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ABSTRACT 
 
Objective. Models that predict survival and recurrence in patients with early stage 

cervical cancer are important tools in patient management. We validated twelve 

existing prognostic models in an independent population of patients with early 

stage cervical cancer.  

Material and Methods. We searched the literature for prognostic models in 

patients with surgically treated early stage cervical cancer. The prognostic 

performance of these models was assessed in a consecutive group of surgically 

treated patients with early stage cervical cancer treated in our hospital between 

1982 and 2004. The performance of the models was visually assessed with 

calibration plots, which display the relation between the predicted and observed 

survival.  

Results. Twelve published prognostic models met the inclusion criteria. The 

models categorized the patients into 2-4 risk groups. Prognostic factors most 

frequently used in these models were depth of invasion, lymph node metastasis, 

lymphatic/vascular space involvement, and tumor size. The models were validated 

in 563 consecutive patients with early stage cervical cancer. All of the models 

underestimated the recurrence-free survival or disease-specific survival in our 

patients. Only two models performed reasonably well in our population. The use of 

more than three prognostic categories in the models was not meaningful. 

Conclusion. In general the models underestimated the survival. Only two of the 

twelve prognostic models for patients with early stage cervical cancer were valid 

for the prediction of the recurrence-free or disease-specific survival in our patient 

population. 
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INTRODUCTION 
 
Staging of cervical cancer is based on clinical evaluation according to the FIGO 

staging system.1 In early stage cervical cancer, radical hysterectomy with pelvic 

lymph node dissection is the treatment of choice.2,3 After surgery, a comprehensive 

assessment of the clinical and histopathological findings enables a prediction of the 

probability of disease recurrence and survival. Risk factors associated with an 

increased risk for recurrence or disease-related death are, among others, the 

presence of pelvic lymph node metastases, parametrial extension, tumor positive 

surgical margins, tumor size, deep stromal invasion and lymph vascular space 

invasion.4,5 These findings may be the ground for recommending adjuvant therapy 

to increase the prospects for disease-free survival. 

In practice, there is no consensus on the impact of the various prognostic markers. 

Different combinations of risk factors are used to determine the necessity of 

adjuvant therapy. Based on these various combinations, models for the prediction 

of recurrence and/or survival in early stage cervical cancer have been developed.6-11 

These models usually perform excellent in the population in which they were 

designed. So far, most of these models have not been validated in another 

population. An external validation is of eminent importance, since internal 

validation is known to overestimate the performance of the models.12-15 The aim of 

the current study was to validate existing prognostic models for early stage cervical 

cancer in an independent patient population. 

 

MATERIALS AND METHODS  
 

Prognostic models 

We searched Medline and Embase between 1989 and 2007 for reports on 

prognostic models of survival in surgically treated early stage cervical cancer 

patients. The search strategy consisted of MeSH or keyword terms related to early 
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stage cervical cancer combined with filters for identification of prognostic factors 

and models. Only studies published in English were included. 

Studies were selected in a two-stage process. Firstly, we scrutinized titles and/or 

abstracts of all citations. Secondly, we obtained full reports of those citations which 

described a model 1) to predict the survival of surgically treated early stage 

cervical cancer patients, 2) which was designed in a patient population showing no 

major differences with our own patient population, and 3) which was published 

with sufficient detail as to calculate the probability of recurrent disease or death 

using own data. Regarding the second condition, we decided to exclude a study if 

the population comprised of more than 1/3 of patients with stage IIB or more than 

2/3 of patients with stage II or if a relevant (number of) prognostic factor(s) was 

not available in our data. The selected studies were scored on methodological 

quality. 

 

Patients 

The dataset for external validation of the models was obtained from patients with 

early stage cervical cancer consecutively treated between 1982 and 2004 in the 

Academic Medical Centre (AMC) Amsterdam, The Netherlands. In 1982, the 

radical hysterectomy and pelvic lymph node dissection according to Wertheim-

Okabayashi was introduced. Only patients with squamous, adenosquamous, or 

adenocarcinoma were included. If follow-up had not been feasible, patients were 

excluded. The following data were retrieved from the database, patient files and 

pathology reports: age, stage of disease, cell type, grade of differentiation, tumor 

size, lymph node involvement, number of positive nodes, parametrial involvement, 

depth of tumor invasion (in millimeters and in fractional thirds), lymph vascular 

