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Chapter VIII 

ABSTRACT 

Background: Several models for predicting the prognosis of stage III melanoma 

patients have been described. Slingluffs prognostic index seems to be the only one 

which can be used in practice. However, it has not been validated in an 

independent patient group. We wanted to evaluate the predictive power of the 

prognostic index of Slingluff et al. (SI) and to suggest further improvements and to 

illustrate methodological issues regarding construction and validation of 

prognostic indices. 

Methods: Based on the data of 603 consecutive melanoma patients (1957 - 1995), 
who underwent a lymph node dissection (LND) with curative intent at The 
Netherlands Cancer Institute, the prognostic value and optimality of SI was 
evaluated, using the proportional hazard model. 

Results: The predictive power of SI in our study group is comparable to that in 
Slingluffs own group. Estimated survival at 5 years decreases from 60% (SE 6%) in 
the most favourable group (n=93), over 38% (SE 5%, n=185), 27% (SE 5%, n=146), 
30% (SE 10%, n=37) to 9% (SE 9%) in the very poor group (n=43). However, 
deletion of the interval primary tumour LND, replacement of the categorised 
version of Breslow thickness by its numerical value and addition of local recurrence 
before LND and extranodal tumour growth may improve the predictive power 
even further. Estimated 5 year survival according to this new index decreases from 
63% (SE 6%) in the most favourable group (n=90) over 41% (SE 5%, n=179), 23% (SE 
5%, n=144), 24% (SE 9%, n=36) to 6% (SE 6%) in the very poor prognosis group (n=4 
1). 

Conclusions: SI predicts prognosis of stage III melanoma well. It can further be 

improved by deletion of one variable, redefinition of another and possibly the 

addition of two extra variables. The latter has to be confirmed in an independent 

patient group. 

124 



Prognostic formula 

INTRODUCTION 

Cutaneous melanoma metastasises to the regional lymph nodes in 5% up to 
more than 60% of patients, depending primarily on the Breslow thickness of the 
primary lesion.1 Once lymph node metastasis is diagnosed, regional lymph node 
dissection (LND) is the therapy of choice, mostly with curative intention. Five-year 
survival percentages following LND (28 - 46%) are governed by a range of 
prognostic determinants as pointed out in several studies.2"13 Since the advent of 
adjuvant immunotherapy for high risk melanoma it is becoming more important to 
determine which patient could benefit from such a regimen. Selecting patients for 
and evaluating the effects of adjuvant therapies can be done by stratifying them 
into risk groups deduced from known prognostic factors for survival. 

One way to express the prognosis of an individual patient is to construct a 
prognostic index on the basis of clinical and pathological data. Such a procedure 
results in a single number for a given patient by summing the properly weighted 
contributions of each tumour or patient characteristic concerning prognosis. The 
weights result from a multivariable statistical analysis such as Cox's proportional 
hazard regression analysis on a particular set of patient data. Several prognostic 
indices for survival after LND for stage III melanoma have already been 
constructed.5-89 The study by Coit et al.8 addresses axillary and groin LND 
exclusively. In the study by Morton et al.9, two indices are created, one for short term 
and one for long term prognosis. Unfortunately, in both indices of that study the 
survival status at 36 months is incorporated. This renders the results less usable. 

The index proposed by Slingluff et al.5 (SI) has been validated on the same group 
of patients it was constructed from. This approach in general leads to an inflated 
apparent discriminating power." SI should therefore be validated in a different group 
of patients. The main aim of this study is the validation and - if necessary -
improvement of SI. In order to accomplish this, we (i) evaluated the predictive power 
of SI in our own patient group, (ii) re-evaluated the weights used in SI, (iii) 
reconsidered the definitions and mainly the categorisation of the variables 
constituting SI, (iv) compared the predictive power of SI to that of our own index (OI), 
previously developed in an unpublished study and (v) determined, whether addition 
of the variables present in OI but not in SI, could improve the predictive power of SI. 
Finally, we incorporated changes suggested from (ii)-(v), in a modified version of SI 
and evaluated the predictive power of this modification provisionally. The numbers 
between parentheses refer to the corresponding sections throughout the text. 
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A second purpose of this study is to illustrate several ways to use a regression 
analysis method, like the one based on Cox's proportional hazard model, to 
evaluate a prognostic index. Other methodological issues regarding such 
evaluation are discussed as well. 

PATIENTS 

Between 1957 and 1995 inclusive, 670 melanoma patients underwent LND with 
curative intent at The Netherlands Cancer Institute. Sixty-seven patients were 
excluded because of more than one synchronous LND (n=7), posterior neck dissection 
only (n=2), inadequate deep inguinal dissection (n=19) or negative nodes only (n=39). 
Thus, the data of 603 patients were retrospectively obtained and analysed. 

An unpublished analysis has been carried out previously on a subset of these, 
namely 283 patients from 1957 to 1986 inclusive; however, patients with superficial 
inguinal LND only (n=28) or incomplete LND (n=12) were excluded. This study 
resulted in our own prognostic index (OI). This subset will be called subset A, 
while the remaining patients will be called subset B (n=320). Table la and lb show 
characteristics and follow-up data of the 603 patients. Median follow-up of all 603 
patients was 25 months (1 - 306) and 60 months (2 - 306) for the 230 patients still 
alive at the last follow-up. 

While elective LND has never been our standard policy, eleven percent of the 
reviewed LND's were elective operations yielding positive nodes. These LND's 
(mostly axillary) were performed as part of a prospective randomised study on 
adjuvant limb perfusion for high risk melanoma. 

