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1 
1.1 GENERAL INTRODUCTION 
 
Surgery is the standard of care for women with early stage cervical cancer; 

radiotherapy is the cornerstone in patients with advanced stages of disease. Recent 

changes in the treatment of cervical cancer involve less radical surgery in early 

stage cervical cancer, concomitant chemo- and radiotherapy in the adjuvant setting 

for early stage patients and in primary treatment for advanced stage patients. Also 

the role of hyperthermia has been studied, unfortunately these studies face 

problems with patient recruitment. Neo-adjuvant chemotherapy is investigated in 

patients with marginally resectable tumours. Other novel approaches involve 

treatment with HPV-vaccination and molecular therapy. In order to study and 

achieve changes in treatment, one has to subdivide patients according to their 

prognosis.  

 
 
1.2 PROGNOSIS 
 
Prognosis (Greek πρόγνωση - literally fore-knowing, foreseeing) is a medical term 

for predicting the likely outcome of one's current standing. For 19th century 

physicians, particularly those following the French school of medicine, the main 

aim of medicine was not to cure disease, but rather to give a medical diagnosis and 

achieve a satisfying prognosis of the patient's chances. Only several decades later 

did the focus of efforts in Western medicine shift to curing disease. 

Medical studies have demonstrated that most doctors are overly optimistic when 

giving prognostic information, that is, they tend to overstate how long a patient 

might live. Knowing the prognosis helps determine whether it makes more sense to 

attempt certain treatments or to withhold them, and thus plays an important role in 

end-of-life decisions.  

Prognostic scoring is also used for cancer outcome predictions. 

 

http://en.wikipedia.org/wiki/Greek_language
http://en.wikipedia.org/wiki/Medicine
http://en.wikipedia.org/wiki/Medical_diagnosis
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1.3 STAGING OF CERVICAL CANCER 
 
Knowledge of prognostic factors is of major importance for the management of 

patients with cervical cancer: Prognostic factors are needed to plan treatment, to 

provide an indication of prognosis, to evaluate the results of treatment, to exchange 

information between treatment centres, and to contribute to research. Staging 

classifications of gynecological malignancies, with the exception of cervical cancer 

and gestational trophoblastic neoplasia, have shifted from a clinical to a surgical-

pathological basis.1 Cervical cancer is staged according to the International 

Federation of Gynecology and Obstetrics (FIGO) cancer staging system. 
 

1.3.1 History of the FIGO cancer staging system 

Cervical cancer is probably the first cancer site for which a systematic staging 

system is applied, dating back to 1928.1 Recommendations, based on the 

international classification system for grouping cervical cancer patients based on 

clinical examination and on the anatomic extent of the disease designed by the 

Radiological Sub-Commission, were published in 1929 and became known as the 

League of Nations Classification for Cervical Cancer. In 1935, recommendations 

of the Zurich conference, to facilitate wider endorsement and adoption of these 

principles, were adopted by the Health Committee. A yearly “Annual Report” 

containing only the results of cervical cancer patients treated with radiotherapy, 

was published. In 1950 several modification to the classification were adopted and 

the new classification was called “ The International Classification of the Stages of 

Carcinoma of the Uterine Cervix”. Since then, eight revisions have been made to 

the staging system for cervical cancer, with the most recent in 2009 (table 1).2 

FIGO became the official patron of the Annual Report in 1958 and since 1973 the 

“Annual Report on the Results of Treatment in Gynecological Cancer” has been 

published every three years. In 1954 the International Union Against Cancer 

(UICC) appointed a committee, which proposed in a tumor-node-metastasis (TNM) 



General introduction and outline of the thesis 
 

 
13 

1 
classification for carcinoma of the cervix uteri in 1966. The American Joint 

Committee on Cancer (AJCC) accepted in 1976 the FIGO stage grouping for 

gynecological cancers. Over the years the UICC, AJCC, and FIGO have modified 

their staging systems for gynecological cancers so that all 3 systems are virtually 

identical (table 1).3  

 

1.3.2 Staging system 

A good staging system must be valid, reliable and practical.1 

Valid means that it has to identify groups with similar outcomes reflecting the full 

range of possible manifestations. It should be flexible and adaptable to significant 

scientific changes. To be reliable it should ensure that identical cases are always 

assigned to the same stage category. As the system must be practical, it must be 

suitable for use in different clinical environments worldwide. To combine those 

three items in one system is a challenge in which choices have to be made. 

 

Most patients with cervical cancer live in developing countries where accessibility 

to medical care, diagnostic tools and treatment options are often not available. This 

makes it difficult to keep the system practical. Yet, most research is been done in 

developed countries, giving thought to enhance validity by introducing new 

prognostic factors. 

Already, many factors not incorporated in the FIGO staging system are being used 

to identify prognostic groups and to tailor treatment. For example, the knowledge 

of para-aortal lymph node metastasis will change the radiation field. Also adjuvant 

treatment in early stage cervical cancer is adjusted based on the pathological 

findings. 
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Table 1. TNM classification 2010 and FIGO 2009 cervical cancer 2,4 

TNM  FIGO  

Tis - In situ 
T1 1 The carcinoma is strictly confined to the cervix (extension to the 

corpus would be disregarded) 
T1a IA Invasive carcinoma which can be diagnosed only by microscopy, with 

deepest invasion ≤ 5.0 mm and largest extension ≤ 7.0 mm 
T1a1 IA1 Measured stromal invasion of ≤ 3.0 mm in depth and horizontal 

extension of ≤ 7.0 mm 
T1a2 IA2 Measured stromal invasion of > 3.0 mm and not > 5.0 mm with an 

extension of not > 7.0 mm 
T1b IB Clinically visible lesions limited to the cervix uteri or pre-clinical 

cancers greater than stage IA* 
T1b1 IB1 Clinically visible lesion ≤ 4.0 cm in greatest dimension 
T1b2 IB2 Clinically visible lesion > 4.0 cm in greatest dimension 
T2 II Cervical carcinoma invades beyond the uterus, but not to the pelvic 

wall or to the lower third of the vagina 
T2a IIA Without parametrial invasion 
T2a1 IIA1 Clinically visible lesion ≤ 4.0 cm in greatest dimension 
T2a2 IIA2 Clinically visible lesion > 4.0 cm in greatest dimension 
T2b IIB With obvious parametrial invasion 
T3 III The tumor extends to the pelvic wall and/or involves lower third of 

the vagina and/or causes hydronephrosis or non-functioning 
kidney** 

T3a IIIA Tumor involves lower third of the vagina, with no extension to the 
pelvic wall 

T3b IIIB Extension to the pelvic wall and/or hydronephrosis or non-functioning 
kidney 

 IV The carcinoma has extended beyond the true pelvis or has involved 
(biopsy proven) the mucosa of the bladder or rectum. A bullous 
edema, as such, does not permit a case to be allotted to Stage IV 

T4 IVA Spread of the growth to adjacent organs 
N1 - Regional metastasis 
M1 IVB Spread to distant organs 
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1 
◄Table 1. *All macroscopically visible lesions–even with superficial invasion–are allotted to stage 

IB carcinomas. Invasion is limited to a measured stromal invasion with a maximal depth of 5.0 mm 

and a horizontal extension of not >7.0 mm. Depth of invasion should not be >5.0 mm taken from the 

base of the epithelium of the original tissue–superficial or glandular. The depth of invasion should 

always be reported in mm, even in those cases with “early (minimal) stromal invasion” (~1.0 mm). 

The involvement of vascular/lymphatic spaces should not change the stage allotment. **On rectal 

examination, there is no cancer-free space between the tumor and the pelvic wall. All cases with 

hydronephrosis or non-functioning kidney are included, unless they are known to be due to another 

cause. 

 

1.3.3. Prognostic factors 

Prognostic factors can be patient or tumor related. Tumor related factors could be 

divided into tumor volume and –spread, histological types, differentiation grades, 

and molecular factors.  

 

First of all prognostic factors are used to determine the prognosis of the patient. In 

the FIGO staging system tumor volume and –spread are involved in the subdivision 

of stages. For each stage survival rates are registered and used to counsel patients. 

It is known that other prognostic factors influence prognosis as well. For example 

pelvic lymph node metastasis is a very important risk factor, especially in early 

stage patients.5 Other risk factors include: Tumor histology, grade, lymph vascular 

space invasion, tumor positive surgical margins, and depth of invasion. At this 

moment, no molecular prognostic factors have been found for clinical use in 

cervical cancer.6 Patient related factors such as age, smoking behavior, weight, 

performance status or anaemia can also be of prognostic importance. However, 

there is a poor consensus on the relative importance of the prognostic patient and 

tumor related factors for an individual patient. 

 

Prognostic factors can also be used to determine the type of treatment. Early stage 

cervical cancer is mostly operated, while radiotherapy is the cornerstone of 
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treatment in advanced stage cervical cancer. Also factors not incorporated in the 

FIGO staging system are used to tailor treatment. In early stage cervical cancer 

adjuvant treatment is based on the presence of lymph node metastasis or 

parametrial invasion.7,8 Currently, even for patients with negative lymph nodes but 

poor prognostic tumor parameters (such as deep stromal invasion, vascular space 

invasion, and large tumor diameter) some advocate adjuvant radiotherapy,9-11 

whereas others refute this policy.12  

 

Prognostic factors are also used to evaluate the results of treatment. This is done in 

daily practice where survival rates per FIGO stage can be compared to the 

literature or with a historical cohort. Also subgroups of patients divided by other 

known prognostic factors can be compared or used for research. 

 

One problem in the determination of prognostic factors is the poor consensus in the 

literature. An explanation is that most patients live in developing countries; while 

most clinical studies and research are done in developed countries were the 

incidence is lower. This makes it hard to perform randomized trials. Also, 

treatment is not always the same in the different centers. The extent of surgery is 

not consistent, as is the dosage and field of radiotherapy, as is the dosage and type 

of chemotherapy. Opinions on who needs initial surgery and who initial 

radiotherapy differ. A good example is the poor consensus of treatment of patients 

with a stage IB2 or IIA2 cervical cancer. 

 

Constant discussion is going on if imaging techniques should be used to define 

prognostic factors in staging of patients.2 Will it change treatment? Will it enhance 

survival? And is it applicable in developing countries? 
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1 
1.4 AIM OF THE THESIS 
 
The studies in this thesis aim to improve the subdivision and hereby selections of 

patients according to the prognosis in order to use this to tailor treatment, to 

improve prognosis and to decrease morbidity.  

We will look for new prognostic factors with the use of micro-array gene 

expression. In the evaluation of known prognostic factors we will let go of the 

classical FIGO classification and evaluate the factors according to their weight in 

the multivariate analyses.  

 

1.4 OUTLINE OF THE THESIS 
 

In chapter 2 we describe a validation study of existing prognostic models in 

patients with surgically treated early-stage cervical cancer that we applied in an 

independent population of patients.  

In chapter 3 we present the results of a newly developed prognostic model for 

survival in surgically treated early-stage cervical cancer patients. As this model 

may be too complicated for daily practice, we converted the parameters from the 

logistic Cox model to a simple additive score chart, which predicts the disease 

specific survival (DSS) at 5-years follow-up. 

In chapter 4 we describe the results of gene expression profiling in women with 

early stage squamous cell cervical cancer to predict the presence of lymph node 

metastasis. In addition, we tried to identify genes involved in the pathogenesis of 

cervical cancer. 

In chapter 5 we report our results of radical surgery for patients with bulky early 

stage cervical cancer in terms of recurrence patterns, survival and complications. 

The results were compared with results from a literature review. 

In chapter 6 we present the results of a newly developed prognostic model for 

survival in advanced stage cervical cancer patients. 
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In Chapter 7 we describe a rare cohort of patients with stage IVA cervical cancer. 

We tried to identify pre-treatment factors that may predict fistula formation in 

patients with stage IVA cervical cancer.  

In chapter 8 we provide a general discussion of the results of the studies presented 

in this thesis, and suggest some implications for future staging in cervical cancer. 

In chapter 9 we give a summary of the data presented in this thesis. 
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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. 

 
 
 



Validation of existing models in early stage cervical cancer 
 

 
25 

2 

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 
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◄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.  
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◄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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ABSTRACT  
 

Background. In the management of early-stage cervical cancer, knowledge on the 

prognosis is critical. Although many factors have an impact on survival, their 

relative importance remains controversial. This study aims to develop a prognostic 

model for survival in early-stage cervical cancer patients and to reconsider grounds 

for adjuvant treatment. 

Material and methods. A multivariate Cox regression model was used to identify 

the prognostic weight of clinical and histological factors for disease-specific 

survival (DSS) in 710 consecutive patients who had surgery for early-stage cervical 

cancer (FIGO stage IA2-IIA). Prognostic scores were derived by converting the 

regression coefficients for each prognostic marker and used in a score chart. The 

discriminative capacity was expressed as the area under the curve (AUC) of the 

receiver operating characteristic. 

Results. The 5-year DSS was 92%. Tumor diameter, histological type, lymph node 

metastasis, depth of stromal invasion, lymph vascular space invasion and 

parametrial extension were independently associated with DSS and were included 

in a Cox regression model. This prognostic model, corrected for the 9% overfit 

shown by internal validation, showed a fair discriminative capacity (AUC 0.73). 

The derived score chart predicting 5-year DSS, showed a good discriminative 

capacity (AUC 0.85).  

Conclusion. In patients with early-stage cervical cancer DSS can be predicted with 

a statistical model. Models, such as the one presented here, should be used in 

clinical trials on the effects of adjuvant treatments in high-risk early cervical cancer 

patients, both to stratify and to include patients. 
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INTRODUCTION 

 
Early-stage cervical cancer has a relatively favorable prognosis and can in most 

patients be controlled by radical surgery or (chemo-)radiotherapy.1,2 Pelvic lymph 

node metastases are the most important risk factor in surgically-treated patients for 

recurrence or failure to survive. Adjuvant therapy is therefore frequently advised 

for this group of patients.3,4 However, approximately 50% of recurrences occur in 

patients without lymph node metastases.5,6 Other pathological risk factors, 

including parametrial extension, tumor-positive surgical margins, tumor size, 

lymph vascular space invasion, and depth of invasion have been identified.  

Traditionally, adjuvant radiotherapy after radical surgery has been used for patients 

with positive lymph nodes, parametrial involvement and/or positive margins, 

although no randomized controlled trial (RCT) has been performed on this subject. 