space invasion, adjuvant treatment, and follow-up status. If there was no residual 

tumor after conization, precise depth of invasion in fractional thirds was not 

assessable. As all these tumors had a diameter less than 2 cm and an infiltration 
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depth of less than 10 mm, we included these tumors in the group with less than 1/3 

depth of infiltration. Indications for adjuvant therapy were lymph node metastasis, 

parametrial infiltration, and tumor positive surgical margins. Until 2001, adjuvant 

treatment comprised external radiation with or without brachytherapy. From 2001 

onwards, patients with more than one risk factor were offered concurrent 

chemotherapy. Risk factors in this respect were adenocarcinoma, lymph node 

metastasis, and parametrial infiltration. 

All patients were attending the outpatient clinic for follow up visits. In the first 

year after treatment, patients were seen every three months, in the second and third 

year every six month and thereafter once a year. Routine follow-up was 

intentionally stopped after five years. At each visit, patients were asked about 

complaints and gynecological physical examination was performed. When there 

was a clinical suspicion of recurrent disease, additional diagnostic tests such as 

MRI or CT-scan, serum tumor marker(s), and/or biopsy were performed.  

 

External validation 

Missing data of the prognostic variables in the different models were imputed 

(‘filled in’).16-18 We generated a single imputed dataset, using the first step of the 

‘aRegImpute’ multiple imputation function in Splus 6.0 (MathSoft, Seattle, WA). 

This is an efficient implementation of Bayesian multiple imputation.19 

We restricted the external validation to the comparison of the predicted survival 

according to the model with the actual observed survival in our patients. This 

procedure is also known as calibration. The models predict either recurrence-free 

survival (RFS) or disease-specific survival (DSS). The RFS is defined as the time 

in months from the date of surgery to the date of cytological or histological proven 

recurrent disease or the date of last contact. DSS is defined as the time in months  

from the date of surgery to the date of death by tumor or the date of last contact. 

Although some models were designed to predict overall survival, we used them in 
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the external validation to predict DSS because only four patients in our population 

died intercurrently before 60 months of follow-up. 

All of the models divide the patients into 2-4 subgroups with an increasing risk for 

recurrence or death. Within each of the subgroups, the observed mean 5-year 

survival (RFS or DSS) with 95% confidence interval was estimated using the 

Kaplan-Meier method. Per model, the point estimates of the predicted and 

observed 5-year survival (RFS or DSS) in the subgroups are graphically depicted. 

These calibration plots allow for a visual assessment of the performance of each 

model. In case of a perfect calibration, the predictions and observations are located 

on the line of equality (X=Y). The differences in risk of recurrence or death from 

disease between the groups were estimated using Cox’ proportional hazard 

regression analysis. A p-value < 0.05 was considered to be statistically significant. 

Calculations were performed with SPSS 12.0 (SPSS, Chicago, IL) and S-plus 6.0 

(MathSoft, Seattle, WA) programs. 

 

RESULTS 
 

Prognostic Models 

The initial literature search revealed 449 hits. After reading the abstracts, 21 

prognostic models in cervical cancer were identified. Nine models were not suited 

for external validation. One model did not categorize the patient population into 

subgroups.20 Another model was based on a substantial part of our own patient 

group.21 In nine models the study population showed major differences with our 

population.22-28 The remaining 12 models were included in our study and validated. 

The quality of the studies is summarized in table 1. In 58% of the studies the use of 

a consecutive group of patients was not assessable. In 42% of the studies exclusion 

criteria were not clearly described. In addition, the indications and details of 

adjuvant therapy were not clear in 42% of the studies. 
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Table 1 Quality assessment of described studies  
 

First authors Consecutive 
patients 

Selection  
Bias 

Clear 
selection 
criteria? 

Primary 
end point 

Indications clear 
for adjuvant 
treatment? 