METHODS 

Follow-up 

In the calculation of overall survival, patients who died from any cause were 
counted as failures; all other patients were censored at the date of their last 
follow-up. Survival was calculated from the date of the LND. 

Construction of our own index 

Using subset A, a forward stepwise procedure based on Proportional Hazard 
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regression analysis 15 was used to identify prognostic factors with respect to 

survival (all causes of death). In this analysis, interval and ordinal variables were 

primarily considered to be linearly related with log(hazard). However, at each step 

all variables were tested for linearity and if nonlinearity was present (P < 0.05) the 

P-value of linear plus non-linear effect was used in that step for consideration of 

inclusion or exclusion. Nonlinearity was introduced by categorising the variables 

as shown in Table la. 

Table la.Patient, Tumor and treatment characteristics (N=603) 

Variable N %T Variable N %n 

Male/Female (%M) 306/297 51% Elective LND 69 11% 
Age<30y 64 11% Site LND: Inguinal+Diac 251 42% 

30-39y 115 19% Inguinal 40 6% 
4<M9y 142 24% Axilla 177 29% 
50-59y 131 22% Neck 135 22% 
60-69y 90 15% No. of positive nodes 1 240 40% 
>70y 61 10% 2 105 18% 

Primary on trunk 136 23% 3 92 15% 
leg 246 41% >4 160 27% 
head/neck 111 18% unknown 6 1% 
arm 56 9% Extranodal spread 223 39% 
unknown primary 54 9% unknown 33 5% 

Ulceration 219 48% Radicality LND: 
unknown 144 24% Radical 543 90% 

Satellitosis 47 13% Microscopically irradical 7 1% 
unknown 247 41% Macroscopically irradical 53 9% 

Histologic type: Nodular 173 42% Treatment Period 1957-65 27 4% 
SSM 175 43% 1966-70 40 7% 
Acrolent. 37 9% 1971-75 49 8% 
Other type 26 6% 1976-80 80 13% 
Unknown 192 32% 1981-85 109 18% 

Clark level U-UI 137 30% 1986-90 147 24% 
IV 262 57% 1991-95 151 25% 
V 60 13% Biopsy before LND 200 35% 
unknown 144 24% unknown 36 6% 

Breslow Thickn. <1.5mm 92 20% Adjuvant treatment: 
1.51-3mm 150 33% Radiotherapy 135 22% 
3.01-4.5mm 112 24% Chemotherapy 10 2% 
>4.5mm 106 23% Immunotherapy 43 7% 
unknown 143 24% Other/Combination 14 2% 

LRPT before LND 57 10% None 401 66% 
Interval PT-LND Om 127 22% N Mean SD 

<3m 76 13% Age (y) 603 49 15 
3-6m 86 15% Breslow Thickn. (mm) 460 3.5 2.4 
7-12m 74 13% Interval PT-LND(m) 582 17 26 
13-35m 134 23% No. positive nodes 597 3.2 3.7 
>36m 85 15% 
unknown 21 3% 

* PT: primary tumor; LND: Lymph Node Dissection; LRPT: local recurrence of primary tumor 
1 Of total with known values 
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Table lb.Follow-up data after LND (N=603) 

Variable* N %T 

Status: 
Dead with tumor 357 59% 
Dead without tumor 14 2% 
Dead, tumor unknown 2 0% 
Alive with tumor 31 5% 
Alive without tumor 199 33% 
Cause of death: 
Melanoma 344 58% 
Other tumor 2 0% 
Other cause 13 2% 
Cause unknown 14 2% 
Alive 230 39% 

Local recurrence 141 23% 
Recurrence in LND area 56 9% 
New LN metastases 58 10% 
Distant metastases 384 64% 
Metastatic sites: 
CNS 66 17% 
Liver/Retroperitoneum 68 18% 
Skin/Subcutaneous tissue 83 22% 
Lung/Mediastinum 107 28% 
Bone 35 9% 
GI tract 7 2% 
Elsewhere 15 4% 
Site unknown 3 0% 

LND: Lymph Node Dissection; LN: Lymph Node 
1 Of total with known values 

In testing a particular variable, only those patients were excluded from the 
analysis who had a missing value for that variable or for any variable already 
included in the model. 

A P-value of 0.05 was used as inclusion as well as exclusion limit. 

Validation of Slingluff's index 
SI is defined in the following way 5: 

SI = 0.281 * (NODES -1.793) - 0.161 (SEX -1.396) - 0.316 * (SITE -1.370) + 0.247 

(AGE -1.460) + 0.279 * (THICK - 1.434) + 0.384 * (DFI - 1.079), 
where 

NODES = 1 for 1 positive node; 2 for 2-4 positive nodes; 3 for > 4 positive nodes 

SEX = 1 for male patients; 2 for female patients 

SITE = 1 for trunk, head and neck or acral primary; 2 for extremity or unknown 
primary 
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AGE = 1 for < 50 years at stage III; 2 for >50 years at stage III 

THICK = 1 for Breslow < 2.5 mm; 2 for Breslow > 2.5 mm 

DFI = 1 for disease-free interval < 3 months or > 6 months; 2 for interval 3 - 6 

months. 

Since in our database acral primaries could not be differentiated from 

primaries in the relevant extremity, we had to define the variable SITE in a slightly 

different way. Otherwise, SI was calculated as indicated above. Based on SI 5 

groups were defined by Slingluff et al.5: Most favourable (SI <0.7), Favourable (SI 

0.7-1.0), Average (SI 1.0-1.4), Poor (SI 1.4-1.8) and Very poor (SI >1.8). 

