aree relevant for estimating the prognosis of large groups of patients with the 
appropriatee tumor characteristics, but they still have limited value for clinical 
decision-makingg and counseling of the individual patient. We therefore stud-
iedd the combined effects of key prognostic factors in parotid carcinomas to 
providee a classification into prognostic groups based on prognostic scores. 

Thee actuarial 5- and 10-year survival rates of 46% and 39% respectively 
aree equal to or somewhat lower than the survival data of reported large series 
off  patients with parotid carcinoma5'9-11 or patients with "major salivary gland 
carcinoma".8-200 Also the observed 10-year recurrence free percentage of 61% 
iss comparable to the result of others, Poulsen et al.11 showing a 10-year recur-
rencee free survival rate of 55% for parotid malignancies. 
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Moree advanced age has been described as a negative prognostic factor for 
bothh survival1»12 and local recurrence.11 Both in the analysis of pretreatment 
factorss and in the analysis including factors from the pathology report, more 
advancedd age remained a negative prognostic factor for tumor recurrence in 
ourr series. When the age factor was introduced in the second model, the his-
tologyy variable lost significance (Table 4, below the separating line, step 4), 
whichh can be explained by the positive association between more advanced 
agee and high grade malignancy in our material (chi-square for trend P< 
0.001),, an association also described by others.6'10'21 

Painn acts as a key prognostic factor as well and is known for its associa-
tionn with poor survival based on univariate6 and multivariate1 analysis. We 
identifiedd pain as prognostic for recurrence only in the first model, i.e., before 
consideringg information from the pathology report. In the pretreatment 
model,, pain gains significance in step 3 (Table 4, above the separating line, 
stepp 3). In the posttreatment model, the factor perineural growth is entered at 
thiss step, and with subsequent forward selection of variables the pain factor 
neverr reaches significance again. This raises the hypothesis that pain only 
predictss tumor recurrence insofar that it is associated with histologically vis-
iblee perineural growth, and indicates that this characteristic can act as an his-
tologicc substrate for pain. 

Increasingg T and N classification (usually grouped together as American 
Jointt Committee on Cancer stage) have frequently been associated with poor 
survival.1122 Frankenthaler et al10 found T classification to be prognostic for 
locoregionall  and distant recurrence. Gallo et al19 described stage as predic-
tivee of distant metastasis. We identified T and N classification as separate 
prognosticc factors for recurrence, with more or less the same coefficients 
beforee and after treatment. 

Extracapsularr lymph node growth was strongly correlated with the num-
berr of positive lymph nodes in the neck. As opposed to the extracapsular 
growthh rate of 83% in patients with > = N2 classification, this percentage was 
17%% and 33% for NO and Nl patients, respectively (chi-square for trend P< 
0.001).. Extracapsular growth thus covaried with N classification, and this 
explainss the loss of significance of the former on entering the latter (Table 4, 
beloww the separating line, step 1). Thus, the value of extracapsular growth as 
aa prognostic factor, as formerly described22-23 but recently refuted24 in head 
andd neck squamous cell carcinomas, cannot be confirmed in parotid carcino-
ma.. In the same way, the factor "suspect nodes in the posterior neck triangle" 
(regionn V) lost significance once N classification was included in the model 
(Tablee 4, below the separating line, step 1). This can also be explained by 
covariancee of this factor with N classification. 

Skinn invasion is another predictor of poor survival.8 In our analysis, this 
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variablee was associated with a nearly twofold increase in recurrence rate, 
bothh in the pre- and posttreatment models. 

Alsoo in the study by North et al.,8 facial nerve impairment was signifi-
cantlyy linked to poor survival and to poor local control. We found facial nerve 
impairmentt to be prognostic for tumor recurrence in the pretreatment model, 
losingg significance and prognostic strength on entering the factor perineural 
growthh (Table 4, below the separating line, step 3) in the posttreatment set-
ting.. Perineural growth occurred significantly more in patients with facial 
nervee impairment (Fisher's exact test, P<0.00\), and it appeared that the 
greaterr risk for recurrence associated with facial nerve impairment could be 
largelyy explained by this association (as has been demonstrated for the pain 
symptom). . 

Perineurall  growth has been identified in multivariate analysis as prognos-
ticc for survival10 and distant recurrence19 in parotid malignancies, and we 
retainedd this factor as prognostic for tumor recurrence in general. Perineural 
growthh occurred significantly more often (chi-square test, P= 0.001) in the 
highh grade malignant types; adenoid cystic and adenocarcinomas (31.3% and 
55.0%% of tumors with perineural growth), respectively were mainly respon-
siblee for this observation. 

Thee presence of positive surgical margins has been identified as a prog-
nosticc factor for local relapse in patients with parotid tumors11. We also iden-
tifiedd this factor as prognostic for relapse in general, our end point being 
locoregionall  and distant relapse. The significant coexistence of positive sur-
gicall  margins and perineural growth (chi-square test, P= 0.004) explains why 
thee final P value of the factor positive surgical margins is rather high 
(7>=0.074). . 

Ass opposed to others who found gender to be a bad prognostic factor in 
univariatee analysis, with the association disappearing10'12'25 or remaining1-8 

inn multivariate analysis, we did not find a significant difference in recurrence 
ratess between males and females, in either univariate or multivariate analy-
sis.. Parry et al  9 and Poulsen et al,11 in evaluating locoregional recurrence, 
andd Gallo et al19in evaluating distant metastasis in parotid tumors, found no 
differencee between the genders either. 

Ass has already been mentioned previously in this article, several key 
prognosticc factors seem to refer to a common aspect of the risk for recur-
rence.. The association between more advanced age, high grade malignancy, 
andd perineural growth explains why the pathology variable (the low grade-
highh grade dichotomy) does not figure in the final model. In the same way, 
perineurall  growth decreases the prognostic strength of the factors pain and 
faciall  nerve impairment due to the strong association. The third interrelated 
sett of factors are the ones referring to lymph node status: increasing N clas-
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sificationn means more extracapsular growth and more distant lymph nodes, 
soo once the former factor, N classification, is adopted in the model, the latter 
twoo do not yield additional prognostic information. 

Inn conclusion, our prognostic grouping model enables us now to use a rel-
ativelyy large number of different important prognosticators in computing a 
scoree for the individual patient, presenting with a parotid malignancy. This 
scoree then places the patient in one of four prognostic groups. As has recent-
lyy been described in a group of 4568 melanoma patients,26 this subgrouping 
providess the clinician with more precise information than the estimated sur-
vivall  or recurrence rates based on single prognostic factors. With the prog-
nosticc information derived, we can give the patient with an expected recur-
rencee free percentage based on the combined effect of features that remained 
significantt in multivariate analysis, and we can also substantiate our clinical 
impressionn that a patient's prognosis is good, intermediate, or poor. 

However,, an impact influencing therapy, as was put forward with the 
AMESS and AGES scores27 for thyroid carcinoma, cannot be linked to this 
scoree at present because of a lack off  contrast in therapeutic approaches in our 
series,, and because of our belief that the information retrospective reviews 
cann give regarding the value of different therapeutic approaches is too weak 
too be reliable. Given the low incidence of parotid carcinoma, multicenter ran-
domizedd controlled therapeutic trials will be needed in the future to give solid 
informationn about possible new treatment protocols. A score like ours could 
thenn be very helpful to attribute patients with the same baseline score and 
correspondingg baseline risk for recurrence to the treatment groups to be com-
pared.. In this way, confounding of treatment results by patient and tumor 
characteristicss could then be prevented. 
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Chapterr  V 

Iff  you think you know a lot, and if you even understand what you know, do 
knoww there is still much more, that you do not know. 
Sii  tibi videtur quod multa scis, et satis bene intelligis, scite tamen quia sunt 
multaa plura quae nescis. 
ThomasThomas a Kempis, De Imitatione Christi, 1.2.3., 1471 

Hee who is master of the art of prognosis, and shows himself such, wil! 
demonstratee such a superior knowledge, that the generality of men will com-
mitt themselves to the physician wholeheartedly. 
IïpoYivóaietovv yap Kat npoXéycov reap*  toï<; vooéouoi 
x&x&  T6 rcapéovtd teal TO \iêXXovxa ëoeaBai, 
ÓKÓaaa te napaJteuioüoiv oi doÖevéovtec éKÖiijyeóiievog moTeöoito 
dvdv |iaA.A.ov yiv<«>aK€iv TB TÖV VOOÊÓVTWV npityiiara, 
&oxe&oxe ToXjiav èmtpéneiv TOÖ<; &v8p<önou<; a^kq aO-coüc x<J> ITITP§. 

Hippocrates,Hippocrates, nporNQSTKON, I (Prognostikon), 377 B.C. 
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Chapterr V 

Abstract t 

Background::  Validation of the prognostic indices for recurrence free inter-
vall  of patients with parotid carcinoma, the development of which was 
describedd in Chapter IV, is needed to be confident of their generalizability. 

Patientss and methods: The NWHHT database contains 231 patients with 
parotidd carcinoma from 6 tertiary referral centers from 1985 to 1994. This 
databasee was used to validate the predictive value of the prognostic indices 
PS11 (pretreatment index predicting recurrence) and PS2 (posttreatment index 
predictingg recurrence) in patients with parotid carcinoma. Validation methods 
includedd calculation of both indexes for each patient, comparison of coeffi-
cients,, construction of survival curves using the published cut off points and 
calculationn of concordance measure C. Wald tests for optimization of scale 
andd weights of the contributing variables, and for possible score improve-
mentt by including other variables, were also performed. 

Results::  Five year disease free percentage was 62% (SE 5%). For PS1, the 
previouslyy set cut-off points resulted in 5 years disease free percentages rang-
ingg from 92% (PS 1=1) to 42% for the least favorable group (PS 1=4). 
Concordancee measure C was 0.74. For the postoperative score, PS2, previous 
cut-offf  points resulted in 5 year disease free percentages ranging from 90% 
(PS2=1)) to 40% (PS2=4). Concordance measure C was 0.71. Both PS1 and 
PS22 could not be improved using the findings in this independent material. 

Conclusion::  The prognostic indices performed adequately in this validation 
sample.. This markedly increases the degree of statistical and clinical relia-
bilityy of the indices . A user-friendly translation and computerized calculation 
off  the indices should be the next step towards generalized prospective use 
andd repetitive evaluation of the indices. 

Introductio n n 

Parotidd carcinoma is a rare disease and occurs yearly in about 75 new patients 
inn the Netherlands1.This low incidence, and the wide range of histologies 
involved,, complicate the search for prognostic factors. 

Wee previously performed a Cox proportional hazards regression analysis2 

andd constructed a prognostic model, based on 151 parotid carcinoma patients 
fromm the Netherlands Cancer Institute (NKI/AvL) , further referred to as "the 
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sourcee population"3. The resulting information was used to create a prognos-
ticc index. For one patient, such an index sums the properly weighted contri-
butionss of each important clinical and histological characteristic4 into one 
number,, corresponding to the oncological outcome, tumor recurrence. Table 
11 displays PS1, a pre-treatment index, and PS2, incorporating data from the 
surgicall  specimen. They are the only available prognostic indices for parotid 
carcinomaa in the literature. 

Tablee 1. 
Prognosticc indices PS1 and PS2 to be validated 

PSll  =0.024 A+0.62 P+0.44 T+O.45 N+O.63 S+0.91 F 

Variable e 

AA = age at diagnosis 

PP = pain on presentation 

TT = clinical T classification* 

NN = clinical N classification 

SS = skin invasion 

FF = facial nerve dysfunction 

numberr to enter in the formula 

numberr in years 

l=nopain. . 

2=painn or numbness 

Tl(<2cm)=0, , 

T2(2-4cm)=l, , 

T3(4-6cm)=2, , 

T44 (>6cm)=3 

N0=0,NI=l,N2a=2, , 

N2b=3,, N2c=4. N3=5 

11 =no invasion. 

2Hnvasion n 

l=intactt function, 

2=paresis-- paralysis 

PS22 =0.018 A+0.39 T-KJ.34 N-K).70 S+O.56 F+0 78 

PG+0.655 PM 

variable e 

AA = age at diagnosis 

TT =• clinical T classification 

NN = clinical N classification 

SS = skin invasion 

FF = facial nerve dysfunction 

PCC = perineural growth in 

thee resection specimen 

PMM = positive surgical margins 

numberr to enter in the formula 

numberr in years 

Tl{<2cm)=0, , 

T2(2-4cm)=l , , 

T33 (4-6cm)=2, 

T44 (>6cm)=3 

NO=0,Nl=l,N2a=2,N2b=3, , 
N2c=4,, N3=5 

l=noo invasion. 

2=invasion n 

IHntactt function. 

2=paresis-paralysis s 

l=no, , 

2=yes s 

l=no, , 

2=yes s 

•UICCC 19925 

Thesee indices showed a nice prognostic discrimination in the source popula-
tion3.. However, applying a prognostic index to the source population it was 
constructedd from results in an overestimated discriminating power called 
"over-optimism".6>77 To establish the real predictive power, a prognostic index 
needss validation in independent patient material.6'8 Our main study purpose 
thereforee is the validation and eventual improvement of the published 
indices.3 3 

Validationn involves collection of an appropriate patient sample, measure-
mentt of required prognostic variables, and comparison of predictions with 
outcomes.. It implies answering two major questions: the more important 
questionn for clinical validation and the question for statistical validation.6 
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Thee first question is whether the index predicts accurately enough. Accuracy 
impliess discrimination (relative ranking of individual risk is in correct order) 
andd calibration (predicted recurrence rate is neither too high nor too low).8 If 
thiss accuracy proves generalizable (reproducible and transportable), clinical 
usefulnesss of the index is likely. The second question is whether this index is 
thee best one that can be constructed statistically. 

Patientss and methods 

Patients s 

Thee Dutch Head and Neck Oncology Cooperative Group (NWHHT) parotid 
carcinomaa database contains 257 consecutive patient records from the aca-
demicc centers of Groningen, Leiden, Maastricht/Heerlen, Nijmegen, 
Rotterdamm and Utrecht, from the period 1985-1994. 231 patients remained 
followingg exclusion of 26 patients. Because PS1 and PS2 were constructed to 
predictt recurrence free interval, 4 patients with Ml , and 15 with residual dis-
easee at the end of curative intent treatment, were excluded. Four other 
patientss with unknown tumor status after 1, 6, 11 and 88 months of follow-
up,, for whom date of last tumor status could not be reconstructed, were also 
excluded.. Two other patients appeared to have two records. Of one patient, 
thee record with the more complete follow-up was retained. Both records of 
thee other patient had several differences, indicating a double primary tumor, 
andd were excluded. Median follow-up patients alive at the end of follow-up 
wass 52 months. 
Tablee 2 displays patient, tumor and treatment characteristics. 189 of 231 
patientss (82%) were treated with surgery and postoperative radiotherapy (local 
inn 34%, local and regional in 66%). Median postoperative local dose was 64 
Gy.. Regional radiotherapy was to a median dose of 50 Gy in elective neck 
treatmentt (n=109) and to a median dose of 64 Gy for patients with metastatic 
nodess (n=49). Median fraction dose was 200 cGy. 29 patients received surgery 
andd 11 patients radiotherapy as the single treatment modality. 

Methods s 

Thee methodology used is described in our previous work.9 

Too address "clinical validation", we evaluated the predictive power of PS 
(PS11 and PS2) in the NWHHT patients. First discrimination was evaluated, 
byy calculating the scores for each patient and constructing Kaplan-Meier 
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Tablee 2. 
Patient,, tumor and treatment characteristics (N=231) 

Patientt characteristics 
Variable e 

Sex x 

Age e 

Center r 

>ain n 

Levels s 

Male e 
Female e 
<40y y 
40-70 0 
>70 0 
AZGG Groningen 
UMCC Leiden 
AZM/RTILL Maastricht/Heerlen 
UMCC Nijmegen 
AZRR Rotterdam 
UMCC Utrecht 
Noo pain 
Painn or numbness 

["reatmentt characteristics 

Surgery y 

Spill l 

ÏTÏTdd beam 

reatment t 
ombination n 

tTin n 
ombined d 
urgeryy and RT 

Locall  excision 
Superficiall  parotidectomy 
Totall  parotidectomy with facial 
nervee preservation 
Totall  parotidectomy without 
faciall  nerve preservation 
Oebulking g 
Noo surgery 
Yes s 
No o 
NA A 
Photonn beam 
Electronn beam 
Photonss and electrons combinet 
Missing g 
Surgeryy alone 
Surgeryy and postoperative RT 
RTT alone 
RTT and chemotherapy 
Chemotherapy y 
Local l 
Locall  + regional 
Missing g 

off  total with known values 
Internationall  Union Against Cancer5 

n n 

126 6 
105 5 
30 0 
119 9 
82 2 
22 2 
31 1 
26 6 
29 9 
86 6 
37 7 
173 3 
58 8 

15 5 
63 3 

88 8 

51 1 
2 2 
12 2 
43 3 
176 6 
12 2 
90 0 
33 3 
75 5 
4 4 
29 9 
189 9 
11 1 
1 1 
1 1 
69 9 
118 8 
2 2 

NAA = not applicable, because no surgical treatment 
Radiotherapy y 
Worldd Health Organization' ̂  
Gradee WHO 1972: dichotomy "high-grade" 

lucoepidermoic c 

%a a 

55 5 
45 5 
13 3 
52 2 
35 5 
10 0 
13 3 
11 1 
13 3 
37 7 
16 6 
75 5 
25 5 

6 6 
27 7 

38 8 

22 2 
1 1 
5 5 
19 9 
76 6 
5 5 
45 5 
17 7 
38 8 

13 3 
82 2 
4.5 5 
0.5 5 
0.5 5 
34 4 
66 6 

(high-grade e 
carcinoma,, adenocarcinoma, undifferentiated 

arcinoma,, squamous cell carcinoma, malignant m ixedd tumor. 
denoidd cystic carcinoma) vs "low-grade" group (acinic 
arcinoma,, low grade mucoepidermoid carcinoma 

Gradee WHO 
lucoepidermoid d 

1991:: dichotomy: "high-grade" 

cell l 

(high-grade e 
carcinoma,, adenoid cvstic carcinoma. sali--

aryy duct carcinoma, adenocarcinoma NOS, carcinoma in 
leomm orphic adenoma, small cell carcinoma, squamous 
arcinomaa and undifferentiated carcinoma) versus' 

cell l 
'low-grade" " 

icinicc cell carcinoma, polymorphous low grade adenocarcinc-
ïa,, epithelial-myoepithelial carcinoma and basal cell adeno-
arcinoma)'̂  ^ 

Tumorr characteristics 
Variable e 

Skin n 

Faciall  nerve 
Dysfunction n 
cT T 
classification n 
(U1CCC '92)b 

CN N 
(UICCC '92) 