Uniformity in 
adjuvant 

treatment? 
Delgado31   Not known % excluded 

not assessable 
Yes RFS No No 

Kamura8 Not known No description 
of exclusions 

Yes OS Yes Yes 

Sevin10 No No description 
of % excluded 

Yes RFS Yes No 

Yuan11 Not known No description 
of exclusions 

Yes OS No Not clear 

Kristensen30 Not known 8% excluded Yes RFS Yes No 
Grisaru32 Yes No description 

of exclusions 
Yes RFS Yes Yes 

Ho7 Not known 7.5% excluded Yes RFS Partly No 
Lai9 Yes % excluded 

not assessable 
Yes RFS, DSS Partly No 

Sedlis29 Not known  7.4% excluded  Yes RFS Yes Randomization 
Vd Putte34 Yes 8.7% excluded Yes RFS, DSS, 

OS 
Yes No 

Sartori33 Not known  No description 
of exclusions 

Yes RFS Yes Yes 

Alvarez6 Yes No description 
of exclusions 

Yes OS No Not clear 

RFS Recurrence Free Survival; OS Overall Survival; DSS Disease Specific Survival 

 

Primary endpoints were clearly defined in all studies. All studies are described in 

table 2 including the different prognostic factors that were used. Eight studies 

included all patients with early stage cervical cancer; four studies included a 

subgroup of patients with or without lymph node metastasis. Prognostic factors 

used more than once were: tumor size, depth of invasion, lymphatic/vascular space 

involvement, parametrial involvement, lymph node metastasis, age, and tumor 

differentiation. 
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Table 2. Prognostic models for early stage cervical cancer treated with radical hysterectomy and pelvic lymph 
node dissection 
 

 
SCC squamous carcinoma; AC adenocarcinoma; ASC adenosquamous carcinoma; TS tumor size; DI depth of invasion; LVSI 
lymphatic/vascular space involvement; PMI parametrial involvement; LNM lymph node metastasis; Diff grade of differentiation 

 
 

Characteristics  Prognostic factors that were used 
N Stage Histology TS DI 

Thirds 
mm LVSI PMI LNM Age 

 
Diff Other 

Early stage              
Delgado(31)    645 I SCC + + + +      
Kamura(8)  345 IB-IIB SCC/ASC/AC +     +   Histology 
Sevin(10)  301 I-II SCC/ASC/AC   + +  + 40   
Yuan(11)  443 IB-IIA SCC  +    +  +  
Kristensen(30)  125 IB SCC +  +       
Grisaru(32) 871 IA2-IB SCC/AC/other   + +  +    
Ho(7)  197 IB-II SCC/ASC/AC  +  +  +    
Lai(9)  1067 I-IIA SCC/ASC/AC  +   + + 45 + FIGO, 

HPV18 
Negative Lymph nodes           
Sedlis(29)  277 IB SCC/ASC/AC + +  +      
Vd Putte(34)  175 IB SCC + +  +      
Sartori(33)  290 IB-IIA SCC/AC/other  +  + +     
 
Positive Lymph nodes  

          

Alvarez(6)  185 IB-IIA SCC +     +   Number of 
LNM 
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Patients  

Between 1982 and 2004, 725 patients with FIGO stage I or IIA cervical cancer 

were treated in the AMC, of which 603 (83%) were primarily treated by radical 

hysterectomy and pelvic lymphadenectomy. We excluded seven patients because 

of a histological type other than squamous, adenosquamous or adenocarcinoma, 

and another 33 patients because follow-up had not been possible. Therefore, the 

study group used for validation consisted of 563 consecutive patients with ten 

variables, resulting in 5630 data points. In total, 208 (3.7%) data points were 

missing and subsequently imputed. A summary of the patient’s characteristics 

before and after imputation is given in table 3. Most patients had clinical FIGO 

stage IB (74%) and squamous carcinoma (75%). Lymph node metastases were 

present in 18% of the patients, parametrial invasion in 15% and lymph vascular 

space invasion in 40%. A total of 175 (31%) patients received adjuvant treatment. 

Figure 1 shows the Kaplan Meier curve RFS and the DSS stratified by FIGO 

stage. The 5-year RFS was 91% and the DSS was 93%. RFS and DSS were 93% 

and 94% for stage IB1, 83% and 88% for stage IB2 and 86% and 87% for stage IIA 

patients. The risk of recurrence was approximately twice as high in patients with 

stage IB2 or IIA compared to stage IB1 patients (HR 2.2 for IB2 patients p 0.010; 

HR 1.9 for IIA patients p 0.098). 
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Table 3. Patient’s characteristics before and after imputation 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SCC squamous carcinoma; AC adenocarcinoma; ASC adenosquamous carcinoma;  
LVSI lymphatic/vascular space involvement; RT radiotherapy; CT chemotherapy 
* Median (range), ª Mean (95% CI). 
 