We validated the predictive value of SI in a number of ways. 
(i) For each patient, SI was calculated and entered in Cox's model in a univariate 

way. The resulting coefficient (log relative hazard per unit SI) was then compared to 
its value of 1 in Slingluff's study. Also, survival curves were constructed using the 
same cut-off points as defined by Slingluff et al. In addition, the assumption of 
proportionality of the hazard rates was tested by plotting the weighted Schoenfeld 
residuals16 against time and drawing a smoothed spline through the points. Based 
on the appearance of the spline, an interaction term between the index and some 
function of time was tested for its significance in a time-dependent Cox model. 
Finally, the linearity of the relation between SI and In(hazard) was tested using the 
same method as described under the construction of our own index. 

(ii) The weights for the contributing variables in SI - see the formula - were 
validated by entering each variable as defined above separately into Cox's model in 
addition to SI and judging the statistical significance of the resulting improvement in 
predictive power using Wald's test. Also, the optimal weights in our patient group 
were calculated from fitting Cox's model, using the variables as defined above. 

(iii) For each interval variable - number of positive nodes, age, Breslow and DFI 

- that variable itself was added to SI in Cox's model and again the improvement 

was judged from Wald's test. Also the improvement gained by adding dummy 

variables defining the categories for these variables as given in Table 1 was tested. 

(iv) The predictive power of SI was graphically compared to that of our own 

score in subset B. For this purpose, the cut-off points for our score were chosen in 

such a way that the resulting groups were as closely in size to those resulting from 

SI using the cut-off points of Slingluff et al. as possible. 

129 



Chapter VIII 

(v) The Wald test in Cox's model was used to determine whether the 
addition to SI of variables in our score, which are not present in SI, could improve 
the predictive power of SI. This was done in both the total data set (A + B) and in 
the test set B. 

General statistical methods 

P-values were adjusted for multiple comparisons only where explicitly stated. 
In those cases this was done using the procedure of Hommel as adapted by 
Wright.17 Survival-type calculations were done using the product-limit method of 
Kaplan and Meier (18). Standard errors of survival percentages were calculated 
according to the method of Peto." 

RESULTS 

Overall survival 

The survival curve for all 603 patients is given in Figure 1. Estimated survival 
is 56.5% (SE 2.1%) at two years. Five- and ten-year overall survival percentages are 
36.5% (SE 2.5%) and 30.6 %(SE 3.8%). 

100 

24 48 72 96 120 

Time from LND (months) 
Figure I 

Survival of all 603 patients. 373 observed deaths. 
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Table 2. P-values* from stepwise analysis survival to construct own index (subset A) 

StepO Stepl Step 2 Step 3 Step 4 Step 5 Step 6 
No. of patients 283 253 253 237 237 237 202 

Variable* 
Gender 0.0008 0.0002 0.0002 0.0010 0.0009 0.034 0.036 

Age 0.038 0.029 0.011 0.023 0.030 0.036 0.092 

nonlin. 0.50 0.12 0.23 0.26 0.25 0.2S 0.62 

Treatment Period 0.50 0.65 0.45 0.96 0.64 0.96 0.71 

nonlin. 0.98 0.99 0.99 0.84 0.76 0.75 0.36 

SitePT 0.012 0.0070 0.15 0.044 0.019 0.019 0.038 

Ulceration PT 0.043 0.0082 0.020 0.092 0.07 0.16 0.38 

Satellitosis 0.017 0.074 0.032 0.041 0.071 0.11 0.073 

Tumor type 0.44 0.25 0.17 0.19 0.19 0.099 0.24 

Cl4rke level 0.33 0.38 0.24 0.37 0.56 0.71 0.41 

nonlin. 0.31 0.41 0.56 0.47 0.40 0.36 0.70 

Breslow 0.0007 0.0008 0.0024 0.023 0.022 0.017 0.017 

nonlin. 0.61 0.47 0.49 0.48 0.46 0.54 0.54 

Interval PT-LND 0.0007 0.0009 0.0011 0.0011 0.0009 0.0007 0.0060 

nonlin 0.25 0.25 0.22 0.22 0.23 0.20 0.15 

LRPT before LND 0.0056 0.033 0.025 0.0057 0.0057 0.0023 0.021 

Elective/S elective 0.55 0.22 0.17 0.49 0.60 0.84 0.89 

LND 
Biopsy before 0.039 0.0023 0.0030 0.011 0.029 0.032 0.22 

LND 
Regional adjuvant 0.013 0.53 0.64 0.53 0.43 0.23 0.40 

RT 
Adjuvant 0.070 0.46 0.70 0.32 0.19 0.15 0.47 

Immunotherapy 
No. pos. nodes 0.0001 0.0076 0.022 0.052 0.16 0.073 0.49 

nonlin. 0.33 0.64 0.46 0.43 0.36 0.35 0.21 

Extranodal tumor <0.0001 -cO.0001 <0.0001 0.0001 0.0002 0.0001 0.0002 

* Variables adjusted for: underlined 
* PT: Primary tumor 
LND: Lymph Node Dissection 
LRPT: Local Recurrence of PT 
RT: Radiotherapy 

Construction of Own Index (subset A) 
The P-values resulting from the stepwise Cox analysis are given in Table 2. The 

P-values of the variables included in the model at each step are underlined. The 
resulting index after step 6 is the Own Index (OI). 

