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Abstract 

Background: Several major analyses have identified a consistent set of independent 

risk factors for cutaneous malignant melanoma (CMM). A few prognostic models have 

been presented but some are based on a limited number of patients and others are 

based on selected groups of patients referred to major institutions. No nationwide 

population-based prognostic instrument for survival of CMM has been presented. The 

Swedish Melanoma Register (SMR) database covers 99% of CMM diagnosed in 

Sweden and includes today >50,000 cases.  

Objectives: To create a prognostic instrument based on SMR data in order to give 

highly reliable risk profiles for patients diagnosed with localised CMM. 

Methods: Clinicopathological data was linked to the cause of death registry for 

calculation of CMM-specific survival. A generalised gamma method was used in order 

to derive 1, 5 and 10-year probabilities of death for each combination of patient and 

tumour data: age, sex, tumour site, tumour thickness, tumour ulceration, Clark’s level 

of invasion and when applicable also outcome of sentinel node biopsy (SNB).  

Results: Tumour thickness had the highest prognostic impact, explaining 77% of the 

model. Women had 30% lower risk of death due to CMM than men. Presence of 

ulceration nearly doubled the risk. If the patient had a positive SNB status the risk of 

death due to CMM increased 3 times versus a negative SNB status. 

Conclusion: This unique population-based prognostic model for primary CMM shows 

better survival than the AJCC prognostic model widely used. The reason is probably 

that the referral bias is eliminated in a population-based cohort. 

 

 

 

Key words: prognostic instrument; malignant melanoma; population-based; generalised 

gamma method 

Abbreviations used: SMR: Swedish Melanoma Register; CMM: Cutaneous Malignant; 

MAD: Mean absolute difference; Melanoma; CI: Confidence interval; GG: Generalised 

Gamma; KM: Kaplan Meier.  
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Introduction 

Several major analyses have identified a consistent set of independent risk factors 

and prognostic factors for cutaneous malignant melanoma (CMM) patients all over the 

world. (1) Mervic suggests that adding sex, age and tumour site to the AJCC-

classification could improve the prediction of an individual patient’s prognosis 

compared to the AJCC staging system currently in use (1, 2). A few prognostic 

instruments have been presented but some are based on a limited number of patients 

and others are based on selected groups of patients referred to major institutions 

treating CMM (3-9). Hence, former instruments have not been as generalizable as 

expected. So far no population-based nationwide prognostic instrument for survival of 

CMM has been presented.  

At present, the Swedish Melanoma Register (SMR) covers almost all (99%) 

primary CMMs diagnosed in Sweden and contains >50,000 CMMs. Several reports 

have been published based on SMR data (10-14). As this database includes 

information about important risk factors for the CMMs and is linked to the cause of 

death registry on an individual base, CMM-specific survival could be analysed. 

The aim of the study was to create a prognostic instrument based on SMR data in 

order to give highly reliable risk profiles for patients diagnosed with localised CMM 

(clinical stages I-II). 

Materials and methods 

Data collection 

Sweden, with a population of 10 million people, consists of six different health 

care regions. For each regional health care region there is also a specific regional 

cancer centre, which is responsible for cancer registration and the coordination of 

regional cancer care. Since 1990 the national multiprofessional Swedish Melanoma 

Study Group has prospectively collected clinicopathological data for all CMM in 

Sweden. By law both clinicians and pathologists are required to report all cancer 

diagnoses to the national registry, thereby ensuring a high quality in the reporting (14). 

Every CMM diagnosis is linked to the patient's unique individual Swedish personal 
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identity number. This facilitates a secure linking of records to the Cause of Death 

Registry (15). 

Data from 1990-2014 were used for this study and a total of 47,023 patients with 

(first) primary CMM, clinical stage I-II, were reported to the SMR. Patients with 

clinical stage III-IV at diagnosis of the primary CMM were not included due to the 

small number (n=1,357) of patients and since data for those patients were not fully 

validated. Furthermore, patients with missing data for any of the parameters required 

in the model (n=9,143) and patients with CMMs located at hand/foot/subungual 

(n=523) were excluded, resulting in 37,357 patients for further analyses. The main 

reason for missing data was that only four out of six health care regions reported 

ulceration before 2007.  