 

 Before imputation After imputation 
Characteristics Patients, n % Patients, n % 
Age (years) 40 (16-77)*  Unchanged  
FIGO 

IB1 
IB2 
IIA 

 
414 
85 
64 

 
74 % 
15 % 
11 % 

 
Unchanged 

 
 

Cell type 
SCC 
AC 

ASC 

 
422 
117 
24 

 
75 % 
21 % 
  4 % 

 
Unchanged 

 

Grade of differentiation 
Well 

Moderate 
Poor 

Unknown 

 
37 
196 
248 
82 

 
  7 % 
35 % 
44 % 
14 % 

 
62 
224 
277 

 
11% 
40% 
49% 

Tumor size  
<20 mm 

20-40 mm 
>40 mm 

Unknown 

29 (9-60) ª 
205 
221 
110 
27 

 
36 % 
39 % 
20 % 
  5 % 

29 (9-60) ª 
216 
237 
110 

 
38% 
42% 
20% 

Lymph node metastasis 
Yes 
No 

 
102 
461 

 
18 % 
82 % 

 
Unchanged 

 

Parametrial infiltration 
Yes 
No 

 
82 
481 

 
15 % 
85 % 

 
Unchanged 

 

Depth of invasion 
<1/3 

1/3-2/3 
>2/3 

Unknown 

10 (3-20)ª 
137 
122 
256 
48 

 
24 % 
22 % 
45 % 
  9 % 

10 (3-21) ª 
178 
125 
260 

 
32% 
22% 
46% 

LVSI 
Yes 
No 

 
224 
339 

 
40 % 
60 % 

 
Unchanged 

 

Adjuvant treatment 
RT 

RT+CT 

 
161 
14 

 
29 % 
  2 % 

 
Unchanged 
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Figure 1. Recurrence free survival of early stage cervical cancer patients 

stratified by FIGO stage. 

 

 
 
Calibration 

Table 4 depicts the data used for external validation. Per risk category of a model, 

the number of patients (N) is given together with the percentage among them who 

received adjuvant treatment. In addition, we calculated the RFS and DSS together 

with the hazard rates and their 95% confidence intervals. Figure 2 shows the 

calibration plots of all models except for the Sedlis model, since the latter did not 

describe survival rates for their low risk patients.29 The calibration plots compare 

the predicted survival according to the model with the observed survival in our 

population at five years of follow-up. 

First we looked at the results of the eight models for all patients irrespective of 

lymph node metastases. Only the Kristensen model contains just two risk 

categories.30 In this model, prediction of RFS in the low risk group is good. 

However, in the high risk group, the RFS in our population is much higher than 

predicted. We conclude that the prediction model of Kristensen with two risk 

categories is not calibrated well for our patient population.  
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RISK 
MODELS N %Adj* 5yr RFS HR 95% CI p 5yr DSS HR 95% CI p 

All patients (N=563)             
Delgado(31)              

Low 173 8% 98% Ref˚    98% Ref˚    
Intermediate 215 29% 91% 3.8 1.3-11 0.02 94% 3.3 0.9-12 0.07 

High 175 57% 82% 9.1 3.2-26 <0.001 85% 9.9 3.0-33 <0.001 
Kamura(8)              

Low 262 15% 96% Ref˚    97% Ref˚    
Intermediate 189 24% 91% 2.2 1.0-4.7 0.04 94% 2.1 0.8-5.5 0.12 

High 112 80% 77% 6.6 3.3-13 <0.001 79% 9.1 3.9-21 <0.001 
Sevin(10)              

Low 277 15% 94% Ref˚    95% Ref˚    
Intermediate 218 32% 90% 1.9 1.0-3.6 0.05 93% 1.7 0.8-3.5 0.19 

High 68 94% 77% 4.7 2.4-9.3 <0.001 78% 5.9 2.8-12 <0.001 
Yuan(11)              

Very low 272 4% 97% Ref˚    98% Ref˚    
Low 95 29% 91% 2.9 1.2-7.4 0.02 96% 1.9 0.5-6.6 0.33 

Intermediate 94 36% 88% 3.8 1.6-9.0   0.003 91% 4.3 1.5-12   0.006 
High 102 100% 75% 8.7 4.1-18 <0.001 77% 12 4.7-28 <0.001 

Kristensen(30)              
Low 340 18% 96% Ref˚    97% Ref˚    
High 223 52% 83% 4.6 2.5-8.0 <0.001 86% 4.1 2.1-8.0 <0.001 