OI = 0.10 (THICK0 - 3.44) + 0.51 * (SITE0 -1.58) - 0.64 * (PTrec -1.86) - 0.012 * (DFF 
-13) - 0.41 (SEX° -1.46) - 0.69 * (EXTRA -1.63), 

where 
THICK0 = Tumour thickness in mm (or 3.5 in case of unknown primary tumour) 
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SITE0 = 1 for leg or unknown primary tumour; 2 for other primary sites 

PTrec = 1 for patients with local recurrence before LND; 2 for patients without local 
recurrence before LND 

DFP = Interval between primary tumour and positive nodes in months (or 0 for 
unknown primary tumour) 

SEX° = 1 for males; 2 for females 

EXTRA = 1 for extranodal tumour growth; 2 for tumour confined to the nodes 
The "°" mark indicates an adjusted definition of the variable concerned. 

' i — , 

4S 72 96 

Time from LND (months) 

Figure 2 

Survival by Own Index. (A):AII patients Most favorable (36 deaths/90 patients), ---- Favorable (1021179) 

-.-. -Average (911144),-..-..Poor (32136), Very poor (35/41). (B) subset B: Most favorable (26/63) 

---- Favorable (641106),-.-.- Average (45/80), -..-..Poor (17/20), Very poor (14/19). 
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Figure 2A presents the survival curves of all patients, divided in five prognostic 
groups on the basis of OI The cut-off points are chosen to result in comparable 
group sizes as obtained in our material for Slingluff's index. This was 
accomplished using the cut-off points -0.723, -0.015, 0.53 and 0.78. As part of the 
data was used to construct OI, these curves give an overoptimistic impression of 
the discriminating power of OI. A fairer evaluation can be done in subset B, which 
was not used to construct OI. The results are given in Figure 2B and will be 
discussed below (iv). The first panel of Table 3 gives survival data in more detail. 
The coefficient of OI in a PH-regression analysis on subset B was 0.53 (SE 0.12, P < 
0.0001). The large difference from 1 indicates quite a large amount of attenuation. 
Using the formula (77) of van Houwelingen and Le Cessie u, the expected 
attenuation factor is 0.69, which falls within the 95% confidence interval based on 
the observed value (0.53 ± 2 * 0.12). So, if there are no basic differences between 
subset A and subset B with regard to the prognostic power of OI, Figure 2B may be 
somewhat too pessimistic regarding the predictive value of OI. 

Validation of Slingluff's index (SI) 
(i) Figure 3A shows the survival curves of the 5 groups based on SI in the 

complete data set. The coefficient of SI in Cox's model is 1.07 (SE 0.14), which is 
obviously different from zero (P <0.0001) and even larger than 1, indicating a 
slightly better observed performance of SI in our data than in Slingluff's own data. 
Survival data are given in the second panel of Table 3. Slingluff's index seems to 
identify one group of patients (18% of the total) with a relatively favourable 
prognosis and a small group of patients (9% of the total) with a very poor 
prognosis. The remainder of the patients can be split into two approximately 
equally sized groups with a survival difference of between 10-20% in the predicted 
direction. From the test of proportionality, there is some indication that the 
prognostic value of SI diminishes with follow-up time: ln(hazard)=lh0 + (1.41 -
0.0165 * timemonths) * SI; (SI * time interaction: P = 0.026). lhO is the ln(hazard) of 
an "average" patient. From this model, it follows that the prognostic value of SI is 
lost after 1.41 /0.0165 = 85 (SE 35) months. We found no evidence of non-linearity 
of the relation between SI and ln(hazard): P =0.69. 

(ii)The third column in Table 4 gives the change in optimal weight in the 

combined data set (A +B) as compared to that of Slingluff et al for each variable, 

keeping the weights of the other variables constant. The fourth column gives the 

associated P-values. The fifth column gives the multivariable optimal weights for 

all variables in SI for the combined data set. There is evidence, that the weight for 
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Figure 3 

Survival by Slingluffslndex. (A) All patients: 

Average (971146), -..-..Poor (25137), Very poor (35143). (B) subset B: 
Most favorable (40193), Favorable (1061185),-.-. 

Most favorable (22152), 
---Favorable (57'I'107), -.-.-Average (59'190), -..-.. Poor (121'18), Very poor (18124). 
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Table 3. % Survival at 2.5 and 10 years according to prognostic indices 

Own Index (OD (subset B) 
Most Favorable 
Favorable 
Average 
Poor 
Very poor 

63 
106 
80 
20 
19 

At 
Risk 

) 
41 
55 
37 

5 
5 

24 

77.8 
56.8 
58.4 
27.8 
36.4 

Time from T,ND (months") 
60 

SE At % SE At 
Risk Risk 

Slingluff Index (SI) (total data set) 
Most Favorable 
Favorable 
Average 
Poor 
Very poor 

93 
185 
146 
37 
43 

67 
106 
63 
16 
9 

Slingluff Index (SI) (subset B) 
Most Favorable 
Favorable 
Average 
Poor 
Very poor 

52 
107 
90 
18 
24 

37 
60 
36 

7 
5 

77.1 
61.8 
49.7 
48.4 
26.4 

80.1 
62.6 
50.3 
49.4 
29.: 

5.7 
5.1 
6.3 
10.6 
13.0 

4.5 
3.8 
4.5 
8.7 
7.6 

5.9 
5.0 
6.0 

13.3 
11.2 

17 
25 
12 

1 

38 
43 
22 

6 
1 

18 
26 
12 
0 

Modified Slingluff Index (M2SI) (total data set) 
Most Favorable 
Favorable 
Average 
Poor 
Verv poor 