In order to estimate prognosis after sentinel node biopsy (SNB), a separate data set 

based on data from 4,505 patients with reported outcome of SNB was created. SNB 

was first introduced in 1999 in Sweden but was not nationally recommended in the 

national guidelines until 2007. In Sweden the indication for SNB in thin (≤1.0 mm) 

CMM has been debated and consequently data are still inconsistent in this group. 

Thus, to avoid selection bias, the thin CMM that had a SNB performed were not 

included in our SNB data set. 

The following clinicopathological variables from SMR were assessed: age, sex, 

tumour site, tumour thickness according to Breslow, absence/presence of ulceration, 

Clark’s level of invasion and outcome of SNB when applied. Mitosis was not 

considered since this information was only available for thin (≤1.0 mm) CMMs from 

2009. Date and cause of death until 31 December 2014 were obtained from the 

Swedish Cause of Death Registry. 

Statistical analysis 

In the analyses, age was categorized into five groups (≤ 39, 40–59, 60–69, 70–79 

and ≥ 80 years). Tumour thickness was analysed as a categorical variable grouped 

according to the American Joint Commission on Cancer (AJCC) 2002 classification 

(16), but with an additional subdivision of T1 into three previously used groups (<0.5 

mm, 0.5-0.8 mm and 0.81-1.0 mm) (12). Tumour sites were divided into three groups 

(head/neck, trunk and extremities). Upper- and lower extremities were combined 
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because there was no significant difference between the two groups. In the SNB data 

set with fewer observations, age was reduced into two categories based on the median 

value. Tumour site and Clark’s level of invasion were statistically insignificant and 

were both excluded in the SNB data set. The following variables were included in the 

SNB data set: tumour thickness, sex, age (<60, ≥60), tumour ulceration and outcome 

of SNB. 

Survival time was calculated from the date of diagnosis until date of the event or to 

the date of censoring. In the survival analyses, death from CMM was selected as the 

primary event. Censoring was made at the following time points: emigration, diagnosis 

of a second CMM (during the study period), death from causes other than CMM, or 

the cut-off date, 31 December 2014.  

In order to estimate the 1, 5 and 10-year CMM-specific survival probabilities a 

flexible parametric method was used. The generalised gamma (GG) distribution with 

three parameters was used as being previously recommended for this kind of data (4, 

17). As being a parametric method, estimates for 1,440 combinations of prognostic 

groups could be managed, even for groups with no CMM-specific deaths. From the 

GG method hazard functions over time for patient’s risk profile were also calculated. 

In order to compare the estimations from the GG method, CMM-specific survival and 

confidence interval (CI) were estimated using the method of Kaplan and Meier (KM) 

(18).  

For model comparison, the GG model was also estimated by separate models per 

thickness group. Survival probabilities could also be constructed from a Cox 

regression and therefore two Cox models were evaluated against GG. One Cox model 

without significant interactions and a second model including all significant 

interactions were constructed. For each model the difference between the model 

specific survival probabilities and KM estimates were calculated for each combination. 

The models were then assessed using mean absolute difference (MAD) for each time 

period. 

Although the GG method is used to construct the prognostic instrument, it might be 

difficult to interpret the different parameters in the model. In order to illustrate the risk 

data, the results from the Cox regression without significant interactions are presented 
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showing the prognostic impact (percentage of model χ2) for each variable and also the 

relative importance for each category. 

Model specific survival probabilities for GG and KM estimates for combinations 

with 30 observation or more were illustrated including 1, 5 and 10 years from 

diagnosis.  

Results 

Of the 37,357 patients diagnosed with a first primary invasive CMM between 1990 

and 2014, 18,773 (50.3%) were women and the median age at diagnosis was 63 (range 

4-107) years. Tumour thickness was reported in >97 % of the patients. The majority 

(55.7%) of patients had a thin CMM of 1 mm or less and 9.9% of the patients had a 

tumour of 4 mm or more. During a median follow-up time of 5.2 (range 0-25) years, 

3,375 (9%) patients died from CMM. 

-Insert Table 1 about here- 

From the Cox models, the variable with the highest prognostic impact in localised 

CMM was tumour thickness, explaining 77% of the model χ2. In the reduced data set 

including SNB status, tumour thickness still explained over 50% of the model χ2 

(Table 1). Testing for interactions resulted in five significant interaction terms. 

Although the model with interaction terms was significantly improved (χ2=90, degree 

of freedom=29, <.001), the importance of the interaction terms was quite low in 

relation to the main factors in the model (Table 1). The risk of dying from CMM was 

17 times higher if the patient had a CMM with tumour thickness >4 mm than if the 

patient had a tumour thickness <0.5 mm (Table 2). If the patient had a positive SNB 

status, the risk of dying of CMM increased 3 times versus a negative SNB status. 