Cytology y 

Tumor r 
localization n 

Perineural l 
growth h 

Vascularr invasion 

Positivee margins 

Histological l 
classification6 6 

Grade e 
(WHOO 1972)f 

Grade e 
(WHOO 1991)8 

Extracapsular r 
growth h 

Metastatic c 
lymphh nodes 

levels s 

Noo invasion 
Invasion n 
Intactt function 
Paresis-paralysis s 
cTl l 
cT2 2 
cT3 3 
cT4 4 
Missing g 
cNO O 
cNl l 
cN2a a 
cN2b b 
cN3 3 
Missing g 

Nott suspect 
Acinicc cell carcinoma 
Otherr malignancy 

NAC C 

Superficiall  lobe 
Deepp lobe 
Superficiall  and deep 
NA A 
No o 
Yes s 
NA A 
Yes s 
No o 
NA122 5 
No o 
Yes s 
NA A 
Acinicc cell carcinoma 
Mucoepidermoidd carcinoma 
Adenoidd cystic carcinoma 
Polymorphouss low-grade 
adenocarcinoma a 
Epithelial-myoepitheliall  carcinoma 
Basall  cell adenocarcinoma 
Sebaceouss carcinoma 
Papillaryy cystadenocarcinoma 
Mucinouss adenocarcinoma 
Oncocyticc carcinoma 
Salivaryy duct carcinoma 
Adenocarcinoma a 
Malignantt myoepithelioma 
Carcinomaa in pleomorphic adenoma 
Squamouss cell carcinoma 
Smalll  cell carcinoma 
Undifferentiatedd carcinoma 
Otherr carcinomas 
Cytologyy only 
Missing g 
Loww grade 
Highh grade 
Missing g 
Loww grade 
Highh grade 
Missing g 
No/noo lymph nodes in neck 
specimenn / no neck specimen 
Yes s 
0 0 
11 positive lymph node 
2-55 positive lymph nodes 
>=66 positive lymph nodes 

n n 

211 1 
20 0 
186 6 
45 5 
35 5 
85 5 
47 7 
17 7 
47 7 
193 3 
9 9 
7 7 
15 5 
3 3 
4 4 

26 6 
12 2 
115 5 

78 8 

148 8 
27 7 
44 4 
12 2 
159 9 
60 0 
12 2 
33 3 
186 6 

71 1 
148 8 
12 2 
33 3 
32 2 
36 6 

3 3 
7 7 
0 0 
0 0 
5 5 
1 1 
2 2 
10 0 
18 8 
1 1 
24 4 
17 7 
0 0 
20 0 
6 6 
6 6 
10 0 
42 2 
169 9 
20 0 
50 0 
148 8 
33 3 
202 2 

29 9 
180 0 
13 3 
15 5 
23 3 

% % 

91 1 
9 9 
81 1 
19 9 
19 9 
46 6 
26 6 
9 9 

85 5 
4 4 
3 3 
7 7 
1 1 

17 7 
8 8 
75 5 

64 4 
12 2 
19 9 
5 5 
69 9 
26 6 
5 5 
14 4 
81 1 

31 1 
64 4 
5 5 
15 5 
14.5 5 
16 6 

1 1 
3 3 
0 0 
0 0 
2 2 
0.5 5 
1 1 
4.5 5 
8 8 
0.5 5 
11 1 
8 8 
0 0 
9 9 
3 3 
3 3 

20 0 
80 0 

25 5 
75 5 

86 6 

14 4 
78 8 
6 6 
6 6 
10 0 
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recurrencee free interval curves,10 using the cut-off points as defined in the 
sourcee population.3 This provided a visual idea of discriminative capacity 
andd of preservation of correct ordering of patient groups. Quantification of 
thee amount of fit of the indices to the new data was done by entering the 
newlyy calculated PS in Cox's model, and comparing the obtained coefficient 
too the value of 1 in the source population. Comparison of patient ordering 
accordingg to PS and to recurrence time was done by computing concordance 
measuree C.11 Analogous to the "Area under the ROC curve" for diagnostic 
tools,, this measure estimates the proportion of pairs of patients in whom 
highestt PS indeed implies shortest disease free interval. Calibration was eval-
uatedd comparing the observed recurrence free percentages for the different 
levelss of PS to the reported percentages in the source population. 

"Statisticall  validation" was addressed in four ways. We first re-evaluated 
thee weights for the individual prognostic variables as calculated in the source 
population,, checking whether these were optimal or not. Each variable 
includedd in PS was separately entered in Cox's model containing PS. The sig-
nificancee of the resulting improvement in prognostic power was then judged 
byy the lva lue, generated by Wald's test. We also fitted Cox's model, con-
tainingg all variables included in PS, and defined their individual optimal 
weightt in the new data, subsequently comparing these weights to the ones 
reportedd in the source population. 

Second,, scale definition of the variables was reconsidered, mainly with 
regardd to categorization. For interval or ordinal variables (age, cT and cN), 
dummyy variables, indicating the categories (e.g.<40 years, 40-70 years and >70 
yearss for age) were entered in Cox's model in addition to PS, including the 
originall  interval or ordinal variable. Improvement was judged from Wald's test. 

Third,, predictive power improvement resulting from inclusion of new 
patientt or tumor characteristics was judged from the P-value generated by 
Wald'ss test. Coefficients were corrected for treatment type. 

Fourth,, the proportional hazard assumption was verified by plotting the 
weightedd Schoenfeld residuals against time and drawing a smoothed spline 
throughh the points.14 Based on the spline appearance, a PS-time interaction 
termm was tested for significance in a time-dependent proportional hazards 
model.. The linearity of the relation between PS and ln(hazard) was tested by 
inspectingg the plot of the deviance residuals against PS,15 and by testing pre-
dictionn improvement by adding dummy variables, indicating the original cat-
egorizationn of PS, to the linear term. 

P-valuess are adjusted for multiple comparisons only were explicitly stat-
ed.. Survival-type calculations were done using the product-limit method of 
Kaplann and Meier.10 Standard errors (SE) were calculated according to the 
methodd of Peto et al.16 
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Results s 

Treatmentt  results 

Fivee year survival rate was 65% (SE 4%). 81 of 231 patients experienced a 
recurrencee (local n=13, local and regional n = 4, local and distant n=5, local, 
regionall  and distant n=6, regional only n=4, regional and distant n= 5, distant 
onlyy n=44). Recurrence free percentages are estimated as 74% (SE 3%) at 
twoo years and 62% (SE 4%) at 5 years. This is similar to the findings in the 
sourcee population where 64 % of patients were recurrence free at 5 years.3 

Clinicall  validation 

PS11 could be calculated in 183 patients. It could not be calculated for 48 
patientss with 23 recurrences, due to missing values in contributing variables, 
mainlyy cT (47 patients). After score calculation (range 2.62 - 8.36) the group 
wass divided according to the published cut-off points (<3.85,3.85-4.74,4.74-
5.80,, >5.80).3 5 year recurrence free percentages were 92% (n=40, SE 7%) 
forr the most favorable group, 70% (n=56, SE 9%) for the second best group, 
59%% (n=60, SE 11%) for the third group and 42% (n=27, SE 32%) for the 
leastt favorable group. Fig 1 shows the PS1 based recurrence free interval 
curvess per group. We can visually verify the correct ordering. 

PS22 could be calculated for 171 patients and ranged from 3.03 to 8.1. For 
600 patients with 32 recurrences, including 12 patients without surgery, PS2 
couldd not be calculated due to missing values in contributing variables, main-
lyy cT (47 patients). Categorizing according to published cut-off points (< 
3.99,, 3.99-4.80, 4.81-5.67, > 5.67) yields 5 year recurrence free percentages 
fromm 90% (N=21, SE 10%) for the best group, to 87% (N=56, SE 7%) for the 
secondd best group, 70% (N=50, SE 10%) for the third group and 40% (N=44, 
SEE 16%) for the least favorable group. Fig 2 displays the corresponding 
Kaplan-Meierr recurrence free interval curves. For assessment of calibration, 
Tablee 3 displays recurrence free percentages according to PS1 and PS2 lev-
els,, both in the source population and in the validation sample, illustrating the 
over-optimismm in estimating prognostic power when a prognostic index is 
appliedd to the patients it was constructed from.7 The four groups in the vali-
dationn sample have less diverging prognoses, with relatively broader SE. 
Thiss observation can be partly explained by the more frequent representation 
off  patients with intermediate prognosis in the validation sample. 
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Figuree 1. Recurrence free interval by PS1 groups. Numbers featuring above 
thee time axis refer to number of patients at risk at that particular time spot in 
follow-up p 
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Figuree 2. Recurrence free interval by PS2 groups. Numbers featuring above 
thee time axis refer to number of patients at risk at that particular time spot in 
follow-up p 
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Tablee 3. 
Recurrencee free percentages at 5 years for  source and validation 

samplee according to the four  levels of PS1 and PS2 

PSS levels 

I I 

2 2 

3 3 

4 4 

PS11 NWHHT 3 

%%  recurrence free 

(Numberr  of patients 

92% % 
(40;;  7%) 

70% % 
(56;;  9%) 
59% % 
(60;;  11%) 
42% % 
(27;;  32%) 

PS11 NKI/AvL b 

%%  recurrence free 

PS22 NWHHT 

%%  recurrence free 
PS22 NKl/Av L 
%%  recurrence free 

SE)) (Number  of patients;SE) (Number  of patients;SE) (Number  of patients; SE) 

92% % 
(29;;  5%) 

83% % 
(30;;  7%) 

48% % 
(31;;  11%) 
23% % 
(28;;  9%) 

90% % 
(21;;  10%) 

87% % 
(56;;  7%) 
70% % 
(50;;  10%) 
40% % 
(44;;  16%) 

95% % 
(26;;  5%) 

83% % 
(25;;  8%) 

56% % 
(26;;  12%) 
42% % 
(25;10%) ) 

aa Validation sample Dutch Cooperative Group on Head and Neck Cancer (NWHHT) 
""  Original sample from the Netherlands' Cancer Institute (NKI/AvL ) from which PS1 and PS2 were derived 

Quantificationn of the amount of fit  of the index to the new data by entering 
thee newly calculated PS in Cox's model, resulted in a coefficient for PS1 of 
0.666 (SE 0.11), highly significant CPO.0001), but expectedly considerably 
lowerr than 1J The coefficient of PS2 in Cox's model is 0.62 (SE 0.13), high-
lyy significant (P<0.0001) but also considerably lower than 1. This quantifies 
over-optimismm in estimating prognostic power in the source population as 
34%% for PS1 and 38% for PS2. 

Concordancee measure C for PS1 equals 0.74, declining from 0.80 in the 
sourcee population. Concordance measure C for PS2 equals 0.71 and was 0.78 
inn the source population. 

Statisticall  validation 

WeightWeight evaluation 

Thee relevant data resulting from the weight re-evaluation in the validation 
samplee for PS 1 and PS2 are displayed in Table 4 and Table 5 respectively. In 
bothh tables, the first column contains the original weights or coefficients, the 
secondd column the change in optimal weights, and the third column the P-
valuee indicating whether this change is significant. The fourth column gives 
thee multivariate optimal weights for all variables in PS1 (Table 4) and PS2 
(Tablee 5) for the validation sample. Our data provide no evidence, that the 
originallyy defined weights are less than optimal. 
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Tablee 4. 
Optimall  weights in PS1 for  the NWHHT data set 

Variable e 

Agee at diagnosis 

Painn on presentation 

cT-classifii  cation 

cN-classification n 

Skinn invasion 

Faciall  nerve dysfunction 

Originall  weights ^ 

0.024 4 

0.62 2 

0.44 4 

0.45 5 

0.63 3 

0.91 1 

Univariatee optimal change 

(+/-- SEa) 

-0.0044 ) 

-0.077 ) 

+0.366 ) 

) ) 
-0.299 ) 

-0.500 ) 

P-valueb b 

0.69 9 

0.83 3 

0.06 6 

0.63 3 

0.50 0 
0.18 8 

Multivariatee weights 

(+/-- SE) 

0.0100 ) 

0.288 ) 

0.611 ) 
0.344 ) 

0.255 ) 

0.144 ) 

aSEE = standard error 
^resultingg from the Wald test 

Tablee 5. 
Optimall  weights in PS2 for  the NWHH T data set 

Variable e 

Agee at diagnosis 

cT-classification n 

cN-classification n 

Skinn invasion 

Faciall  nerve dysfunction 

Perineurall  growth 

Positivee surgical margins 

Originall  weightŝ  

0.018 8 
0.39 9 

0.34 4 

0.70 0 
0.56 6 

0.78 8 

0.65 5 

Univariatee optimal change 

(+/-- SEa) 

-0.0033 ) 

40.344 ) 

+0.244 ) 
-0.122 ) 

-0.277 ) 

-0.644 ) 

-0.333 ) 

P-value" " 

0.74 4 

0.10 0 

0.070 0 

0.81 1 

0.54 4 

0.097 7 

0.34 4 

Multivariatee weights 

(+/-- SE) 

0.0066 ) 

0.544 ) 

0.411 ) 

0.355 ) 

0.111 ) 

0.266 ) 

0.277 ) 

aSEE = standard error 
''resultingg from the Wald test 

DefinitionDefinition reconsideration 

Inn PS, age, cT- and cN-classification were included as linear variables. To 
knoww whether Cox's model including the categorized form of these variables 
fitss the validation data better than the linearly defined form, we considered 
addingg the categorized variable to the model containing the linearly defined 
variable.. For PS1, we found no evidence of non-linearity for age (P=Q.42) or 
cNN (P=0.19). There may be some doubt about the linearity of cT (.P=0.071). 
Forr PS2, we found no evidence of non-linearity for age (P=0.21), cT (0.12) 
orr cN (P=0.087). 
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ConsiderationConsideration of other variables 

Forr PS1, addition of sex (P=0.76), localization of the primary tumor within 
thee parotid (P=0.058), cytological (P=0.65) or combined incisional biopsy 
andd cytological information (P=0.22) did not enhance prognostic power. 

Forr PS2, addition of sex CP=0.76), histological skin invasion (i>=0.095), 
clinicall  grade of malignancy according to the 1972 WHO classification 
CP=0.98),, localization of the primary (P=0.96), intravascular growth 
CP=0.19),, extranodal growth in neck specimen (T^O.87) or number of posi-
tivee nodes in neck specimen (P=0.42) did not increase prognostic power. 
Somee evidence was found for an additive prognostic effect of tumor spill 
(P=0.0081),, and clinical grade of malignancy according to the 1991 WHO 
classificationn CP=0.043). Adjusted for each other the ln(hazard ratios) are 

)) for PS2, ) for spill and ) for clinical grade 
off  malignancy according to the 1991 WHO classification. 

Testingg the proportional hazard assumption, no indication for a changing 
prognosticc value of PS1 in time was found. We found no evidence of non-lin-
earityy of the relation between PS1 and ln(hazard) (P=0.36). Increasing PS1 
thuss corresponds to a linear increase in risk for recurrence, a risk remaining 
stablee during follow-up time. The same holds for PS2, where no improve-
mentt is observed upon inclusion of the time interaction term (P = 0.82). The 
increasingg risk associated with increasing PS2 remains stable in time. There 
mayy be some doubt about the linearity of the relation between PS2 and 
In(hazard),, the test rejecting non-linearity being not really convincing {P = 
0.052).. This finding can be appreciated looking at Fig 2, the prognoses of the 
twoo patient groups with the best prognosis not clearly diverging. 

Discussion n 

Treatmentt  results 

Thee 65% 5 year survival compares favorably to the rates reported in the lit-
erature,, ranging from 46% to 71%.17-20 The observed five-year recurrence 
freee percentage of 62% is also similar to the result of others, Spiro reporting 
55%% of patients being recurrence free at five years,21 64% of patients being 
recurrencee free in our source population.3 The patient group used for this 
externall  validation can be considered representative of patients with parotid 
carcinomaa in general. 
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Clinicall  and statistical validation 

GeneralGeneral methodological considerations 

Thee prognostic model was developed and validated using a representative, 
well-definedd patient sample at a similar point in their disease course (recur-
rencee from the first day of definitive treatment). Median follow-up in the 
sourcee population was adequate (94 months), in the validation sample con-
siderablyy less (52 months), but more in line with the real ability to follow 
thesee patients.22'25 The outcome recurrence, of highest interest to the cancer 
patient,266 can be called objective and unbiased, insofar as follow-up has been 
adequate. . 

Admittedlyy the power of this study should ideally be higher, as can be 
seenn from the relatively large SE in Table 3. In this respect researchers' pos-
sibilitiessibilities are limited by the rare and diversified disease under study, requir-
ingg multi-institutional retrospective data collection to gather an adequate 
amountt of data for statistical computations. Typical in this respect is also the 
highh number of missing values, another shortcoming of the study. The latter 
mayy however not have biased the main conclusions, as wil l be discussed 
below. . 

Patientss with missing PS1 seem to have a higher 5 year recurrence rate: 
52%% (SE 9%) versus 33% (SE 6%) for patients with known PS1, but this can 
stilll  be accounted for by chance (P=0.078). Especially the 47 patients with 
unknownn cT (49% 5 year disease free) and the 4 patients with unknown cN 
(33 recurrences within 2 years) contributed to this worse prognosis. 

Patientss with missing PS2 also display a higher 5 year recurrence rate: 
58%% (SE 8%) versus 29% (SE 6%) for patients with known PS2. This is more 
thann can be accounted for by chance (P=0.0009). This can largely be 
explainedd by the prognostically bad non-surgical patients (n=12, 10% 5 year 
diseasee free) for whom PS2 is unknown by definition. Additionally patients 
withh unknown PS2 more often have tumors >4cm: 10/13 (77%) against 
54/1711 (32%) for patients with known PS2. Especially the 47 patients with 
unknownn cT and the 4 patients with unknown cN explain the worse progno-
siss for patients with unknown PS2. 

Thesee findings will only bias the conclusions on prognostic power of PS 
iff  the relation between true PS and prognosis is different in patients with actu-
allyy unknown PS, than in patients with known PS. Our data cannot provide 
evidencee for or against this. It seems however unlikely. 