90 
179 
144 
36 
41 

66 
101 
64 
13 

82.7 
63.2 
46.9 
41.1 
22.5 

4.2 
3.9 
4.4 
8.7 
7.0 

Modified Slingluff Index (M2SI) (subset B) 
Most Favorable 
Favorable 
Average 
Poor 
Verv poor 

57 38 81.1 5.7 
99 53 64.4 5.3 
84 40 51.0 5.8 
21 7 41.6 12.0 
27 5 23.8 9.3 

Modified Slingluff Index (M2SI) (total data set) 
First 1/3 161 111 76.0 3.5 
Second 1/3 149 79 59.7 4.4 
Third 1/3 180 62 37.6 3.8 
Modified Slingluff Index (M2SI) (subset B) 
First 1/3 94 62 78.4 4.6 
Second 1/3 85 44 60.3 5.9 
Third 1/3 109 37 39.5 5.1 

38 
42 
18 
5 
1 

18 
23 
10 
4 

58 
31 
15 

30 
17 

51.2 8.7 
34.9 5.6 
38.4 8.7 

9.3 8.8 

59.8 
38.2 
26.8 
29.9 

9.1 

59.2 
41.5 
23.9 

0.0 

62.7 
41.0 
23.0 
24.1 

5.6 

56.3 
36.4 
16.0 

57.2 
38.6 
14.6 

6.1 
4.6 
4.9 

10.2 
8.7 

8.9 
6.2 
6.0 
0.0 

6.2 
4.9 
4.8 
9.4 
5.5 

10 
12 
3 
1 

13 
7 
5 

55.6 8.7 
45.5 7.0 
22.0 6.1 
35.6 14.3 

4.9 16 
5.2 5 
3.8 4 

6.8 3 
7.3 
4.8 1 

120 
SE 

51.2 20.6 
31.2 25.9 

46.2 10.7 
33.9 8.0 
23.9 12.0 
19.9 17.8 

40.0 31.0 
38.1 17.3 

0.0 0.0 

55.1 10.2 
35.7 10.8 
19.0 7.6 

0.0 0.0 

50.5 20.5 

17.0 15.5 

48.9 8.7 
32.2 11.9 

11.1 5.2 

54.2 21.2 

10.2 9.7 

Table 4. Optimal weights in Slingluffs index for the complete data set 

Slingluffs Univariate P-value Multivariable. 

weights optimal change weights 

Variable (±SE) (+SE) 

NODES +0.281 +0.178 (±0.089) 0.046 +0.449 (±0.075) 

SEX -0.161 -0.078 (±0.125) 0.54 -0.256 (±0.124) 

SITE -0.316 +0.110 (+0.131) 0.41 -0.271 (±0.125) 

AGE +0.247 +0.107 (±0.120) 0.38 +0.394 (±0.117) 

THICK +0.279 +0.029 (±0.134) 0.84 +0.363 (±0.120) 

DFI +0.384 -0.606 (±0.189) 0.0014 -0.077 (±0.167) 
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the interval PT-LND as defined by Slingluff et al. is less than optimal (P = 0.0014). 

In the multivariable model we found no evidence for an independent prognostic 

value of this variable. There may also be some doubt about the optimality of 

Slingluff's weight for the number of positive nodes (P =0.046). For the other 

variables we found no evidence for sub-optimality of Slingluff's weights. 

Table 5. P-values* from backward elimination of interval variables in addition to SI 

Variable 
4 

Step 
3 2 

Age 
Breslow 
Interval PT-LND 

0.066 
0.0053 

0.78 

0.067 
0.0039 0.0042 

No. pos. nodes 0.0031 0.0031 0.0083 

P-value of variable to be excluded in next step is underlined 

(iii) Table 5 gives the results of a backward elimination process of adding the four 

interval variables age, Breslow thickness, interval PT-LND and number of positive 

nodes to Slingluff's index. Our data indicate that adding the quantitative value of 

Breslow (P =0.0042) and number of positive nodes (P =0.0083) may improve SI. In an 

analysis adding both THICK as defined by Slingluff et al. and quantitative Breslow 

(THICK0) to the remainder of SI, the respective P-values are 0.59 and 0.0029, 

indicating that the quantitative Breslow adds more prognostic information to the 

other variables in SI than THICK as defined by Slingluff et al. and that we may 

replace THICK by THICK0 in the construction of SI. Adding both NODES and 

number of positive nodes quantitatively to the remainder of SI results in P-values of 

< 0.0001 for NODES and 0.20 for number of positive nodes, indicating that we should 

not replace NODES by number of positive nodes if NODES is weighted optimally. 

Table 6. P-values for adding other categories* to Slingluff s index 

Variable P-value 
Localization PT 0.13 
Age 0.025 
Breslow 0.055 
Interval PT-LND 0.56 
No. pos. nodes 0.048 

see table 1 for categories 
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Table 6 presents the P-values associated with adding the categories of the 

variables as defined in Table la, one variable at a time. There is some suggestion 

that the categorisation of age, Breslow and number of positive nodes as used by 

Slingluff et al. may not be optimal. However, in interpreting the results of Tables 4, 

5 and 6 regarding the performance of Slingluff's index one should take into account 

that a total of 15 P-values are judged. Use of Wright's correction based on 

Hommel's method17 results in an adjusted P-value of 0.021 for DFI in Table 4, 0.059 

for Breslow in Table 5 and > 0.10 for all other entries. 

