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Chapterr IV 

Medicinee is a science of uncertainty and an art of probability. 
SirSir William Osier, 1904 
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Chapterr IV 

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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Introduction 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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Chapterr IV 

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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Chapterr IV 

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. 
Distributionn 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. 
"Ass used in the regression model, based only on available slides of surgical resection specimens 

Tablee 3. 
TNMM Stage Distribution15 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. Like 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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