Recently, concurrent chemotherapy and radiotherapy have been introduced for 

patients with positive lymph nodes on the basis of a RCT.7-9   

Currently, even for patients with negative lymph nodes but poor prognostic tumor 

parameters (like deep stromal invasion, vascular space invasion and large tumor 

diameter) some advocate adjuvant radiotherapy,10-12 while others refute this 

policy.13  

However, there is no consensus on the relative importance of the prognostic 

clinical and pathological factors for the individual patient.13-15  

Comparison of the outcomes in various reported series is difficult, because 

prognostic factors may differ in importance depending on patient selection, the 

definition of prognostic factors, the radicality of the surgery, and the differences in 

guidelines for adjuvant treatment.16,17 Moreover, disease-specific survival (DSS) is 

more relevant than the occurrence of recurrent disease, although most of the 

variables are identified to predict recurrence of disease.   
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The aim of this study is to develop a prognostic model to predict DSS in patients 

treated primarily with radical surgery for early-stage cervical cancer. Moreover, 

high-risk patients who might benefit from additional treatment (such as 

chemotherapy, biological therapy, or hyperthermia) are identified. 

 

MATERIALS AND METHODS 
 
Patients 

Consecutive patients who had surgery for early-stage cervical cancer (FIGO stage 

IA2-IIA) between 1982 and 2007 in the Academic Medical Center (Amsterdam) 

were included. Staging occurred according to the guidelines of the International 

Federations of Gynecology and Obstetrics (FIGO) system, these did not change 

during the inclusion period. Patients referred from foreign countries were excluded, 

since an adequate follow-up was not feasible. Only patients with squamous, 

adenosquamous, or adenocarcinoma were included. All patients were treated with a 

radical hysterectomy and pelvic lymph node dissection according to Wertheim-

Okabayashi; this type of surgery has been described by Samlal et al.5  

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

reports: age, FIGO stage, vaginal wall extension, state of surgical margins, cell 

type, differentiation grade, clinical 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 conisation, we could not 

assess depth of invasion in thirds. As all of these tumors had a diameter less than 2 

cm and infiltration of less than 10 mm in the stroma, we included these tumors in 

the group with less than 1/3 depth of infiltration. Pathology until 1992 was 

retrospectively reviewed by an expert gynecologic pathologist, while pathology 

results from 1992 onward were taken from the tumor board notes. 
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Indications for adjuvant radiotherapy were lymph node metastasis, parametrial 

infiltration, tumor-positive surgical margins, or spill during surgery. From 2001, 

patients with more than one risk factor were offered concurrent chemotherapy and 

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

metastases, and parametrial infiltration. All patients were attending the outpatient 

clinic for follow-up visits. Routine follow-up was continued up to five years. At 

each visit, patients were asked about complaints and gynecological examination 

was performed. When there was a clinical suspicion of recurrent disease, 

diagnostic tests such as MRI or CT-scan, serum tumor marker(s), and/or biopsy 

were performed.  

The primary endpoint in this study was DSS, defined as the time to death related to 

cervical cancer.  

 

Statistical analysis 

The aim of the analysis was to study the associations between the prognostic 

variables and the DSS. Missing data of the prognostic variables were imputed 

(‘filled in’), because deleting them would lead to a loss of statistical power and 

potentially biased results.18-20 We generated a single imputed data set, using the 

first step of the ‘aRegImpute’ multiple imputation function in Splus6.0.21 This is an 

efficient implementation of Bayesian multiple imputation.22 

The linearity of the continuous variables tumor diameter, depth of tumor invasion, 

and age was assessed using spline functions.23 Non-linear associations were 

redefined, based on these spline functions. Survival rates were estimated by the 

Kaplan-Meier method.24 Patients were censored at the date of last visit or at the 

time of death not related to the cervical cancer. Univariable and multivariable 

regression analyses were performed. For the multivariable Cox proportional hazard 

regression analysis, a stepwise backwards selection procedure was used.25,26 As the 

incorrect exclusion of a factor would be more deleterious than including too many 
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factors, all prognostic variables with a significance level up to 30% were included 

in the univariable analysis.27 

Internal validation was performed by the bootstrap method, in which new data sets 

are created by random drawing from the sample with replacement.26,28,29 In each of 

these new data sets (n=200), multivariable regression analyses were performed. By 

analyzing the difference of the prognostic models, a shrinkage factor was 

calculated to estimate the overfit of the created model; the model was corrected 

accordingly. 26,30 

Calibration of the model was assessed by comparing the predicted DSS and the 

observed DSS at 5-year follow-up. The point estimates of the predicted and 

observed 5-year survival in the subgroups were graphically depicted. The 

calibration plot allows for a visual assessment of the performance of the model. In 

case of a perfect calibration, all predictions and observations would be located on 

the line of equality (X=Y), and the slope would be 1.  

To evaluate the discriminative capacity of the prognostic model, the area under the 

receiver operating characteristic (ROC) curve was calculated.31 We used the state 

of disease at the last date of follow-up or the time of disease-related death, in 

relation to the predicted survival at this time. Sensitivity was defined as the fraction 

of correctly predicted surviving patients, whereas specificity was defined as the 

fraction of patients who died of disease which was predicted correctly. Next, the 

discriminative capacity of the prognostic model was calculated at 5-year follow-up. 

For this, we used the state of disease of the patients at 4.5 to 5 years follow-up in 

relation to the predicted survival at 5 years.  

 

Score chart 

The model produced is the most reliable one to predict DSS at different times of 

follow-up. However, because this model may be too complicated for daily practice, 

we converted the parameters from the logistic Cox model to a simple additive score 
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chart, which predicts the DSS at 5-year follow-up.28 First, the continuous factor 

tumor size was divided into subgroups based on the spline function.23 The 

continuous factor ‘depth of tumor invasion’ was categorized according to 

conventionally used fractional thirds. Subsequently, the multivariable Cox 

proportional hazard regression analysis was repeated. The regression coefficients 

were corrected for the shrinkage factor and divided through the smallest coefficient 

to obtain round numbers in the score chart.26,30  

Subsequently, the predicted DSS was calculated from the model and the observed 

DSS. We calibrated this clinical prediction rule based on the score chart and 

evaluated the discriminative capacity by calculating the area under the ROC curve. 

A subdivision into four groups was made; a low-risk group with a predicted DSS of 

more than 95%, an intermediate-risk group with a predicted DSS from 85-95%, a 

high-risk group with a predicted DSS from 70-85%, and a very-high-risk group 

with a predicted DSS of less than 70%. 

 

Performance of the score chart in our patients 

Although the score chart has only been validated internally, we looked at the 

performance of the score chart in our patients to show the clinical relevance. In the 

risk groups, the adjuvant therapy that was given was analyzed in relation to 

recurrent disease.   

 
RESULTS 
 
Patients 

From 1982 to 2007, 768 patients surgically treated for early-stage cervical cancer 

were registered in the database. In total, 45 patients were excluded because follow-

up was not feasible, and 13 patients with a small cell carcinoma or a sarcoma were 

excluded because tumor behavior and treatment strategy differed substantially. 

Therefore, the study group consisted of 710 patients.  
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Table 1. Characteristics of the study population  
 
  Before imputation After imputation 

Characteristics   Patients, n % Patients, n % 
Age (years) Median 41 16-77ª Unchanged  
Follow-up (months) Median 62 9-127 ª Unchanged  
FIGO stage IA2 3 1% Unchanged  
 IB1 534 75%   
 IB2 96 13%   
 IIA 77 11%   
Histology SCC 527 74% Unchanged  
 AC 155 22%   
 ASC 30 4%   
Differentiation grade Well 43 6% 50 7% 
 Moderate 261 37% 314 44% 
 Poor 305 43% 346 49% 
 Unknown 101 14%   
Tumor diameter (mm) Median 30 8-56ª 30 8-60ª 
 Unknown 53 7%   
Depth of invasion (mm) Median 9 3-20ª 9 3-20ª 
 Unknown 77 11%   
Stromal invasion <1/3 238 34% 245 35% 
 1/3-2/3 143 20% 151 21% 
 >2/3 307 43% 314 44% 
 Unknown 22 3%   
Vaginal wall extension Yes 77 11% Unchanged  
 No 633 89%   
Parametrial extension Yes 123 17% Unchanged  
 No 587 83%   
LNM Yes 132 19% Unchanged  
 No 578 81%   
LVSI Yes 285 40% Unchanged  
 No 425 60%   
Surgical margins/spill Free 686 97% Unchanged  
 Dysplasia 7 1%   
 Not free˚  17 2%   
Adjuvant treatment RT (+/- CT) 217 31% Unchanged  

ª 95% CI. ˚ Tumor down to/close to the surgical margins. SCC = squamous cell carcinoma; 
AC = adenocarcinoma; ASC = adenosquamous cell carcinoma; LNM = lymph node 
metastasis; LVSI = lymph vascular space invasion; RT = radiotherapy; CT = 
chemotherapy 
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As each patient had 11 variables, there were 7810 data points. In total, 253 (3.2%) 

data points were missing and subsequently imputed. Table 1 gives a summary of 

the patient’s characteristics. The mean age was 41 (range 16-77) years. The mean 

follow-up was 62 (range 9-127) months. Most patients had clinical FIGO stage IB 

(88%) and squamous cell carcinoma (74%). Three patients with stage IA2 were 

treated with radical surgery; two because of lymph vascular space invasion and one 

because the surgical margins of the exconisation were dubious. Lymph node 

metastases were present in 19% of patients, whereas 17% had parametrial invasion 

and 40% lymph vascular space invasion. A total of 217 patients (31%) received 

adjuvant treatment and one patient received neoadjuvant chemotherapy before 

surgery.  

 

Statistical analysis 

Overall, the 5-year DSS was 92%. The Kaplan Meier curves for DSS stratified by 

FIGO stage are shown in figure 1.  

 

Figure 1. Kaplan Meier curves for DSS stratified by FIGO stage. 
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For stage IB1, IB2 and IIA, the 5-year DSS rates were 94%, 85% and 89%, 

respectively. Both age and tumor size were linearly associated with DSS. For depth 

of invasion, a linear association was only found for values up to 10 mm, therefore 

all measurements deeper than 10 mm were treated as equivalent to 10 mm (figure 

2).  

 

Figure 2. Spline functions. 

  
A: Visualizes the association between the continuous variable depth of invasion and 

disease-specific survival. B: Visualizes the association between the continuous variable 

tumor diameter and disease-specific survival. 

 

Table 2 shows the results of the univariable and multivariable analyses. Tumor 

size, histological type, presence of lymph node metastasis, depth of stromal 

invasion (mm), lymph vascular space invasion and parametrial extension were all 

independently associated with DSS.  
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Internal validation by bootstrapping produced a shrinkage factor of 0.91, which 

corresponds to 9% overfit of the model. The DSS at time x (Tx) (after correction 

by the shrinkage factor) can be calculated from the multivariable model with the 

formula: 

 
)))*08.1()*85.0()*24.0()*2.1()*46.0()*6.1()*02.0((91.0)(0exp()()( PMILVSIDILNMASCACTDtxbetatxvalbasicsurvitxDSS +++++++=  

 

The formula to predict the 5-year DSS is: 

 
)))*08.1()*85.0()*24.0()*2.1()*46.0()*6.1()*02.0((91.05.3exp(97.05 PMILVSIDILNMASCACTDyrsDSS +++++++−=  

 

The association between the estimated and observed DSS was good (data not 

published). The prognostic model had an area under the ROC curve of 0.73 (95% 

CI 0.66-0.81). The area under the ROC curve for the prediction of the 5-year DSS 

was 0.85 (95% CI 0.79-0.92). 

 

Score chart 

For the score chart the tumor diameter was divided into three subgroups based on 

the spline function (< 20 mm, 20-60 mm, and ≥ 60 mm). For the depth of invasion 

we used the fractional thirds. Next, we made a new model for the 5-year DSS and 

corrected the regression coefficients (ß) using the shrinkage factor (data not 

published). The association between the predicted DSS, as calculated from our 

score chart, and the observed DSS was good, meaning that the 95% error bars of 

the observed DSS crossed the line of equality. The area under the ROC curve was 

0.85 (95% CI 0.79-0.92), indicating a good discriminative capacity (figure 3).  
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Table 2. Results of the univariable and multivariable regression analysis. 
 

    Univariable analysis Multivariable analysis 

    HR 95% CI P-value ß* HR 95% CI P-value 

Age Years 1.0 0.96-1.02 0.40     

Histological type SCC Ref   Ref    
 AC 2.7 1.5-4.9   0.001 1.6 4.8 2.6-9.1 <0.001 
 ASC 2.8 1.0-8.2 0.05 0.46 1.6 0.55-4.6 0.40 
Differentiation grade Well Ref       
 Moderate 1.6 0.39-7.1 0.49     
 Poor 2.0 0.49-8.9 0.33     
Tumor diameter mm 1.03 1.02-1.05 <0.001 0.02 1.02 1.0-1.04 0.05 
Depth of invasionª  mm 1.6 1.3-2.0 <0.001 0.24 1.3 1.01-1.6 0.04 
Stromal invasion <1/3 Ref       
 1/3-2/3 3.4 0.89-13 0.07     
 >2/3 9.9 3.1-32 <0.001     
Vaginal wall extension Macroscopic 1.5 0.69-3.1 0.31     
Parametrial extension Present  5.6 3.2-9.6 <0.001 1.08 3.0 1.6-5.4 <0.001 
LNM Present 7.3 4.1-13 <0.001 1.2 3.3 1.8-6.1 <0.001 
LVSI Present 3.4 1.9-6.1 <0.001 0.85 2.3 1.2-4.5 0.01 
Surgical margins/Spill Positive  0.93 0.56-1.5 0.77     

 
ß = regression coefficient; HR = hazard ratio; CI = confidence interval, SCC = squamous 
cell carcinoma; AC = adenocarcinoma; ASC = adenosquamous cell carcinoma; LNM = 
lymph node metastasis; LVSI = lymph vascular space invasion; ª Per mm up to 10 mm 
linear, 10 mm or more equals 10. 
 