In conclusion, based on the same basic factors as used by Slingluff et al , we 

might improve SI by dropping DFI and use thickness in mm with optimal weight 

0.0739 (SE 0.0171) instead of the categorised version THICK. 

(iv) A fair comparison between the original SI and OI can only be made in 

subset B, not involved in the construction of OI. Figure 2B and Figure 3B show the 

survival curves of OI and SI in this data set. The first and third panel of Table 3 

provide more quantitative data. In a PH model including both SI and OI, the 

coefficients are 0.83 (SE 0.23, P =0.0004) for SI and 0.24 (SE 0.15, P =0.11) for OI. 

Thus SI adds prognostic information to OI, while that is not found the other way 

round, indicating superiority of SI over OI. 

(v) Next, we determined whether the addition of extranodal tumour growth 
(EXTRA) and local recurrence of PT (PTrec) before LND - which are part of OI but 
not of SI - might improve the predictive power of the modified version of SI 
mentioned at the end of (iii). In an analysis of the combined data set this seems to 
be the case. The optimal weights are -0.517 (SE 0.152, P =0.0007) for PTrec and -0.325 
(SE 0.095, P =0.0007) for EXTRA, keeping the weights in the modified SI fixed. 
Using subset B only, the evidence is much less convincing: coefficient for PTrec 
-0.376 (SE 0.187, P =0.045) and for EXTRA -0.183 (SE 0.111, P =0.10). On the other 
hand, there is also no convincing evidence that the additional prognostic 
information of PTrec and EXTRA differs between subset A and subset B (interaction 
PTrec * subset: P =0.62, EXTRA * subset: P =0.32). Using the weights from the 
combined data set, we arrive at a second modified Slingluff Index: M2SI = 0.281 * 
(NODES -1.793) -0.161 * (SEX -1.396) -0.316 * (SITE -1.370) + 0.247 * (AGE -1.460) 
+ 0.0739 * (THICK0 -3.479) -0.517 * (PTrec - 1.86) -0.325 * (EXTRA - 1.63). The 
survival curves according to this index in all patients are shown in Figure 4A and 
the fourth panel of Table 3, using the cut-off points -1.98, -1.585, -1.145 and -0.87. 
For subset B the same information is given in Figure 4B and the fifth panel of Table 3. 
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Compared to the original index SI, M2SI seems to give a better separation both in 
the combined data set (Figure 3A vs. Figure 4A) and in subset B (Figure 3B vs. 
Figure 4B). 
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Figure 4 
Survival by Modified Slingluffs Index. (A) All patients:-• Most favorable (32/90). Favorable (97/119), -
• .-Average (103/144),-..-.. Poor (26/36), Very poor (38141). (B) subset ß: Most favorable (21175), 

Favorable (49199), -.-. -Average (59184), -..-..Poor (13/21), Very poor (24/27). 
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The cut-off points for M2S1 leading to Figures 4A and 4B were chosen to result 

in group sizes comparable to those in the figures for SI and OI, at least in the 

complete data set. This facilitates the comparison between the different indices. 

However, five groups may be too many in most data sets, especially given the 

unbalanced distribution over the groups. Therefore, we also constructed curves 

using cut-off points, leading to three more balanced groups. These cut-off points 

are -1.83 and -1.49. The resulting curves are shown in Figure 5A and Figure 5B as 

well as in the last panel of Table 3. 

24 48 72 96 120 

Time from LND (months) 

24 48 72 

Time from LND (months) 

Figure 5 
Survival by Modified Slingluffs Index. (A) All patients:-
-Third 113 (1431180). (&) subset B: first 113 (34/94),—-Second 113 (49185),-. -.-Third 113(83/109). 

•First 113 (661161),----Second 113 (871149),-.-. 
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DISCUSSION 

The overall five- and ten-year survival in this heterogeneous group of 603 stage 
III patients is 367o and 31%. These figures are comparable to those reported by 
Buzzell and Zitelli20 who summarised the literature and found a weighted average 
of respectively 37 % and 32 % five- and ten-year overall survival. Only the study by 
Morton et al.' reveals better survival figures of 46%, 41% and 38% after 5,10 and 15 
years of follow-up. The authors ascribe these excellent results to the extensive use 
of adjuvant therapy in the last decades. Since the distribution of the patients over 
the prognostic groups is not given in Morton's paper, selection as cause for the 
good results cannot be ruled out. 

The majority (89%) of the present study group underwent therapeutic LND. 
Survival times for these patients are measured starting at the moment of clinical 
detection of the positive lymph nodes. This could account for slightly less 
favourable survival figures when compared to series including greater proportions 
of elective LND. 

A review of the results (i - v) of the current study gives rise to the following 
comments. 

(i) The prognostic value of SI is firmly validated in our patient group. However, 
the index seems to lose its predictive value after about seven years, at which time 
still about one third of the patients is alive. To overcome this problem, Morton et 
al.' created two prognostic indices, one for short term and one for long term 
survival, and also introduced the survival time after LND (cut-off point 36 months) 
in their index. However, prognostic information is most important at the time of 
treatment (LND) and as a result this solution may not be clinically relevant. 

(ii) The weights for each variable as defined in SI withstood our attempts at 
falsification, except for the DFL Slingluff et al. categorised this variable as 3-6 
months (bad prognosis) versus either <3 months or >6 months (good prognosis). It 
is not quite clear how this particular categorisation was obtained. It looks as if they 
originally started off with 6 categories (nodes at diagnosis, within 3 months, 3-6 
months, 6-12 months, 1-3 years and >3 years) and then combined them on the basis 
of the univariably observed 5-year survival (42%, 46%, 27%, 38%, 36% and 46%). 
This is a rather dangerous procedure, which can very easily lead to spurious 
significant results. Although in our material we also saw a somewhat U-shaped 
pattern in 5-year survival (41%, 38%, 35%, 30%, 34% and 39%) univariably, the 
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relatively poor prognosis for the middle groups could be completely explained by 

unbalances in the other variables defining SI. 