Grisaru(32)              
Very low 193 3% 97% Ref˚   98% Ref˚    

Low 183 23% 96% 1.4 0.5-4.0 0.54 97% 2.1 0.5-8.2 0.31 
Intermediate 134 57% 81% 6.6 2.7-16 <0.001 85% 9.5 2.8-32 <0.001 

High 53 100% 72% 11 4.3-28 <0.001 74% 20 5.9-70 <0.001 
Ho(7)              

Low 303 9% 96% Ref˚    98% Ref˚    
Intermediate 122 50% 87% 3.1 1.5-6.5   0.002 89% 4.0 1.7-9.6   0.002 

High 138 64% 82% 4.8 2.5-9.3 <0.001 85% 6.5 2.9-15 <0.001 
Lai(9)              

Low 329 5% 95% Ref˚    97% Ref˚     
Intermediate 128 54% 88% 2 1.0-3.9 0.04 90% 2.8 1.3-6.1 0.01 

High 106 86% 80% 3.6 1.9-6.6 <0.001 82% 5.2 2.5-11 <0.001 
Patients without Lymph node metastasis (N=461)         
Sedlis(29)              

Low 290 12% 97% Ref˚    98% Ref˚    
High 171 29% 90% 3.4 1.6-7.2   0.002 93% 4.7 1.7-13   0.003 

vd Putte(34)              
Low 288 6% 97% Ref˚    98% Ref˚    
High 173 33% 89% 3.9 1.8-8.5   0.001 93% 3.5 1.3-9.3 0.01 

Sartori(33)              
Low 143 1% 99% Ref˚    99% Ref˚    

Intermediate 287 15% 92% 13 1.8-99 0.01 95% 7.5 1.0-56 0.05 
High 31 97% 90% 14 1.5-137 0.02 90% 15 1.5-140 0.02 

Patients with Lymph node metastasis (N=102)           
Alvarez(6)              

Low  4 100% 100% 0  0.97 100% 0  0.98 
Low 

Intermediate  49 100% 81% Ref˚    83% Ref˚    
High 

Intermediate  41 100% 68% 4.7 2.5-8.9 <0.001 70% 5.6 2.8-11 <0.001 
High  8 100% 63% 5.1 1.6-17   0.007 63% 6.9 2.1-23   0.002 



Validation of existing models in early stage cervical cancer 
 

 
35 

2 

◄Table 4. Performance of the AMC population in the different models for the different risk 

groups. Per risk category of a model, the number of patients (N) is given together with the 

percentage among them who received adjuvant treatment. The RFS and DSS are depicted 

together with the hazard rates and their 95% confidence intervals. RFS: recurrent free 

survival; DSS: disease specific survival; CI: confidence interval; HR: hazard ratio 

*Percentage of patients who received adjuvant treatment, ˚ Reference group. 

 
 

Five models describe three risk categories.7,31-34 Four of these models (those of 

Delgado, Sevin, Ho, and Lai) are designed to predict RFS. In these models, the 

hazard rate for RFS of the intermediate risk category differs significantly from the 

reference category, and the estimates of the hazard rate in the high risk categories 

are higher than those of the intermediate risk category. From a statistical point of 

view, the definition of the risk categories of the various models makes sense in our 

population. All these models predict a lower RFS than is actually observed in our 

population. A visual assessment of the calibration plots leads to the conclusion that 

the model of Lai is the best-calibrated model for our population.  

The model of Kamura, with three risk categories, is designed for the prediction of 

OS, although we use it for the prediction of DSS (see Materials and Methods 

section). The hazard rate for DSS of the intermediate risk category differs not 

statistically significant from that of the low risk category. In the calibration plot, 

the points for the observed DSS for the low risk and intermediate risk category are 

nearly on a horizontal line. The prediction of DSS with this model is an 

underestimation of the actual observed DSS. Therefore, the model of Kamura is not 

suited for our population.  