)))*08.1()*85.0()*24.0()*2.1()*46.0()*6.1()*02.0((91.0)(0exp()()( PMILVSIDILNMASCACTDtxbetatxvalbasicsurvitxDSS +++++++=  
 
*The 5-year disease-specific survival (DSS) can be calculated from the multivariable model 
with the formula:  
 

)))*08.1()*85.0()*24.0()*2.1()*46.0()*6.1()*02.0((91.05.3exp(97.05 PMILVSIDILNMASCACTDyrsDSS +++++++−=  
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Figure 3. Receiver operating characteristic (ROC) curve of the score chart for 

the prediction of disease-specific survival at 5-years of follow-up. AUC=0.85 

(95% CI 0.78-0.92)  

 
Table 3 shows the score chart for estimation of the probability of 5-year DSS after 

surgically-based treatment. The sum score for a patient can range from 0 (best 

prognosis) to 19 (worst prognosis).  

 

Table 3. Score chart for estimation of the probability of disease-specific 
survival.  
Characteristic    Scores Sum Score 
Histology AC 4 … 
 ASC 1 … 
Tumor diameter (mm) 20-60  1 … 
 ≥ 60  4 … 
LNM Present 3 … 
Parametrial extension Present 3 … 
LVSI Present 2 … 
Depth of invasion  1/3-2/3 1 … 
 ≥ 2/3 3 … 
Sum score (add all) Maximum 19 ……. 
AC: adenocarcinoma; ASC: adenosquamous cell carcinoma; LNM: 

lymph node metastasis; LVSI: lymph vascular space invasion. 
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The relation between the sum score and the estimated 5-year DSS is depicted in 

figure 4. Table 4 shows the grouping of risk into 4 risk categories with the 

correlated predicted DSS. 

 

Figure 4. Probability of 5-year disease-specific survival (DSS) by prognostic 

sum score. 

 
 

Performance of the score chart in our patients 

Table 4 shows the adjuvant therapy in relation to the rate and location of 

recurrences in our population.  

In the low-risk group 8% received adjuvant treatment; none of these patients 

showed recurrent disease. Of the patients without adjuvant treatment 4% developed 

a recurrence; 2% were solely local. The 5-year DSS in this group without adjuvant 

treatment was 98%.  

In the intermediate-risk group 44 patients (36%) received no adjuvant treatment. 

Seven patients (16%) had recurrent disease; the 5-year DSS was 97%.  

Of the 12% of patients in the high-risk group who did not receive adjuvant 

treatment, 4 patients (40%) had recurrent disease, compared to 20% in the group 
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receiving adjuvant treatment. The 5-year DSS was higher in the patients receiving 

adjuvant treatment, i.e. 76% and 78% in the radiotherapy and chemoradiation 

group, respectively, compared to 65% in patients without adjuvant treatment.  

All patients in the very-high-risk group received adjuvant treatment; nevertheless, 

the recurrence rate was high (58%). The 5-year DSS was not reduced by adding 

chemotherapy to the radiotherapy in this group. 

 

Table 4.  Grouping of risk and predicted DSS with the given therapy with rate 

and location of recurrent disease in our (AMC) patient group based on the 

prognostic risk group. 

 

RISK GROUPS AMC PATIENTS 

Risk 
group 

Sum 
score 

Predicted 
DSS 

n 

Adjuvant 
Therapy 5-yr 

DSS 

Recurrences 

  n 
Tot
al % Local Distant Both Unknown 

 
Low 

  

0 
through 

6 

 
>95%  

475 
  

None* 439 98 17 4 10 4 2 1 
RT 33 100 - 0 - - - - 

CRT 3 100 - 0 - - - - 
 
Inter 
mediate 

  

7 
through 

9 

 
85%-95%  

123 
  

None  44 97 7 16 4 1 1 1 
RT 72 94 7 10 2 4 1 - 

CRT 7 83 1 14 - 1 - - 

 
High  

  

10 
through 

12 

 
65%-85%  

86 
  

None  10 65 4 40 2 1 - 1 
RT 48 76 13 27 6 6 - 1 

CRT 28 78 4 14 - 4 - - 
 

Very  
high 

  

13 
through 

19 

 
<65%  

26 
  

None  0 0 - 0 - - - - 
RT 15 31 10 67 3 5 2 - 

CRT 11 31 5 45 - 3 2 - 
*including 1 patient with neoadjuvant chemotherapy. DSS: disease-specific survival. AMC: 

Academic Medical Center, Amsterdam. RT: radiotherapy. CRT: chemoradiation. 

  

DISCUSSION 
This study presents a prognostic model for surgically-treated early-stage cervical 

cancer patients predicting the DSS. Overall, the 5-year DSS was 92%. Tumor 
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diameter, histological type, lymph node metastasis, depth of stromal invasion, 

lymph vascular space invasion, and parametrial extension were independently 

associated with DSS. All these factors were included in the prognostic model. The 

performance of the derived clinical score chart, predicting 5-year DSS, was good 

with an accurate calibration and a good discriminative capacity.  

 

The present study has some limitations. First, because cervical cancer has a low 

incidence, the time period in which the cohort of patients was collected was 25 

years. However, during the study period, the surgical technique and indications for 

adjuvant treatment were uniform in our oncology center, except for the described 

change of adding concomitant chemotherapy to the radiotherapy. Second, in the 

ideal situation the total population used to develop the prognostic model should 

receive the same treatment. In general, adjuvant treatment will favor survival and, 

therefore, a subgroup of our patients received adjuvant treatment.9-11 One can argue 

that some of the prognostic factors used in the model were already used to indicate 

adjuvant therapy and may have had more influence on survival if no adjuvant 

therapy was applied. However, all the factors in the model remained independent 

predictors of DSS, despite extensive surgery and adjuvant radiotherapy. Third, 

early-stage cervical cancer has a good prognosis, i.e. 92% DSS in our group. 

Because of the low number of events, the number of patients had to be large to 

obtain reliable results.  

 

A strength of this study is that factors in the prognostic model were included 

according to their weight given in the multivariable analysis. This model enables to 

give a better individual prediction of the risk of disease-specific death after radical 

surgery, with or without adjuvant treatment, at different times of follow-up.  

The subtracted clinical score chart still uses all the prognostic factors. However, 

DSS is predicted only at 5-years follow-up. 
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One has to bear in mind that this model was constructed in a group of patients 

treated in a single hospital. External validation is important since internal 

validation is known to overestimate the performance of models.32-34 Therefore, 

validation in an independent group of patients should be performed. However, 

being the best alternative available we used internal validation, which in other 

populations showed an estimated overfit of 9%, and corrected the model based on 

this overfit. 

 

In the Dutch guidelines, adjuvant radiotherapy is advocated in case of lymph node 

metastasis, parametrial involvement, or positive surgical margins. 

(www.oncoline.nl) In the present study, all patients with these conditions received 

radiotherapy. Positive surgical margins were not associated with survival in the 

present study, probably because all these patients received adjuvant treatment and 

this feature was seen in only 2% of our patients. One of the most commonly used 

prognostic models in early- stage cervical cancer is the Delgado model, later 

adapted by Sedlis et al.11,15,16 These models were developed only for patients with 

squamous cell type of cervical cancer. Our model shows that adenocarcinoma has 

an important impact on survival (hazard ratio 4.4). Rotman et al. reported that 

adjuvant radiotherapy appeared to be particularly beneficial for patients with 

adenocarcinoma or adenosquamous carcinoma.10 Peters et al. also showed a poorer 

prognosis for adenocarcinomas or adenosquamous carcinomas and suggested that 

these patients might benefit more from adjuvant treatment than patients with 

squamous cell carcinoma.9,10 However, neither the Sedlis criteria nor the Dutch 

guideline used this prognostic factor to indicate adjuvant treatment.  

 

Addition of chemotherapy to radiotherapy enhances survival in cervical cancer 

patients.7-9 In our population, the overall DSS is good with the current 

(conservative) treatment strategies (92%). It remains unclear which of the early-

http://www.oncoline.nl/
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stage cervical cancer patients will benefit from adjuvant chemotherapy 

concomitant with radiotherapy.35 

The percentage of recurrences in the intermediate-risk group did not differ between 

patients treated with adjuvant radiotherapy or patients with concomitant 

chemotherapy. The significance of the lower 5-year DSS in the latter group is not 

clear, because this involved only 7 patients. In the high and very-high-risk group 

the recurrence rate was lower in the patients treated with adjuvant chemoradiation 

compared to adjuvant radiotherapy alone, and this difference was even greater 

compared to no adjuvant treatment at all. The gain seems to be a better local 

control of the disease. However, no benefit of concomitant chemotherapy is seen in 

the 5-year DSS.  

Until further clinical studies have shown a better approach, we recommend 

adjuvant treatment for patients in the high and very-high-risk group (sum score 

≥10). However, new (adjuvant) treatment strategies are urgently needed, particular 

treatments that lower the risk of distant recurrences. 

Based on the clinical score chart, recommending a change in treatment strategies 

for the low and intermediate-risk group remains difficult, since it is unknown 

whether the good prognosis is in fact due to the treatment (radical surgery with or 

without adjuvant (chemo-)radiotherapy). Clinical trials are needed to establish 

whether reducing the indications for adjuvant treatment in cervical cancer will have 

some impact on survival. 

 

In conclusion, tumor diameter, histological type, presence of lymph node 

metastasis, depth of stromal invasion, lymph vascular space invasion and 

parametrial extension were independently associated with disease-specific survival. 

Based on these factors, we developed a simple prognostic model that accurately 

identifies risk groups. Models such as the one presented here should be used in 
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RCTs on the effects of adjuvant treatments in high-risk early cervical cancer 

patients, both to stratify and to select patients.   
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ABSTRACT 
 

Objective. Pelvic lymph node metastases are the main prognostic factor for 

survival in early stage cervical cancer, yet accurate detection methods before 

surgery are lacking. In this study we examined whether gene expression profiling 

can predict the presence of lymph node metastasis in early stage squamous cell 

cervical cancer before treatment. In addition we examined gene expression in 

cervical cancer compared to normal cervical tissue.  

Methods. Tumour samples of 35 patients with early stage cervical cancer who 

underwent radical hysterectomy and pelvic lymph node dissection, 16 with and 19 

without lymph node metastasis, were analyzed. Also five normal cervical tissues 

samples were analyzed. We investigated differential expression and prediction of 

patient status for lymph node positive versus lymph node negative tumours and for 

healthy versus cancer tissue. Classifiers were built by using a multiple validation 

strategy, enabling the assessment of both classifier accuracy and variability.  

Results. Five genes (BANF1, LARP7, SCAMP1, CUEDC1, PEBP1) showed 

differential expression between tumour samples from patients with and without 

lymph node metastasis. Mean accuracy of class prediction is 64.5% with a 95% 

confidence interval (CI) of 40-90%. For healthy cervical tissue versus early stage 

cervical cancer the mean accuracy of class prediction is 99.5% (95% CI of 90-

100%). A subset of genes involved in cervical cancer was identified. 

Conclusion. No accurate class prediction for lymph node status in early stage 

cervical cancer was obtained. Replication studies are needed to determine the 

relevance of the differentially expressed genes according to lymph node status. 

Early stage cervical cancer can be perfectly differentiated from healthy cervical 

tissue by means of gene expression profiling. 
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INTRODUCTION 
 
Cervical cancer is the most common gynaecological cancer in women between 25 

and 45 years of age. Cervical cancer is caused mainly by infection with a high-risk 

group of human papilloma viruses (HPVs). However, HPV infection alone is not 

enough for triggering cervical cancer. Few patients infected with high-risk HPV 

develop cervical cancers with a long incubation time, suggesting that additional 

factors or cellular events are required for progression to cervical cancer.  

Early stage cervical cancer (FIGO Stage Ib and IIa) can be cured by radical surgery 

or radiotherapy with similar effectiveness, but the rate and types of complications 

differ.1 Because of the difference in morbidity, most patients are primarily treated 

with surgery, accepting the higher complication rate when adjuvant treatment is 

needed. Adjuvant (chemo-)radiotherapy is indicated in approximately 30% of 

patients because of lymph node metastasis, parametrial invasion, positive surgical 

margins or a combination of unfavourable prognostic factors.2;3 In this paper we 

focus on the approximately 50-70% of patients receiving adjuvant treatment 

because of positive lymph nodes. The presence of pelvic nodal metastases is the 

most important prognostic factor for survival in early-stage cervical cancer.2 

However, accurate detection methods except for histology after surgery are 

lacking.1;4 Combining radical hysterectomy and pelvic lymph node dissection with 

(chemo-)radiotherapy is associated with significant complications.1;5;6 Better 

estimation of the risk of lymph node metastasis before surgery would provide us 

with the possibility to tailor our treatment to prevent unnecessary morbidity. 

Genome-wide expression profiling enables the identification of patterns of gene 

activity that subclassify tumours. These patterns might correlate with biological 

and clinical properties of the tumours. In this study we examined whether gene 

expression profiling is capable to predict the presence of lymph node metastasis in 

early stage cervical cancer before treatment.  
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In addition, we used microarray analysis to identify differentially expressed genes 

between healthy cervical tissue and cervical carcinoma in order to better 

understand the biological processes of cervical cancer development. 

 
 
PATIENTS, METHODS AND MATERIALS  

 
Selection of patients 

Frozen tumour samples from 51 patients with early stage squamous cell carcinoma 

of the cervix who underwent radical hysterectomy and pelvic lymph node 

dissection were selected from the fresh frozen tissue bank at the Academic Medical 

Center in Amsterdam. All patients had clinical FIGO stage IB-IIA disease, the low-

risk group (N) included patients without unfavourable prognostic factors (positive 

lymph nodes, parametrial invasion, positive margins or a combination of 

unfavourable prognostic factors); the high risk group (P) consisted of patients with 

lymph node metastasis, who were treated with adjuvant radiation therapy with or 

without chemotherapy.  

RNA samples from fresh frozen tissue of 19 patients without lymph node 

metastasis (N) and of 16 patients with lymph node metastasis (P) were included. 

The FIGO classification and other clinical data are summarized in table 1. 

Healthy cervical tissue biopsies (H) were collected from non-cervical carcinoma 

patients who underwent hysterectomy for benign reasons. RNA from five samples 

was included.  

 

Isolation of RNA and microarray expression profiling 

Tumour material was snap-frozen in liquid nitrogen at the pathology department 

after radical hysterectomy with lymph node dissection and stored in the tissue bank 

at -80˚C from 1996 onwards. Frozen sections were stained with haematoxylin and 

eosin; only samples that contained more than 70 percent tumour were selected.  
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Table 1. Patients characteristics (Clinical and pathological characteristics). 