Clearly,, for future patient file recordings, more effort should be put on 
accuratee TNM-classification and recording of known prognostic factors 
beforee treatment is instituted. 
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ClinicalClinical validation 

Thee resulting patient groups and recurrence free interval curves are very 
acceptablee for PS1. Correct ordering is maintained (Fig 1). For PS2 discrim-
inationn between the two groups with the best prognosis is absent (Fig 2), and 
thuss worse than observed in the source population.3 Comparing recurrence 
freee percentages in the validation sample to those in the source population 
(Tablee 3), clearly patients of the validation sample in categories PS1-PS2 = 3 
orr 4 have lower recurrence rates. This observation can be explained by the 
factt that the majority of patients with missing values, and thus missing PS, 
havee a poor prognosis, even compared to the two groups with the higher PS. 
Ass discussed above, patients with missing PS are to be located in PS groups 
33 or 4. These findings exemplify the expected over-optimism in external val-
idationn attempts.7'8-27'28 In fact, it is common in the construction of prognos-
ticc models to allow for overestimation of prognostic information, so subse-
quentt finding and quantification of this over-optimism (34% for PS1, 38% 
forr PS2) in external validation should not surprise us.6 

Ass observed in other areas of literature regarding prognostic scoring, 
applyingg a score to a validation sample results in a fall in concordance meas-
uree C. This fall from 0.80 to 0.74 for PS1 and from 0.78 to 0.71 for PS2 is 
comparablee to that observed in external validation studies of other, generally 
acceptedd prognostic systems. The Dukes Classification for rectal cancer 
showedd a concordance measure C of 0.84,29 declining to 0.78 in the external 
validationn by Jass et al.30 and to 0.74 in the study by Harrison et al.31 A com-
parablee decline from 0.8530 to 0.80 and 0.79 in the study by Harrison et al,31 

iss observed for the Jass classification system. 

StatisticalStatistical validation 

Thiss material provides no evidence to alter the weights of the variables con-
tributingg to PS1 and PS2. The P-values in column 3 of tables 4 and 5 all indi-
catee that the observed variation can be fully accounted for by chance alone. 
Likewise,, there is no evidence for a change of the scale definition. Keeping 
inn mind the correction for multiple comparisons, we are not inclined to 
includee both the variables "tumor spill" and "clinical grade of malignancy 
accordingg to the 1991 WHO classification" in the model, the multiple com-
parisons-correctedd P-value accompanying their addition being only 0.073 (9 
timess 0.0081) and 0.387 (9 times 0.043).32 
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Clinicall  implications: generalizability and informatio n 

Generall  izabi Iity, applicability of the index to patients outside the source pop-
ulation,, implies transportability.8 In this study, transportability regarding 
locationn (geographic transportability) is addressed by recruiting the valida-
tionn sample from tertiary referral centers all over the Netherlands. 
Transportabilityy in time (historical transportability) is difficult to prove see-
ingg the scarce incidence of parotid carcinoma, but partly addressed by the fact 
thatt the validation sample was recruited over a shorter and later time span 
thann the source population. Transportability in methodology is partly 
addressedd by the fact that, is spite of using the same standardized registration 
sheet,, much more missing values had to be dealt with in the validation sam-
plee than in the source population. Nevertheless an acceptable performance 
wass observed. With less missing values the validation is expected to be even 
moree convincing. Transportability in follow-up is addressed by the shorter 
follow-upp (52 months) in this validation as compared to 94 months for the 
sourcee population. The acceptable loss in concordance measure C, as well as 
thee absent evidence for a changing effect of PS with time, suggest that PS 1 
andd PS2 are relatively robust to differences in follow-up period. 

Summarizingg generalizability, the 5 level hierarchy of external validity for 
predictivee systems, as proposed by Justice et al,8 can describe the actual level 
off  evidence for clinical usefulness of our indices (Table 6). We are confident 
off  having reached level 3 (multisite validation). Further studies should assess 
whetherr the remaining levels 4 and 5 can be reached by the PS indices for 
parotidd carcinoma. 

AA prognostic mode! also constitutes important scientific information for 
thee doctor. The model development serves a better understanding of prog-
nosticc determinants of a disease, stimulates future research, and thus has an 
indirectt relevant impact on better actions to patients.33 A direct impact is also 
frequentlyy ascribed to a prognostic model, when the discrimination is used to 
stratifyy patients by stage of severity, to compare treatments within these 
stages.. This precursor role to direct impact cannot be claimed for this model. 
Thee rare incidence, and the lack of variability in the current treatment 
options,, make this disease unsuitable for therapeutic trials. A treatment deci-
sionn guiding impact of PS1 and PS2 is thus not to be expected. However, this 
firstfirst result of multicenter data collection could lead the way towards multi-
centerr studies of treatment, e.g. within the Dutch Head and Neck Oncology 
Cooperativee Group (NWHHT) or the European Organization on Research 
andd Treatment of Cancer (EORTC). 

Too meet the required "user-friendly" aspect,33 a computerized download-
ablee fill-out form has been developed, providing the clinician with the 5 year-
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Tablee 6. 
Hierarchyy of external validit y for  predictive systems 

accordingg to Justice 8 

Levell  of validation Cumulative generalizability evaluated 

0.. Internal validation Reproducibilit y 
1.. Prospective validation Reproducibility , historic transportabilit y 
2.. Independent validation Reproducibility , historic transportability , geographic 

transportability ,, methodologie transportability , spec-
trumm transportabilit y 

3.. Multisit e validation Reproducibility , historic transportability , geographic 
transportability ,, methodologie transportability , spec-
trumm transportabilit y 

4.. Multipl e independent validations Reproducibility , historic transportability , geographic 
transportability ,, methodologie transportability , spec-
trumm transportabilit y 

5.. Multipl e independent validations with life-table analyses Reproducibility , historic transportability , geographic 
transportability ,, methodologie transportability , spec-
trumm transportability , foltow-up period transportabilit y 

Justice,Justice, et al. Assessing the generalizability of prognostic information. Ann Intern Med 1999;130:515-524. 
ReprintedReprinted by permission of the Annals of Internal Medicine. 

recurrencee free percentage, the relative risk for recurrence and the according 
recurrencee free interval curve, applicable to the patient, sitting in front of 
him,, and presenting with a specific set of prognostic factors. 

Conclusion n 

Apartt from being the next step in the ongoing scientific process of under-
standingg the disease "parotid carcinoma", this validated prognostic score 
contributess to the scientific prognostic information of doctor and patient.6-33 

Thee conclusion of this study is that PS1 and PS2 performed well in this val-
idationn sample and that we did not find evidence for improvement. In the lit-
erature,, to our knowledge, no other examples of validated prognostic scores 
forr patients with parotid carcinoma are available. For validation up to the 
levell  4 and 5 of Justice,8 we await enthusiastic independent investigators all 
overr the world to get us up to the next or put us down to the former level. 
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Cumm grano salis... 
PliniusPlinius Maior, Naturalis Historia, A.D. 79 

Definitionn of an expert: an expert is one who knows more and more about 
lesss and less. 
NicholasNicholas Murray Butler, 1947 
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Abstract t 

Background::  Parotid carcinoma is a rare heterogeneous disease with a wide 
variationn in treatment outcomes. Several systems are used to make prognos-
ticc estimates of these outcomes. This study aims at comparing prognostic 
abilityy of the 1997 International Union Against Cancer/ American Joint 
Committeee on Cancer (UICC/AJCC) stage grouping and its modification, as 
proposedd by Numata, et al., {Cancer 2000;89:1664-9) to that of the prognos-
ticc index PS1 {Cancer 1999;85:2057-67), in a nationwide database of 
patientss with parotid carcinoma. 

Methods::  Patients were classified according to the 1997 TNM-system, the 
UICC/AJCCC stage grouping guidelines, and the new proposal for stage 
groupingg by Numata, et al. Both stage grouping systems were compared for 
theirr ability to predict survival. For the outcome recurrence, the prognostic 
performancee of the UICC/AJCC stage grouping system was compared to that 
off  the index PS1. Evaluation was done by checking discrimination according 
too Kaplan-Meier curves, computing concordance measure C, and quantifying 
balance. . 

Results::  1997 UICC/AJCC staging guidelines result in poor balance. The 
prognosticc index PS1 results in better balance (0.27 vs. 0.87 for 1997 
UICC/AJCCC staging guidelines), better discrimination (concordance measure 
CC 0.74 vs. 0.65 for 1997 UICC/AJCC staging guidelines), and easier inter-
pretationn of associated increase in risk for recurrence. Prognostic ability for 
bothh systems could still be improved. For Stage IV patients, the proposal by 
Numata,, et al., results in better discrimination for the outcome survival than 
doess the a-b-c distinction of the UICC/AJCC system. For the outcome recur-
rence,, this proposal does not seem an improvement. 

Conclusions::  For parotid carcinoma, the UICC/AJCC TNM-classification 
andd stage grouping cannot be confirmed as an adequate prognostic system. 
Thee prognostic index PS1 seems more adequate for this purpose. This study 
supportss the suggestions as made by Numata, et al. with regard to predicting 
survival. . 
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Introductio n n 

Parotidd carcinoma, like salivary gland cancer in general, is a disease with 
aa very low incidence and a very complex and variable phenotypic appear-
ance.. The European standardized incidence rate per 1 O**  person-years in the 
Netherlandss in the period 1989-1995 was only 6 for men and 5 for women.1 

AA wide variation in treatment outcomes is observed. Head and neck oncol-
ogistss have been trying very hard to define factors that allow to predict the 
futuree outcome of parotid carcinoma patients. Doctors need this information 
everyy day for clinical decision making in the individual parotid carcinoma 
patient.22 Since providing prognostic information is a medico-legal responsi-
bilityy and an integral part of the support for patients and their families, doc-
torss also need this prognostic knowledge to inform the parotid carcinoma 
patientt and his or her family. Prognostic information may also be essential for 
definitionn of patients, who may benefit from a new treatment, or for stratify-
ingg patients by disease severity in clinical trials, to increase precision ; how-
ever,, to date, the clinical trial study design has not been applied in parotid 
carcinomaa patients. Studying prognostic factors can also lead to insight into 
thee complex pathophysiological interactions between different prognostic 
factorss under study. 

Byy far the most frequently advocated and most widely used system to 
reachh a standardized diagnosis, that allegedly in the mean time also has an 
importantt prognostic function, is the TNM-classification (diagnostic) and its. 
reclassificationn into stage groups (prognostic). The primary objective of the 
stagingg system is the creation of a prognostic hierarchy, grouping TNM-con-
stellationss with comparable prognosis in the same stage.3 The AJCC 
(American(American Joint Committee on Cancer) staging system and the UICC 
(Internationall  Union against Cancer) staging system for major salivary gland 
carcinomaa are identical since 1987. The latest, fifth edition, contained some 
significantt changes in the T definition and the stage regrouping (Table 1)4«5 

Thesee changes were based on literature review and clinical understanding 
off  the disease process, based on an extensive retrospective study of malignant 
tumorss of the major salivary glands, with an interest of maintaining the same 
schemee across as many head and neck sites as possible.5 A frequently made 
distinctionn is between pretreatment clinical staging, based on the information 
thatt is available from diagnostic and evaluative studies undertaken before 
institutingg therapy,7 and postsurgical histopathologic staging, based on all 
information,, including postsurgical histopathologic information. Most stud-
iess dealing with the prognostic effect of the stage grouping, consider the pre-
treatmentt staging. Some recent practical evaluations of the prognostic use of 
thee pretreatment UICC/AJCC stage grouping applying the 1997 guidelines in 
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Tablee 1. 
Stagee grouping (UICC a 1997) 

andd proposed alteration by Numata, et al. 

TT status 

Tl l 
T2 2 

T3 3 

Tl l 
T2 2 

T 4b b 

T3 3 
T4 4 
Anyy T 
AnyT T 
Anyy T 

NN status 

NO O 
NO O 

NO O 

Nl l 
Nl l 

NO O 
Nl l 
Nl l 
N2 2 
N3 3 
Anyy N 

MM status 

MO O 
MO O 

MO O 

MO O 
MO O 

MO O 
MO O 
MO O 
MO O 
MO O 
Ml l 

UICCC 1997 

Stagee I 
Stagee I 

Stagee 11 

Stagee III 
Stagee III 

Stagee IV 
Stagee IV 
Stagee IV 
Stagee IV 
Stagee IV 
Stagee IV 

Numata,, et al 

Stagee I 
Stagee I 

Stagee II 

Stagee III 
Stagee III 

Stagee II I 
Stagee II I 
Stagee IV 
Stagee IV 
Stagee IV 
Stagee IV 

aUICC:: International Union Against Cancer 4 

^Inn bold are the categories that are transferred from Stage IV to Stage III 

patientss with parotid carcinoma revealed undesirably poor balance and poor 
predictivee effect 6>8 and led to the proposition of some changes to be made 
(Tablee 1). 
Ass an alternative to stage grouping for the estimation of prognosis, we 
recentlyy published the prognostic indices PS1 and PS2 for patients with 
parotidd carcinoma,9 both for the pretreatment and the posttreatment setting. 
Parallell  to the notion of "pretreatment clinical staging", PS1 incorporates 
patientt and tumor related information, available before treatment, that 
remainedd independently important in multivariable analysis. The index com-
biness these factors, each with their respective weight, in one mathematical 
formulaa (Table 2). This formula is available as an easy to use downloadable 
computerr program. Entering the data for a specific patient in this formula 
resultss in a single number, reflecting the weighted influence of factors pres-
entt in the patient, on the expected recurrence-free interval. PS2 is compara-
blee to the postsurgical histopathologic stage, and is based on all information, 
includingg postsurgical histopathologic information. A recent external valida-
tionn in an independent, nationwide database confirmed the prognostic abili-
tyy of this formula.10 
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Tablee 2. 
Pretreatmentt  prognostic score PS1 

PSll  =0.024 A+0.62 P+0.44 T+0.45 N+0.63 S+0.91 F 

variable e 

AA = age at diagnosis 

PP = pain on presentation 

TT = clinical T classification 

NN = clinical N classification 

SS = skin invasion 

FF = facial nerve dysfunction 

numberr to enter in the formula 

numberr in years 

l=nopain, , 
2=painn or numbness 

Tll  (<2cm)=0, 
T2(2-4cm)=l, , 
T33 (4-6cm)=2, 
T44 (>6cm)=3 

N0=0,Nl=l,N2a=2, , 
N2b=3,, N2c=4, N3=5 

l=noo invasion, 
2=invasion n 

l=intactt function, 
2=paresis-paralysis s 

PSll  = 1 for a score < 3.85 
PSll  = 2 for a score 3.85-4.74 
PSll  = 3 for a score 4.74-5.80 
PSll  = 4 for a score > 5.80 

Thee aim of this study is to evaluate and to compare the prognostic ability for 
recurrencee of both pretreatment systems, our prognostic index PS 1 on the one 
hand,, and the UICC/AJCC stage grouping including its modifications6 on the 
other,, in a Dutch nationwide database of patients treated between 1985 and 
1994.. Following observations made in this comparison, and in the margin of 
thee main study aim, a further evaluation of the value of the modification of 
Numata,, et al.6 to the UICC/AJCC stage grouping was made for the outcome 
overalll  survival. 

Patientss and methods 

Patients s 

Thee original database of the Dutch Cooperative Group on Head and Neck 
Cancerr (NWHHT) consists of 332 records from consecutive patients treated 
forr parotid carcinoma in the academic centers of Amsterdam (NKJ-AvL), 
Groningenn (AZG), Leiden (AZL), Maastricht/Heerlen (AZM/ RTIL), 
Nijmegenn (AZN), Rotterdam (AZR/DDHK) and Utrecht (AZU) from 1985 

151 1 



Chapterr VI 

too 1994. Four patients with unknown tumor status at the end of follow-up 
afterr 1,6, 11 and 88 months, for whom date of last tumor status could not be 
reconstructed,, were excluded. Moreover, 2 patients appeared to have two 
records.. Of one patient, both records were almost exactly the same, except 
thatt in one record follow-up was more complete. The less complete record 
wass excluded. The 2 records for the other patient had a number of differ-
ences,, indicating a double primary tumor. Both records were excluded. The 
remainingg number of records was then 325. 
Becausee different prognostic systems (PS1, UICC/AJCC 1997 stage, 
UICC/AJCCC 1997 stage according to Numata, et al.6) in relation to different 
outcomess (recurrence and survival) were studied, a specific modification of 
thiss basic study population was made for every specific comparison. Three 
differentt versions of the main study population that were considered, are 
describedd below. 

BasicBasic population 

Forr the main purpose of this study, the comparative evaluation of the prog-
nosticc effect of PS 1 and the UICC/AJCC stage grouping (and the modifica-
tionn by Numata, et al.) for tumor recurrence, the patient group was reduced 
fromm 325 to 231 patients. Patients treated in the NKI-AvL were excluded, 
becausee their data had previously been used in the construction of PS1. 
Usingg them would result in an inflated estimate of the prognostic power of 
PSS 1, at the expense of an objective assessment of the other system. After this 
selection,, 256 records remained for analysis. Furthermore, because the out-
comee predicted by PS 1 is "recurrence" (local, regional, and distant), patients 
consideredd to have residual disease at the end of treatment with curative 
intent,, also were excluded. For this reason 8 patients with Ml status and 17 
patientss with residual disease were excluded. Median follow-up for the 
remainingg 231 patients was 41 months, and 52 months for patients alive at 
thee end of follow-up. This same population was used before for the external 
validationn of PS110. Patient, tumor and treatment characteristics are dis-
playedd in Table 3. 

PopulationPopulation modification for the additional Stage IV check 

Followingg this first and major comparison, we observed a large group of 
patientss in Stage IV. To compare the prognostic effect of the UICC/AJCC 
Stagee IV a-b-c subgrouping and the proposed Stage IV revision by Numata, 
ett al.6 in this patient group, the study population was extended according to 
thee outcome studied. 