(iii) We found that the value of thickness in mm has a better predictive value 

than the categorisation used by Slingluff et al. In general, (too severe) 

categorisation may indeed lead to a loss of power, so one should carefully examine 

its effect in any application. One way to do so is to include the original variable in 

the regression model in addition to the categorised version. If the original variable 

adds significantly to the predictive power, that would indicate non-optimality of 

the categorisation. This is illustrated in the analysis leading to Table 5. 

(iv) Using our test set B only, SI outperforms our own index OL This should not 
come as a surprise as SI is based on 1273 patients against 283 patients for OL Three 
variables were identified as being of prognostic value in both studies: sex, site of 
primary and thickness, although the latter two were somewhat differently defined. 
Another variable (DFI) also occurs in both indices, but in a strikingly different way. This 
has already been discussed (ii). The other two variables in SI (number of positive nodes 
and age) had also low P-values univariably in our analysis of subset A (0.0001 and 0.038 
respectively), but these increased to values >0.05 (0.49 and 0.092 respectively) during 
the stepwise procedure. The marked increase for number of positive nodes was due 
especially to the inclusion of extranodal tumour growth (from 0.0001 to 0.0076) and 
thickness (from 0.073 to 0.49). The first of these was not analysed by Slingluff et al., 
while the second was defined in another way, as discussed under (iii). So this indicates 
that the predictive information carried by NODES in SI is at least partly taken over by 
THICK0 and EXTRA in OL However, there is also evidence that the prognostic 
information of NODES differs between the data sets A and B, the optimal weight in 
M2S1 being 0.074 (SE 0.115) in subset A against 0.465 (SE 0.102) in subset B (interaction 
NODES x subset: P =0.0094). This may be caused by a higher precision in the 
determination of the number of positive nodes after 1986 than before at our centre. 

The P-value for age varied around 0.03 during the stepwise procedure leading 

to OI, but increased to 0.09 at the last step, just above the inclusion criterion of 0.05. 

We conclude that this variable was probably missed by OI due to the smaller 

number of patients. 

The two extra variables in OI compared to SI (extranodal tumour growth and 

local recurrence before LND) were apparently not included in the analysis by 

Slingluff et al. and hence could not appear in SI. 
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Table 7. Determinants of survival in stage III melanoma, identified 
by multivariable analysis. 
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(v) All evidence taken together, we think that the inclusion of extranodal 

tumour growth (EXTRA) and the occurrence of local recurrence before LND, in 

addition of DFI and the replacement of THICK (thickness as categorised by Slingluff 

at al) by THICK0 (thickness in mm), increases the predictive power of SI even 

further. However, especially the effects of addition of extranodal tumour growth 

and local recurrence before LND remains to be proven in an independent data set. 

An overview of the prognostic factors identified in previous studies and based 
on multivariable analysis is presented in Table 7. Most of these factors were 
included in our analysis. The number of positive nodes has been found most 
frequently to be of prognostic significance. The cut-off point for the number of 
nodes bearing an unfavourable prognosis does not seem to be that important since 
every study finding an effect of the number of affected nodes applies different cut
off points. The reasons why this variable does not appear in OI was discussed 
under (iv). The percentage of positive nodes, tested in only one study, can be a good 
measure of tumour burden, probably better than simply the number of positive 
nodes.6 However, the number of removed nodes was not recorded in our data base. 

The second most quoted prognostic variable is the site of the primary tumour. 
Most authors agree on discerning axial (trunk, head and neck) localisation from 
extremity localisation and unknown primary. The relatively favourable prognosis of 
patients with lymph node metastases from an unknown primary melanoma has 
recently been confirmed.21 Except for the study of Slingluff et al , acral primaries were 
included in melanoma of the extremities. Slingluff et al. considered a total of five sites 
(extremities, trunk, acral, head and neck and unknown) and finally reduced that to 
extremities or unknown versus the rest on the basis of a univariate analysis. In that 
analysis they found, among others, a P-value <0.05 for the comparison between 
extremity and acral primaries. The risks surrounding such a procedure are indicated 
in the discussion above on the prognostic value of the interval PT-LND. 

Breslow thickness of the primary melanoma and extranodal tumour growth 

are each four times quoted to be an independent predictor of survival. Both 

variables are included in OI and in M2SI. In the construction of the prognostic 

indices of Morton and Slingluff, the cut-off points for Breslow thickness were 1.5 

mm and 2.5 mm respectively. The potential disadvantages of defining cut-off 

points for a continuous prognostic factor such as Breslow thickness have been 

addressed in recent publications.13'22 In our study and in the study of Buzaid et al., 

Breslow thickness has the best impact when used as continuous variable. 
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AU four series entering extranodal disease in their multivariable analysis 
recognised this phenomenon as a prognostic factor. In our subset A it was the most 
powerful prognostic determinant. 

