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We previously performed a Cox proportional hazards regression analysis and constructed a prognostic model, based on a “source population” of 151 parotid carcinoma patients from the Netherlands Cancer Institute. The resulting information was used to create a prognostic index (Vander Poorten VLM, Balm AJM, Hilgers FJM, Tan IB, Loftus-Coll BM, Keus RB, et al. The development of a prognostic score for patients with parotid carcinoma. Cancer 1999;85:2057-67). Table 1 displays PS1, a pre-treatment index, and PS2, incorporating data from the surgical specimen. For one patient, such an index sums the weighted contributions of each important clinical and histological characteristic into one number, corresponding to the outcome, tumor recurrence. In this way for instance, a patient of 74 years old with a 3 cm painful suspect nodule in the left parotid gland, without sings of facial nerve weakness, skin invasion or palpable neck nodes, can be told before treatment to have a 59% chance of being tumor free 5 years following standard treatment, if the lesion proves to be malignant. 
Table 1. Prognostic indices PS1 and PS2 to be validated
	PS1 =0.024 A+0.62 P+0.44 T+0.45 N+0.63 S+0.91 F
	PS2 =0.018 A+0.39 T+0.34 N+0.70 S+0.56 F+0.78 PG+0.65 PM 

	Variable
	number to enter in the formula
	variable
	number to enter in the formula

	A = age at diagnosis 
	number in years
	A = age at diagnosis 
	number in years

	P = pain on presentation
	1=no pain,

2=pain or numbness
	T = clinical T classification 


	T1 (<2cm) =0,

T2 (2-4 cm) =1,

T3 (4-6cm)=2,

T4 (>6cm)=3

	T = clinical T classification*
	T1 (<2cm) =0,

T2 (2-4 cm) =1,

T3 (4-6cm)=2,

T4 (>6cm)=3
	N = clinical N classification 


	N0=0, N1=1, N2a=2, N2b=3, N2c=4, N3=5

	N = clinical N classification
	N0=0, N1=1, N2a=2,

N2b=3, N2c=4, N3=5)
	S = skin invasion 
	1=no invasion,

2=invasion

	S = skin invasion
	1=no invasion,

2=invasion
	F = facial nerve dysfunction 
	1=intact function, 2=paresis-paralysis

	F = facial nerve dysfunction
	1=intact function,

2=paresis-paralysis
	PG = perineural growth in the resection specimen 


	1=no,

2=yes

	
	
	PM = positive surgical margins 
	1=no,

2=yes


*UICC 1992 (International Union Against Cancer. UICC TNM atlas: illustrated guide to the TNM/pTNM classification of malignant tumours. 3rd edition-2nd revision. Berlin Heidelberg: Springer-Verlag, 1992:50-5)

 QUOTE "" 
To establish the real predictive power, a prognostic index needs validation in independent patient material. (Justice AC, Covinsky KE, Berlin JA. Assessing the generalizability of prognostic information. Ann Intern Med 1999;130:515-24).

 QUOTE "" 
 Patients and methods

We found this independent material in The Dutch Cooperative Group on Head and Neck Cancer (NWHHT) parotid carcinoma database, containing 257 consecutive patient records from the academic centers of Groningen, Leiden, Maastricht/Heerlen, Nijmegen, Rotterdam and Utrecht, from the period 1985-1994. 231 patients, with a median  follow-up of 52 months, were evaluable for our purpose. 189 of 231 patients (82%) were treated with surgery and postoperative radiotherapy, 29 patients received surgery and 11 patients radiotherapy as single treatment. The details of the patient, tumor and treatment characteristics can be found elsewhere (Vander Poorten VL, Hart AA, van der Laan BF, Baatenburg de Jong RJ, Manni JJ, Marres HA et al. Prognostic index for patients with parotid carcinoma: external validation using the nationwide 1985-1994 Dutch Head and Neck Oncology Cooperative Group database. Cancer 2003;97:1453-63).


To address “clinical validation”(discrimination and calibration), we evaluated the predictive power of PS in the 231 NWHHT patients. Discrimination was evaluated by calculating the scores for each patient and constructing Kaplan-Meier recurrence free interval curves, using the cut-off points as defined in the source population. This provided a visual idea of discriminative capacity and of preservation of correct ordering of patient groups. Quantification of the amount of fit of the indices to the new data was done by entering the newly calculated PS in Cox’s model, and comparing the obtained coefficient to the value of 1in the source population. Comparison of patient ordering according to PS and to recurrence time was done by computing concordance measure C (Harrell FE, Lee KL, Mark DB. Tutorial in biostatistics. Multivariable prognostic models: issues in developing models, evaluating assumptions and adequacy, and measuring and reducing errors. Stat Med 1996;361-87). This measure estimates the proportion of pairs of patients in whom highest PS indeed implies shortest disease free interval. Calibration was evaluated comparing the observed recurrence free percentages for the levels of PS to the reported percentages in the source population.