  Lymph node 

metastasis absent 

(n=19) 

Lymph node 

metastasis present 

(n=16) 

FIGO stage IB1 13 (68%) 4 (25%) 

 IB2 3 (16%) 4 (25%) 

 IIA 3 (16%) 8 (50%) 

Histology SCC 19 (100%) 16 (100%) 

Age (range)  38 (31-64) 45 (29-71) 

Number of positive lymph 

nodes (range) 

 
0 1.8  (1-5) 

 Unilateral  10 (62,5%) 

 Bilateral  6 (37,5%) 

Recurrent disease  0 4 (25%) 

Follow-up in months (range)  40 (1-80) 50 (5-96) 

SCC; Squamous cell carcinoma 

Tissue up to 300 mg was disrupted in liquid nitrogen and homogenized in Trizol 

reagent (Invitrogen Corporation, Carlsbad, CA) using a power homogenizer 

(Polytron). Total RNA was isolated according to Trizol reagent protocol 

(Invitrogen Corporation, Carlsbad, CA), purified with Nucleospin RNAII 

(Macherey-Nagel, Düren, Germany) and dissolved in RNase-free water.  

Labelling and hybridisation were performed according to protocol (Agilent 

Technologies, Palo Alto, USA). RNA was amplified and converted to fluorescently 

labelled cDNA, with either cyanine 3 or cyanine 5. The Low RNA Input 

Fluorescent Linear Amplification Kit (Agilent) was used to synthesise labelled 

cRNA, for labelling we used 500 ng RNA. RNA pooled from all tumour tissue 

samples was used as reference sample and labelled with cyanine 5. RNA quality 

and labelling was monitored on a Bioanalyzer (Agilent technologies, Inc. Santa 

Clara, USA). 
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Whole genome human oligonucleotide microarrays (44K Agilent) were used. The 

arrays contain 44K 60-mer oligonucleotides representing over 41K human genes 

and transcripts. Hybridization and scanning of the arrays was performed at a 

service provider (ServiceXS, Leiden, The Netherlands). Most samples were 

analyzed on a single array. Five RNA samples were analyzed twice as technical 

replicates to test the reproducibility of labelling and hybridization reaction. 

 

Statistical analysis 

Default settings of the Agilent Feature Extraction pre-processing protocol were 

used to obtain raw intensity values from the scans. Exact protocol and parameter 

settings are described in the Agilent Feature Extraction Software User Manual 7.5 

(http://chem.agilent.com/scripts/LiteraturePDF.asp?iWHID=37629). Quality 

control of the Agilent Feature Extraction results was performed using methods 

available from Bioconductor packages (marray, limma, arrayQuality) in the 

statistical software package R.7 Intensities of negative and positive controls were 

inspected, as well as spatial effects, M/A plots, and signal-to-noise distributions. 

No unexpected results or strange effects were found.  

 

Probe annotation 

We used Agilent’s Whole Human Genome Oligonucleotide microarray that is 

comprised of approximately 41,000 (60-mer) oligonucleotide probes, which span 

conserved exons across the transcripts of the targeted full-length genes. The 

sequence and annotation information used is available through Agilent 

(http://earray.chem.agilent.com/earray/). Expressed sequence tags (ESTs) from the 

annotation file were matched with the Ensembl databases 

(http://www.ensembl.org) to check if gene name and function became available 

since the compilation of the annotation. 

 

http://chem.agilent.com/scripts/LiteraturePDF.asp?iWHID=37629
http://www.ensembl.org/
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Normalization 

The intensity data was normalized by applying variance stabilization normalization 

(VSN).8 For each array and all genes the (generalized) log-ratio of common 

reference (Cy5) and patient sample (Cy3) VSN transformed intensities was 

calculated. Log-ratios of five technical replicates were averaged. The resulting log-

ratios were then analyzed for differential expression. This analysis was done using 

significance analysis of microarrays (SAM)9 with the samr package from 

Bioconductor. Differentially expressed genes were selected by controlling the false 

discovery rate (FDR) at 5% (500 permutations). 

 

Classification 

To test whether patient status (either healthy/tumour or lymph node 

positive/negative) can be predicted from the gene expression profiles obtained, we 

used various classifiers (naive Bayes classifier, decision trees, and diagonal linear 

discriminant analysis). These classifiers were validated with the repeated random 

sampling strategy as described by Michiels et al.10 We divided the data set (N 

samples; N=40 for healthy/tumour; N=35 for lymph node positive/negative) into 

500 training sets (size n) and 500 associated validation sets (size N–n) using 

resampling without replacement. Resampling was done such that the proportion of 

samples from both classes in training and validation sets was the same as the 

proportion in the full data set.  

For each training set, an optimal classifier was identified from the 10, 20, 30, 40 or 

50 genes for which expression was most highly correlated with malignancy or 

lymph node metastasis as determined by the t-statistics between the two classes. 

The optimal number of genes was selected with 5-fold cross-validation on the 

training set. The accuracy of the resulting classifier was assessed on the 

corresponding validation set. We report average accuracy on the 500 validation sets 

and its corresponding confidence interval using the naïve Bayes classifier. To study 
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the robustness of the classification accuracies the training set size n was varied 

(n=10,12,…,38 for healthy/tumour; n=9,11,…,33 for positive/negative). The whole 

analysis was done with R scripts extending the Bioconductor package 

MCRestimate.11 

 

Gene Ontology enrichment 

Gene Ontology (GO) terms for all measured genes were extracted via FatiGO.12 

Subsequently, the number of occurrences of each term from the biological process 

ontology among differentially expressed genes was compared to the corresponding 

count among the rest of genes. The significance of the observed difference in count 

of GO terms was assessed using a Fisher’s exact test. Resulting p-values were 

adjusted by controlling the FDR to take into account the multiple-testing nature of 

the statistical contrast performed.  

 

RT-PCR 

For validation of microarray gene expression levels, a random subset of the studied 

samples was selected for quantitative RT-PCR analysis. RNA from eight cervical 

tumours (4N and 4P), three healthy cervical tissues and the reference pool was 

synthesized in cDNA using oligodT12-VN. Real time qPCR assays with the 

Universal Probe Library (Roche Diagnostics, Basel, Switzerland) were designed 

for three highly differentially expressed genes of biological interest between 

healthy and cervical cancer tissue (anillin, actin binding protein (ANLN), 

tymidylate synthetase (TYMS), epithelial cell transforming sequence two oncogene 

(ECT2)) and for two differentially expressed genes between tumours with and 

without lymph node metastasis (secretory carrier membrane protein 1 (SCAMP1) 

and phosphatidylethanolamine binding protein 1 (PEBP1)). Quantitative real-time 

RT-PCR analysis was performed using the LightCycler 480 real-time PCR System 

(Roche, Basel, Switzerland). Each reaction was run in triplicate. Briefly, 2 μg of 
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total RNA from each sample was reverse-transcribed using SuperScript II Reverse 

Transcriptase (Invitrogen, Carlsbad, CA). One μl of reverse-transcribed RNA 

samples (from 50 μl of total volume) was amplified by using the Universal Probe 

Library probes, primers and LightCycler480 Probes Master reaction mix to 

produce PCR products specific for three genes. Samples were amplified with 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) primers for determination of 

the relative starting amount of cDNA in each sample, and all genes were 

normalized to that amount.13;14 Log2-ratios with respect to the reference pool were 

calculated. Correlation of gene expression (log2-ratio) on the microarrays versus 

the corresponding qPCR data was assessed with Pearson correlation, using SPSS 

12. 

 
RESULTS 
 

Differentially expressed genes 

In the cervical cancer group five probes showed differential expression (q-

value<0.05) between tumour samples from patients with lymph node metastasis 

and those without lymph node metastasis. BANF1, SCAMP1 and CUEDC1 were 

upregulated in metastasized tumours compared to non-metastasized tumours, 

whereas PEBP1 and LARP7 were downregulated (table 2). No biological process 

was significantly enriched among the top 200 genes upregulated or 200 genes 

downregulated in lymph node metastasizing tumours compared to non-

metastasizing tumours.  
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Table 2. Differentially expressed genes in cervical tumours with and without 

lymph node metastasis. 

Systematic Name Agilent Probe 

Name 

Gene name 
q-value Fold-change 

CD248787 A_32_P74847 LARP7 0 0.8 

THC1444771 A_32_P229965 PEBP1 0 0.7 

NM_003860 A_23_P47208 BANF1 0 1.3 

NM_052822 A_23_P110787 SCAMP1 0 1.3 

NM_017949 A_24_P287974 CUEDC1 0 1.3 

 

A total of 9313 probes representing human genes and transcripts were differentially 

expressed between healthy cervical tissue and early stage cervical cancer tissue 

with a q-value ≤ 0.005, 2644 probes showed over-expression in tumour samples 

(top 200 up and downregulated genes are listed in supplementary table 1 and 2)*. 

Biological processes significantly (FDR<0.05) enriched among the top 200 genes 

upregulated in cervical cancer include cell cycle, cell division, response to DNA 

damage stimulus and chromosome segregation (table 3). Among the top 200 genes 

downregulated in cervical cancer, no biological process was significantly enriched. 

 

Table 3. Biological processes altered in cervical cancer.  

Biological process p-value FDR adjusted p-value  

Cell cycle 6,58 E-17 1,13 E-13 

Cell division 4,18 E-15 2,40 E-12 

Response to DNA damage stimulus 5,53 E-6 1,36 E-3 

Chromosome segregation 2,91 E-4 3,84 E-2 

* for supplementary tables 1 and 2 see: gynecol oncol 2008(108):520-6. 
www.ncbi.nlm.nih.gov/pubmed/18191186 
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Class prediction 

To evaluate whether gene expression profiles can be used for the prediction of 

patient status, we used 500 random splits of the data into training and validation 

sets while also varying training set sizes.  

No reliable gene signature could be found for the classification of tumours of 

patients with or without lymph node metastases. Even though, average accuracy 

increased with training set size (figure 1), corresponding confidence intervals were 

wide and the lower confidence limit was always less than 50% suggesting no 

significantly better predictive ability of the molecular signature than expected by 

chance alone. For example, with 25 samples in the training set and a validation set 

of 10 samples, average accuracy was 64.5% on the 500 validation sets with a 95% 

CI of 40-90% (average sensitivity: 62.8%, average specificity: 66.1%). The gene 

signatures for each of the random splits varied greatly. Only twelve genes were 

included in at least 100 of the 500 signatures (figure 2). These include the five 

differentially expressed genes found using SAM (table 2).  

 

Figure 1. Average classification 

accuracy (black line) of lymph node 

status with its 95% confidence 

interval (dotted lines) in 500 

validation sets as a function of 

training set size.  
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Figure 2. Probes selected at least 

100 times in 500 signatures in    

N vs. P classification.  

 

 

 

 

Very accurate class prediction was possible for healthy versus early stage cervical 

cancer tissue. Average accuracy increased with training set size and confidence 

intervals were narrow (figure 3). When we used a training set of 30 patients and a 

validation set of 10 patients, the mean accuracy of class prediction was 99.5% with 

a 95% CI of 90-100% (average sensitivity: 100%, average specificity 95.2%). 

 

Figure 3. Average classification 

accuracy (black line) of cervical 

cancer with its 95% confidence 

interval (dotted lines) in 500 

validation sets as a function of 

training set size (healthy. 

 

 

 

RT-PCR 

To confirm the expression differences observed in the microarray analyses, total 

RNA of 11 of the study-samples (4N, 4P, 3H) was analyzed by quantitative RT-

PCR assays.  

We selected two genes that were differentially expressed between tumours with 

and without lymph node metastasis (SCAMP1, PEBP1) and three genes that were 
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differentially expressed between healthy and cervical cancer tissue and were 

previously described in the literature in relation with carcinogenesis (ALNL, 

ECT2, TYMS). Due to the low levels of expression of SCAMP1 and PEBP1 we 

were not able to develop reliable qPCR assays for these genes. Gene expression 

(log2-ratio) on the oligonucleotide microarrays versus the corresponding qRT PCR 

data for ANLN, ECT2 and TYMS are plotted in figure 4. Pearson correlation 

coefficient (2-tailed) for the entire data set was 0.77 (P < 0.01). The p-values for 

the individual genes were 0.005 (ANLN), 0.004 (ECT2) and 0.002 (TYMS). 

 
Fig. 4. Gene expressions (log2 ratio) 

on oligonucleotide microarray 

versus the corresponding qRT PCR 

data for ANLN, ECT2 and TYMS 

of 8 cervical tumours and 3 healthy 

cervical samples.  

 
 
 
 
 
 
DISCUSSION 
 
In this study we tested whether a gene signature which can differentiate between 

patients with and without lymph node metastasis could be developed. In our data 

set prediction of lymph node metastasis with gene expression profiling did not 

classify patients better than chance alone. Five probes were differentially expressed 

between lymph node positive and lymph node negative tumours. 

Subsequently we tested whether a gene signature could be formed that 

differentiates between healthy cervical tissue and early stage cervical cancer. We 
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demonstrate very accurate class prediction of early stage cervical tumours versus 

healthy cervical tissue.  

 

At present, accurate detection of lymph node metastasis in cervical cancer is not 

possible except by histology after surgery. The presence of pelvic nodal metastases 

is the most important prognostic factor for survival in early-stage cervical cancer.2 

Therefore adjuvant (chemo-)radiotherapy is indicated if lymph node metastases are 

present which is associated with significant complications. Better estimation of the 

risk of lymph node metastasis before surgery provides us the possibility to tailor 

treatment. In our study, no prognostic gene expression model that can predict the 

risk of lymph node metastasis before radical surgery was found. Although the 

number of samples is relatively small, enlarging this study population will probably 

not change this result sufficiently, because increasing the training set size showed 

only little decrease in the proportion of misclassification. Moreover, corresponding 

confidence intervals are wide and the lower confidence limit is always less than 

50% suggesting no significantly better predictive ability of the molecular signature 

than expected by chance. One possible explanation could be that all cervical 

cancers will eventually metastasize to the pelvic lymph nodes and that the presence 

of lymph nodes metastasis just reflects a time point in a continuum. Of course it is 

also possible that in some patients micro-metastases were missed with regular 

histochemical procedures, implying that some of our non-metastasized tumours 

could be mislabelled.25 On the other hand, none of the patients without positive 

lymph nodes showed recurrent disease, whereas four of the patients with lymph 

node metastasis had progression of disease. 