Chapter 2 
 

 
36 

 
B               C 

 

Model Kamura

Predicted OS
0,0 0,2 0,4 0,6 0,8 1,0

O
bs

er
ve

d 
D

S
S

0,0

0,2

0,4

0,6

0,8

1,0

Model Sevin

Predicted RFS
0,0 0,2 0,4 0,6 0,8 1,0

O
bs

er
ve

d 
R

FS

0,0

0,2

0,4

0,6

0,8

1,0

Model Yuan

Predicted OS
0,0 0,2 0,4 0,6 0,8 1,0

O
bs

er
ve

d 
D

SS

0,0

0,2

0,4

0,6

0,8

1,0

Model Kristensen

Predicted RFS
0,0 0,2 0,4 0,6 0,8 1,0

O
bs

er
ve

d 
R

FS

0,0

0,2

0,4

0,6

0,8

1,0

Model Grisaru

Predicted RFS
0,0 0,2 0,4 0,6 0,8 1,0

O
bs

er
ve

d 
R

FS

0,0

0,2

0,4

0,6

0,8

1,0

Model Ho

Predicted RFS
0,0 0,2 0,4 0,6 0,8 1,0

O
bs

er
ve

d 
R

FS

0,0

0,2

0,4

0,6

0,8

1,0

Model Lai

Predicted RFS
0,0 0,2 0,4 0,6 0,8 1,0

O
bs

er
ve

d 
R

FS

0,0

0,2

0,4

0,6

0,8

1,0

Model Delgado

Predicted RFS
0,0 0,2 0,4 0,6 0,8 1,0

O
bs

er
ve

d 
R

FS

0,0

0,2

0,4

0,6

0,8

1,0

Model Putte

Predicted DSS
0,0 0,2 0,4 0,6 0,8 1,0

O
bs

er
ve

d 
D

S
S

0,0

0,2

0,4

0,6

0,8

1,0

Model Sartori

Predicted RFS
0,0 0,2 0,4 0,6 0,8 1,0

O
bs

er
ve

d 
R

FS

0,0

0,2

0,4

0,6

0,8

1,0

Model Alvarez

Predicted OS
0,0 0,2 0,4 0,6 0,8 1,0

O
bs

er
ve

d 
D

S
S

0,0

0,2

0,4

0,6

0,8

1,0



Validation of existing models in early stage cervical cancer 
 

 
37 

2 

◄Figure 2. Calibration plots of the prognostic models in early stage cervical cancer, 

where the mean predicted survival in given subgroups is compared with the observed 

survival in our population. (A) Models developed in patients with early stage cervical 

cancer; (B) Models developed in a subgroup of patients without lymph node metastasis; (C) 

Model developed in a subgroup of patients with lymph node metastasis. RFS Recurrence 

Free Survival; OS Overall Survival; DSS Disease Specific Survival. Error bar: 95% 

confidence interval. 

 

Two models define four risk groups.35;36 The Grisaru model is designed to predict 

RFS. The hazard rate for RFS of the low and the very low risk category do not 

differ statistically. Apart from this, a visual assessment of the plot allows the 

conclusion that the calibration of the Grisaru model is rather good. The second 

model with four risk categories is that of Yuan. This model is designed to predict 

overall survival, although we use it for the prediction of DSS (see Materials and 

Methods section). Again, the discrimination between the very low and low risk 

category does not make sense for our population. In addition, the predicted DSS 

from the low to high risk category is far from the respective survival as observed in 

our patient population. We conclude that the Yuan model is not applicable in our 

practice. 

We subsequently focus on the models for patients without lymph node 

metastasis.37-39 According to the Sedlis model, the 5-year RFS in our patients in the 

high risk group of 90% is good compared to the 2-year RFS in the Sedlis study; 

88% and 79% for the high risk group with adjuvant radiotherapy and without 

adjuvant radiotherapy, respectively. The model of van de Putte is designed to 

predict DSS and contains two risk categories. The predicted value for the 5-year 

DSS in the high risk group is far below that observed in our population. The Sartori 

model is designed to predict RFS and contains three categories. As the calibration 

plot makes clear, the predicted RFS in the high risk category is rather discrepant 

with the observed RFS. The number of patients in this category is however small. 
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Both models for patients without lymph node metastases do not perform well in 

our patient population. 

 

Finally, we analyzed the calibration of the Alvarez model for patients with lymph 

node metastases. Although this model is designed to predict overall survival, we 

analyzed its performance in the prediction of DSS (see Materials and Methods 

section). Unfortunately, the number of patients in each of the four categories is 

rather small. Nevertheless, the predicted DSS in each of the categories is 

overestimated, therefore this model cannot be used in our patient population. 

 

DISCUSSION 
 
In this study we evaluated the performance of 12 prognostic models designed for 

patients with early stage cervical cancer in an independent group of 563 patients. 