Women had 30% lower risk of dying of CMM than men (HR=0.7 (95% CI, 0.7–0.8). 

Presence of tumour ulceration, irrespective of tumour thickness, nearly doubled the 

risk of dying from CMM (HR=1.8 (95% CI, 1.7-2.0) (Table 2). 

-Insert Table 2 about here- 
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The four evaluated models showed very similar results regarding MAD. All 

models, except GG, separated on tumour thickness (2.1%) showed a MAD value of 

2.0% for the 1 year probabilities. The 5-year MAD varied between 7.2% (GG 

complete material) and 7.7% (Cox with interactions) and the 10-year MAD varied 

between 9.3% and 9.5%. The parametric GG model based on the complete material 

was chosen as the prognostic instrument because of scoring lowest for 1 and 5 year 

survival and because of its simplicity.  

-Insert Table 3 about here- 

For the prognostic instrument based on the GG method, MAD increased by tumour 

thickness and time from diagnosis and varied from 0.1% (<0.5 mm, 1 year probability) 

to 15% (>4.0 mm, 10 year probability). Only including combinations with 30 or more 

observations improved the overall MAD and lowered the 10 year probability for >4.0 

mm to 8.9%. There were 304 combinations with 30 or more observations including 

31,304 (84%) patients. Fig.1 illustrates the difference between the survival 

probabilities from the GG model and KM estimates for combinations with 30 

observations or more. 

For the SNB model, MAD for 1, 5 and 10 years were 2.2%, 5.5% and 6.9%, 

respectively. 

-Insert Fig.1 about here- 

The construction of the corresponding instrument for possible online use was also 

programmed (Fig.2). Simply by entering clinicopathological parameters for the patient 

(age, sex, tumour site, tumour thickness, Clark’s level of invasion, tumour ulceration 

and SNB status) the program could instantly provide the estimated 1-, 5- and 10-year 

CMM-specific survival probabilities with 95% CI. Some examples of predicted 

survival probabilities are shown in Table 4. For instance, for a man 54 years of age 

with 0.8 mm non-ulcerated extremity CMM and Clark III, the predicted 1, 5, and 10-

year survival probabilities are 100% (95% CI, 100–100), 99% (95% CI, 99–99), and 

97% (95% CI, 97–98), respectively. In contrast, for a woman 60 years of age with a 

7.0 mm ulcerated extremity CMM and Clark IV, the predicted 1, 5, and 10-year 
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survival probabilities are 94% (95% CI, 93–95), 72% (95% CI, 69 –74), and 57% 

(95% CI, 54–60), respectively. 

-Insert Fig.2 about here- 

-Insert Table 4 about here- 

Discussion  

This is the first population-based nationwide prognostic instrument presenting 1, 5 

and 10-year survival probabilities for localised primary CMM. Furthermore, it is the 

largest instrument based on more than 37,000 patients and nearly 3,400 CMM deaths. 

As a complement a second data set was used, including the outcome of SNB for 

patients with a tumour thickness >1.0 mm. The corresponding instrument was also 

programmed for online use. 

Prognostic groups were constructed, based on all combinations of age, sex, tumour 

site, tumour thickness, absence/presence of ulceration and Clark’s level of invasion. 

The MAD for 5-year survival was 7.2%, but was improved to 3.7% if only 

combinations with 30 or more observations were used (84% of the patients). The 

reason for the improvement was that the majority of combinations included few 

patients, resulting in uncertain KM estimates. Including all relevant prognostic 

parameters makes predictions more accurate but it also creates several combinations 

with a higher MAD.  

From the Cox analysis, tumour thickness was the dominating risk factor in the 

model. Also after adjusting for tumour thickness, Clark’s level of invasion and tumour 

ulceration, women had a 30% lower risk of CMM-related death than men. This 

superior non-stage effect for women has previously been found in studies with similar 

HR (19, 20). Surprisingly, sex was not included in the final prognostic model in two of 

the largest published prognostic instruments based on AJCC data and from 

Queensland Australia respectively (3, 4). 