Another reason for this disappointing result can be our very stringent classification 

method based on the analyses of Michiels et al10 Even though initial studies 

showed promising results in classifying cancer patients, reanalysis of Michiels et al 

showed that most studies did not classify patients better than by chance.  
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Yet besides classifying tumours according to their lymph node status we also 

looked at differentially expressed genes between the two groups. Five genes were 

differentially expressed between early stage cervical tumours with and without 

lymph node metastasis. Phosphatidylethanolamine binding protein 1 (PEBP1, 

down-regulated in metastasized tumours) is suggested to be a metastasis suppressor 

gene in human breast cancer, whose expression must be down-regulated for 

metastasis to develop.26 The protein encoded by BANF1 was identified to protect 

retroviruses from intramolecular integration and therefore to promote 

intermolecular integration into the host cell genome. SCAMP1 is a secretory 

membrane protein and functions as a carrier to the cell surface in post-golgi 

recycling pathway. Little is known about LARP7 and CUEDC1, other than that 

LARP7 is located in the nucleus and is involved in RNA and nucleotide binding.  

The main reasons for our result of only few differentially expressed genes with low 

fold changes are the fact that differences between the N and P groups are small and 

variability within the patients groups is high. To determine whether these genes are 

really involved in cervical cancer lymph node metastasis their expression needs to 

be tested in an independent group of early stage cervical tumours. This limited 

result of five genes resembles the results of the study of Wong et al, in which only 

two genes were found to be differentially expressed between early and advanced 

staged cervical cancer.14 The question is whether this small number of genes can be 

accurate. Only one microarray study involving lymph node metastasis in cervical 

cancer has been published so far.27 In this study MR imaging was used to identify 

large nodes, that were presumed to be positive and only one patient had an early 

stage of cervical cancer. Thirty-one genes differed in expression between 10 node 

positive and 19 node negative tumours, none of those were identical to our five 

genes.  
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As expected, many probes showed differential expression between cervical cancer 

and healthy cervical tissue. Biological processes involved in cervical cancer are 

related to cell cycle, cell division, response to DNA damage stimulation and 

chromosome segregation.   

Several gene expression array analyses of cervical neoplasia have been published. 

Most studies aimed at identifying molecular markers that are related to progression 

of disease. Overall, there is considerable overlap between previous studies and our 

study in terms of genes differentially expressed between normal cervical tissue and 

cervical cancer. An overview is given in supplementary table 3. Rosty et al 

identified a cluster of 163 transcripts that were differentially expressed according 

to disease outcome in 30 invasive carcinomas, cell lines and normal mucosa.15 

Fifty-two of these transcripts are also present in the top 200 upregulated genes in 

our study. Subsequently, Wong et al compared gene expression profiles between 

29 cervical cancers and 18 normal cervical tissues.14 Eighteen of the genes 

identified in their study have been reported previously as differentially expressed in 

cervical cancer. 50% of those genes showed also significant differential expression 

in our set, seven of these nine genes were listed in the top 200 upregulated genes. 

Santin et al identified 505 genes with a differential pattern of expression between 

cervical cancer and normal cervical keratinocyte cell lines.16 Comparing those 

genes to our group there was a great similarity in the genes higher expressed in 

cervical cancer (40 genes), but much less similarity is seen in lower expressed 

genes (2 genes). The same pattern is seen when one compares the data from Rosty 

and Santin; 42 genes are identical, all of them upregulated in cervical cancer. 

Among the differentially expressed genes that show a substantial overlap in our 

study compared to other studies, many are of special interest and previously 

described in relation with cervical cancer. Thymidylate synthase (TYMS) is highly 

upregulated in cervical cancer in our study as in previous studies.14;16 This enzyme 

is a potential target for cancer chemotherapeutic agents. Anillin (ANLN), an actin-
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binding protein, is over expressed in cervical cancer as well as in various other 

tumours, like breast tumours, endometrial carcinomas, gastric and pulmonary 

cancer and uveal melanoma.17;18 Hall et al demonstrated that anillin mRNA 

expression increases during tumour progression and that overexpression is 

correlated to Ki67 mRNA expression, suggesting that anillin expression is 

regulated by cell cycle-dependent factors.17 Several genes belonging to the cell 

division cycle group show a higher expression in cervical cancer.15;16;19 This 

expression pattern is also seen in a number of other tumours and has been 

described in relation to poor prognosis. A gene particularly known to show higher 

expression in pancreatic cancer, E2F1 (activator of E2F proteins), is also 

upregulated in cervical cancer as shown by us and others.15;16;20 The E2F family 

plays a crucial role in the control of cell cycle and action of tumour suppressor 

proteins and is also a target of the transforming proteins of small DNA tumour 

viruses. E2F1 can mediate both cell proliferation and p53-dependent/independent 

apoptosis. Overexpression leads to an inhibition of cyclin D1-dependent kinase 

activity and induces the overexpression of the CDKN2A (cyclin-dependent kinase 

inhibitor 2A) gene expression products.16 CDKN2A is the most significantly 

upregulated gene in cervical cancer in our study. CDKN2A overexpression was also 

demonstrated in several other studies concerning cervical carcinogenesis.14-16;20;21  

Santin speculated that functional inactivation of pRb by E7 binding may result in 

the marked overexpression of the TOP2A (topoisomerase (DNA) II alpha) gene as 

detected by gene expression profiling.16 We observed a significant overexpression 

of TOP2A in cervical cancer similar to other cervical cancer studies.15;16;22  Pituitary 

tumour-transforming 1 gene (PTTG1) is highly expressed in various tumours 

including cervical cancer.15;16 It is an anaphase inhibitor that prevents premature 

chromosome separation through inhibition of separase activity. Its expression has 

been correlated with tumour progression and metastatic potential. It functions by 

activating MAP and PI kinase pathways, upregulating p53 and downregulating Rb 
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and p21 expressions. Activation of PTTG has also been shown to stimulate two 

pro-angiogenic factors, VEGF and bFGF.23;24    

 

In conclusion, no significant prognostic gene expression profile could be found 

predicting lymph node metastasis in patients with early stage cervical cancer. The 

five genes significantly differentially expressed in tumours with lymph node 

metastasis may play a role in lymph node metastasis, yet they need further 

investigation to determine their reliability and clinical relevance.  

Our study clearly shows that early stage cervical cancer can reliably be 

differentiated from healthy cervical tissue by means of gene expression profiles. 

Many differentially expressed genes are identical with other studies, providing an 

interesting group of genes potentially involved in cervical cancer.  
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ABSTRACT 
 
 

Objective. Radical surgery and (chemo)radiotherapy are both successful treatment 

modalities for bulky early stage cervical cancer. The aim of this study is to assess 

the results of radical surgery for these patients in terms of recurrence patterns and 

survival. 

Methods. Between 1984 and June 2010, 129 patients who underwent a radical 

hysterectomy with pelvic lymphadenectomy for stage IB2/IIA2 cervical cancer 

were included. Disease specific survival (DSS) was measured using a Kaplan 

Meier method and uni- and multivariate regression analysis were performed to 

determine prognostic factors associated with survival.   

Results. Five year DSS was 84%. Fifty percent of the patients received adjuvant 

treatment. Histology, differentiation grade, tumor diameter, parametrial 

involvement, presence of lymph node metastasis and tumor positive surgical 

margins was associated with DSS.  

Conclusions.  In the context of current knowledge about survival and side effects 

of various treatments for early stage bulky cervical cancer, radical surgery is a 

good treatment option in these patients. Systemic adjuvant treatment for a high-risk 

subgroup must be further explored.   
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INTRODUCTION 
 
In early stage (IB-IIA) cervical cancer, radical hysterectomy with pelvic lymph 

node dissection and primary (chemo) radiotherapy are equally effective treatment 

modalities with 5-year survival rates between 83% and 91%.1-3 There is an ongoing 

discussion about the primary treatment in a subgroup of patients with bulky early 

stage cervical cancer. In the only RCT with a subgroup analysis of stage IB1 and 

IB2, there was no difference in survival between radiotherapy and surgery for both 

subgroups, although stage IB2 patients in the radiotherapy arm had more loco 

regional recurrences.3 In a recent publication of the SEER data, patients undergoing 

surgery as initial treatment had improved outcomes compared to chemoradiation.4 

An important point against primary surgery in bulky cervical cancer is the fact that 

many stage IB2 patients have unfavorable prognostic factors necessitating the need 

for adjuvant (chemo) radiotherapy in 30% to 84% of patients, resulting in increased 

morbidity for these patients.3,5,6 Some use this argument to advocate primary 

(chemo) radiotherapy for all patients with stage IB2.3,7 Unfortunately there are not 

many data comparing the short term and long term morbidity of patients treated by 

radical hysterectomy, followed by radiotherapy for a select group of high risk stage 

IB2 patients, and patients treated by primary (chemo) radiotherapy.  

Although some find morbidity to be higher in the surgical group3, others refute 

this5  while quality of life did not differ in yet another study8.  

The aim of this study was to assess the results of radical surgery for patients with 

stage IB2/IIA2 cervical cancer in terms of recurrence patterns and survival. 

 
MATERIALS AND METHODS 
 
Patients 

Consecutive patients who had surgery for bulky early-stage cervical cancer (FIGO 

IB2-IIA2) between 1984 and June 2010 in the Academic Medical Center 

(Amsterdam) were included. Surgery was standard treatment for early stage 
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cervical cancer. Only when comorbidity or age lead to a poor performance status 

primary radiotherapy was treatment of choice. Staging occurred according to the 

guidelines of the International Federations of Gynaecology and Obstetrics (FIGO) 

system9, in 1994 stage IB was divided into IB1 and IB2.10 Only patients with 

squamous cell carcinoma, adenosquamous, or adenocarcinoma were included. 

Patients who received neoadjuvant therapy were excluded from the study. Patients 

referred from foreign countries were excluded because an adequate follow-up was 

not feasible. All patients had a radical hysterectomy and pelvic lymph node 

dissection according to Wertheim-Okabayashi.11  

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

reports: Age, FIGO stage, clinical tumor diameter, histology, differentiation grade, 

lymph-vascular space invasion (LVSI), depth of stromal invasion, parametrial 

involvement, lymph node metastasis, state of vaginal resection margin, adjuvant 

therapy, and follow up status. Indications for adjuvant radiotherapy were lymph 

node metastasis, parametrial involvement, tumor positive surgical margins, or spill 

during surgery. Adjuvant pelvic radiotherapy consisted of 46 Gy delivered via a 

four-field box technique, brachytherapy was accomplished using an intravaginal 

cylinder, delivering a dose of 10 Gy. Patients with common iliac or para-aortic 

lymph node involvement received an extended ‘chimney’ field radiation. From 

2001, patients with more than one risk factor were offered concurrent 

chemotherapy (cisplatin 40 mg/m2/week) and radiotherapy. Risk factors in this 

respect were adenocarcinoma, lymph node metastases, and parametrial 

involvement. All patients were attending the outpatient clinic for follow-up visits. 

Routine follow-up was continued up to five years. At each visit, patients were 

asked about complaints and gynecological examination was performed. When there 

was a clinical suspicion of recurrent disease, diagnostic tests such as MRI or CT-

scan, serum tumor marker(s), and/or biopsy were performed.  
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Statistical analysis 

The primary endpoint in this study was disease specific survival (DSS), defined as 

the time to death related to cervical cancer. Missing data of prognostic variables 

were imputed (filled in), because deleting them would lead to a loss of statistical 

power and potentially biased results.12,13 We generated a single imputed data set. 

The linearity of the continuous variables tumor diameter and age was assessed 

using spline functions.14 Nonlinear associations were redefined, based on these 

spline functions. Survival rates were calculated using the Kaplan-Meier method.15 

Patients were censored at the date of last visit or at the time of death not related to 

the cervical cancer. Univariate and multivariate regression analyses were 

performed. For the multivariate Cox proportional hazard regression analysis, a 

stepwise backward selection procedure was used.16 As incorrect exclusion of a 

factor would be more deleterious than including too many factors, all prognostic 

variables with a significance level up to 30% were included in the multivariate 

analysis.  

 

Follow-up of patients 

Differences in recurrence rate and site of recurrence between patients who were 

treated with surgery only and patients who needed adjuvant treatment were 

analyzed. Recurrences were defined as local, when they were limited to the pelvic 

region.  
 

RESULTS 
Patients 

From 1984 to 2009, 159 patients surgically treated for a stage IB2 or IIA2, were 

registered in the database. Thirty patients were excluded. Ineligibility was due to 

unknown tumor diameter in four stage IIA patients, wrong cell type in six and no 

follow up feasible in 20 cases. The studied group consisted of 129 patients. As each 
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patient had 10 variables, there were 1290 data points. In total, 25 (1.9%) data 

points were missing and subsequently imputed. Table 1 gives a summary of the 

patient’s characteristics. The mean age at diagnosis was 41 (range 16-76) years; 

most patients (76%) had clinical stage IB2 cervical cancer and were squamous cell 

carcinomas (73%). The median tumor diameter was 50 mm (range 41-100 mm), 

pelvic lymph node metastasis were present in 47/129 patients (36%). The median 

follow-up was 63 (range 3-258) months. One patient died of intercurrent disease 

within 5 years of follow-up. Adjuvant radiotherapy was indicated in 65 (50%) 

patients; 47 (36%) of those received radiotherapy alone and 18 (14%) received 

concurrent chemotherapy.  

Twenty-eight (22%) patients developed recurrent disease. Median time to 

recurrence was 14 months (range 4-124 months). Table 2 shows the relation 

between adjuvant treatment and the rate and location of recurrences. In the surgery 

only group, most recurrences were local (9%). Whereas, in the adjuvant treatment 

group most recurrences involved distant recurrent disease (21%). 

 

Survival 

The 5-year DSS, OS and RFS were 84%, 83% and 82% respectively. For the group 

without and with adjuvant therapy, the 5-year DSS were 95% and 73% 

respectively. Both age and tumor size, were linearly associated with DSS. We 

combined the groups with well and moderate differentiation grade and with less 

than 1/3 and 1/3-2/3 stromal invasion, because these groups were too small to 

analyze separately. 
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Table 1. Characteristics of the study population. 
     