152 2 



Tablee 3. 
Patient ,, tumo r and treatmen t characteristic s (N=231) 

Patientt  characteristic s 
Variabl e e 

Sex x 

Age e 

Center b b 

Pain n 

levels s 

Male e 
Female e 
<40y y 
40-70 0 
>70 0 
AZG G 
AZL L 
AZM/RTIL L 
AZN N 
AZR/DDHK K 
AZU U 
Noo pain 
Painn or numbnes s 

Treatmen tt  characteristic s 

Surgery y 

Spil l l 

RT*beam m 

Treatmen t t 
x>mbinatio n n 

KTin n 
jombine d d 
surger yy and RT 

Loca ll  excisio n 
Superficia ll  parotidectom y 
Totall  parotidectom y with 
facia ll  nerve preservatio n 
Totall  parotidectom y withou t 
facia ll  nerve preservatio n 
Debulkin g g 
Noo surger y 
Yes s 
No o 
NA A 
Photo nn beam 
Electro nn beam 
Photon ss and electron s combine d 
Missin g g 
Surger yy alone 
Surger yy and postoperativ e RT 
RTT alone 
RTT and chemotherap y 
Chemotherap y y 
Loca l l 
Loca ll  + regiona l 
Missin g g 

11 of tota l wit h know n values 
'Abbreviation s s 
mdd Method s 

n n 

126 6 
105 5 
30 0 
119 9 
822 3 
22 2 
31 1 
26 6 
29 9 
86 6 
37 7 
173 3 
58 8 

15 5 
63 3 
88 8 

51 1 

2 2 
12 2 
43 3 
176 6 
12 2 
90 0 
33 3 
75 5 
4 4 
29 9 
189 9 
11 1 
1 1 
1 1 
69 9 
118 8 
2 2 

%a a 

55 5 
45 5 
13 3 
52 2 
5 5 
10 0 
13 3 
11 1 
13 3 
37 7 
16 6 
75 5 
25 5 

6 6 
27 7 
38 8 

22 2 

1 1 
5 5 
19 9 
76 6 
5 5 
45 5 
17 7 
38 8 

13 3 
82 2 
4.5 5 
0.5 5 

0.5 5 
34 4 
66 6 

aree explaine d in paragrap h 1 of the sectio n Patient s 

""  Internationa l Union Agains t Cancer 4 

** NA = not applicable , because no surgica l treatmen t 
''  Radiotherap y 
''  Worl d Health Organization' ' 

Tumorr  characteristic s 
variabl e e 

Skin n 

Faciall  nerve 
Dysfunctio n n 
cTT classificatio n 
(U1CCC '97)c 

cNN classificatio n 
(U1CC'97)C C 

Cytolog y y 

localizatio n n 

Perineura l l 
growt h h 

Vascula rr  invasio n 

Positiv ee margin s 

Histologica l l 
Classification ' ' 

Extracapsula r r 

Growt h h 
Metastati c c 
lymp hh nodes 

levels s 

Noo invasio n 
Invasio n n 
Intac tt  functio n 
Paresis-paralysi s s 
cTl l 
cT2 2 
cT3 3 
cT4 4 
Missin g g 
cNO O 
cNI I 
cN2a a 
cN2b b 
cN3 3 
Missin g g 

Nott  suspec t 
Acini cc  cell carcinom a 
Otherr  malignanc y 

NA d d 

Tumorr  Superficia l lobe 
Deepp lobe 
Superficia ll  and deep 
NA NA 
No o 
Yes s 
NA A 
Yes s 
No o 
NA A 
No o 
Yes s 
NA A 
Acini cc  cell carcinom a 
Mucoepidermoi dd carcinom a 
Adenoi dd cysti c carcinom a 
Polymorphou ss low-grad e 
adenocarcinom a a 
Epithelial-myoepithelia ll  carcinom a 
Basall  cell adenocarcinom a 
Sebaceouss carcinom a 
Papillar yy  cystadenocarcinom a 
Mucinou ss adenocarcinom a 
Oncocyti cc  carcinom a 
Salivar yy duct carcinom a 
Adenocarcinom a a 
Malignan tt  myoepitheliom a 

n n 

211 1 
20 0 
186 6 
45 5 
32 2 
65 5 
38 8 
55 5 
41 1 
193 3 
9 9 
7 7 
15 5 
3 3 
4 4 

26 6 
12 2 
115 5 

78 8 

148 8 
27 7 
44 4 
12 2 
159 9 
60 0 
12 2 
33 3 
186 6 
12 2 
71 1 
148 8 
12 2 
33 3 
32 2 
36 6 
3 3 

7 7 
0 0 
0 0 
5 5 
1 1 
2 2 
10 0 
18 8 
1 1 

Carcinom aa in pleomorphi c adenom a 24 
Squamou ss cel l carcinom a 
Smal ll  cel l carcinom a 
Undifferentiate dd carcinom a 
Otherr  carcinoma s 
Cytolog yy onl y 
Missin g g 
No/noo lymp h nodes in neck 
specime nn / no neck specime n 
Yes s 
0 0 
11 positiv e lymp h node 
2-55 positiv e lymp h nodes 
>=66 positiv e lymp h nodes 

17 7 
0 0 
20 0 
6 6 
6 6 
10 0 
202 2 

29 9 
180 0 
13 3 
15 5 
233 1 

% % 
91 1 
9 9 
81 1 
19 9 
17 7 
34 4 
20 0 
29 9 

85 5 
4 4 
3 3 
7 7 
1 1 

17 7 
8 8 
75 5 

64 4 
12 2 
19 9 
5 5 
69 9 
26 6 
5 5 
14 4 
81 1 
5 5 
31 1 
64 4 
5 5 
15 5 
14.5 5 
16 6 
1 1 

3 3 
0 0 
0 0 
2 2 
0.5 5 
1 1 
4.5 5 
8 8 
0.5 5 
11 1 
8 8 
0 0 
9 9 
3 3 
3 3 

86 6 

14 4 
78 8 
6 6 
6 6 
0 0 



Chapterr VI 

OutcomeOutcome "recurrence" 
Wee first used the NWHHT database excluding patients with residual disease 
forr the purpose of comparing the effect of UICC stage vs. the system pro-
posedd by Numata, et al.6 (modified definition of Stage IV) for the outcome 
"recurrence".. The patient database used for this comparison thus consisted of 
3000 patients, after reintroducing the 69 patients that were treated in the NKI-
AvLL in the period 1985-1994. Median follow-up in this population was 54, 
meann follow-up was 59 months. 

OutcomeOutcome "overall survival" 
Wee then wanted to check these findings for a second outcome, "overall sur-
vival",, because the Numata Stage IV revision was proposed following the 
studyy of the prognostic effect of stage grouping for this specific outcome. To 
doo this, the complete nationwide database, now again including the patients 
withh residual disease and Ml patients (n=25), was used. The patients group 
studiedd in this way was thus again the initial group of 325 patients. Median 
follow-upp was 39 months, mean follow-up was 45 months. 

Methods s 

Alll  classification data in this study refer to combined clinical-radiological 
staging.. First of all the 1997 TNM classification4-5 was retrospectively 
assigned.. Although in the UICC and in the AJCC manual, there is no mention 
off  the subdivision of Stage IV into Stages IV a, IV b and IV c for salivary 
glandd tumors, we did consider this subdivision in specific sub-analyses, as 
alsoo other authors8'12 suggest to do so for patients with major salivary gland 
carcinoma.. Of 231 patients considered for the key issue of this paper, the 
comparisonn of PS1 to the UICC/AJCC stage grouping for the outcome 
"recurrence",, 1997 T classification and stage grouping could be calculated 
forr 190 patients (Table 4a). 

Tablee 4a. 
Upclassii  tying effect of the 1997 T classification 

forr  190 classifiable patients 

Number r 
Proportion n 
Validd proportion 
Proportionn in the series of Carinci, et al.'** 
Proportionn in the series of Numata, et al." 

Tl l 

32 2 
14% % 
17% % 
15% % 
6% % 

T2 2 

65 5 
28% % 
34% % 
32% % 
18% % 

T3 3 

38 8 
16% % 
20% % 
20% % 
38% % 

T4 4 

55 5 
24% % 
29% % 
33% % 
38% % 

Missing g 

41 1 
18% % 

Total l 

231 1 
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Tablee 4b. 
Effectt  of Stage IV subgrouping and proposed reclassification 

accordingg to Numata, et ah6 

1997UICC/AJCCC Stage Numata, et al. reclassification 

II  84 84 
III  32 32 
IIII  5 47 
IVV 69 27 

IVV a 66 
IVV b 3 

StatisticalStatistical comparisons 

PSS 1 was computed for the whole patient group, and used in its categorized 
formm (scores ranging from 2.62 to 8.36) according to the published cut-off 
pointss (<3.85 n= 40, 3.85-4.74 n=56, 4.74-5.80 n=60, >5.80 n= 27)9, in order 
too facilitate the comparison to the UICC/AJCC staging system, also a four-
tieredd system. 

UnivariableUnivariable comparisons 
Kaplan-Meierr plots were first constructed, and the resulting recurrence-free 
intervall  information for the whole group was then subdivided according to 
thee variables (1) PS1 categories and (2) UICC/AJCC stage groups. In this 
firstt instance, the a-b-c subdivision in Stage IV was not studied as such. For 
comparisonn of Kaplan-Meier curves, the log-rank test, and where appropriate 
aa trend log-rank test was used to test for significant differences. 
AA Cox proportional hazards regression analysis14 was used to perform a test 
forr linearity for the variables under study. Thiss was done by adding the cate-
gorizedd form of the tested variable to the model containing the linear form of 
thee variable. Linearity assumes that every step up in the variable under study, 
bee it PS 1 or stage, corresponds to a constant proportional increase in risk for 
recurrence. . 

MultivariableMultivariable analysis 
Enteringg both systems in the Cox proportional hazards regression shows 
independentt prognostic information of one system in addition of that of the 
other.. If one system adds prognostic information to the other, but not vice 
versa,, then that system may be assumed to have better prognostic perform-
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ance.. If neither or each system adds prognostic information to the other, prog-
nosticc superiority cannot be decided on the basis of these data. Additional 
comparisonss were then performed using crosstabulations in search for spe-
cificc explanations of discrepancies high stage - low PS1 & vice versa, again 
usingg Cox regression in specific subgroups. 

OutcomeOutcome prediction 
Thee concordance of PS 1 with disease free interval was compared to the con-
cordancee of UICC/AJCC stage with disease free interval by calculating con-
cordancee measure C.15 Analogous to the "Area under the ROC curve" for 
diagnosticc tools, this measure estimates the proportion of pairs of patients in 
whomm highest PS indeed implies shortest disease free interval. The closer the 
valuee to 1, the better the concordance. 

Balance Balance 
Balancee in the distribution of cases was quantified by a system recently used 
forr comparing balance between stage grouping systems for oral cavity carci-
noma.166 The observed proportion of cases in each group of a prognostic sys-
temm is compared to the expected population if every group would have an 
equall  number of patients. As measure of balance the sum of the absolute dif-
ferencess is used. The result is a score ranging from 0 to 1, and corresponds to 
thee average deviance from a balanced distribution. The closer the number 
approachess 0, the better balanced the system. 

Results s 

Considerationn of data and data distributio n 

Alll  reflections made in this section are based on the group of 231 patients that 
weree used to compare PS1 with the UICC/AJCC stage grouping system for 
thee outcome "recurrence". 
Thee effect of the modified stage grouping by Numata, et al.6 can be observed 
inn Table 4b. Table 5 cross-tabulates PS1 and the 1997 UICC/AJCC stage 
grouping,, and shows both systems to have some variation within each others 
subclasses,, so that a further multivariate comparison is warranted. 
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Tablee 5. 
Cross-tabulationn of PS1 categories versus 1997 

UICC/AJC CC Stage categories 

PSl l 

Total l 

1 1 
(<=3.85) ) 

2 2 
(3.85-4.74) ) 

3 3 
(4.74-5.80) ) 

4 4 
(>5.80) ) 

I I 

38 8 

38 8 

8 8 

84 4 

19977 UICC/AJCC Stage 
II I 

1 1 

9 9 

20 0 

2 2 

32 2 

III I 

I I 

2 2 

2 2 

5 5 

IV V 

7 7 

30 0 

25 5 

62 2 

Total l 

40 0 

56 6 

60 0 

27 7 

183 3 

Comparisonn of the prognostic systems 

PSPS J versus 1997 UICC/AJCC stage with regard to recurrence prediction 

UnivariableUnivariable assessment 
Thee performance of PSl in predicting recurrence-free interval can be 
assessedd from Figure la. The logarithm of the risk for recurrence seems to 
increasee linearly with increasing PSl, as can be deduced from the Cox pro-
portionall  hazards model containing both the linear and the categorized form 
off  PSl {P — 0.84; the hypothesis of linearity cannot be rejected). Therefore 
usee of a trend log-rank test is appropriate. The log-rank statistic is 29.30, P-
valuee at 1 degree of freedom < 0.0001. The test for linearity suggests that this 
differencee can be located between every level considered. The results of the 
Coxx regression analysis then suggest that an increase of one level in PSl is 
associatedd with a 2.1 increase in risk (hazard). A patient with a PS 1=2 (score 
betweenn 3.85 and 4.74) thus has a double risk for recurrence as compared to 
aa patient with PS 1=1 (score < 3.85). 

Thee performance of 1997 UICC/AJCC stage categories regarding recur-
rence-freee interval prediction can be assessed in Figure lb and in Table 6. 
Theree is by no means a linear increase in risk for recurrence according to 
stage.. If a difference exists between Stages I—III, then certainly not in the 
expectedd direction. This is confirmed by the rejection of the hypothesis of 
linearityy using the Cox' proportional hazards' based test (P=0.023). The log-
rankk statistic is high: 50.366, at three degrees of freedom giving a P< 0.0001. 
However,, this only reflects the huge prognostic impact of Stage IV. An easy 
numericall  interpretation of the increase in risk for recurrence, associated with 
ann increase in stage, is not possible. 
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Figuree 1. Recurrence free interval curves (a) by prognostic index PS1 and (b) 
19977 UICC/AJCC stage. Bullets refer to censored patients. 
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Tablee 6. 
Survivall  percentages by Stage in current patient series. 

Recurrencee free percentages by Stage in current patient series, 
comparedd to results of Ir o &  Waldfahrer 8 

Stage e 

I I 
11 1 
III I 
IV V 

55 year 
survivall  % 

(SE)) (n=325) 
inn current series 

82%% (5%) 
71%% (6%) 

100% % 
31%% (5%) 

55 year 
recurrencee free % (SE)(n=231) 

inn current series 

79%% (5%) 
79%% (5%) 

too% % 
35%% (6%) 

55 year 
recurrencee free % 

(n=153) ) 
Iroo & Waldfahrer 

83% % 
69% % 
81% % 
44% % 

MultivariableMultivariable assessment 
Inn the proportional hazards analysis both PS1 and 1997 UICC/AJCC stage 
contributee significantly to the explanation of the observed variability in treat-
mentt outcome. This is displayed in Table 7. Consequently, theoretically, com-
biningg the two systems in one overall system should result in a better predic-
tivee system. However, practically, as both stage and PS1 are compound vari-
abless partly consisting of the same components, a model containing both PS1 
andd UICC/AJCC stage is not appealing to the clinician. Furthermore, as can 
bee deduced from the univariable analysis (Figure lb; Table 6), stage is a bad 
prognosticatorr in non-Stage IV patients. The next step was to consider the 
prognosticc impact of PS1 in non-Stage IV patients. Table 7 shows that PS1 is 
aa better predictor in these patients, having a positive coefficient at P=0.011, 
whereass the coefficient of stage is negative, meaning increased risk for recur-
rencee at lower stages. 

Tablee 7. 
Coxx proportional hazards model containing PS1 and UICC/AJC C 

Stage,, for  all patients and excluding Stage IV patients 

Altt stages 

UICC/AJCCC stage 
PS1 1 

Ba a 

0.341 1 
0.404 4 

SEb b 

0.143 3 
0.197 7 

Significance e 

0.017 7 
0.040 0 

Hazardd ratio 

1.407 7 
1.497 7 

Excludingg Stage 
IV V 

UICC/AJCCC stage 
PS1 1 

-0.961 1 
0.832 2 

0.544 4 
0.328 8 

0.078 8 
0.011 1 

0.383 3 
2.299 9 

acoefftcientt in the Cox proportional hazards model 
^standardd error 
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OutcomeOutcome prediction (concordance measure C) 15 

Concordancee measure C for PS1 is 0.74, but falls to 0.66 following catego-
rization,, according to the mentioned cut-off points. Concordance measure C 
forr UICC stage is 0.65. 

Balance Balance 
Inn this group of 231 patients, the balance measure for PS1 was 0.27, as com-
paredd to 0.87 for UICC/AJCC stage grouping. This quantifies the visual 
impressionn of a better balanced patient distribution for PS1. 

NumataNumata proposal versus Stage IV a-b with regard to recurrence prediction 
forfor Stage IVpatients 

Thee observation of a large group of patients with a bad prognosis in Stage IV 
(Tablee 4b) raises the question for tools to achieve a more fine-tuned progno-
siss in this group. We compared the Stage IV a-b subdivision (the "c" catego-
ry,, M1 patients, are not considered for the outcome recurrence) to the pro-
posall  according to Numata, et al.6, for the purpose of recurrence prediction. 
Forr this comparison, as was mentioned in the section "patients", the 69 
patientss treated in the NKJ-AvL were again included in the study population. 
Overalll  effect of stage in these 300 patients is the same as observed for the 
2311 patients. Stage III still consists of 5 patients, not one of them showing a 
recurrence.. Stage I and II patients have an identical failure pattern, 81% (SE, 
4%)) and 84% (SE, 6%) recurrence free at 5 years. Stage IV patients uni-
formlyy do very poorly (35% recurrence-free at 5 years (SE, 6%)). Comparing 
thee Stage IV a-b subdivision to the Numata regrouping, yields following 
results. . 

Withinn Stage IV patients, a difference in recurrence-free interval is 
observedd between Stage IV a (n=85) and Stage IV b (n=3) patients (P= 
0.006),, the latter group, however, being extremely small. Tumors in the 3 
Stagee IV b patients all recurred within 8 months following treatment. The 
recurrence-freee interval curves are displayed in Figure 2a. 

Withinn Stage IV patients, the subclassiftcation as proposed by Numata, et 
al.6,, considering T4N0M0 and T3N1M0 as Stage III patients, results in a bet-
terr balance. Stage III (T4N0M0 and T3N1M0) now contains 54 patients and 
Stagee IV 35 patients. Considering both four-tiered systems for all patients, 
thee balance measure for UICC/AJCC stage grouping is 0.64, improving to 
0.433 following application of the Numata regrouping6. An improvement in 
prognosticc discrimination for recurrence is however not observed, as dis-
playedd in Figure 2b (P = 0.66). 
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NumataNumata proposal versus Stage IVa-b-c with regard to survival prediction for 
StageStage IVpatients 

Too give full credit to the proposal as done by Numata, et al.6, the same exer-
cisee was performed for the outcome survival, as this is the outcome Numata, 
ett al.6 used to make their proposal. As already stated under "patients", again 
aa bigger patient sample (n=325), now including patients with Ml or residual 
disease,, was considered. Overall effect of stage in predicting survival of these 
3255 patients was the same as observed for recurrence in the 231 and 300 
patients,, as presented in Figure 3. Stage IV patients uniformly had a poor sur-
vivall  (31 % at 5 years (SE, 5%)). The last patient with Stage IV b disease died 
455 months following diagnosis, the last one with Stage IV c or Ml disease 
diedd 27 months following diagnosis. This can be appreciated in Figure 4a (P 
<< 0.0001). 
Consideringg the effect of the Numata proposal in former Stage IV patients for 
thee outcome survival now does result in an improved discrimination. The 
graphh (Figure 4b) now shows a good difference in survival between Stage III 
(41%% at 5 years(SE, 7%)) and IV (17% at 5 years (SE, 6%; P = 0.04)). 
Consideringg both four-tiered systems for all patients for the outcome sur-
vival,, the balance measure for UICC/AJCC stage grouping is 0.46, improv-
ingg to 0.15 following application of the Numata regrouping. 
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Figuree 2. Recurrence free interval curves for Stage IV patients, (a) according 
too a-b division in 1997 UICC/AJCC Stage IV, and (b) following assignment 
off  part of the Stage IV patients to Stage III , as proposed by Numata, et al. 
Bulletss refer to censored patients. 
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Figuree 3. Overall survival curve by 1997 UICC/AJCC stage. Bullets refer to 
censoredd patients. 
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Figuree 4. Overall survival curves for Stage IV patients, (a) according to a-b-
cc division in 1997 UICC/AJCC Stage IV, (b) following assignment of part of 
thee patients to Stage III , as proposed by Numata, et al. and (c) following addi-
tionall  isolation of Ml patients. Bullets refer to censored patients. 