When comparing the results in our study with those previously presented by Soong 

et al., we found that survival data from AJCC was consistently lower (worse) than the 

Swedish population-based survival data. For instance, the 10-year survival probability 

for a women 75 years of age with a 2.2 mm non-ulcerated CMM in the present study 
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was 79% (76-82) compared with 60% (51–69) in the study by Soong (4). Other studies 

have previously found such disparities and the most probable explanation is selection 

bias. The AJCC results are based on a selected data set of patients, probably due to 

inclusion of patients referred to the institution for metastatic disease and not primarily 

treated at that institution (12, 21). Comparing the results in our population-based study 

with the population-based prognostic survival model from Queensland, Australia, we 

find quite similar results. Likewise, Baade et al. also presented a higher estimated 

survival for the same patient and tumour characteristics compared with the survival 

from the AJCC prognostic model (3).  

The MAD varied with tumour thickness and >4.0 mm had the highest difference 

between survival probabilities from GG and the KM estimates. Including the outcome 

of SNB improved the MAD for patients with thicker tumours. 

The 10-year survival probabilities are by definition based on older data. The CMM-

specific survival in Sweden has been quite stable over the study period. Although there 

has been an increased survival in general for men, this is probably explained by the 

increasing frequency of thinner CMMs in Swedish men over time. Very few good 

oncological systemic treatments existed during the study time period until recent years 

and in Sweden the stage-specific survival has not yet increased (10). However, in the 

last few years several new medications have been approved for patients with 

metastatic disease (22). Unfortunately it is too early to assess the impact of these 

treatments with the present data. As the prognostic instrument is being updated each 

year by new survival data, we hope in the next few years to see a positive effect of 

new treatments on survival. Each year more than 3,500 new CMM patients will also be 

added to the prognostic instrument. 

In the present work, models without interaction terms were chosen, mainly due to 

their limited additional value. The separated GG model did not improve the prognostic 

accuracy compared with the model computed on the complete material. The fact that 

the additional value of the interaction terms was limited could explain why the 

separated model did not improve accuracy.  

In the latest AJCC Melanoma Staging and Classification, mitosis was added as a 

prognostic variable for CMM ≤1.0 mm (2). Unfortunately, mitosis was not included as 
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a variable in SMR until 2009 and hence it was too early to include this variable in this 

version of our prognostic instrument. This is a current limitation of the study. 

However, in a few years mitosis is planned to be evaluated as a parameter for the 

prognostic instrument. 

In our study two different prognostic models were constructed, one without the 

outcome of SNB and the other with the outcome of SNB. The model without the 

outcome of SNB might be highly relevant for physicians informing the patients with 

thin (≤1.0 mm) CMM of their prognosis. For patients with tumours (>1 mm), where 

the SNB outcome is included in the model, the prognostic information is further 

improved.  

In a recent study Crocetti et al. showed that data on the 5-year relative survival 

after a CMM diagnosis is quite similar for Northern Europe (88%), Central Europe 

(88%) and Ireland and UK (86%) (23). The CMM incidence is also quite similar 

between these regions (24). This indicates that our prognostic instrument probably 

could be valid for patients in all these countries and regions. Just as in Sweden there 

are other population-based registers found in Europe (25). A future collaboration with 

these registers would be of great value in order to assess the generalisability of our 

model. As many treatment guidelines today are based only on the highly selected 

AJCC data, which could lead to biased recommendations for staging and adjuvant 

therapies, it is important also to present population-based prognostic models like ours.  

In conclusion, to supply the demand among physicians handling CMM patients we 

have developed a unique population-based prognostic instrument regarding survival 

after CMM diagnosis. The prognostic instrument is planned to be open access and 

might well be a better alternative for prognostic information for European CMM 

patients than the present AJCC staging which is standard today. Besides the obvious 

clinical use, healthcare planners and researchers could use this prognostic information 

in the planning of studies. In the future it might even serve as a help to evaluate new 

interventions and treatments for CMM patients. 
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Tables 

 
Table 1. Multivariable Cox regression analyses and prognostic impact of variables for the complete material, without/with interactions, and with the subset of sentinel node 
biopsy (SNB) data 

                                             

 
Without interactions (n=37,357) 

 
With interactions (n=37,357) 

 
SNB data (n=4,505) 

 