  Before imputation After imputation 
Characteristics   Patients, n % Patients, n % 
Age Years  4176-16 ٭ª Unchanged  
Follow-up Months  63258-3 ٭ª Unchanged  
FIGO stage IB2 98 76   
 IIA 31 24   
Histology SCC 94 73 Unchanged  
 AC + ASC 35 27   
Differentiation grade Well 6 5 6 5 
 Moderate 45 35 48 37 
 Poor 67 52 75 58 
 Unknown 11 8   
Tumor diameter  Millimeters  50* 41-100ª 50* 41-100ª 
Stromal invasion <1/3 10 8 10 8 
 1/3-2/3 18 14 19 15 
 >2/3 100 78 10 78 
 Unknown 1 1   
Vaginal wall extension No 98 76 Unchanged  
 Yes 31 24   
Parametrial involvement No 96 74 Unchanged  
 Yes 33 26   
Lymph node metastasis No 82 64 Unchanged  
 Yes 47 36   
LVSI No 70 54 Unchanged  
 Yes 59 46   
Surgical margins/spill No 123 95 Unchanged  
 Yes 6 5   
Adjuvant treatment No 64 50 Unchanged  
 RT 47 36   
 RT + CT 18 14   

*Median, ª Range, SCC: squamous cell carcinoma; AC: adenocarcinoma; ASC: 

adenosquamous cell carcinoma; LNM: lymph node metastasis; LVSI: lymph 

vascular space invasion; RT: radiotherapy; CT: chemotherapy. 
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Table 2.  Given therapy with the observed DSS and rate and location of 
recurrent disease. 
 N 5 year DSS Recurrence Local Distant Both 
Surgery 64 95% 10 (16%) 6 (9%) 3 (5%) 1 (2%) 

   4 DOD 2 DOD 1 DOD 
   2 NED 1 AWD  

Surgery + 
adjuvant therapy 

65 73% 18 (28%) 4 (6%) 10 (15%) 4 (6%) 
   4 DOD 9 DOD 4 DOD 
    1 NED  

N: number of patients; DSS: disease specific survival; DOD: dead of disease; NED:  
no evidence of disease; AWD: alive with disease 
 
Table 3 shows the results of the univariate and the multivariate analyses. 

Adeno(squamous)cell carcinoma, poor differentiation grade, increasing tumor 

diameter, parametrial involvement, lymph node metastasis, and tumor positive 

surgical margins or spill were all associated with poor DSS.  

 

Table 3: Results of the univariate and multivariate regression analysis (DSS). 

    Univariate analysis Multivariate analysis 
    HR 95% CI P HR 95% CI     P   
Age Years 1.0 1.0-1.1 0.386    
Histology SCC       
 AC/ASC 2.2 0.9-5.0 0.067 2.8 1.2-6.9 0.023 
Differentiation grade Well/moderate       
 Poor 2.2 0.9-5.6 0.095 2.0 0.7-5.3 0.173 
Tumor diameter  mm 1.0 1.0-1.1 0.033 1.1 1.0-1.1 0.002 
Stromal invasion ≤ 2/3       
 > 2/3 1.9 0.6-6.3 0.306    
Vaginal wall extension Macroscopic 0.9 0.4-2.5 0.858    
Parametrial involvement Present 6.3 2.7-15 0.000 6.5 2.5-16 0.000 
LNM Present 3.8 1.6-8.9 0.003 2.2 0.9-5.8 0.095 
LVSI Present 1.9 0.8-4.4 0.129    
Surgical margins/spill Present 2.6 0.6-11 0.205 2.8 0.6-14 0.195 
SCC: squamous cell carcinoma; AC: adenocarcinoma; ASC: adenosquamous cell carcinoma; 
LNM: lymph node metastasis; LVSI: lymph vascular space invasion; HR: hazard ratio; CI: 
confidence interval. 
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DISCUSSION 
 
Our results with primary surgical treatment, i.e. radical hysterectomy and pelvic 

lymph node dissection according to Wertheim-Okabayashi, resulted in a disease 

specific survival rate of 84% and a local recurrence rate of 8%, while 50% of 

patients had adjuvant radiotherapy. 

Multivariate regression analysis showed that adeno (squamous) histology, tumor 

diameter and parametrial involvement were independently associated with DSS.  

 

Prognostic factors in this bulky cervical cancer group were slightly different then 

reported in our previous study, where we analyzed prognostic factors for the total 

group of stage IB/IIA patients.17 Lymph vascular space invasion was not an 

independent factor in the current study. An explanation can be that 70% of patients 

with LVSI received adjuvant treatment.  

 

In a recent publication of the SEER data initial surgery was compared with primary 

chemoradiation and a survival benefit for the surgery group was found.4 Although 

our collated literature data (table 4) also show a trend in better survival for the 

primary surgery group, the only randomized trial, comparing surgery with radiation 

for the total group of stage IB patients, showed no difference in survival in the 

subgroup analysis of patients with stage IB2.3  

However, there are some flaws in the comparison of these literature data. Half of 

the studies include patients with a tumor diameter of 4 cm or more while the 

official definition of bulky cervical cancer is a tumor with a diameter >4 cm. This 

results in a favorable selection of the former group.3-6,18-21 There are also 

differences in the frequency of positive lymph nodes and/or parametrial 

involvement. Taking into account that our data only include patients with a tumor 

diameter >4 cm and show a relatively high rate of positive lymph nodes and  
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Table 4. Collected literature data of early stage bulky cervical cancer 
      Survival 5 year Recurrence 

Author N TD LNM PMI 
Adjuvant 
Therapy 

OS DFS Local Distant/ Both 

   % % % % %   
SURGERY BASED TREATMENT 
Rettenmaier 18 92 ≥ 4cm 21 15 35 79 na na na 
1989          
Landoni3  55 > 4cm 31 35 84 70 63 11 (20%) 8 (15%) 
1997          
Yessaian 6 58 > 4cm 28 9 60 62 na 15 (26%) 5 (9%) 
2004          
Havrilesky 5 72 ≥ 4cm 17 17 31 72 63 17 (24%) 6 (8%) 
2004          
Park 19 162 > 4cm 36 27 63 82 74 na na 
2011          
Kim 20 28 ≥ 4cm 36 4 43 82 na 8 (29%) 2 (7%) 
2011          
Rungruang4 401 > 4cm 0 na 59 83* 87* na na 
2012          
Hacker29 93 na 45 16 80 81 77 8 (9%) 15 (16%) 
2013          
Present study 129 > 4cm 36 26 50 83 82 10 (8%) 18 (14%) 
2013          
RADIATION BASED TREATMENT 
Landoni3 54 > 4cm    72 57 16 (30%) 7 (13%) 
1997          
Keys21 124 ≥ 4cm    62 53 36 (29%) 19 (15%) 
2003          
Stehman30 186 ≥ 4cm   RT+UE 60ª 64ª 39 (21%) 33 (18%) 
2007 183 ≥ 4cm   RT+CT+UE 71ª 72ª 16 (9%) 25 (13%) 
Kim20  35 ≥ 4cm    76 na 5 (14%) 3 (9%) 
2011          
Rungruang4 369 ≥ 4cm    63* 73* na na 
2012          

* Extracted from survival plot. ª Survival 6 year. N: number of patients; TD: tumor 

diameter; LNM: lymph node metastasis; PMI: parametrial involvement; OS: overall 

survival; DFS: disease free survival; na: not assessable.  
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parametrial infiltration, the loco regional recurrence rate is low (8%), compared to 

others (14% to 30%).3,5,6,20,21 This might be explained by the more radical surgery 

performed in our institute (Okabayashi variant of the Wertheim radical 

hysterectomy).  

Radical surgery and primary radiotherapy differ in their associated, early and late, 

morbidity and complications. An advantage of surgical management in this 

relatively young group of patients is that ovarian function can be preserved and 

shortening and fibrosis of the vagina can be limited. It also enables an accurate 

pathological staging. The side effects of surgery, like micturition problems and 

constipation, should be weighed against these advantages.22,23  

An often-mentioned disadvantage of initial surgery is the high rate, up to 84%, of 

adjuvant treatment, leading to dual morbidity. Havrilesky et al reported 31% 

adjuvant radiotherapy after primary surgery for bulky stage cervical cancer, but 

treated a group with prognostic more favorable tumors.5 Landoni performed a 

randomized trial in which patients with early stage cervical cancer were 

randomized between surgery and radiotherapy as primary treatment.3 Adjuvant 

radiotherapy was given in 84% of the patients with tumors larger than 4 cm. We 

reported adjuvant treatment in 50% of our patients. This low rate compared to 

literature might be explained by the fact that our radiotherapy indications are 

stricter than the Sedlis criteria used in many other centers.24 25 

Proponents of primary (chemo) radiation for stage IB2 cervix cancer argue that, 

with similar survival, morbidity is most likely lower than after surgery and 

adjuvant radiotherapy in many of the patients.3,26-28  

Indeed Landoni and co-workers reported a higher G2 and G3 complication rate in 

operated patients compared to primary radiotherapy in a randomized trial.3  

However, only short-term morbidity was analyzed, while in general morbidity after 

surgery is high in the short term but decreases over time, while after radiotherapy 

there is a cumulative increase in side effects in the years after the primary 
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treatment. To compare morbidity between radiotherapy and surgery both short term 

and long-term morbidity and quality of life must be analyzed and compared. 

In recent publications of long-term pelvic floor symptoms in cervical cancer, 

patients treated with initial (chemo)radiation reported most adverse effects, 

especially fecal incontinence was present in a considerable number of patients.22 

However, there is the possibility of a selection bias in these retrospective studies in 

favor of surgically treated patients (lower age, lower stage of disease). Therefore 

randomized prospective trials concerning long-term morbidity are needed to solve 

this issue. Hopefully, the on-going EORTC trial 55994, comparing concomitant 

radiotherapy and chemotherapy with neo-adjuvant chemotherapy followed by 

surgery in stage IB2-IIb cervical cancer will help regarding this morbidity issue 

because also quality of live is analyzed in that study. 

   

The present study has some limitations. Firstly, because cervical cancer has a low 

incidence, the time period in which the cohort of patients was collected over a long 

26 years time period. And second, as surgery is the standard therapy for these 

patients in our institute, we can only compare our results with results from the 

literature regarding primary (chemo)radiotherapy.  

Strength of this study is that we describe a large homogeneous group of patients 

who were prospectively recorded in our database with common prognostic factors.  

Also the surgical technique and indications for adjuvant treatment were uniform, 

except for the described change of adding concomitant chemotherapy to the 

radiotherapy.  

 

In conclusion, the favorable survival data after the Wertheim/Okabayashi radical 

hysterectomy for stage IB2/IIA2 cervix cancer and the possibility to preserve 

ovarian function in at least 50% of the patients with a mean age of 41 years 

warrants the choice of primary radical hysterectomy as the management of first 
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choice for bulky early stage cervical cancer. Systemic adjuvant treatment for a 

high-risk subgroup must be further explored.   
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ABSTRACT 
 
Background. Although survival of patients with advanced cervical cancer is 

determined by many factors, their relative importance remains controversial. The 

aim of this study is to develop a multivariate prognostic model for survival in 

advanced stage cervical cancer patients. 

Methods. A total of 295 consecutive patients with locally advanced cervical cancer 

(FIGO stage IIB-IVA) with a 5-year overall survival (OS) of 50% were studied. A 

Cox regression model was used to identify the prognostic weight of prognostic 

factors for OS. The discriminative capacity of the model was expressed as area 

under the receiver operating characteristic curve (ROC). 

Results. Smoking, low body mass index, blood transfusion during treatment, 

parametrial involvement with fixation to the pelvic wall, extension in the distal 1/3 

of the vaginal wall, pelvic or para-aortic lymphadenopathy and hydronephrosis 

were independently and negatively associated with OS and therefore included in 

the Cox model. After correction for the 13% overfit shown by internal validation, 

the prognostic model showed a fair discriminative capacity (AUC 0.71).  

Conclusion. OS can be predicted in patients with advanced stage cervical cancer. 

The model can be used to counsel patients and to guide treatment options. In 

addition, it should be used in the design of clinical trials on the effects of new 

treatments, both to stratify and to include patients. 
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INTRODUCTION 
Cervical cancer is (after breast cancer) the second most common malignancy in 

women and a major cause of morbidity and mortality worldwide.1 About 50% of 

all patients with cervical cancer present with locally advanced disease 

(International Federations of Gynecology and Obstetrics: FIGO stage IIB-IVA), 

with tumor spread by local extension and/or lymphatic invasion.2 In case of distant 

metastasis, the disease is defined as a stage IVB disease. Locally advanced cervical 

cancer is generally treated with concurrent chemoradiotherapy, whereas stage IVB 

cervical carcinoma treatment is individualized.3-7  

The 5-year overall survival (OS) in women with advanced cervical cancer (as 

published in the FIGO Annual Report) ranges from 66% for stage IIB, 40% for 

stage III, to 9-15% for stage IV.8 When the disease recurs, cure is generally not 

possible, with the exception of isolated pelvic recurrence or single-site recurrence. 

In these latter patients salvage surgery and/or radiotherapy-based treatment with 

curative intent may be considered.9-11  

Treatment selection and prediction of prognosis of cervical cancer is mainly based 

on the FIGO clinical staging system.8 However, the prognosis of these patients is 

influenced by many additional factors, such as lymph node metastasis, tumor 

histology, tumor size, patient age, smoking behavior, weight and anemia. None of 

these factors are included in the FIGO staging system although they have been 

reported as potential prognostic factors for outcome of survival and relapse.12-17  

 

The aim of the present study is to develop a prognostic model to predict OS in 

advanced stage cervical cancer patients, both for counseling of patients and for 

selection of appropriate treatment. 
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MATERIALS AND METHODS 
 

Patients 

We studied consecutive patients who were treated for advanced cervical cancer 

(FIGO stage IIB-IVA) with curative intent between 1991 and 2008 in the 

Academic Medical Center (Amsterdam). Patients referred from foreign countries 

were excluded since an adequate follow-up was not feasible. Only patients with 

squamous cell cancer, adenosquamous cancer and adenocarcinoma were included.  