ProposalProposal for a new prognostic system for survival in Stage IV patients, com-
biningbining the UICC/AJCC system and the proposal by Numata, et al.6 

Figuree 4c shows the validity in considering Stage IV c patients separately 
withinn Numata IV patients. This level was arbitrarily called IV-M1. A good 
prognosticc effect (P< 0.00001) was observed for the new stage variable, 
whichh adds the T4NOM0 and T3N1M0 patients to Stage III , and considers 
Mll  patients separately. 

Discussion n 

ConsiderationConsideration of data quality and data distribution 

DataData quality:missing values 
Thee main missing value in this study population is T status. T status could not 
bee assigned retrospectively to 41 of 231 patients (18%). This is a typical 
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problemm of retrospective studies. Iro and Waldfahrer8 could not assign a 1997 
TT status to 32% of the patients with salivary gland cancer. We believe how-
everr no significant bias was introduced in the study, 5 year recurrence-free 
percentagee for patients with known T status being 62% (SE, 4%) not sub-
stantiallyy different from patients with an unknown T status (57%, SE, 9%). 
Follow-upp was rather short, but not different from other studies on parotid 
carcinomaa using a nationwide database. Numata, et al.6 exclude 609 patients 
withh "insufficient" follow-up and then have a median follow-up of 67 
months. . 

DistributionDistribution of patients according to T status 
Thee distribution across T levels in our series and the series of Carinci is 
remarkablyy comparable (Table 4b). Patients in the series of Numata, et al.6 

appearr to present more frequently with a T3 or T4 tumor. A possible expla-
nationn for this discrepancy in "tu'mor volume" at presentation is that, either 
patientss in the Netherlands and in Italy present earlier in the disease process, 
orr patients in Japan are more often radiologically assessed, resulting in 
assignmentt of a higher T classification to a tumor with the same clinical 
dimensions.. Numata, et al.6 indeed report "systematical imaging" from 1980 
onwards,, which is certainly not the case for the patients in our study. 

PoorPoor balance: Stage III  is virtually empty 
Inn all considered versions of the study population, only 5 patients could be 
locatedd in Stage III . This is the same observation as was made by Numata, et 
al.,, who found only 7 in 1074 (0.7%) parotid carcinoma patients defined as 
Stagee III , and we think their call for a better balanced stage grouping is right. 
Iroo and Waldfahrer located 12% of patients in Stage III . PS1 as well as 
Numata'ss suggestion result in a better numerical patient distribution. 

DistributionDistribution of Stage IV patients 
Inn our population used to compare PS1 to the UICC/AJCC staging system 
(n=231),, 30% were Stage IV patients. This is a comparable proportion to that 
observedd by Iro and Waldfahrer, who located 28% of their patients with sali-
varyy gland carcinoma in Stage IV. The 31% (SE, 5%) of Stage IV parotid car-
cinomaa patients surviving five years following diagnosis is equal to the 31% 
55 year survival observed for Stage IV head and neck carcinomas in general8. 
Stagee IV b patients are a very small subgroup: only 3/231 (1.6%) patients 
(Tablee 4b) can be assigned to this stage subgroup, again comparable to the 
findingss of Iro and Waldfahrer (1/153 patients). 
Similarlyy to what is observed for patients with head and neck cancer in gen-
eral,, and for patients with salivary gland carcinoma in particular, Stage IV c 
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orr  Ml patients are another  small patient group. In our  patient group used to 
lookk at survival, this disease stage can be attributed to 8 of 325 patients 
(2.5%).. Ir o and Waldfahrer  describe 7 of 153 patients with "major  salivary 
glandd carcinoma"  (4.6%) presenting as Ml . Carinci, et al.13 found not one 
Mll  patient in 134 patients analyzed. Ml occurred in 18 out of 737 patients 
withh salivary gland carcinoma (2.5%)7, comparable to the 2 to 4 % of patients 
withh head and neck cancer  in general.12 

Inn the same way as for  Stage III , these observations indeed force us to criti -
callyy reconsider  the rationale behind the proposed guidelines for  subdividing 
Stagee IV patients. Prognostic differences should be very large indeed to jus-
tif yy such a poorly balanced categorization. 

ComparisonComparison of prognostic ability of prognostic systems 

Recurrence:Recurrence: PS1 versus 1997 UICC/AJCC stage 
Inn our  patient series, PS1 seems a better  and easier  interpretable discrimina-
torr  for  the outcome "recurrence" , than the 1997 UICC/AJCC stage grouping. 
Thee effect of 1997 UICC/AJCC stage on recurrence is not linear  and in fact 
showsshows a poor  discriminative capacity for  Stages I-III . The very same obser-
vation,, i.e. no clear  difference in recurrence free percentages according to 
19977 Stage I-II I  levels, was made by Iro and Waldfahrer8 (Table 6, last col-
umn).. It seems that the general conclusion these authors made regarding the 
adequacyy of the 1997 UICC/AJCC stage grouping of "Head and Neck 
Cancer""  needs some restraint when considering the subgroup of parotid 
malignancies.. The multivariabl e assessment shows that PS1 is a more ade-
quatee predictor  for  non-Stage IV patients, but still far  from delivering the 
qualityy of prognostic information we would like a prognostic system to deliv-
er.. This is also reflected in the computed concordance measure C, which is 
ratherr  low for  both UICC/AJCC stage grouping (c=0.65) and the categorized 
formm of PS1 (c=0.66). In this respect, it seems better  to use PS1 in its origi-
nal,, continuous form (c=0.74). The prognostic improvement using the con-
tinuouss PS1 is to be ascribed to residual explanation of variation in treatment 
outcomee within the categories of PS 1. In a comparable study for  thymoma, 
Beggg et al17 find a value of 0.61 for  the TNM-system, as compared to 0.63 
forr  the systems of Masaoka and Rosai, which combine information on 
anatomicc extent and histopathologic grade. 

Recurrence:Recurrence: Numata proposal versus 1997 UICC/AJCC Stage IVa-b 
Forr  this outcome, both systems seem insufficient to provide for  an adequate 
prognosticc discrimination within the large group of Stage IV patients. The 
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UICCC system has, at least in this series, a good discrimination, but no bal-
ance,, Numata's proposal is better balanced, but fails to discriminate. 

Survival:Survival: Numata proposal versus 1997 UICC/AJCC Stage IVa-b-c 
Forr survival following head and neck cancer in general, the 1997 
UICC/AJCCC Stage IV a-b-c system is known to display a poor discrimination 
betweenn Stages IV a and IV b,12 whereas prognosis of Stage IV c patients is 
markedlyy worse, be it that the latter patient group, as stated previously, gen-
erallyy only constitutes 2-4% of head and neck cancer patients. Our data con-
firmm the rationale in the proposal of Numata, et al., where the T3N1M0 and 
T4N0M00 patients are reclassified as Stage III patients, because of compara-
blee prognosis to the former Stage III (TIN 1 MO and T2N1M0) patients. Also 
inn our data, this resulted in better discrimination and better balance, with 5 
yearr survival figures for Stage III and Stage IV patients in our series being 
similarr to the figures in the study of Numata, et al.. We can therefore support 
thee proposal they made, but only when considering the outcome overall sur-
vival.. Because of the poor prognosis as well as the different treatment 
options,, it seems logical to treat Ml patients as a separate group within Stage 
IVV patients. It is therefore our proposal to add this as a separate category to 
thee system as proposed by Numata, et al. The result of this can be observed 
inn Figure 4c. 

Conclusion n 

Inn our data, as in the data of the few other authors who investigated the prog-
nosticc value of staging systems for salivary gland carcinoma, several draw-
backsbacks regarding the prognostic use of the UICC/AJCC system emerge. The 
alternative,, the prognostic index PS1, seems better in many respects, but 
theree remains substantial room for improvement. The adequacy of the modi-
ficationn of the staging system by Numata, et al., aiming at better prediction 
forr the outcome "survival", is confirmed in our material. 
Moree effort needs to be put in improving the quality of nationwide cancer 
databases.. Patients with head and neck cancer should be treated only in spe-
cializedd tertiary referral centers, where information on essential prognostic 
factorss should be gathered in a standardized way. If, in addition, a uniform 
adequatee follow-up program is adhered to, the high quality data that are nec-
essaryy to judge allegedly important molecular biological prognostic factors 
againstt the established prognostic factors, wil l become available, also for rare 
diseasess like parotid carcinoma. 
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Nobodyy can explain a topic clearly, unless he masters the subject complete-
iy : : 

Diceree bene nemo potest, nisi qui prudenter  intellegit. 
Cicero,BrutusCicero,Brutus 6.23, 43 B.C. 

Fromm inabilit y to let well alone, from too much zeal for  the new and contempt 
fromm what is old; from putting knowledge before wisdom; science before art 
andd cleverness before common sense; from treating patients as cases, and 
fromm making the cure of the disease more grievous than the endurance of the 
samee - Good Lord, deliver  us. 
SirSir Robert Hutchinson, J905 
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Abstract t 

Thiss review integrates current research on assessment, management options 
andd respective outcomes, and prognostic considerations, into the existing 
knowledgee on parotid carcinoma. 
Thee standard management remains a complete resection, with sacrifice of 
faciall  nerve branches only for obvious neural invasion. Histologically and 
cytologicallyy proven neck disease requires combined surgery and radiothera-
py,, elective neck treatment is reserved for advanced stage-high grade tumors. 
Postoperativee radiotherapy, improving locoregional control, can only be 
omittedd in low stage, low grade tumors with no additional negative prognos-
ticc factors. Improved locoregional control results in distant metastasis as the 
mainn presentation of treatment failure, for which systemic treatment today 
remainss insufficient. 
Duee to the complex combined influence of an amalgam of prognostic factors, 
currentt treatment results vary widely within the patient population. An 
increasinglyy quantitative approach to prognosis could help us understand and 
comparee these differences. A way to this more quantitative approach is a 
properlyy validated prognostic index, summarizing the weighted contributions 
off  each prognostic factor in one patient, improving prognostic accuracy. 

Introductio n n 

Parotidd malignancies comprise 1 to 3% of all head and neck carcinomas1. 
Thee standardized incidence rate per 10" person-years in the Netherlands in 
thee period 1989-1995 was 6.0 for men and 5.0 for women2, similar to the 
incidencee of 6.2 per 10" person-years recently reported in Denmark3. 
Diversityy in recurrence-free survival is remarkable and mainly associated 
withh histological type, specific growth characteristics, tumor stage, and treat-
ment.. This is in general terms illustrated by the short recurrence-free interval 
forr a patient with a T4 undifferentiated carcinoma, often immediately recur-
ringg following treatment, and the long recurrence-free interval for a patient 
withh a Tl adenoid cystic carcinoma (AdCC), recurring after more than fifteen 
years4.. We will go step by step through the contemporary work-up and man-
agementt of the parotid carcinoma patient, at every step highlighting recent 
trends,, as they have appeared in last year's world literature. 
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Diagnosis s 

Symptomss and signs 

AA patient with a parotid tumor most often presents with an asymptomatic 
preauricularr swelling. Ten percent of parotid tumors originate in the deep 
lobe,, a small subgroup of these presents with an asymptomatic swelling of 
thee lateral oropharyngeal wall or soft palate. A far minority of tumors (1%) 
arisee in the accessory parotid tissue localized anteriorly, on the masseter mus-
cle5.. The probability of malignancy in any parotid tumor is less than 25%6'7. 
Clinicall  findings indicating malignancy are cervical lymphadenopathy, 
impairedd mobility, fixation to the skin, rapid tumor enlargement, and facial 
palsy.. Logically, the risk of malignancy increases with multiple findings pres-
entt together at the same time8. Facial palsy is an alarming symptom and 
occurs,, independent of the T classification of the disease, in 12 to 25% of 
patientss with a malignant parotid lump7-9-14. "Idiopathic" facial paralysis, 
evenn with a normal MRI (magnetic resonance imaging) examination, can be 
duee to a parotid carcinoma in 6%15. Therefore, a carcinoma should be sus-
pectedd in any patient with progressive facial nerve impairment over 6 to 12 
weeks,, especially if persisting without recovery in a period up to 8 months'6. 

Preoperativee work-up 

Too date, regardless of all test results, if technically feasible, and in the 
absencee of medical contra-indications, excision of the parotid mass remains 
mandatory.. The preoperative work-up aims mainly at determining the risk to 
thee facial nerve (the main counseling feature) by estimating location, extent, 
andd chance of malignancy. 

Finee needle aspiration cytology (FNAC) 

FNACC has been proven to be cheap, safe (no tumor seeding) and quite accu-
ratee in the hands of experienced cytologists, and often helpful in guiding the 
surgicall  intervention'7»'8. The main objective is not accurate tumor typing, 
butt to rule out non-neoplastic lesions and to identify malignancy in neoplas-
ticc lesions'9. We routinely use FNAC in the work-up of all parotid neoplasms. 
Ann immediate on-site work-up and interpretation, results in the highest accu-
racy20. . 

Diagnosticc yield in a recent review of 1355 FNAC's in malignant salivary 
glandd lesions at the Institut Curie, is summarized as an 80.5 % correct iden-
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tificationn of malignancy (true positive), a 4.6 % suspicious lesions, an 11.9% 
failuree to recognize the malignant nature (false negative), and a 3% of unin-
terpretablee samples17. Several recent studies reported a comparable accura-
cy21-^. . 

Iff  no malignancy is demonstrated, the 11.9% false negative rate still calls 
forr superficial parotidectomy17. We feel that any parotid tumor should be 
removedd by parotidectomy for further histopathological purposes, except for 
largee tumors infiltrating the skin, which can easily be diagnosed by incision-
all  biopsy. For cytologically proven malignancy, USgFNAC (ultrasound guid-
edd fine needle aspiration cytology) staging of the neck is recommended. 

Imaging g 

Routinee imaging is not required for mobile circumscribed tumors7-24'25. 
Imagingg is mandatory for tumors with impaired mobility, with MRI offering 
superiorr anatomic information regarding the retromandibular part of the 
parotidd and the area of the stylomastoid foramen15'24-25. MRI sensitivity for 
faciall  nerve invasion is however not absolute15. Currently, even the best 
imagingg techniques cannot predict the course of the facial nerve and the ensu-
ingg deep or superficial lobe location of a parotid tumor. Reports using spe-
cificc MR] techniques are however promising (Figure 1) and reliable visuali-
zationn of the main trunk should become possible in the near future26-28. 

Figuree 1. Imaging of left parotid tumor, (a) CT. The tumor (T) is located lat-
erall  to the mandible, (b) MRI. The tumor is located between the facial nerve 
{small{small arrows) and the retromandibular vein {arrowhead).26 

ActaActa Otolaryngologica Suppl Vol 542:49-53 Copyright © 2000. Reprinted by permission of 
TaylorTaylor and Francis Ltd. 
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Combinedd (clinical and radiological) TNM classification and Stage 
grouping g 

Thee TNM-cIassification no doubt is a keystone in reaching a worldwide uni-
formm diagnosis of parotid carcinoma, summarizing local extent, regional and 
distantt metastasis29-30. These disease properties, in conjunction with various 
otherr clinical and histopathological patient and tumor features, are the major 
treatmentt planning determinants. The major purpose of the TNM-classifica-
tionn is facilitating comparison of treatment results (diagnostic role). Most 
analysess have used the 1987 UICC/1988 AJCC classification, which has 
remainedd unchanged in the 1992 edition, in which T classification combines 
tumorr size (T1-T4) with an a-b subdivision according to local extension31. 
Difficul tt to work with, this subdivision disappeared in the 1997 revision, 
wheree local extension and facial nerve palsy upstage the T classification, 
regardlesss of size29. A new version of the TNM classification is expected in 
Mayy 200232. 

Thee TNM components have also been found to have an independent prog-
nosticc role in multivariate analyses1'4'12'33-35. To serve this prognostic role, the 
TNMM levels are commonly reduced in "stage grouping", assigning TNM-con-
stellationss with a comparable prognosis to the same stage. The stage group-
ingg guidelines, however, are empirical and need validation like any other 
prognosticc system36. Recent evidence argues against the adequacy of the cur-
rentt stage grouping system: in 1074 patients with parotid carcinoma, only 9 
patientss could be assigned to the stage III subgroup. The authors rightfully 
questionn the relevance of a four-leveled staging system in which one sub-
groupp is virtually empty37 (Figure 2). As a solution, they propose a (data-driv-
en)) stage grouping reorganization. The question here is whether we should try 
too crowd all prognostic information in the T, N, and M classification and stage 
regrouping,, a system initially developed only to provide diagnostic uniformi-
ty.. One could argue we should rather move towards prognostic indices, incor-
poratingg all prognostic information generated by multivariate analysis4. 

Treatment t 

Primar yy tumor surgery determinants: location, size and local 
extension n 

AA standard superficial parotidectomy will adequately remove most Tl , T2 
andd selected T3 (if needed with skin resection) tumors in the superficial lobe. 
Moree extended surgery will impose itself in tumors with deep lobe involve-

177 7 



Chapterr Vil 

1.0 0 

0.8 8 

22 0.6 

> > 

II 0.4 

0.2 2 

0.00 •. 

00 60 120 
month s s 

Figuree 2. Patient distribution and survival curves according to the 1997 
UICCC classification are shown. The number of Stage II I  patients was 
extremelyy low37. 

CANCER,CANCER, Vol 89, No 8, 1664-9, Copyright © 2000 American Cancer Society. Reprinted by 
permissionpermission ofWiley-Liss, Inc., a subsidiary of John wiley & sons, Inc. 

mentt and/or facial palsy. One currently agrees to sacrifice facial nerve 
branchess or the main trunk only in cases of preoperative paralysis or perop-
erativee tumor adherence. A preoperatively intact nerve can usually be dis-
sectedd macroscopically free from the tumor and the risk of leaving micro-
scopicall  disease behind is accounted for by postoperative radiotherapy14'38. 
Nervee sacrifice in these instances induces a disproportionate morbidity at the 
expensee of very littl e gain in tumor control10. A recent study underlined this 
showingg no survival benefit for patients undergoing radical parotidectomy 
includingg facial nerve sacrifice as compared to patients with residual micro-
scopicc disease following conservative nerve management3. When nerve 
resectionn is unavoidable, the margins should be checked with frozen section, 
andd immediate nerve repair provides the best cosmetic and functional results. 
Ass a donor nerve, the greater auricular seems preferable: it combines easy 
access,, good diameter and adequate arborization39-40. A reachable objective 
seemss the House Brackman grade II I  (light to obvious paresis with synkine-
siss but possible eye closure)41. A two years period is needed to reach this final 
result39-40.. Negative prognostic factors in this respect are presence and dura-
tionn of preoperative facial nerve dysfunction and advanced age (>60y). 
Radiotherapyy does not impair facial nerve function recovery following cable 
grafting.. In a cohort of 52 patients, a House-Brackmann grade II I  or IV was 
reachedd in 69% of irradiated patients, and in 78% of non-irradiated patients 
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(p=0.54)40.. This study nicely replicated the experimental findings of Mc 
Guirtt and Mc Cabe, describing an 80% axon recovery in both irradiated and 
non-irradiatedd facial nerves42. 