Degree 
of 

freedom 

χ2 values 
(Likelihood 

ratio) 

p 

value 
Model 

explanation 
 

Degree 
of 

freedom 

χ2 values 
(Likelihoo

d ratio) 

p 

value 
Model 

explanation 
 

Degree 
of 

freedom 

χ2 values 
(Likelihoo

d ratio) 

p 

value 
Model 

explanation Variable     

               Tumour thickness 5 4,097 <.001 77% 
 

5 4,097 <.001 76% 
 

2 293 <.001 55% 

Age (categorical) 4 576 <.001 11% 
 

4 576 <.001 11% 
 

1 22 <.001 4% 

Sex 1 289 <.001 5% 
 

1 289 <.001 5% 
 

1 37 <.001 7% 

Tumour ulceration 1 245 <.001 5% 
 

1 245 <.001 5% 
 

1 43 <.001 8% 

Clark's level of invasion 3 91 <.001 2% 
 

3 91 <.001 2% 
 

- - <.001 - 

Tumour site 2 28 <.001 1% 
 

2 28 <.001 1% 
 

1 - <.001 - 

Outcome of SNB - - - - 
 

- - - - 
 

- 139 - 26% 

Interaction: Thickness * site - - - - 
 

10 26 .004 <1% 
 

- - - - 
Interaction: Thickness * 
ulceration - - - - 

 
5 20 .001 <1% 

 
- - - - 

Interaction: Sex * age - - - - 
 

4 10 .05 <1% 
 

- - - - 

Interaction: Sex * site - - - - 
 

2 15 <.001 <1% 
 

- - - - 

Interaction: Age * site - - - - 
 

8 19 .015 <1% 
 

- - - - 

Total 16 5,326 
 

100% 
 

45 5,416 
 

100% 
 

6 534 
 

100% 
                              

               Data from the Swedish Melanoma Register 1990-2014 with follow-up until 31 Dec 2014 by the Swedish Cause of Death Registry. 
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Table 2. Hazard ratios (HR) with corresponding 95% confidence intervals (CI) for the Cox model without interactions and the sentinel node biopsy (SNB) data set 
                    
          

 
Without interactions (n=37,357) 

 
SNB data (n=4,505) 

  
Number of 

patients 
Number of CMM 

deaths (%) 
5-year CMM-specific 

survival 
Multivariable  
HR (95% CI) 

 

Number of 
patients 

Number of CMM 
deaths (%) 

5-year CMM-
specific survival 

Multivariable  
HR (95% CI) 

          Sex 
         Men 18,584 2,100 (11.3) 88 (88 - 89) 1 (ref) 

 
2,401 319 (13.3) 81 (79 - 84) 1 (ref) 

Women 18,773 1,275 (6.8) 94 (93 - 94) 0.7 (0.7 - 
0.8)  

2,104 169 (8.0) 89 (87 - 91) 0.7 (0.6 - 0.9) 

Age (years) 
         <40 4,482 254 (5.7) 96 (95 - 96) 1 (ref) 

 
- - - - 

40-59 11,620 845 (7.3) 94 (94 - 95) 1.1 (0.9 - 
1.2)  

- - - - 

60-69 8,279 752 (9.1) 92 (91 - 92) 1.2 (1.0 - 
1.3)  

- - - - 

70-79 7,519 887 (11.8) 87 (86 - 88) 1.4 (1.2 - 
1.6)  

- - - - 

≥80 5,457 637 (11.7) 83 (82 - 85) 1.5 (1.3 - 
1.7)  

- - - - 

Tumour thickness (mm) 
         <0.50 9,592 105 (1.1) 99 (99 - 99) 1 (ref) 

 
- - - - 

0.50-0.80 7,631 161 (2.1) 99 (98 - 99) 1.6 (1.2 - 
2.1)  

- - - - 

0.81-1.00 3,575 184 (5.1) 96 (96 - 97) 3.3 (2.5 - 
4.3)  

- - - - 

1.01-2.00 7,595 681 (9.0) 92 (92 - 93) 5.0 (3.9 - 
6.4)  

2,257 85 (3.8) 95 (93 - 96) 1 (ref) 

2.01-4.00 5,268 1,091 (20.7) 78 (77 - 80) 10 (7.8 - 
13)  

1,456 196 (13.5) 82 (79 - 84) 2.4 (1.8 - 3.1) 

>4.00 3,696 1,153 (31.2) 61 (59 - 63) 17 (13 - 
22)  

792 207 (26.1) 63 (59 - 68) 4.6 (3.5 - 6.1) 

Tumour site 
         Head/neck 4,641 506 (10.9) 93 (92 - 93) 1 (ref) 