Two patient-related variables, age at the time of LND and gender, are each 
found three times in Table 7 and both are included in SI and its modification, but 
age was not included in OI. This is discussed under (iv). Age has been recognised 
to play a role in the prognosis of primary as well as regionally disseminated 
melanoma.23'2J Possible reasons for the worse prognosis of elderly patients are an 
altered immune response and relative under-treatment u 23, but death from other 
causes of course will also play a role when considering overall survival. Although 
women more often present with thinner melanomas in more favourable sites, in 
some analyses being female remains an independent prognostic factor.5-9 The 
prognostic value of gender has been both confirmed and refuted when looking for 
prognostic factors in primary melanoma.25-26 

The disease-free interval between the treatment of the primary tumour and 
LND did not contribute to the determination of the prognosis in the only other 
study that tested this variable.4 Our analysis sheds doubt about the relevance of this 
factor as categorised by Slingluff et al. Recently published data suggest a better 
prognosis in patients presenting with an ultra-late (>15 years) recurrence.27 These 
data were however not corrected for other variables such as thickness or site of the 
PT so that the long DFI can be a reflection of an inherently more favourable group. 
A case-control study could not show any survival difference between two patient 
groups with early or late recurrences.28 It should however be noted that in our 
patient group the 22 patients with a DFI of 7 years or more had a survival of 58% 
against 30% for the other patients. 

In this work local tumour recurrence before the occurrence of lymph node 
metastases was identified as a potential determinant of poor prognosis and was 
therefore included in the modified SI. A recent population-based study observed a 
worse survival after local recurrence 2", which however could still be attributed to 
chance. 

We decided not to include the survival time' in our prognostic index since the 
present model is primarily meant to aid in decision making immediately following 
LND. 
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Authors have been looking at the size of the positive nodes in different ways. 
Only Coit, putting the cut-off point between microscopically detected metastases 
and macroscopically positive nodes, found size as a determinant of survival.8 This 
of course is equivalent to a difference between patients electively operated versus 
those undergoing a therapeutic LND. Others looked at size as a continuous 
variable, both by physical and pathological examination, testing several cut-off 
points.6'u No prognostic value could be attributed to size, not even in the univariate 
analysis, leading to a plea for omitting the size of the nodal mass from the 
American Joint Committee on Cancer staging system.12 Size was not recorded 
uniformly during our study period and therefore could not be analysed. 

Oncoproteins (c-myc, Bcl-2) and DNA ploidy measurements, which may also 
be determinants of survival in stage III melanoma 3M3 were not incorporated in our 
study. Only the readily accessible clinical variables were considered relevant 
because the index aims to be a quick and easy tool in the hands of the clinician. 
Nevertheless, faster techniques and clinically relevant additional prognostic value 
of these markers may lead to their incorporation in prognostic indices in the future. 

Patient and primary tumour related factors (age, gender, Breslow, site of PT) 
not only govern the occurrence of regional lymph node metastases, these factors 
keep playing a determining role in the prognosis of stage III melanoma patients as 
well. The other important factors refer directly or indirectly to the tumour load at 
the moment of LND. Extranodal growth, number of positive nodes and local 
recurrence of the primary melanoma before LND are all exponents of the 
aggressive behaviour of the tumour and reflect tumour burden. Strong associations 
exist between most lymph node-related variables - except extranodal disease/' This 
could explain that in most studies any prognostic significance of nodal size, 
tumour status of the most proximal node, level of the highest node or micro- versus 
macroscopic disease merges into the number (or percentage) of positive nodes as 
an exponent of the lymph node related variables. 

No study could show any benefit of adjuvant therapies -although this has been 

suggested ' -until the advent of Interferon.34 A prognostic model, as is presented 

here, can be used to evaluate the effect of adjuvant therapies on patient subgroups 

stratified by prognosis. However, this and other models have to be used with some 

caution when it comes to informing the individual patient. Statistical information 

and psychological implications may prove to be difficult to evaluate for patients as 

well as doctors.26 
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Substantial differences in treatment, survival and its determinants exist both 
between patient groups of various studies and within a single study. Comparing 
subsets A and B in our single-institution patient group already revealed many 
differences, which did not however result in a measurable survival difference. Each 
prognostic index may always be influenced by certain particular characteristics of 
the group from which it was constructed. Exhaustive validation can only be 
obtained through patient groups drawn from different geographic areas.35 For these 
reasons prudence is called for when making decisions based on statistical models. 

The results of our analysis may have been influenced by the number of patients 
for whom important variables were unknown (Table la). This applies particularly 
to Breslow thickness of the PT (excluding unknown PT) which was unknown in 
25% of subset A and in 5% of subset B and the presence of extranodal disease, 
unknown in 10% and 0.4% of subsets A and B respectively. These figures may 
partly explain why the OI based on subset A did somewhat worse in the 
independent subset B, even after correction for the expected attenuation. Missing 
data for e.g. Breslow thickness can reach 48-51% 6I2, noting that information on 
missing data was not always specified.8-9 

In conclusion, it was found that the index of Slingluff et al. gives a good 
indication of the prognosis of stage III melanoma, especially in the first 5-8 years 
after LND. Our data provide evidence that this index can further be improved by 
a) deleting the interval PT-LND, b) replacing the categorisation of the Breslow 
thickness by the actual values (3.5mm in the case of unknown PT) with adapted 
weight and c) possibly also by the addition of local recurrence of the primary 
melanoma before LND and extranodal growth. 

Appropriate surgery offers a chance for cure, but one has to be aware of the fact 
that pre-existing patient and tumour characteristics still determine the outcome to 
a large extent. The purpose of this work, to construct a prognostic index with an 
optimal predictive power, is deemed to be a never-ending task as new diagnostic 
and therapeutic methods emerge over time, while patient and tumour 
characteristics may also change. 
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