Primar yy surgical treatment of the neck 

Clinicall  or radiological regional metastasis occurs in about 16% of patients 
andd mainly involves levels II, III and IV43. In the presence of histologically 
provenn lymph node metastasis, a (modified) radical neck dissection, remov-
ingg levels I to V, is indicated. Accessory nerve sacrifice is imperative in case 
off  proximity of or fixation to lymph node metastasis. In these patients, post-
operativee radiotherapy of the parotid region and the ipsilateral neck increas-
ess local control and survival44-46. 

Forr the NO neck, we follow the prevailing opinion that elective neck sur-
geryy is mostly not indicated. As many other authors, however, we routinely 
inspectt and perform frozen section of the level II subdigastric lymph nodes, 
followedd by neck dissection in case of regional metastasis in the frozen sec-
tionn material4-46-47. Within the NO parotid carcinoma patients, a subgroup at 
highh risk of occult metastasis has been defined. Following criteria define 
thesee high-risk patients: large primary tumor size (>4 cm) and histology with 
clinicall  high grade behavior imply a 20% and 49% risk for occult nodal 
metastasiss respectively43»48, and so do advanced age (>54y), perilymphatic 
spreadd and extraparotid extension, the combination of these three factors cor-
respondingg to a 95% risk for occult nodal metastasis 49. Everyone agrees that 
thesee high risk patients are candidates for elective neck treatment. This treat-
mentt can be elective neck dissection or elective radiotherapy to the neck. 
Armstrongg and Kelley propose elective neck dissection (including level III 
andd IV, as level II can be uninvolved in patients with disease in II I  and 
IV 43'48).. Using Armstrong's criteria to perform elective neck dissection, 
Magnanoo et al found a 22% occult disease rate in NO patients undergoing 
electivee neck dissection50. A 37 % risk of occult metastasis in the surgically 
treatedd NO neck was recently reported to be predicted by histiotype, (adeno-
carcinoma,, undifferentiated carcinoma, high-grade mucoepidermoid carcino-
maa (MEC), salivary duct carcinoma (SDC) and squamous cell carcinoma, 
togetherr featuring a 68% occult rate),T classification and severe "desmopla-
sia""  (abundant collagenous stroma in the primary tumor)51. We think that the 
surgicall  approach to the NO neck can nowadays be minimized using preop-
erativee USgFNAC of the neck and peroperative frozen section. Frankenthaler 
ett al favor elective radiotherapy to the neck49. This approach, relying on 
definitivee histopathology, has generally gained acceptance24-45, considering 

179 9 



Chapterr VII 

thatt (1) the indications for elective neck treatment largely concur with the 
indicationss for postoperative radiotherapy to the primary site45, and (2) per-
operativee adequate typing of a salivary gland tumor is very difficult (accura-
cyy 51%19>52). We have to keep in mind however, that to date no data exist 
comparingg the efficacy of elective surgical treatment versus elective radio-
therapyy to control occult neck disease45'51. 

Definitiv ee histology 

Onlyy after resection of the primary tumor, accurate typing, grading, and 
descriptionn of ominous features such as perineural growth, vascular and per-
ilymphaticc growth, and judgment of radicality becomes possible. The main-
stayy for typing remains the 1991 WHO classification53 (Table 1), featuring 17 
differentt phenotypes and one "other carcinomas" category. 

Tablee 1. 
Thee WHO 1991 histologic classification of malignant 

salivaryy gland tumors 53 

Tumorr type: carcinomas ICD-0 and SNOMED code* 

1.. Acinic cell carcinoma 8550/3 
2.. Mucoepidermoid carcinoma 8430/3 
3.. Adenoid cystic carcinoma 8200/3 
4.. Polymorphous low-grade adenocarcinoma (terminal duct adenocarcinoma) 
5.. Epithelial myoepithelial carcinoma 
6.. Basal cell adenocarcinoma 8147/3 
7.. Sebaceous carcinoma 8410/3 
8.. Papillary cystadenocarcinoma 8450/3 
9.. Mucinous adenocarcinoma 8480/3 

10.. Oncocytic carcinoma 8290/3 
11.. Salivary duct carcinoma 8500/3 
12.. Adenocarcinoma 8140/3 
13.. Malignant myoepithelioma (myoepithelial carcinoma) 8982/3 
14.. Carcinoma in pleomorphic adenoma (malignant mixed tumor) 8941/3 
15.. Squamous cell carcinoma 8070/3 
16.. Small cell carcinoma 8041/3 
17.. Undifferentiated carcinoma 8020/3 
18.. Other carcinomas 

•Morphologyy code of the International Classification of Diseases for Oncology (ICD-O) and the 
Systematizedd Nomenclature of Medicine (SNOMED) 

Timee evolving, additional information on the newly adopted entities in the 
19911 classification is revealed and aids in locating the types on the scale of 
biologicall aggressiveness. This often only complicates a clear relationship 
betweenn histiotype and recommended treatment. 
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Inn some allegedly low grade tumors, aggressive subgroups were defined. A 
subgroupp of solid-microcystic acinic cell carcinoma (AcCC) shows a defi-
nitelyy poorer prognosis54. Also the low aggressiveness of epithelial myoep-
itheliall  carcinoma has to be reconsidered in view of series with a recurrence 
ratee of 40% and a disease specific survival of 60%55"57. The "goblet cell 
aggressivee variant" is another seemingly microscopically low grade MEC 
withh a particularly aggressive behavior58. 
Conversely,, in SDC, uniformly considered highly aggressive, a low-grade 
variantt exhibiting the typical microscopical SDC features was 
described59*60. . 
Alsoo new entities are described. Hyalinizing clear cell adenocarcinoma, a low 
gradee tumor, originally diagnosed only in minor salivary glands61'62, was 
recentlyy described in the parotid6364. Primary chondrosarcoma in the parotid 
glandd is thought to arise from mesenchymal cells, developing out of the inter-
calatedd duct reserve cell65. Oncocytic MEC constitutes a probably low grade 
variantt of MEC66. 
Accordingg to the bicellular reserve cell theory all carcinoma phenotypes arise 
fromfrom errors in the normal differentiation starting from two "uncommitted" 
precursorr cells, the intercalated duct reserve cell and the excretory duct 
reservee cell, which are believed to normally differentiate into the various 
"salivaryy gland unit cells"67. Recently, strong cytogenetic evidence support-
ingg this theory was found by locating the highest expression of Pleomorphic 
Adenomaa Gene 1 (PLAG1) related protein in these intercalated duct reserve 
cells,, suggesting that these precursor cells can develop into both epithelial 
andd mesenchymal components of pleomorphic adenoma68. Thus differentia-
tionn of these pluripotent cells to all normal salivary gland cells and to the 
realmm of tumors, often composed of microscopically very different celtypes, 
gainss in probability. 

Grading::  light microscopical grading 

Histopathologicc grading attempts to explain variable biologic behavior with-
inn one histiotype, but remains controversial because of lack of uniformity and 
insufficientt independent prognostic power. Uniformity remains problematic 
duee to a weak consensus on grading criteria and significant grading disparity 
evenn among experienced pathologists using the same set of grading crite-
ria10'5869.. As shown in multivariate analysis, multiple collinearities (stage-
grade70/age-grade/irradicality-gradee 71) often make grading a non-essential 
piecee of information in clinical decision making. Generally, a grading effort 
iss done in three histopathological types: MEC53»58.69.70-72-75, AcCC76-77and 
AdCC78-81. . 
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Treatmentt implications until now only follow grading of MEC into low grade 
versusversus intermediate and high grade types, the former requiring no additional 
radiotherapyy in completely resected Stage I and II24. Conversely, the recent-
lyy highlighted subset of aggressive "high grade" AcCC (16.5% of 438 grad-
edd tumors out of a total of 1353 AcCC patients 54>77) should receive postop-
erativee radiotherapy. Every AdCC should be considered a "clinically high 
gradee malignant neoplasm". This is exemplified by an interesting study of 
AdCCC in different anatomic locations, showing a cumulative incidence of 
distantt metastasis in 100% of patients followed up for longer than 5 years, 
regardlesss of grade and initial stage82. Tumor doubling time studies in this 
paperr suggest that distant metastasis is often present long before the initial 
diagnosiss of the primary salivary gland tumor. 

Grading::  molecular  biologic aspects 

Immunohistochemicall  identification of proliferation markers like Ki-67 and 
Proliferatingg Nuclear Cell Antigen (PCNA) could be a more objective and 
reproduciblee alternative to histopathologic grading. Ki-67 identification is 
higherr in AdCC and MEC83.Within MEC, Ki-67 relates to AFIP grade70 and 
too clinical outcome84. PCNA, an essential cofactor of DNA polymerase 
delta,, present during S-phase, independently predicts survival in MEC69-85. 
PCNAA staining also correlates with grading in mucoepidermoid carcino-
ma86.. The prognostic role of PCNA staining in AdCC has also been recent-
lyy suggested87.Whereas PCNA and Ki-67 mirror the endpoint of the cascade 
leadingg to globally deranged growth69, numerous elements of this cascade 
havee been studied separately. Their individual prognostic value is less like-
ly.. Associated with aggressive tumor behavior are fibroblast growth factor88, 
p533 expression89-90, p53 mutations84 and c-erb B-2 amplification - overex-
pression.. Impaired production of cell-cell adhesion proteins implies a 
propensityy towards local invasion and regional and distant metastasis. In 
undifferentiatedd carcinoma, the inability to produce functioning hemidesmo-
somess is due to absent production of hemidesmosome component proteins 
BP1800 and BP23091. In AdCC, reduced expression of E-cadherin parallels 
increasingg grade and independently predicts poor disease specific survival 
(DSS)) in addition to stage92. It is hoped that the molecular biologic approach 
couldd in the future be a more direct and reproducible measurement of 
aggressivityy than optical grading. So far, these studies have only been per-
formedd in a limited number of patients, and do not allow solid prognostic 
conclusionss yet. 
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Postoperativee radiotherapy 

Postoperativee radiotherapy to the primary usually consists of conformal 
wedged-pairr beams to a dose of 60 Gy24. The need for radiotherapy follow-
ingg surgery is determined by stage and the histopathologic report. Current 
policyy recommends this treatment in most high grade and high stage (Stage 
IIII  and IV) lesions. Lacking randomized trials, we still rely on retrospective 
reportss demonstrating improved local control, in spite of negative bias in 
selectingg patients for combined therapy33'93* 96. The best study here, a 
matchedd pair analysis of parotid and submandibular carcinomas, finds a sig-
nificantt difference in DSS and local control in patients with AJCC stage HI 
andd IV and in patients with nodal disease44. Low stage lesions, where rou-
tinelyy no postoperative radiotherapy is given(AcCC, low grade MEC), should 
receivee radiotherapy in case of high grade histology, close surgical margins, 
perineurall  or perilymphatic invasion, or when they recur4. 

Unresectablee disease: radiotherapy (including neutron radiother -
apy)) and chemotherapy as primar y treatment 

Inn only 26% of unresectable salivary gland cancer, conventional radiothera-
pyy achieves local control97. Neutron therapy implies a reduced oxygen 
enhancementt factor, decreased repair of sublethal cell damage, and less vari-
abilityy of sensitivity through the cell cycle. For unresectable tumors, neutron 
radiotherapyy improves 5 year local control to up to 75%98"103. This approach 
deservess more attention, especially for unresectable AdCC, keeping in mind, 
however,, that there is no clear survival effect due to unaffected distant metas-
tasiss (incidence in 40% of these patients after a median follow-up of 51 
months)100»103.. The risk for more severe late side effects, include hearing loss 
(sensorineurall  hearing loss, temporal bone osteoradionecrosis), soft tissue 
necrosis,, ascending ramus mandibulae necrosis, temporal brain lobe necrosis 
andd cervical myelopathy, makes the modality less attractive. 
Inn this setting, there remains at present no proven benefit of chemotherapy. A 
temporaryy complete remission in one in five patients is the best achievable at 
thee moment104-105. 
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Chapterr VII 

Treatmentt  outcomes and prognosis 

Treatmentt results in major treatment centers are displayed in Table 2. These 
numberss have to be appreciated in their specific context of stage, percentage 
highh grade, treatment period and corresponding treatment regimens, and 
patientt inclusion criteria. 
Duringg the last decades prognostic factors in salivary gland tumors have been 
studiedd extensively employing univariate1'11'13'94* 96'106 and multivariate statisti-
call  analyses1'9-12'33'34-107-109. Histological type35-1!0and grade, stage1-12'34-35'51, 
age1-34'49,, gender1-33, pain1'4-11, skin4-33and facial nerve involvement (perineur-
all  growth)12'33-35, and treatment (resection margins)4'108'"1 emerged as impor-
tantt prognosticators in this respect. 
Differentt authors examine different prognostic factors in relation to different 
outcomes:: survival, disease specific survival, recurrence (any recurrence4, 
neckk recurrence only51, distant metastasis only35). Considering the outcome 
recurrence,, the common denominator in the three different studies is that 
increasingg initial tumor size, extraparenchymal extension and initial or recur-
rentt neck disease herald distant failure. The emphasis thus is on clinical signs 
whenn it comes to predict occult neck disease implying an elective neck 
approachh on the one hand, and distant metastasis on the other. 
Mostt authors cite all these prognostic factors separately and expect the cli-
niciann 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 
fromm the 199231 to the 1997 staging 29 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, however, are not convincing that this is really an 
improvement112-113.. The question can be asked whether it is appropriate to 
mixx the information of tumor size with other variables like facial nerve 
invasion,, when these two aspects can occur independently and can be found 
independentlyy prognostically important in several multivariate analy-
ses4»109.. The alternative is to create a prognostic index combining the dif-
ferentt independent prognostic factors4. This index sums the properly 
weightedd contributions of each patient and tumor characteristic to progno-
siss into a single number, corresponding to an estimate of tumor recurrence 
inn the situation before (PS1) and following (PS2) primary treatment (Table 
3).. Following completion of the formula, the resulting score places the 
patientt in one of four prognostic groups (Figure 3). Self-evidently, a com-
parablee index could be constructed to predict other outcomes such as sur-
vivalvival and disease specific survival. Recently this prognostic index was val-
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idatedd in a nationwide database, indicating its usefulness in parotid carcino-
maa patients in general114. 
Anotherr hot topic in prognostic research is the introduction of aspects of 
molecularr biology information (the "YAPI" phenomenon: yet another prog-
nosticc factor); we agree with Batsakis that critical multivariate assessment 
togetherr with known clinical and pathological prognostic factors, as well as 
properr validation, are needed before acceptance of new putative prognostic 
factorss (Batsakis, Hayes Martin Lecture 199469). 

Tablee 2. 
Diseasee Specific Survival (DSS) following treatment of patients with 

parotidd carcinoma 

Author s s yearr  of publication DSS S 
5y y 10y y 

Frankenthalerr  et al '^ 
Kanee et al ' 
Pedersenn et al ' * 
Poulsenetall  '^ 8 

Renehann 1 09 

Spiroo , 15 

Spiroo and Wang '* ° 
Spiroo et al  3 4 

Therkildsenn et a l " 
Vanderr  Poorten et al  4 

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

75% % 
69% % 

71% % 
78% % 
55% % 
77% % 
63% % 
76% % 
59% % 

70% % 
58% % 
52% % 
65% % 
65% % 
47% % 
65% % 
47% % 
72% % 
54% % 

Tablee 3. 
Prognosticc indices PS1 (pretreatment variables) 

andd PS2 (posttreatment variables) 

PSll  =0.024 A+0.62 P+0.44 T+O.45 N+0.63 S+0.91 F 

Variable e 

AA = age at diagnosis 
PP = pain on presentation 

TT = clinical T classification* 

NN = clinical N classification* 

SS = skin invasion 

F.== facial nerve dysfunction 

numberr  to enter 
inn the formula 

numberr  in years 
l=noo pain, 
2=painn or  numbness 
<2cm=0,2-4cm=l, , 
4-66 cm=2, >6cm=3 
N0=0,, Nl=l . N2a=2, 
N2b=3,, N2c=4, N3=5 
l=noo invasion, 
2=invasion n 
l=intactt  function, 
2=paresis-paralysis s 

PS22 =0.018 A+O.39 T+0.34 N+0.70 S+0.56 F-HJ.78 PG+O.65 PM 

variable e 

AA = age at diagnosis 
TT = clinical T classification* 

NN = clinical N classification* 

SS = skin invasion 

FF = facial nerve dysfunction 

PGG = perineural growth in the 
resectionn specimen 
PMM  = positive surgical margins 

numberr  to enter 
inn the formula 

numberr  in years 
<22 cm =0,2-4 cm=l, 
4-66 cm=2, >6cm=3 
N0=0,Nl=l,N2a=2, , 
N2b=3,, N2c=4, N3=5 
l=noo invasion, 
2=invasion n 
Kntactt  function, 
2=paresis-paralysis s 
t=no, , 
2=yes s 
l=no,, 2=yes 

19922 TNM classification of the International Union against Cancer" 
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Figuree 3. (a) Kaplan-Meier recurrence free interval curves by prognostic 
scoree PS1, based on pretreatment factors and (b) by PS2, based on pretreat-
mentt factors combined with posttreatment factors (information from the 
pathologyy report). 4 
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Managemenii of cancer of trie parotid gland 