 
- - - - 

Extremities 15,765 1,206 (7.6) 89 (87 - 90) 0.9 (0.8 - 
1.0)  

- - - - 

Trunk 16,951 1,663 (9.8) 91 (90 - 91) 1.1 (1.0 - 
1.2)  

- - - - 

Tumour ulceration 
         Absent 29,813 1,593 (5.3) 95 (95 - 96) 1 (ref) 

 
2,923 188 (6.4) 91 (89 - 92) 1 (ref) 

Present 7,544 1,782 (23.6) 74 (73 - 75) 1.8 (1.7 - 
2.0)  

1,582 300 (19.0) 74 (71 - 77) 1.8 (1.5 - 2.2) 

Clark's level of invasion 
         II 11,122 172 (1.5) 99 (99 - 99) 1 (ref) 

 
- - - - 

III 13,175 841 (6.4) 95 (94 - 95) 1.4 (1.2 - 
1.7)  

- - - - 

IV 11,606 1,919 (16.5) 83 (82 - 83) 1.9 (1.5 - 
2.3)  

- - - - 

V 1,454 443 (30.5) 62 (59 - 65) 2.4 (1.9 - 
3.1)  

- - - - 

Outcome of SNB 
         Negative result 
   

- 
 

3,618 261 (7.2) 90 (89 - 91) 1 (ref) 

Positive result 
   

- 
 

887 227 (25.6) 64 (59 - 68) 3.1 (2.6 - 3.8) 

Age (SNB) 
         <60 years 
   

- 
 

1,901 165 (8.7) 88 (86 - 90) 1 (ref) 

≥60 years 
   

- 
 

2,604 323 (12.4) 82 (80 - 84) 1.3 (1.1 - 1.6) 
                    
          Data from the Swedish Melanoma Register 1990-2014 with follow-up until 31 Dec 2014 by the Swedish Cause of Death Registry. 
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Table 3. Mean absolute difference (MAD) between survival probabilities from the Generalised 
Gamma (GG) method and Kaplan-Meier (KM) estimates with corresponding 95% confidence 
interval (CI) per year after diagnosis for the prognostic instrument without and with outcome on 
sentinel node biopsy (SNB) both based on the Generalised Gamma method (n=37,357 and 
n=4,505) 
        

 MAD (95% CI) 
 

 
1 year 5 year 10 year 

    All combinations (n=37,357) 2.0 (1.8  -  2.2) 7.2 (6.7 - 7.8) 9.5 (8.8 - 10) 

Tumour thickness (mm) 
   <0.50 0.1 (0.1 - 0.2) 2.3 (1.6 - 2.9) 4.0 (3.1 - 5.0) 

0.50-0.80 0.1 (0.1 - 0.2) 3.9 (2.9 - 5.0) 5.5 (4.5 - 6.6) 

0.81-1.00 0.4 (0.3 - 0.6) 5.7 (4.8 - 6.6) 9.2 (7.7 - 11) 

1.01-2.00 1.1 (0.9 - 1.3) 6.1 (5.0 - 7.1) 9.0 (7.7 - 10) 

2.01-4.00 3.2 (2.6 - 3.8) 12 (10 - 13) 13 (12 - 15) 

>4.00 6.1 (5.2 - 7.0) 13 (11 - 14) 15 (13 - 17) 

Observations per combination 
   ≥5 1.8 (1.6 - 2.1) 6.1 (5.6 - 6.7) 7.6 (7.0 - 8.1) 

≥10 1.7 (1.4 - 1.9) 5.5 (5.0 - 6.0) 6.8 (6.2 - 7.4) 

≥20 1.3 (1.1 - 1.5) 4.2 (3.8 - 4.7) 5.3 (4.8 - 5.9) 

≥30 1.1 (0.9 - 1.3) 3.7 (3.2 - 4.2) 4.5 (4.0 - 5.0) 

≥50 1.0 (0.7 - 1.2) 3.1 (2.5 - 3.7) 3.7 (3.1 - 4.3) 

≥100 0.5 (0.3 - 0.8) 1.7 (1.2 - 2.1) 2.2 (1.7 - 2.7) 
Tumour thickness (mm) and ≥30 
observations per combination 

   <0.50 0.2 (0.1 - 0.3) 0.9 (0.6 - 1.1) 1.5 (0.9 - 2.0) 

0.50-0.80 0.1 (0.0 - 0.1) 1.5 (1.1 - 2.0) 2.8 (2.2 - 3.5) 