“Statistical validation” was addressed in four ways. We first re-evaluated the weights for the individual prognostic variables as calculated in the source population. Second, scale definition of the variables was reconsidered, mainly with regard to categorization. Third, predictive power improvement resulting from inclusion of new patient or tumor characteristics was judged from the P-value generated by Wald’s test. Fourth, the proportional hazards assumption was verified.
Results and discussion


81 of 231 patients experienced a recurrence. Recurrence free percentages are estimated as 62% (SE 4%) at 5 years, similar to the result of others, Spiro reporting 55% of patients being recurrence free at five years (Spiro RH. Salivary neoplasms: overview of a 35-year experience with 2,807 patients. Head Neck 1986;8:177-84). The patient group used for this external validation can be considered representative of patients with parotid carcinoma in general.
Clinical validation
PS1 could be calculated in 183 patients and the group was then divided according to the published cut-off points (<3.85, 3.85-4.74, 4.74-5.80, >5.80). 5 year recurrence free percentages were 92% (SE 7%) for the most favorable group, 70% (SE 9%) for the second best group, 59% (SE 11%) for the third group and 42% (SE 32%) for the least favorable group. Fig 1 shows the correctly ordered PS1 based recurrence free interval curves. 
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Figure 1. Recurrence free interval by PS1 groups. Numbers featuring above the time axis refer to number of patients at risk at that particular time spot in follow-up 
PS2 could be calculated for 171 patients and ranged from 3.03 to 8.1. For 60 patients with 32 recurrences, including 12 patients without surgery, PS2 could not be calculated due to missing values in contributing variables, mainly 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 from 90% (SE 10%) for the best group, to 87% (SE 7%) for the second best group, 70% (SE 10%) for the third group and 40% (SE 16%) for the least favorable group. Fig 2 displays the corresponding Kaplan-Meier recurrence free interval curves. For assessment of calibration, Table 2 displays recurrence free percentages according to PS1 and PS2 levels, both in the source population and in the validation sample, illustrating the over-optimism in estimating prognostic power when a prognostic index is applied to the patients it was constructed from (van Houwelingen JC, Le Cessie S. Predictive value of statistical models. Stat Med 1990;9:1303-25.)


The resulting patient groups and recurrence free interval curves are very acceptable for PS1. Correct ordering is maintained . For PS2 discrimination between the two groups with the best prognosis is absent (Fig 2), and thus worse than observed in the source population. These findings exemplify the expected over-optimism in external validation attempts. Quantification of the amount of fit of the index to the new data by entering the newly calculated PS in Cox’s model, resulted in a coefficient for PS1 of 0.66 (SE 0.11) and of 0.62 (SE 0.13) for PS2, highly significant (P<0.0001), but expectedly considerably lower than 1. This quantifies over-optimism in estimating prognostic power in the source population as 34% for PS1 and 38% for PS2. Concordance measure C for PS1 equals 0.74, declining from 0.80 in the source population. For PS2 it equals 0.71 and was 0.78 in the source population. As observed in other areas of prognostic literature, applying a score to a validation sample results in a fall in concordance measure C. This fall from 0.80 to 0.74 for PS1 and from 0.78 to 0.71 for PS2 is comparable to that observed in external validation studies of other, generally accepted prognostic systems. The Dukes Classification for rectal cancer showed a concordance measure C of 0.84 (Dukes CE, Bussey HJR. The spread of rectal cancer and its effect on prognosis. Br J Cancer 1958;12:309-20), declining to 0.78 in the external validation by Jass et al.( Jass JR, Love SB, Northover JMA. a new prognostic classification of rectal cancer. Lancet 1987;1303-6) and to 0.74 in the study by Harrison et al. (Harrison JC, Dean PJ, el Zeky F, Vander Zwaag R. From Dukes through Jass: pathological prognostic indicators in rectal cancer. Hum Pathol 1994;25:498-505).
Table 2. Recurrence free percentages at 5 years for source and validation sample according to the four levels of PS1 and PS2
	PS levels
	PS1 NWHHTa

% recurrence free 

(Number of patients; SE)
	PS1 NKI/AvLb

% recurrence free 

(Number of patients;SE)
	PS2 NWHHT

% recurrence free

(Number of patients;SE)
	PS2 NKI/AvL

% recurrence free 

(Number of patients; SE)

	1
	92% 

(40; 7%)
	92% 

(29; 5%)
	90% 

(21; 10%)
	95% 

(26; 5%)

	2
	70%

(56; 9%)
	83% 

(30; 7%)
	87% 

(56; 7%)
	83% 

(25; 8%)