Complicationss of parotid cancer  management 

Knownn surgical complications include temporary or permanent facial palsy 
(inn experienced hands, normal function can be achieved in 96% of patients 
afterr superficial parotidectomy117), hemorrhage, infection, skin necrosis, 
Frey'ss syndrome and salivary fistula (13-14 %118). Vargas et al saw resolu-
tionn of long standing salivary fistulas within one month following injection 
off  botoxtype A(30-50U)119. Prey's syndrome is relatively rarely encountered 
inn parotid cancer patients, as most of them receive radiotherapy, inhibiting its 
development120.. Although effective, treatment of this condition with topical 
anticholinergics,, is marked by non-compliance120. A recent alternative, 
chemodenervationn using botulinum toxin type A121 has a median effective-
nesss of 8 months122-124. As preventive strategies, several interposition grafts 
havee been proposed. The sternocleidomastoid muscle flap has opponents125 

andd proponents126-128; most clinicians consider this an easy and effective pre-
ventivee means in surgery for benign pathology. In malignant pathology or 
pleomorphicc adenoma, it makes an eventual reintervention more difficult and 
iss therefore considered not commendable in these diseases125. The same 
holdss for another effective means, the SMAS (superficial musculoaponeurot-
icc system) flap. One study with scrutinized evaluation gives a lot of credit to 
thee use of the SMAS flap, where not one case of Frey's syndrome occurred 
inn 160 patients with a follow-up of 5 to 22 years129. Interposition foreign 
materiall  grafts have an unacceptable rate of complications in terms of 
hematoma,, seroma and salivary fistula130. A recent well conducted study 
showedd the self-reported incidence of another problem, paresthesia in the 
greaterr auricular nerve area, to be 57%. 90% of these symptoms were not 
cumbersome,, and a rapid decrease in time was noticed131. 
Complicationss of radiotherapy include mucositis, skin ulceration, hair loss, 
mandibularr and temporal bone osteoradionecrosis, fibrosis, cerebral 
radionecrosisI32andd xerostomia. The reduction of salivary production due to 
surgeryy was recently elegantly studied133. Resection of the superficial parotid 
lobe,, considered 80% of the gland's volume, results in an ipsilateral mean 
floww reduction of 89%. In most subjects, except in the elderly, a contralater-
all  mean increase of 30% in salivary flow can be measured, so that the even-
tuall  effect is an asymptomatic reduction to about 80% of the preoperative 
volume.. Often forgotten otologic complications following parotid cancer 
managementt are significant sensorineural hearing loss134-136 in up to 33% of 
patientss receiving radiotherapy for parotid tumors, and refractory external 
otitis. . 
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Chapterr VII 

Conclusions s 

Althoughh preoperative diagnostic tests are increasingly capable of informin g 
doctorr  and patient, most frequently nowadays they still do not alter  the man-
agementt  strategy of patients with a parotid tumor. An adequate resection of 
obviouss disease, encompassing identification of the facial nerve and resec-
tionn of the tumor if possible with a cuff of normal tissue (superficial 
parotidectomy),, is the mainstay. The resulting information determines the 
needd for  additional radiotherapy to the primary site, and the need for  elective 
neckk treatment in the NO neck. Recent literatur e has mainly focused on a bet-
terr  definition of management complications and prognostic factors, and 
mainlyy aids in providing doctor  and patient with more precise information as 
too what to expect following parotid carcinoma management. Distant metas-
tasiss remains an important target to hit, as recently no real advances in this 
respectt  have been made. To make further  progress in this difficul t area, the 
onlyy way to go is creating adequate, all encompassing, detailed multi-institu -
tionall  databases (by national head and neck task forces) to provide the much 
neededd material for  assessment and validation of diagnostic procedures and 
prognosticc indices, and to provide the basis for  cooperative treatment trial s 
addressingg distant metastasis. 
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Chapterr  VII I 

Summaryy and conclusions 

Salivaryy gland carcinoma 
Steppingg up the prognostic ladder 

Autt non tentaris aut perfice 
(eitherr you do not try, or you do the job) 
Ovidins,Ovidins, ars amatoria 1.389, A.D.17 

Thee human intellect...is more moved by affirmatives than by negatives 
FrancisFrancis Bacon, 1621 

Experiencee is fallacious and judgement difficult 
Hippocrates,Hippocrates, Prognostikon, 377B.C. 



Chapterr VIII 

Chapterr  I  draws the global outline of this thesis. First of all, the complex 
researchh domain is discussed. Starting from the normal histologic architec-
turee of the "salivary gland unit", and from the current histogenetic theories, 
thee diverse histology of the various types of malignant epithelial salivary 
glandd tumors is addressed. The different anatomic locations and the extreme-
lyy low incidence, characteristic of this disease, complicate the scientific 
analysiss of salivary gland carcinoma patients. Following this, the study pop-
ulationn is described. This population consists of the salivary gland carcinoma 
patientss that were treated at The Netherlands Cancer Institute in the period 
1973-19944 on one hand, and of the patient group treated in the member cen-
terss of The Dutch Cooperative Group on Head and Neck Cancer (NWHHT), 
fromm 1985 to 1994, on the other. 

Next,, the prognostic research methodology that was used, is introduced. 
Thee outcome measures used, the phenomenon "prognostic factor", and the 
techniquess to identify the relationship between these two, are addressed. The 
mainn points of interest are the results following treatment of this disease, and 
thee characteristics of the patient and of the tumor, that explain the observed 
variationn in these results. 

Chapterr I concludes with a "state of the art" of prognostic research in this 
area.. Many authors have used univariate and multivariate analysis to reach 
oftenn identical, but also often quite different conclusions, on the subject of 
identificationn of important prognostic factors. Many studies consider differ-
entt outcomes and use other inclusion criteria. This explains the difficulty in 
gettingg a clear picture of prognostic factors for the results following treatment 
off  patients with salivary gland carcinoma, and this is all the more difficult for 
thee patient population in the Netherlands. Moreover, a clear quantification of 
thee effect of identified prognostic factors is usually lacking. Also not avail-
ablee is a clinical tool, that incorporates this prognostic information, to allow 
thee clinician to estimate an individualized prognosis, based on the combined 
effectss of present adverse prognostic factors. Consequently, the research pre-
sentedd in this thesis aims at giving a solid description of treatment results of 
thee salivary gland carcinoma patients, treated in The Netherlands Cancer 
Institute,, and at reaching as high a level as possible on "the prognostic lad-
der".. The latter concept of "the prognostic ladder" refers to the increasing 
levell  of evidence of prognostic information paralleling the increasing com-
plexityy of prognostic factor studies. The subsequent steps to take are, with 
increasingg complexity, (1) identification of prognostic factors, (2) confirma-
tionn and quantification of their effect in multivariate analysis, (3) combining 
thee resulting information in a practical form for easy clinical use, and (4), 
(preferably,, repetitive) demonstration of validity of the obtained findings in 
independentt patient groups. 
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Chapterr  I I  discusses the results of the analysis of the patient group with sub-
mandibularr gland carcinoma. Forty-three patients were followed for a medi-
ann period of 143 months (for patients alive at the end of their follow-up). Ten 
yearss after treatment, 52% of patients was free of tumor. The number of 
patientss limits the research possibilities to univariate analysis, resulting in a 
meree identification and confirmation of prognostic factors. Quantification of 
thee effect and conversion into an easy-to-use and clinically applicable form 
remainn impossible at this moment. 

Survivall  following diagnosis and treatment of a carcinoma of the sub-
mandibularr gland is determined by the age at diagnosis, the presence of vis-
iblee skin invasion at diagnosis, and the extent of the disease. The latter factor 
referss to local extent, regional lymph node metastasis, and distant metastasis, 
ass summarized in the International Union Against Cancer/American Joint 
Committeee on Cancer (UICC/AJCC) Tumor, Node and Metastases (TNM) 
classification.. Survival is also predicted by histopathologic factors, reflecting 
tumorr extension. This information obviously is only present in surgical 
patients:: soft tissue invasion, presence of metastatic disease in the lymph 
nodess in the neck dissection specimen, and perineural invasion. Disease spe-
cificc survival and the outcome "recurrence" are strongly interrelated, and 
consequently,, are heralded by the same factors: initial tumor extent 
(UICC/AJCCC TNM classification) and presence of perineural invasion in the 
surgicall  specimen. 

Chapterr  HI  brings the results of a similar research setup in the group of 
patientss with a carcinoma of the minor salivary glands. Fifty-five patients, 
treatedd between 1973 and 1994, were followed (median, 134 months, for 
patientss alive at the end of follow-up) and analyzed. Sixty percent of them 
wass free of tumor ten years following treatment. Again, the impact of this 
prognosticc research is limited to a solid identification and confirmation of 
prognosticc factors for treatment results, due to the available number of 
patients. . 

Survivall  in these patients is predicted by the age at diagnosis,, the anatom-
icc location of origin of the tumor, and again the initial tumor extent as sum-
marizedd in the UICC/AJCC TNM classification. The anatomic location of 
originn of the tumor and the initial tumor extent are also prognostic for disease 
specificc survival of the patient. In surgical patients, the latter outcome is also 
predictedd by histologic parameters of tumor extension, such as presence of 
vascularr invasion and of metastatic disease in the lymph nodes in the neck 
dissectionn specimen. The outcome "recurrence" is determined by the initial 
clinical/radiologicall  (UICC/AJCC TNM classification) and histopathological 
(softt tissue invasion) extent. 
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Chapterr VIII 

Chapterr  IV describes the conclusions of the prognostic research in 151 
patientss with parotid carcinoma with a good follow-up (median, 94 months, 
forr patients alive at the end of follow-up). The outcome measure studied is 
"tumorr recurrence". Sixty-one percent of patients was free of tumor at ten 
yearss from diagnosis and treatment. Prognostic factors explaining the 
interindividuall  variation in treatment results can now be studied in multi-
variatee analysis, due to the larger patient group available. Increasing clinical 
T-- and N- classification (UICC/AJCC), more advanced age at diagnosis, and 
presencepresence of pain, skin invasion, facial nerve dysfunction, perineural invasion 
andd positive surgical margins, increase the probability of a future tumor 
recurrence.. Besides identification of the prognostic factors, this analysis also 
providess us now with a hazard ratio, representing a relative weight of impor-
tancee of each of the retained factors, as compared to the others. The infor-
mationn of the identified factors, each with their respective weight, is then 
summarizedd in a practical formula. Filling out this formula allows the clini-
ciann to formulate a statement on the prognosis of an individual patient in 
termss of a 5-year recurrence free percentage. Two different situations are 
considered.. The situation before any treatment is instituted, when histologic 
informationn is not yet available, is reflected in the "pretherapeutic prognostic 
index",, PS1. The postoperative situation incorporates histologic information 
andd is described by the "posttherapeutic index", PS2. Based on these indices, 
fourr patient groups with markedly different prognosis can be discerned, for 
bothh the pretreatment and the posttreatment situation. 

Evidencee for applicability of the newly devised indices in patients, other than 
thee development sample, is presented in Chapter  V. This applicability is 
demonstratedd by a process called "external validation", which means prov-
ing,, that, based on the indices, a good prognostic discrimination is also 
observedd in a completely independent patient population. This external vali-
dationn is a prerequisite for a valid prospective use of the indices. For this pur-
pose,, we use the database of patients with parotid carcinoma of the Dutch 
Cooperativee Group on Head and Neck Cancer (NWHHT). This database con-
tainss the records of 231 patients from 6 tertiary referral centers, treated 
betweenn 1985 and 1994. Methods of validation include first of all calculation 
off  the indices PS1 and PS2 in this patient group and construction and com-
parisonn of recurrence free interval curves according to the cut-off points 
describedd in Chapter IV. Next, the coefficients resulting from multivariate 
analysiss in this new material are compared to the ones found in Chapter IV. 
Then,, the next method of validation is a search for improvement of the 
indicesindices presented in Chapter IV, by evaluating the eventual effect of inclusion 
off  other variables, and by re-evaluating the definition of the scale of the 
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includedd variables. Concordance measure C is computed to quantify the con-
cordancee of a high PS score with a high chance of early recurrence, and the 
concordancee of a low PS score with a low chance of early recurrence. 
Notwithstandingg a relatively high number of missing values and a relatively 
shortt follow-up (median, 52 months) in this validation sample, good argu-
mentss for generalizability of the indices are found. For PS1, the previously 
sett cut-off points result in 5-year recurrence free percentages ranging from 
92%% (PS 1=1) to 42% for the group with the lowest score (PS 1=4). 
Concordancee measure C is 0.74. For the postoperative score PS2, 5-year 
recurrencee free percentages range from 90% (PS2=1) to 40% (PS2=4). 
Concordancee measure C is 0.71. In this independent material, no arguments 
aree detected to change the way PS 1 and PS2 are defined in Chapter IV. 

Chapterr VI compares the prognostic index PS1, developed in Chapter IV 
andd validated in Chapter V, to the generally known and used stage regroup-
ingg system of the International Union Against Cancer/American Joint 
Committeee on Cancer (UICC/AJCC). For the latter prognostic system, the 
guideliness for stage regrouping, adopted in the fifth edition (1997) have 
changedd dramatically, as compared to the guidelines put forward in the fourth 
editionn (1992). For this comparison, again the patient group of patients with 
parotidd carcinoma of the NWHHT is used. 

Thee effect of the stage grouping according to the 1992 guidelines, the 
changess induced by the application of the 1997 guidelines, and the effect of 
thee proposal for a change in stage grouping guidelines by Numata, et al.1, are 
described.. Next, the prognostic effect of the UICC/AJCC stage grouping sys-
temm is compared to that of the prognostic index PS1 for the outcome "tumor 
recurrence".. This comparison is based on the evaluation of the prognostic 
discriminationn following construction of Kaplan-Meier recurrence free inter-
vall  curves, calculation of concordance measure C, and quantification of bal-
ance.. For the same patient, the 1997 stage grouping guidelines are found to 
resultt in an upclassification for T status, and in an upstaging, as compared to 
thee 1992 guidelines. As was already put forward by Numata, et al., we too 
observee a sub-optimal balance following application of the 1997 stage group-
ingg guidelines. Compared to the UICC/AJCC staging system, the prognostic 
indexindex PS1 results in better balance, better discrimination, and an easier inter-
pretationn of the increase in risk for recurrence for every level up in the prog-
nosticc system. However, also the latter system is still susceptible to a sub-
stantiall  improvement. The modification of the stage grouping guidelines as 
proposedd by Numata, et al., seems an improvement when considering the 
outcomee "survival", but this benefit can not be confirmed for the outcome 
"tumorr recurrence". 
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Chapterr  VII I 

Forr the most frequent salivary gland carcinoma, parotid carcinoma, Chapter 
VI II  gives a review of the current standards in evaluation, management 
options,, and the prognostic considerations made in choosing between the 
options.. The standard management remains a complete resection, with sacri-
ficee of nerve branches only for obvious facial nerve invasion. Histologically 
andd cytologically proven regional lymph node disease makes combined sur-
geryy and radiotherapy mandatory. Elective treatment of the neck is recom-
mendedd for advanced stage-high grade tumors. Postoperative radiotherapy 
improvess locoregional control. It can only be omitted in low stage, low grade 
tumors,, with no additional negative prognostic factors. The consequence of 
improvedd locoregional control is that distant metastasis nowadays is the main 
presentationn of treatment failure. To date, systemic treatment remains insuf-
ficientt for this disease manifestation. 
Currentt treatment results vary widely within the patient population with 
parotidd carcinoma. The unraveling of the complex combined influence of an 
amalgamm of prognostic factors, can aid in understanding this variation. This 
iss where to locate the use of the prognostic indices, developed and validated 
withinn the scope of this thesis. These indices (and their computerized version) 
cann result in a more practical and more quantitative approach to prognosis, 
andd in this way be very useful in informing and counseling patients with 
parotidd carcinoma. For eventual future (multicenter) therapeutic trials, these 
indicess can also be the basis to select the patient groups to compare with 
regardd to the treatment effect. If only patients with a comparable score and 
thuss a comparable risk for recurrence are compared, confounding of the esti-
matedd effect of the compared treatments by other factors can be controlled. 

Futur ee prospects 

Patientss with a carcinoma of the submandibular  or  the minor  salivary 
glands s 

Too reach a higher level on the "prognostic ladder" for these patients, larger 
studyy populations are needed in order to perform a multivariate analysis of 
prognosticc factors. This analysis can then be the basis for the construction of 
aa prognostic index, which subsequently needs validation. The only way to 
gatherr a sufficient number of patients with this disease in countries like the 
Netherlandss and Belgium, is via a global effort of several tertiary referral 
centers,, similarly to what was accomplished for the patients with parotid car-
cinomaa of the Dutch Head and Neck Oncology Cooperative Group 
(NWHHT).. Essential in this respect are a (more) detailed data registration, 
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andd a (more) adequate follow-up. A prerequisite to reach this goal is a uni-
form,, computerized, prospective data registration system in the participating 
centers.. The possibility of the contribution of a Belgian Cooperative Group 
onn Head and Neck Cancer (which still has to be set up) to such a database 
alsoo needs to be examined. 

Patientss with parotid carcinoma 

Too reach a higher level on the "prognostic ladder" for these patients, theoret-
icallyy additional external validation studies of our indices are needed, in 
patientss with parotid carcinomas from geographically different origin (e.g. 
Europeann level). With every successful validation study, the credibility and 
thee generalizabiIity of the indices increases. Another option would be to do 
thee validation study all over again in the patient group of the NWHHT, after 
updatingg the follow-up. Globally, in this setup, the quality of data registration 
inn the participating centers should be ameliorated; a way to reach this goal 
couldd be the previously proposed computerized data registration system. 

Thee next focus for all salivary gland carcinoma patients, following thor-
oughh multivariate analysis of clinical and histopathological characteristics, 
shouldd then be directed towards the newer, molecular biological candidate 
prognosticc factors. Specifically, the focus should be on whether these factors 
havee an independent additional prognostic value, after correcting (in multi-
variatee analysis) for the "classical" clinical and histopathological prognostic 
factors.factors. If they have, they could ultimately result in a better and more precise 
outcomee prediction, e.g. following combination with the classical factors in 
aa new prognostic index. 

Potentiallyy promising variables, that could be considered for study in this 
respect,, are molecular biological indicators of cellular differentiation, given 
thee difficulty in attributing and reproducing histological grade based on light 
microscopicall  features. In this way, a role has been proposed for Ki-672 3 and 
Proliferatingg Cell Nuclear Antigen (PCNA)4"7, for both mucoepidermoid and 
adenoidd cystic carcinoma.8 The promising technique of gene expression 
probingg using cDNA microarray technology, which already resulted in 
impressivee findings in the setting of breast carcinoma 9, should also be con-
sideredd for examination in a multivariate model together with the classically 
importantt clinical and histopathological prognostic factors. 
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Chapterr VIII 

Inn Hoofdstuk I wordt het globale opzet van dit proefschrift geschetst. 
Allereerstt wordt het complexe domein van onderzoek, maligne aan-

doeningenn van het speekselklierepitheel, beschreven. Vanuit de normale 
opbouww van de "speekselklierunit" en de heersende theorieën over de histo-
genesee wordt de uiteenlopende histologie van de verschillende types maligne 
speekselkliertumorenn toegelicht. De verschillende anatomische lokalisaties 
enn de lage incidentie van de pathologie maken deze patiëntengroep zeer 
moeilijkk te bestuderen. De groep patiënten met deze tumoren, behandeld in 
hett Nederlands Kanker Instituut in de periode 1973-1994, wordt beschreven. 
Ookk de groep patiënten met parotiscarcinoom verzameld door de 
Nederlandsee Werkgroep voor Hoofd- en Halstumoren, behandeld in de peri-
odee 1985-1994, wordt toegelicht. 