0.81-1.00 0.2 (0.1 - 0.3) 3.1 (2 - 4.2.0) 4.3 (3.1 - 5.6) 

1.01-2.00 0.8 (0.6 - 1.0) 3.5 (2.7 - 4.2) 4.7 (3.6 - 5.8) 

2.01-4.00 2.0 (1.6 - 2.3) 5.8 (4.5 - 7.0) 6.4 (5.0 - 7.7) 

>4.00 3.7 (2.8 - 4.6) 8.4 (6.1 - 11) 8.9 (6.8 - 11) 

    All combinations SNB model (n=4,505) 2.2 (1.1 - 3.4) 5.5 (3.6 - 7.4) 6.9 (4.6 - 9.2) 

Tumour thickness (mm) 
   1.01-2.00 1.2 (0.6 - 1.8) 1.8 (0.8 - 2.7) 3.8 (0.4 - 7.2) 

2.01-4.00 2.9 (1.0 - 4.9) 5.8 (2.5 - 9.0) 7.6 (3.3 - 12) 

>4.00 5.8 (3.0 - 8.6) 6.2 (2.5 - 9.8) 10 (1.2 - 19) 
        

    Data from the Swedish Melanoma Register 1990-2014 with follow-up until 31 Dec 2014 by the Swedish Cause 
of Death Registry. 
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Table 4. Examples of predicted 1, 5 and 10-year survival probabilities for patients with localised cutaneous malignant melanoma (CMM) 

           Patient Sex Age Tumour site Tumour 
thickness 

Tumour 
ulceration 

Clark's 
level of 
invasion 

 Survival probabilities (%) (95% CI) 

 1 year 5 year 10 year 

 
                         

1 Woman 45 Extremities 0.4 No II 
 

100 (100 - 100) 100 (100 - 100) 99 (99 - 100) 

2 Woman 55 Head/neck 0.7 Yes III 
 

100 (100 - 100) 98 (97 - 99) 95 (93 - 96) 

3 Man 54 Extremities 0.8 No III 
 

100 (100 - 100) 99 (99 - 99) 97 (97 - 98) 

4 Woman 60 Head/neck 0.9 No II 
 

100 (100 - 100) 99 (98 - 99) 96 (95 - 97) 

5 Man 70 Trunk 1.0 Yes IV 
 

98 (98 - 99) 86 (84 - 88) 75 (72 - 78) 

6 Man 45 Extremities 1.5 Yes III 
 

99 (99 - 99) 92 (91 - 93) 84 (82 - 86) 

7 Woman 75 Head/neck 2.2 No III 
 

99 (98 - 99) 89 (87 - 91) 79 (77 - 82) 

8 Man 39 Trunk 3.7 Yes IV 
 

95 (94 - 96) 76 (73 - 78) 62 (59 - 65) 

9 Man 80 Trunk 5.0 No III 
 

94 (93 - 95) 73 (70 - 75) 58 (55 - 61) 

10 Woman 60 Extremities 7.0 Yes IV 
 

94 (93 - 95) 72 (69 - 74) 57 (54 - 60) 
                      

           95% CI: 95% confidence interval 

       Data from the Swedish Melanoma Register 1990-2014 with follow-up until 31 Dec 2014 by the Swedish Cause of Death Registry. 
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Figures 

 

 

Figure 1. 1, 5 and 10 year survival probabilities from the Generalised Gamma (GG) method versus Kaplan-Meier (KM) estimates for 

combinations with ≥30 observations. The blue dots represent the probabilities from GG and the red dots represent KM estimates. The 

mean absolute difference (MAD) between the red and blue dots is also presented in Table 3.
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Figure 2. Overview of the prognostic instrument 

Patient and tumour data (please enter)
Sex Women

Age group 70-79 years

Tumour site Head/Neck

Tumour thickness, mm 2.01-4.0 mm

Tumour ulceration No

Clark's level of invasion III

SNB status Positive

Prognosis (based on the entered data)
Melanoma-specific survival 1,5 and 10 years after diagnosis in % with (95% Confidence intervals)

1 year 5 year 10 year

Without information about SNB status 99 (98 - 99) 89 (87 - 91) 79 (76 - 82)

With information about SNB status 98 (96 - 98) 74 (69 - 78) 56 (50 - 61)

Hazard function (based on the entered data)
Annual risk of dying from melanoma in years after primary melanoma diagnosis
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