	3
	59%

(60; 11%)
	48% 

(31; 11%)
	70% 

(50; 10%)
	56% 

(26; 12%)

	4
	42%

(27; 32%)
	23% 

(28; 9%)
	40% 

(44; 16%)
	42% 

(25;10%)


a Validation sample Dutch Cooperative Group on Head and Neck Cancer (NWHHT)

b Original sample from the Netherlands’ Cancer Institute (NKI/AvL) from which PS1 and PS2 were derived 
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Figure 2. Recurrence free interval by PS2 groups. Numbers featuring above the time axis refer to number of atients at risk at that particular time spot in follow-up
Statistical validation


The weight re-evaluation in the validation sample for PS1 is displayed in Table 3. There is no evidence, that the originally defined weights are less than optimal: P-values in column 3 of table 4 indicate that the observed variation can be fully accounted for by chance alone. A similar evaluation yields similar conclusions for PS2.
Table 3. Optimal weights in PS1 for the NWHHT data set

	
	Original weights  QUOTE "3" 
3

	Univariate optimal change

(+/- SEa)
	P-valueb
	Multivariate weights

(+/- SE)

	Variable
	
	
	
	

	Age at diagnosis
	0.024
	-0.004 ((0.009)
	0.69
	0.010 ((0.009)

	Pain on presentation
	0.62
	-0.07 ((0.32)
	0.83
	0.28 ((0.30)

	cT-classification
	0.44
	+0.36 ((0.19)
	0.06
	0.61 ((0.16)

	cN-classification
	0.45
	+0.06 ((0.13)
	0.63
	0.34 ((0.11)

	Skin invasion
	0.63
	-0.29 (±0.43)
	0.50
	0.25 ((0.41)

	Facial nerve dysfunction
	0.91
	-0.50 ((0.37)
	0.18
	0.14 ((0.31)


aSE = standard error

bresulting from the Wald test, indicating significance of improvement by considering the univariate optimal change

In PS, age, cT- and cN-classification were included as linear variables. To know whether Cox’s model including the categorized form of these variables fits the validation data better than the linearly defined form, we considered adding the categorized variable to the model containing the linearly defined variable. For PS1, we found no evidence of non-linearity for age (P=0.42), cT (P=0.071) or cN (P=0.19). For PS2, we found no evidence of non-linearity for age (P=0.21), cT (0.12) or cN (P=0.087).  There is thus no evidence for a change of the scale definition.

For PS1, addition of sex (P=0.76), localization of the primary tumor within the parotid (P=0.058), cytological (P=0.65) or combined incisional biopsy and cytological information (P=0.22) did not enhance prognostic power. For PS2, addition of sex (P=0.76), histological skin invasion (P=0.095), clinical grade of malignancy according to the 1972 WHO classification (P=0.98), localization of the primary (P=0.96), intravascular growth (P=0.19), extranodal growth in neck specimen (P=0.87) or number of positive nodes in neck specimen (P=0.42) did not increase prognostic power. The evidence for a possible additive prognostic effect of tumor spill (P=0.0081), and clinical grade of malignancy (P=0.043) is to be considered very weak given the multiple comparisons phenomenon.

Testing the proportional hazard assumption, no indication for a changing prognostic value of PS1 and PS2 in time was found. We found no evidence of non-linearity of the relation between PS (PS1 (P=0.36);  PS2 (P=0.82)) and ln(hazard). Increasing PS1 and PS2 thus corresponds to a linear increase in risk for recurrence, a risk remaining stable during follow-up time. 
Clinical implication: information


The indices PS1 and PS2 can be considered validated, both clinically and statistically. A validated prognostic index is invaluable for patient and doctor information. The patient’s question: “How big is the chance for a complete and definitive cure following this first treatment?” can now be answered quite reliably in the form of a statement before treatment, modifiable by findings in the resection specimen, concerning the likelihood of “tumor recurrence”, in a specified period of five years. Variability in the expected outcomes can be explained to the patient, discussing the prognostic factors present in the patient. The reliability of a validated prognostic index increases further upon validation in other independent patient samples; an ongoing study is evaluating the performance of the indices in the parotid carcinoma patient population of the University Hospitals of Leuven, Belgium and Cologne, Germany (Dr. Orlando Guntinas-Lichius).

To meet the required “user-friendly” aspect, a computerized downloadable fill-out form has been developed (URL: http//www.uzleuven.be/parotid), providing the clinician with the 5 year-recurrence free percentage, the relative risk for recurrence and the according recurrence free interval curve, applicable to the patient, sitting in front of him, and presenting with a specific set of prognostic factors. A PDA version is being developed and will be the most direct way to practical prospective use of the indices.