Vervolgenss komen de toegepaste technieken van prognostisch onderzoek 
aann bod. De verschillende uitkomstmaten worden besproken, het fenomeen 
"prognostischee factor" en de technieken om het verband tussen uitkomstmat-
enn en prognostische factoren na te gaan, worden beschreven. De interesse 
gaatt vooral naar het resultaat na behandeling van patiënten met deze tumoren, 
enn naar de kenmerken van patiënt en tumor, die dit behandelingsresultaat 
beïnvloeden. . 

Hoofdstukk I besluit met een status presens van prognostisch onderzoek in 
ditt domein. Verschillende auteurs zijn met univariate en multivariate analyse 
tott grotendeels gelijkluidende, maar toch op vele punten ook verschillende 
conclusiess gekomen, wat de identificatie van de belangrijke prognostische 
factorenfactoren betreft. Ze beschouwen vaak ook andere uitkomstmaten en 
gebruikenn verschillende inclusiecriteria. Het is moeilijk om op deze basis, 
voorr de Nederlandse populatie, een accuraat idee te krijgen van de prognos-
tischee factoren voor het resultaat na behandeling van een speekselkliercarci-
noom.. Vaak ontbreekt in de literatuur ook een kwantificering van het effect 
vann de individuele prognostische factoren. Bovenal is in de literatuur ook 
geenn instrument beschikbaar, dat toelaat om voor één patiënt het gecombi-
neerdee effect van de bij hem aanwezige prognostische factoren te schatten. 
Dee bedoeling van het onderzoek, beschreven in dit proefschrift, is dan ook 
hett geven van een solide beschrijving van het behandelingsresultaat van de 
patiëntenn met speekselkliercarcinoom, behandeld in het Nederlands Kanker 
Instituut,, en tevens zo hoog mogelijk klimmen op de "ladder van prognos-
tischh onderzoek". Deze laatste metafoor verwijst naar de groter wordende 
wetenschappelijkee bewijskracht die gepaard gaat met methoden van prog-
nostischh onderzoek die een toenemende complexiteit vertonen. De verschil-
lendee te nemen stappen hierbij zijn, (1) identificatie van prognostische fac-
toren,, (2) bevestiging en kwantificatie van hun effect in multivariate analyse, 
(3)) combineren van die informatie in een klinisch bruikbare vorm, en (4), zo 
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mogelijkk herhaaldelijk, aantonen van de generaliseerbaarheid van de zo 
verkregenn prognostische informatie. 

Hoofdstukk II  brengt de resultaten van de analyse van de patiëntengroep met 
submandibulairr speekselkliercarcinoom. Drieënveertig patiënten werden 
gevolgdd gedurende een mediane follow-up periode van 143 maanden (voor 
patiëntenn in leven op het einde van hun follow-up). Tien jaar na behandeling 
bleekk 52% van de patiënten tumorvrij. De omvang van de patiëntengroep laat 
enkell  univariate analyse toe, en beperkt ons tot louter identificatie van prog-
nostischee factoren. Kwantificatie en gebruiksklare vertaling blijf t voor deze 
patiëntengroepp toekomstmuziek. Overleving na diagnose en behandeling van 
eenn submandibulair speekselkliercarcinoom wordt bepaald door leeftijd bij 
diagnose,, het al dan niet aanwezig zijn van huidinvasie bij diagnose, en de 
uitbreidingg van de tumor. Deze uitbreiding betreft lokale uitbreiding van de 
tumor,, regionale metastasering, en afstandsmetastasen, zoals samengevat in 
dee International Union Against Cancer/American Joint Committee on Cancer 
(UICC/AJCC)) Tumor, Node, and Metastases (TNM) classificatie. 
Overlevingg wordt ook voorspeld door histopathologische factoren, die infor-
matiee geven over tumoruitbreiding. Deze zijn enkel voorhanden in 
heelkundigg behandelde patiënten: weke delen invasie, lymfekliermetastasen 
inn het halsklierdissectiepreparaat, en perineurale groei. Tumorspecifieke 
overlevingg en de uitkomstmaat "recidief' zijn sterk met elkaar verweven en 
wordenn dan ook beide voorspeld door dezelfde factoren: initiële uitbreiding 
vann de tumor (UICC/AJCC TNM classificatie), en het vinden van perineurale 
groeii  in het resectiepreparaat van geopereerde patiënten. 

Hoofdstukk II I  beschrijft de resultaten van een vergelijkbaar onderzoek bij de 
patiëntengroepp met een carcinoom van de kleine speekselklieren. 
Vijfenvijfti gg patiënten, behandeld tussen 1973 en 1994, werden opgevolgd 
(mediaan,, 134 maanden, voor patiënten in leven op het einde van hun follow-
up)) en geanalyseerd. Zestig procent van deze patiënten was 10 jaar na de 
therapiee nog tumorvrij. De reikwijdte van het onderzoek naar de prognostis-
chee factoren voor dit behandelingsresultaat wordt wederom beperkt tot een 
solidee identificatie, ten gevolge van het kleine patiëntenaantal. De overleving 
vann deze patiënten wordt bepaald door de leeftijd bij diagnose, de plaats van 
hett ontstaan van de tumor, en opnieuw de initiële uitbreiding van de tumor 
zoalss samengevat in de International Union Against Cancer/American Joint 
Committeee on Cancer (UICC/AJCC) TNM classificatie. Plaats van ontstaan 
enn initiële uitbreiding van de tumor bepalen ook de tumorspecifieke overlev-
ing.. Bij chirurgisch behandelde patiënten wordt deze uitkomstmaat ook voor-
speldd door histologische parameters voor uitbreiding, zoals het vinden van 
vaatinvasiee en lymfekliermetastasen in het resectiepreparaat. Het optreden 
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vann recidief na therapie wordt eveneens bepaald door initiële klinische 
(UICC/AJCCC TNM classificatie) en histopathologische uitbreiding (weke 
delenn invasie). 

Hoofdstukk  IV beschrijft de onderzoeksbevindingen bij 151 patiënten met 
eenn parotiscarcinoom, met een degelijke follow-up (mediaan, 94 maanden, 
voorr patiënten in leven op het einde van de follow-up). Het behandelingsre-
sultaatt wordt beoordeeld aan de hand van de uitkomstmaat "tumorrecidief'. 
Eenenzestigg procent van de patiënten was tumorvrij na 10 jaar. De prognos-
tischee factoren die de interindividuele variatie in behandelingsresultaat 
helpenn verklaren, kunnen nu, door het grotere patiëntenaantal, multivariaat 
onderzochtt worden. Toenemende klinische T en N classificatie 
(UICC/AJCC),, toenemende leeftijd bij diagnose, en aanwezigheid van pijn, 
huidinvasie,, nervus facialis dysfunctie, perineurale groei, en positieve chirur-
gischee snedevlakken, maken een later tumorrecidief meer waarschijnlijk. 
Naastt identificatie kan nu ook een relatief gewicht van de verschillende fac-
torenn ten opzichte van elkaar gedefinieerd worden in termen van een hazard 
ratio.. De informatie van de verschillende factoren, elk met hun relatief 
gewicht,, wordt vervolgens samengevat in een klinisch bruikbare formule, die 
toelaatt om een individuele prognose per patiënt voorop te stellen als een vijf 
jaarss recidiefvrij percentage. Twee verschillende situaties worden onder-
scheiden:: de situatie voor behandeling, waar nog geen histologische infor-
matiee uit het resectiepreparaat aanwezig is, wordt beschreven door de 
"pretherapeutischee prognostische index", PS1. De postoperatieve situatie 
incorporeertt histologische informatie en wordt samengevat in de "postthera-
peutischee index", PS2. Voor beide situaties kan op basis van de indices een 
onderscheidd gemaakt worden tussen 4 patiëntengroepen met duidelijk ver-
schillendee prognoses. 

Evidentiee dat deze prognostische indices toepasbaar zijn op andere patiënten 
wordtt geleverd in Hoofdstuk V. Deze toepasbaarheid kan worden aange-
toondd door "externe validering", het aantonen van een goede prognostische 
discriminatiee in een volledig onafhankelijke patiëntengroep. Dit is een 
vereiste,, vooraleer de indices met recht en reden prospectief gebruikt kunnen 
worden.. De database van patiënten met een parotiscarcinoom van de 
Nederlandsee Werkgroep voor Hoofd- en Halstumoren (NWHHT) wordt hier-
voorr gebruikt . In deze database zijn 231 patiënten uit 6 tertiaire verwijz-
ingscentraa opgenomen, behandeld tussen 1985 en 1994. Valideringsmethodes 
omvattenn berekening van de indices PS1 en PS2 in deze patiëntengroep, 
alsookk uittekenen en vergelijken van recidiefvrije intervalcurves, volgens de 
afkappuntenn zoals beschreven in Hoofdstuk IV. Verder worden de coëfficiën-
tenn na multivariate analyse in dit nieuwe materiaal vergeleken met de eerder 
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gevondenn coëfficiënten, en wordt nagegaan in hoeverre de opgenomen vari-
abelenn n.a.v. het onderzoek met het NKl-AvL materiaal de juiste zijn, en of 
dee juiste schaaldefinitie gebruikt is. Concordantiemaat C wordt berekend om 
hett samengaan van een hoge PS score met een grote kans op snel recidief, en 
lagee PS score met een kleine kans op snel recidief, te kwantificeren. 
Niettegenstaandee een relatief groot aantal missende waarden en een relatief 
beperktee follow-up (mediaan, 52 maanden) in de controle-onderzoeksgroep, 
wordenn goede argumenten voor externe generaliseerbaarheid gevonden. Voor 
PSS 1 resulteren de eerder vastgestelde afkappunten in 5-jaars recidiefvrije per-
centagess van 92% (PS1=1) gaande tot 42% voor de groep met de laagste 
scoree (PS1=4). Concordantiemaat C bedraagt 0.74. Voor de postoperatieve 
scoree PS2 gaan de 5 jaars recidiefvrije percentages van 90% (PS2=1) tot 40% 
(PS2=4).. Concordantiemaat C is 0.71. In dit onafhankelijke materiaal worden 
geenn argumenten gevonden om PS1 of PS2, zoals in hoofdstuk IV 
gedefinieerd,, te wijzigen. 

Inn Hoofdstuk VI  wordt het prognostisch systeem PS1, zoals door ons 
ontwikkeldd en gevalideerd, vergeleken met de welgekende en algemeen 
gebruiktee stadium (stage) hergroepering van de International Union Against 
Cancer/Americann Joint Committee on Cancer (UICC/AJCC). Voor dit laatste 
prognostischee systeem zijn de richtlijnen voor stadium hergroepering in de 
vijfdee editie van 1997 sterk veranderd ten opzichte van de richtlijnen van de 
vierdee editie van 1992. Voor de vergelijkingen wordt opnieuw de groep van 
patiëntenn met een parotiscarcinoom van de NWHHT gebruikt. 
Hett effect van indeling naar stadium van deze patiëntengroep volgens de 
richtlijnenn van 1992, en de verandering hierin door de nieuwe richtlijnen van 
1997,, worden beschreven. Tevens wordt het effect van het voorstel tot wijzig-
ingg van de groeperingrichtlijnen door Numata, et al.1 nagegaan. Vervolgens 
wordenn de prognostische waarde van de UICC/AJCC Stage hergroepering 
enerzijds,, en de prognostische index PS1 anderzijds,vergeleken voor de 
uitkomstmaatt tumorrecidief. Deze vergelijking wordt gebaseerd op het 
nagaann van het onderscheidingsvermogen na constructie van Kaplan-Meier 
curves,, op de berekening van concordantiemaat C, en op de kwantificering 
vann het verdelingsevenwicht. Er wordt vastgesteld dat de richtlijnen van 
19977 globaal leiden tot het toekennen van een hogere T status en een hoger 
stadiumm dan de richtlijnen van 1992, bij beschouwen van dezelfde patiënt. 
Zoalss ook door Numata, et al. vastgesteld, vinden ook wij een suboptimaal 
verdelingsevenwichtt bij gebruik van de meest recente stadiëringsrichtlijnen 
vann de UICC/AJCC. De prognostische index PS1 resulteert in een beter 
verdelingsevenwicht,, beter onderscheidingsvermogen, en een gemakkelijker 
interpretatiee van de toename in kans op recidief per niveau stijging in het 
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prognostischprognostisch systeem. Toch laat ook dit systeem nog veel ruimte voor verbe-
tering.. De voorgestelde wijziging door Numata, et al., lijk t zinvol bij het 
beschouwenn van de uitkomstmaat "overleving", maar blijkt geen verbetering 
bijj  beschouwen van de uitkomstmaat "tumorrecidief'. 

Voorr het meest frequente speekselkliercarcinoom, het parotiscarcinoom, 
brengtt Hoofdstuk VI I  tenslotte een samenvattend overzicht van de op dit 
ogenblikk gangbare inzichten in evaluatie, de behandelingsopties, en de prog-
nostischee overwegingen die hierbij een rol spelen. De standaardbehandeling 
blijf tt een volledige resectie, met enkel opoffering van nervus facialis takken 
bijj  macroscopisch duidelijke zenuwingroei door de tumor. Histologisch en 
cytologischh bewezen regionale metastasering maakt een combinatiebehan-
delingg van heelkunde en postoperatieve radiotherapie noodzakelijk, electieve 
behandelingg van de nek wordt aanbevolen bij tumoren met een hoge malig-
niteitsgraadd en/of een uitgebreid stadium bij presentatie. Postoperatieve 
radiotherapiee verbetert de locoregionale controle. Alleen bij tumoren met een 
beperktee omvang en een lage maligniteitsgraad, en wanneer er geen 
bijkomendee negatieve prognostische factoren zijn, kan overwogen worden 
dezee behandeling achterwege te laten. Door de betere locoregionale controle 
wordenn afstandsmetastasen de meest frequente vorm van therapiefalen. 
Hiervoorr is tot op heden nog geen effectieve systeemtherapie voorhanden. 
BehandelingsresultatenBehandelingsresultaten variëren sterk binnen de populatie van patiënten met 
eenn parotiscarcinoom. Het ontrafelen van het ingewikkelde gecombineerde 
samenspell  van een amalgaam van prognostische factoren, kan inzicht bren-
genn in deze variatie. Hier situeert zich de in dit proefschrift ontwikkelde en 
gevalideerdee prognostische index. Deze index (en de gecomputeriseerde ver-
siee ervan) kan resulteren in een meer praktische en kwantitatieve benadering 
vann prognose door de arts, en zo helpen bij het raad geven aan en informeren 
vann patiënten. Deze score kan ook de basis vormen om, bij eventuele 
toekomstigee (multicenter) therapeutische trials, enkel patiënten te vergelijken 
mett een vergelijkbare score en dus een vergelijkbaar uitgangsrisico op reci-
dief.. Zo kan vertekening van het geschatte effect van de te vergelijken thera-
pieënn door andere factoren voorkomen worden. 

Toekomstperspectieven n 

Patiëntenn met carcinomen van de submandibular  speekselklier  en de 
kleinee speekselklieren 

Omm hoger te geraken op de "ladder van prognostisch onderzoek" voor patiën-
tenn met tumoren van de kleine speekselklieren en van de submandibulaire 
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speekselklierenn zijn grotere patiëntengroepen nodig. Op die manier kan ook 
voorr deze patiënten een multivariate analyse worden uitgevoerd. Deze kan 
dann de basis zijn voor de vervaardiging van een prognostische index, die het 
objectt kan vormen van een externe validering. De enige manier om in 
Nederlandd en België aan een dergelijke patiëntengroep te komen, is via een 
gemeenschappelijkee inspanning van verschillende centra, zoals dat gebeurd 
iss voor de patiënten met parotiscarcinoom van de NWHHT, die beschreven 
wordenn in Hoofdstuk V. Voorwaarde is dan wel een (meer) gedetailleerde 
gegevensverzameling,, en ook een (meer) adequate follow-up. Een uniforme 
prospectievee gecomputeriseerde gegevensregistratie in de deelnemende cen-
traa zou in dit verband een prioriteit moeten zijn. Er dient ook onderzocht te 
wordenn in hoeverre deelname van een Belgische evenknie van de NWHHT 
(nogg op te starten) positief zou kunnen bijdragen tot een dergelijke database. 

Patiëntenn met parotiscarcinoom 

Omm hier hoger te klimmen op de ladder van prognostisch onderzoek, zijn the-
oretischh bijkomende externe valideringsonderzoeken nodig, in geografisch 
anderee patiëntengroepen met parotiscarcinoom (b.v. Europees niveau). Bij 
elkee met succes doorstane externe validering, wordt de draagkracht en de 
generaliseerbaarheidd van de index overtuigender. 
Eenn andere optie zou kunnen bestaan in het opnieuw onderzoeken van de 
ontwikkeldee index in de patiëntengroep van de NWHHT, na updaten van de 
follow-up.. Globaal dient gesteld, dat dan ook in alle deelnemende centra een 
beteree registratiekwaliteit zou moeten kunnen gegarandeerd worden, miss-
chienn via de al voorgestelde gecomputeriseerde gegevensregistratie. 

Voorr alle patiënten met speekselkliercarcinoom geldt dan, dat na grondige 
multivariatee analyse van klinische en histopathologische kenmerken, 
gekekenn moet worden naar de nieuwere, moleculair biologische kandidaat-
prognostischee factoren. Er moet specifiek nagegaan worden of deze factoren, 
naa correctie voor de belangrijke "klassieke" klinische en pathologische prog-
nostischee factoren, een significante voorspellende bijdrage hebben, en dus in 
combinatiee met deze factoren een nog meer nauwkeurige voorspelling toe-
laten. . 

Factorenn die in dit verband onderzocht kunnen worden en mogelijk veel-
belovendd zijn, zijn moleculair biologische indicatoren van celdifferentiatie, 
voorall  ook gezien de moeilijkheid in toekennen en reproduceren van 
betrouwbaree histologische gradering op basis van licht microscopische crite-
ria.. Zo is een dergelijke rol vooropgesteld voor Ki-672'3 en Proliferating 

211 1 



Chapterr VIII 

Nuclearr Cell Antigen (PCNA)4-7in mucoepidermoid carcinoom en adenoïd 
cystischh carcinoom. 
Hett voorhanden zijn van intact E-cadherine, een transmembraan glycopro-
teinee dat de cel-adhesie medieert, zou ook onafhankelijke prognostische 
informatiee bevatten voor adenoïd cystisch carcinoom.8 

Ookk de veelbelovende techniek van "gene expression probing" met 
cDNA-microarrayy onderzoek, dat reeds in een vergelijkbare setting voor 
borstcarcinoomm hoopvolle resultaten gaf,9 zou voor speekselkliercarcinoom 
inn combinatie met de nu belangrijk gebleken klinische en histopathologische 
factorenn onderzocht moeten worden. 
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