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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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Validatedd prognostic index in parotid carcinoma 

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 

CC 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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Chapterr V 

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 



Chapterr V 

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 

132 2 



validatedd prognostic index in parotid carcinoma 

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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