All patients underwent routine evaluation including medical history, general and 

gynecological examination (in most patients under general anesthesia), tumor 

biopsy, chest X-ray, cystoscopy and (PET)CT or MRI scan.18  

Tumors were classified according to the guidelines of the FIGO 2000 system, 

which did not change during the inclusion period.19 Nodal evaluation was 

performed in the early days by lymphangiography, followed by CT scan, then by 

MRI scan, and currently by a (PET)CT scan. Lymph nodes exceeding 10 mm in 

short-axis diameter were considered to be metastases. As cervical cancer usually 

first spreads to the pelvic nodes and subsequently to the para-aortic nodes, patients 

with para-aortic nodal involvement were assumed to have pelvic lymph node 

metastasis as well.20  

The following data were retrieved: age, tobacco use, body mass index (BMI), 

WHO performance status, hemoglobin and creatinin level at diagnosis, number of 

blood transfusions, FIGO stage, cell type, tumor size, parametrial involvement, 

vaginal wall involvement, bladder or rectal involvement, pelvic and para-aortal 

lymph node involvement, and hydronephrosis. An expert gynecologic pathologist 

retrospectively reviewed pathology until 1992, whereas from 1992 onwards 

histology results were reviewed at the tumor board. 
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Until July 1999, patients were treated with radiotherapy alone or in combination 

with weekly hyperthermia.5 Initially, radiotherapy consisted of external beam 

radiotherapy of the pelvis to a dose of 5040 cGy or 5000 cGy in 180-200 cGy 

fractions followed by 2000 cGy MDR Cesium-137 brachytherapy. In case of 

parametrial or lymph node involvement a boost until a minimal total dose of 6000 

cGy was given at these points. Patients with high common iliac or para-aortic 

lymph node involvement received an extended ‘chimney’ field radiation. The 

radiotherapy dose and fractionation schedule was changed in 2002 to 4600 cGy in 

200 cGy daily fractions external beam pelvic radiotherapy followed by 2400 cGy 

PDR Iridium-192 brachytherapy, and a parametrial or nodal boost until a minimal 

total dose of 7000 cGy to the primary tumor and 6000 cGy to pelvic wall or lymph 

nodes. From 2002 concomitant chemotherapy was introduced (weekly cisplatin 40 

mg/m²); patients medically unfit for chemotherapy received concomitant weekly 

hyperthermia. During radiotherapy the target hemoglobin level was maintained at 

7.5 mmol/l (12 gr/dl). 

 

In case of bulky nodes (≥ 30 mm), extraperitoneal lymph node debulking was 

performed before start of radiotherapy. Our institute participated in four studies 

during the inclusion period of which the details are published elsewhere: the Dutch 

hyperthermia trial randomizing between radiotherapy alone and radiotherapy plus 

weekly deep hyperthermia,5,6 two studies that involved chemoradiation plus 

hyperthermia,7,21 and the EORTC 55994 study where chemoradiation is compared 

with experimental neoadjuvant chemotherapy followed by radical hysterectomy.  

 

At 6-10 weeks after the end of treatment, both a gynecological oncologist and 

radiation oncologist assessed tumor response. Routine follow-up was continued for 

up to 5 years. When there was a clinical suspicion of recurrent disease, appropriate 

diagnostic tests were performed.  
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Statistical analysis 

The primary endpoint in this study was OS, defined as the interval between 

diagnosis and death from any cause. The aim was to study the associations between 

the prognostic variables and OS. Missing data of the prognostic variables were 

imputed (‘filled in’), because deleting them would lead to loss of statistical power 

and potentially biased results.22-24 We generated a single imputed dataset, using one 

imputation in the imputation algorithm in PASW statistics 18.  

The linearity of the continuous variables was assessed using spline functions.25 

Nonlinear associations were redefined based on these spline functions.23 Survival 

rates were estimated using the Kaplan-Meier method.26 Patients were censored at 

the date of last visit. Univariate and multivariate regression analyses were 

performed. For the multivariate Cox proportional hazard regression analysis, a 

stepwise backwards selection procedure was used.25,27 As the incorrect exclusion of 

a factor would be more deleterious than including too many factors, all prognostic 

variables with a significance level up to 30% were included.28  

Internal validation was performed by the bootstrap method, in which new data sets 

were created by random drawing from the sample with replacement.29-31 In each of 

these new data sets (n=200), multivariate regression analyses were performed. By 

analyzing the difference of the prognostic models, a shrinkage factor was 

calculated to estimate the overfit of the created model; the model was corrected 

accordingly.25,32  

Comparing the predicted OS and the observed OS at 5-year follow-up assessed 

calibration of the model. The point estimates of the predicted and observed survival 

in the subgroups were graphically depicted. The calibration plot allows for a visual 

assessment of the performance of the model. In case of a perfect calibration, all 

predictions and observations would be located on the line of equality (X=Y), and 

the slope would be 1.  
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To evaluate the discriminative capacity of the prognostic model at 5-year follow-

up, the area under the receiver operating characteristic (ROC) curve was 

calculated.33 Sensitivity was defined as the fraction of correctly predicted surviving 

patients, whereas specificity was defined as the fraction of patients who died, 

which was predicted correctly.  

 

Score chart 

We converted the parameters from the logistic Cox model to a simple additive 

score chart.29 The regression coefficients were corrected for the shrinkage factor 

and divided by the smallest coefficient to obtain round numbers in the score 

chart.30,32 Subsequently; the predicted OS was calculated from the model. We 

calibrated this clinical prediction rule based on the score chart and evaluated the 

discriminative capacity by calculating the area under the ROC curve. A subdivision 

into 3 groups was made: a low-risk group with a predicted OS of > 45%, an 

intermediate-risk group with a predicted OS of 25-45%, and a high-risk group with 

a predicted OS of < 25%. 

 

Performance of the score chart  

The performance of the score chart was examined in our patients to show the 

clinical relevance. In the risk groups we looked at the type of treatment given and 

the location of the recurrence. Distant metastases were defined as all lesions 

outside the pelvis, including para-aortic metastasis and bone metastasis. Residual 

disease was registered as locoregional recurrence.  
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Table 1. Characteristics of the study population.  
Characteristics   Patients, n % 
Age Years 6083-32 ٭ª 
Smoking No 171 58 
 Yes 124 42 
Body Mass Index Median 2436-17 ٭ª 
WHO performance status 0-1 234 79 
 ≥ 2 61 21 
Hemoglobin*  mmol/l 7.89.3-5.5 ٭ª 
Time of transfusion No 123 42 
 Pretreatment 31 10 
 During treatment 79 27 
 Both 62 21 
Creatinine  μmol/l 63123-46 ٭ª 
FIGO stage IIB 152 51 
 IIIA 14 5 
 IIIB 109 37 
 IVA 20 7 
Histology SCC 255 86 
 AC 28 10 
 ASC 12 4 
Tumor diameter  Millimeters 5090-20 ٭ª 
Parametrial involvement No 0 - 
 Superficial 190 64 
 Fixation to pelvic wall 105 36 
Vaginal wall extention No 45 15 
 Proximal 2/3 218 74 
 Distal 1/3 32 11 
Bladder/rectal extention No 175 93 
 Yes 20 7 
Lymphadenopathy No 172 58 
 Pelvic 86 29 
 Pelvic and PAO 37 13 
Hydronephrosis No 230 78 
 Yes 65 22 
Primary treatment RT 94 32 
 RT+CT 97 33 
 RT+CT+HT 32 11 
 RT+HT 66 22 
 CT+surgery 6 2 
Lymph node debulking No 282 96 
 Yes 13 4 
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◄Table 1. *Hemoglobin level at entrance, ٭ median, ª 95% CI, WHO, World 

Health Organization; SCC, squamous cell carcinoma; AC, adenocarcinoma; ASC, 

adenosquamous cell carcinoma; PAO, para-aortic; RT, radiotherapy; CT, 

chemotherapy; HT, hyperthermia. 

 

RESULTS 
 

Patients 

From 1991-2008, 384 patients were registered in the database of which 29 patients 

were excluded because follow-up data were not available; in addition, 51 were 

excluded because curative treatment was not possible, 6 patients because of a 

different histological cell type, and 3 patients died before start of treatment. 

Therefore, the study group finally consisted of 295 patients.  

For each patient 14 variables were collected, yielding a total of 4130 data points; 

overall, 69 (1.7%) data points were missing and subsequently imputed.  

Table 1 presents a summary of the patient characteristics. The median follow-up 

period of all patients was 61 (95% CI 17-136) months. Most patients had FIGO 

stage IIB (51%) or IIIB (37%) disease and most tumors were squamous cell 

carcinomas (86%). Para-aortic lymph node metastases were found on imaging in 

37 patients (13%). Almost all patients received primary radiotherapy-based 

treatment (98%). Clinically complete response was achieved in 249 patients (84%).  

 

Analyses 

The 5-year OS was 50%. Survival curves stratified by FIGO stage are shown in 

figure 1A. The OS was 56% for patients with stage IIB, 57% for stage IIIA, 40% 

for stage IIIB, and 46% for stage IVA. 

Patients with surgically removed bulky lymph nodes showed no significantly 

higher risk of death than patients without bulky nodes (HR 1.4; 95% CI 0.66-3.0).  
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Figure 1. Kaplan Meier curves for disease-specific survival stratified by FIGO 

stage (A) and by risk group (B).   

A 

 
B  

 
Concomitant chemoradiotherapy was introduced in July 1999, but there was no 

change in OS before and after this introduction (5-year OS 50% vs. 48%, p 0.75). 



Prognostic model for survival for advanced cervical cancer 
 

 
121 

6 

The radiotherapy dose and fractionation schedule was changed in 2002, but again 

no change in OS was seen after this modification (5-year OS 49% vs. 47%, p 0.79). 

Analyses with spline functions demonstrated a linear association between the 

continuous variables and OS.  

 
Table 2. Results of univariate and multivariate regression analysis. 
 

     Univariate analysis Multivariate analysis 
    HR 95% CI P ß* HR 95% CI P 
Age years 1.0 1.0-1.0 0.94     
Smoking No ref   ref    
 Yes 1.8 1.3-2.4 0.00 0.54 1.7 1.3-2.4 0.00 
Body Mass Index  1.5 1.1-2.0 0.02 -0.034 0.97 0.94-1.0 0.03 
WHO  0-1 ref       
 ≥ 2 1.4 0.94-2.0 0.11     
Hemoglobin  mmol/l 0.91 0.81-1.0 0.17     
Blood transfusion Before treatment ref   ref    
 During treatment 1.8 1.3-2.4 0.00 0.55 1.7 1.2-2.4 0.00 
Creatinine  μmol/l 1.0 1.0-1.0 0.21     
Histology SCC ref       
 AC/ASC 1.0 0.62-1.5 0.87     
Tumor diameter  cm 1.02 1.0-1.0 0.00     
Parametrial 
involvement 

Fixation to pelvic wall 2.1 1.6-2.9 0.00 0.67 2.0 1.4-2.7 0.00 

Vaginal wall extension Distal 1/3 1.4 0.88-2.3 0.15 0.49 1.6 0.99-2.7 0.06 
Bladder/rectal 
extension 

Yes 1.2 0.63-2.3 0.60     

Lymphadenopathy No ref   ref    
 Pelvic 1.5 1.0-2.1 0.04 0.21 1.2 0.85-1.8 0.27 
 Pelvic and PAO 2.1 1.3-3.2 0.00 0.36 1.4 0.91-2.2 0.12 
Hydronephrosis At diagnosis 2.1 1.5-3.0 0.00 0.37 1.4 0.99-2.1 0.05 

ß, regression coefficient; HR, hazard ratio; CI, confidence interval; WHO, World 
Health Organization performance status; SCC, squamous cell carcinoma; AC, 
adenocarcinoma; ASC, adenosquamous cell carcinoma; LNM, lymph node 
metastasis; PAO, para-aortic  
 

Table 2 shows the results of the univariate and multivariate analyses. Smoking, 

low BMI, blood transfusion during treatment, parametrial involvement fixed to the 
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pelvic wall, extension into the distal 1/3 of the vagina, pelvic and/or para-aortic 

lymphadenopathy and hydronephrosis at the time of diagnosis were all 

independently associated with (poor) OS.  

Internal validation by bootstrapping produced a shrinkage factor of 0.87, which 

corresponds to 13% overfit of the model. The 5-year OS (after correction by the 

shrinkage factor) could be calculated from the multivariate model with the formula: 

 

 
)))*37.0()*36.0()*21.0()*49.0()*67.0()*55.0()*034.0()*54.0(87.0)(0exp()()( HNPAOLNMPelvicLNMVIPMIatmentnduringtretransfusioBMISmokingtxbetatxvalbasicsurvitxOS ++++++−++=  

 

 

in which BMI is body mass index, transfusion is blood transfusion during 

treatment, PMI is parametrial involvement into the pelvic sidewall, VI is vaginal 

wall extension into the distal 1/3 of the vagina, PelvicLNM and PAOLNM are 

pelvic and/or para-aortic lymphadenopathy and HN is hydronephrosis at the time 

of diagnosis. 

The formula to predict the 5-year OS is: 

 

)))*37.0()*36.0()*21.0()*49.0()*67.0()*55.0()*034.0()*54.0(127.0(*87.0exp(45.0.5 HNPAOLNMPelvicLNMVIPMIatmentnduringtretransfusioBMISmokingOSyrs ++++++−++−=
 

 

The association between the estimated and observed OS was good (data not 

shown). The area under the ROC curve for prediction of the 5-year OS was 0.71 

(95% CI 0.65-0.78) (figure 2). 
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Figure 2. Receiver operating characteristic curve of the multivariate model for 

the prediction of 5-year overall survival is shown. Area under the curve is 0.71 

(95% confidence interval, 0.65-0.78). 

 

 

 

 

 

 

 

 

 

 

 

Score chart 

Table 3 shows the score chart for estimation of the probability of the 5-year OS. In 

this population, the sum score for a patient ranges from minus 4 (best prognosis) to 

6 (worst prognosis). The association between the predicted OS, as calculated from 

our score chart, and the observed OS was good (data not shown). When using the 

sum score, the area under the ROC curve was 0.70 (95% CI, 0.64-0.77), only 

marginally inferior to the original model. Table 4 shows the grouping of risk into 3 

risk categories with the correlated predicted OS. The Kaplan Meier curves for OS 

stratified by the 3 risk categories are shown in Figure 1B. For the low, 

intermediate and high-risk group, the 5-year OS rates were 62%, 43% and 23%, 

respectively. 
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Table 3. Score chart for estimation of the probability of overall survival. 
 