All models underestimated the RFS or DSS. Only the models of Grisaru and Lai 

were reasonably well calibrated for use in our population. Both models were 

recently published, based on large populations and apply to patients irrespective of 

lymph node metastases.  

A clearly strong feature of the external population used for calibration is its 

comparatively large size and the nearly unchanged treatment policy in the time 

period in which these patients were seen. Only in the last two years chemotherapy 

was added to adjuvant radiotherapy in comparatively high risk cases. In our dataset 

only 3.9% of the prognostic variables were missing. It has been shown that 

imputation of missing variables will lead to less bias than exclusion of cases.40 

Therefore, missing variables were imputed. 

Validation studies are scarce. Van de Putte et al. validated two of the presented 

prognostic models in an independent group of 221 patients.39 In this study the 

Gynecologic Oncology Group (GOG) criteria tumor size, stromal invasion, and 
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LVSI were used.41;42 Van de Putte et al. concluded that both the prognostic index 

reported by Delgado et al. and the classification according to Sedlis et al. were 

applicable in their population.  

In general, the models overestimated the risk of recurrence or death from disease in 

our population. It can be argued that poor calibration of a model results from 

dissimilarities in the case-mix between the population in which the model was 

designed and the population used for external validation. These dissimilarities did 

exist. In some models, patients with a higher FIGO stage were included.7;43 Two 

models which we validated included patients with stage I only.30;31 The models also 

differed with regard to the histopathological cell types in the tumors.35;44 In five 

studies only patients with squamous carcinoma were included.39;45-48 It cannot be 

excluded that the quality of treatment (both the surgical and/or adjuvant radiation 

treatment) contributes to the observed differences. One of the differences in 

outcome might be explained by the Wertheim /Okabayashi variant (a more radical 

variant of the usually performed Wertheim/Meigs procedure) that was perfomed as 

radical hysterectomy procedure during the study period. In previous publications of 

our institute on the outcome of patients with poor prognostic tumor parameters and 

negative lymph nodes and in another publication on the outcome in patients with 

positive lymph nodes the outcome in terms of survival compared favourably with 

others.49;50 

The nature and number of the variables selected for construction of the model is 

presumably an important cause for its poor performance at another location.51 First 

of all, nearly all of the models comprise a different set of risk factors. The 

differences between the studies regarding the selected variables emphasize that 

opinions on the most important prognosticators diverge. The presence of lymph 

node metastases was not selected as a prognosticator in 2 out of the 8 models for 

patients with and without lymph node metastases. Secondly, poor performance of 

models in other populations might also result from observer variation in the 
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assessment of prognosticators. Observer variation may be especially important in 

histopathologic parameters, as there is also variation in their definitions.52 Thirdly, 

the prognostic factors got a similar weight. We speculate that better prediction of 

survival is possible if the models comprise prognosticators with different weights. 

Fourthly, the grounds for adjuvant therapy differed between the studies and, 

consequently, the proportion of patients who underwent it. It might even be 

desirable to specify the type of surgical therapy. Grisaru treated a subgroup of 

patients with a radical vaginal trachelectomy and pelvic lymphadenectomy, but the 

number of patients treated in this way was not specified.32 

Apart from patient selection and variable selection in the construction of models, 

the selection of the outcome parameter may be of importance. In our patients 

overall survival did not significantly differ from disease specific survival. 

However, this might not be the case in the three models designed to predict overall 

survival.53-55 The background risk of death probably differs between populations. 

Although the models are used for clinical decisions (for example regarding the 

indication of adjuvant therapy), better tools are needed in clinical management.56 It 

might be interesting to define a very low risk group in which one could investigate 

the possibility and safety to lower the extent of the surgery in order to lower the 

morbidity. For that purpose a rule would be useful that predicts for example with 

90% confidence a probability of recurrence of less than 5%. Another subgroup of 

interest comprises high risk patients who might benefit from adjuvant concurrent 

chemo- and radiotherapy. One might wish a rule that predicts with 90% confidence 

that the risk of recurrence is over e.g. 20%.  

In conclusion, current prediction models based on a combination of various 

prognostic factors can be used to distinguish early stage cervical cancer in two to 

three risk groups. In general, the models produced an overestimation of the risk of 

recurrence or death from disease in our validation group especially in the higher 

risk categories. 
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