  Points  
Smoking Yes 1.5 .. 
Body Mass Index  -0.1 .. 
Transfusion During treatment 1.5 .. 
PMI Fixation to pelvic wall 2 .. 
Vaginal wall extension Distal 1/3 1.5 .. 
LNM Pelvic 0.5 .. 
 PAO 1 .. 
Hydronephrosis Present at diagnosis 1 .. 
Sum score (add all)   .. 
 
PMI: parametrial involvement; LNM: lymph node metastasis; PAO: para-aortic. 
 

Performance of the score chart  

Table 4 shows the primary therapy in relation to the rate and location of 

recurrences in our population. Forty-five patients did not reach a complete 

response. In the high-risk group all patients treated with radiotherapy and 

hyperthermia recurred and 13 of them died within one year after treatment. High-

risk patients treated with chemoradiotherapy showed the best survival. Most 

recurrences included distant disease (62%). 

 

DISCUSSION 
This study presents a prognostic model for advanced stage cervical cancer patients 

predicting OS. The 5-year OS for stage IIB-IVA was 50%. For stage IIB, IIIA, IIIB 

and IVA, the 5-year OS rates were 57%, 57%, 40% and 46%, respectively. 

Smoking, low BMI, blood transfusion during treatment, parametrial involvement 

with fixation to the pelvic wall, extension in the distal 1/3 of the vagina, pelvic or 

para-aortic lymphadenopathy and hydronephrosis were all independently 

associated with OS. All these factors were included in the prognostic model. The  
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Table 4.  Grouping of risk and predicted overall survival with rate and 
location of recurrent disease based on the prognostic risk group and therapy. 
 
RISK GROUPS AMC PATIENTS 

Risk 
group 

Sum 
score 

Predicted 
OS n 

Therapy 5-year 
OS 

Recurrences 
  n Total % Local Distant Both 

 
Low 

  
≤ 0 > 45% 161 

RT 52 64% 20 38 9 6 5 
RT+CT 52 59% 16 31 4 10 2 

RT+CT+HT 22 78% 5 23 1 3 1 
RT+HT 30 48% 13 43 5 3 5 

CT+surgery 5 25% 4 80 2 - 2 

 
Interme

diate 
 

0 - 2 25-45% 79 

RT 24 50% 16 67 5 6 5 
RT+CT 27 47% 7 26 2 4 1 

RT+CT+HT 6 20% 6 100 2 4 - 
RT+HT 21 27% 13 62 6 5 2 

CT+surgery 1 0% 1 100 1 - - 

High >2 <25% 55 

RT 18 22% 10 56 4 2 4 
RT+CT 18 38% 13 72 5 3 5 

RT+CT+HT 4 0% 4 100 1 2 1 
RT+HT 15 13% 15 100 8 5 2 

CT+surgery - - - - - - - 
 
OS: overall survival; AMC: Academic Medical Center; RT: radiotherapy; CT: 
chemotherapy; HT: hyperthermia. 
 
 

performance of the derived clinical score chart was good, with an accurate 

calibration and a fair discriminative capacity.  

The present study has some potential limitations. First, the time period in which the 

cohort of patients was collected was 17 years and the treatment schedule changed 

during these years, with the introduction of concurrent platinum-based 

chemotherapy in combination with radiotherapy.3 However, we observed no 

change in OS after the introduction of concomitant chemoradiotherapy or after the 

changed radiotherapy schedule. Second, ideally the total population used to 

develop the prognostic model should receive the same treatment. Nevertheless, the 

data used reflect daily practice, in which some patients had contraindications to 
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receive chemotherapy or were not able to complete the whole treatment. Third, 

lymph node metastases were in most cases determined by imaging only. Reports 

have shown a sensitivity of about 64% for MRI and 49% for CT, and a specificity 

of about 95% and 89% for MRI and CT, respectively.3,34-36  

A strength of this study is that the factors in the prognostic model were included 

according to their weight given in the multivariate analysis. The FIGO 

classification shows a significant overlap of survival. It is able to discriminate well 

between stage IIB and stage IIIB (Figure 1A). However, in stage IIIA and stage 

IVA prognostic discrimination is poor. This is in agreement with our multivariable 

analysis, where bladder or rectal involvement was not independently associated 

with survival. In case of involvement of the distal 1/3 of the vagina, although 

incorporated in the model, the p-value was 0.06. Our model gives a better 

individual prediction of the risk of death after common treatment than the FIGO 

stages. 

The FIGO staging system is mainly based on one prognostic factor per stage in 

cervical cancer, just as the majority of published risk analyses provide information 

on one risk factor. Parametrial involvement is a known risk factor; however, since 

all of our patients had parametrial involvement, we distinguished between 

superficial involvement and with fixation to the pelvic wall and found this to be an 

important independent prognostic factor.12,37,38 Lymphadenopathy was included in 

the model, but not significantly different in the multivariate analysis. 

Underreporting on the basis of low sensitivity of imaging techniques, as discussed 

earlier, could be an explanation for this phenomenon. Smoking was associated with 

a higher risk of death. Although the mechanisms underlying this adverse 

association are not completely understood, treatment-related toxicities, diminished 

immune function or impaired tissue oxygenation may be involved, even as a socio-

economic or demographic factor.1,15,38,39 Low BMI (as shown by others) was 

related to diminished survival.17,40 This may be due to an increase in complication 
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rate, lower host resistance to tumor growth or more aggressive types of cancer, e.g. 

similar to the cancer cachexia syndrome in which complex interactions occur 

between host inflammatory responses and the tumors themselves.41,42 The need for 

a blood transfusion during treatment to maintain hemoglobin levels of 7.5 mmol/l, 

was related to a lower survival. This is in concordance with another report where 

low hemoglobin levels during treatment were correlated with lower disease-free 

survival.16  

Tseng et al. developed a nomogram for advanced stage cervical cancer.38 Only 

hydronephrosis and lymphadenopathy were variables consistent with our score 

chart. However, they included only squamous cell tumors and their results may 

have been biased by exclusion of patients with incomplete data. Parametrial 

involvement was absent in 13% of their patients, partly due to stage IIIA and IVA 

patients, but probably also because CT or MRI established the parametrial 

involvement in their patients.38 

 

We found that 62% of patients with recurrences developed distant metastases, 

while treatment concentrated on local control. This confirms the important 

influence of distant disease on survival and the need for research on new treatment 

strategies in these patients. In the high-risk group all patients treated with 

radiotherapy and hyperthermia instead of chemoradiotherapy had recurrent disease, 

and most of them died within one year after treatment. One should reconsider the 

use of curative treatment in these patients. 

 

In conclusion, smoking, BMI, blood transfusion during treatment, parametrial 

involvement with fixation to the pelvic wall, lymphadenopathy, and 

hydronephrosis were independently associated with OS in advanced cervical 

cancer patients. On the basis of these factors, we developed a simple prognostic 

model that accurately identifies risk groups. This model could be useful in clinical 
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trials on the use of new treatment strategies, both to stratify and to include patients. 

Validation is needed before the model can be used in clinical practice. 
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ABSTRACT 
 
Introduction. Patients with cervical carcinoma that invade the bladder or rectum 

(FIGO stage IVA) have a high risk to develop vesicovaginal and/or rectovaginal 

fistulae. If we could identify pre-treatment factors that predict fistula formation, 

these patients could be offered less debilitating treatment.   

Materials and methods. Data were retrieved from the database of consecutive 

patients diagnosed with stage IVA cervical cancer from 1992 to 2008. Overall and 

fistula free survival were calculated using the Kaplan-Meier method. Uni- and 

multivariate Cox-regression analysis were used to study the association between 

pre-treatment prognostic variables and fistula formation.   

Results. Thirty patients with stage IVA cervical cancer were diagnosed. Extension 

to the bladder was present in twenty-seven patients; three patients had only rectal 

involvement. Twenty-three patients (77%) had curative radiotherapy with or 

without chemotherapy and/or hyperthermia. Seven patients (23%) received only 

palliative therapy or no treatment at all. The 5-year overall survival in the 

curatively treated group was 42%. Five of these 23 patients (22%) developed one 

or more fistulae: three vesicovaginal, one rectovaginal and one vesico- and 

rectovaginal fistulae. The 5-year fistula free survival of this group was 64%. No 

significant association was found between the prognostic variables and fistula 

formation.   

Conclusion. The risk to develop vesico- and/or rectovaginal fistulae is high after 

curative radiotherapy with or without chemotherapy and/or hyperthermia in 

patients with stage IVA cervical cancer. We could not identify further pre-

treatment factors that might have predicted fistula formation. 
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INTRODUCTION 

 
Each year, 9-10 per 100 000 women worldwide develop cervical carcinoma of 

whom 3% has extended tumor growth into the mucosa of the bladder or the 

rectum.1;2  This stage of disease is defined as cervical cancer stage IVA according 

to the guidelines of the International Federation of Obstetrics and Gynecology 

(FIGO).(3) Despite the high morbidity and mortality rates, this disease is not 

incurable. Five-year survival rates vary between 10-22%.2 The current standard 

treatment for locally advanced cervical carcinoma is pelvic radiation consisting of 

external whole-pelvic and intracavitary radiotherapy, in combination with 

cisplatin-based chemotherapy or radiotherapy in combination with hyperthermia.4  

Patients with stage IVA cervical cancer sometimes present with vesicovaginal 

and/or rectovaginal fistulae or, more frequently, develop these fistulae after 

radiotherapy in 22-48%.5;6 These fistulae after radiotherapy are difficult to repair 

surgically due to poor vascularity and tissue repair. Some authors advocate primary 

surgical treatment by pelvic exenteration to prevent morbidity due to fistulae 

formation and to preclude complicated surgery after radiotherapy.7-9 

If one could identify patients at high risk for fistula formation, these patients would 

benefit from less debilitating therapy i.e. from primary pelvic exenteration. 

Therefore, we investigated the risk of vesicovaginal and rectovaginal fistulae 

formation among stage IVA cervical carcinoma patients, with special attention for 

pre-treatment risk factors. 

 

MATERIALS AND METHODS 
 
We retrospectively analyzed a group of consecutive patients with cervical cancer 

stage IVA who were referred to the Department of Gynecology of the Academic 

Medical Centre in Amsterdam, The Netherlands, between 1992 and 2008. The 

following data were retrieved from the database: age at first visit, body-mass index, 
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smoking, tumor size, vaginal wall involvement, parametrium infiltration, cell type, 

tumor grade, enlarged lymph nodes on imaging (>10mm), hydronephrosis, bladder 

infiltration, rectum infiltration, SCC-ag level (in case of squamous cell carcinoma), 

type of treatment, and fistula formation. In case of missing data, we completed this 

by reviewing the medical records and by correspondence with general practitioners 

and referring gynecologists. 

All patients initially underwent a routine evaluation including medical history, 

general and gynecological examination under anesthesia, cystoscopy, biopsy of the 

tumor, total blood count, blood chemistry, urine analysis, chest X-ray and (PET) 

CT- or MRI-scan. When indicated, rectoscopy was performed. 

Patients were initially treated with radiotherapy, consisting of external beam 

radiotherapy (EBRT) of the small pelvis to a dose of 5040 cGray delivered in 180-

200 cGray fractions, 5 fractions per week followed by 2000 cGray medium dose 

rate brachytherapy in 20 hours. In case of parametrial or pelvic sidewall 

involvement or positive lymph nodes, an EBRT boost up to 1400 cGray was given 

at these points. Patients with enlarged para-aortal lymph nodes on CT or MRI 

received an extended field radiation up to the level of Th12. Since 2002 preferred 

treatment consisted of concomitant chemotherapy and radiotherapy with cisplatin 

40 mg/m²/week for six weeks and the pelvic dose changed to 4600 cGray delivered 

in fractions of 200 cGray followed by a 2400 cGray pulsed dose rate brachytherapy 

application, followed by an EBRT boost of 1000 Gy to extracervical disease. 

Hyperthermia was added at the decision of the tumor board and from 2000 as a part 

of a study wherein chemoradiotherapy was combined with hyperthermia.(10)  

Patients were attending the outpatient clinic for follow up visits. Six weeks after 

the end of treatment, the initial treatment response was established. Subsequently, 

patients were seen every three months in the first year, every six-month in the 

second and third year and thereafter once a year. At each visit, patients were asked 

for complaints and gynecological examination was performed. When there was a 
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clinical suspicion of recurrent disease, additional diagnostic tests such as MRI or 

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

Fistula free and overall survivals were calculated. Fistula free survival was defined 

as the time in months from the first visit to the date of the diagnosis of a vesico- or 

rectovaginal fistula, or the date of last contact or death. Overall survival was 

defined as the time in months from the date of the first visit to the date of death 

from any cause or the date of last contact.  

With uni- and multivariate Cox-regression analysis we studied the association 

between the prognostic variables and the fistula free survival in a subgroup of 

patients who were intentionally curatively treated. Prognostic variables used were: 

age (years), WHO performance status, body mass index, smoking, tumor size, 

vaginal involvement, infiltration of the pelvic side wall, differentiation grade, 

histological type (adeno- and adeno-squamous cell carcinoma versus squamous cell 

carcinoma), suspect lymph nodes on imaging, hydronephrosis, bladder 

involvement, intestinal involvement, treatment modality, the level of the SCC-

antigen. Survival rates were calculated according to the method of Kaplan-Meier.11 

The calculations were performed using SPSS 16.0. 
 

 

RESULTS 
 

From 1251 patients with cervical cancer treated in our institute between 1992 and 

July 2008, 30 (2.4%) were diagnosed with stage IVA cervical carcinoma. Patient 

characteristics are shown in table 1. The median age was 61 years. The median 

follow-up period was 13 months. Twenty-three patients had a squamous cell 

carcinoma (83%). Twenty-seven patients (90%) had tumor extension into the 

bladder of which two patients had tumor extension into the rectum as well.  
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Table 1. Characteristics of all stage IVA patients with fistula and for a 
subgroup of patients curatively treated. 
Characteristics  All patients 

(N=30) 
Curatively treated 
patients (N=23) 

Age (years) Mean 61 (27-91)* 55 (27-84)* 
WHO 0 9 (30%) 9 (39%) 
 1 9 (30%) 7 (30%) 
 2 3 (10%) 3 (13%) 
 Missing 9 (30%) 4 (17%) 
BMI Mean 25 (16-42)* 26 (16-42)* 
Smoking Yes 11 (37%) 10 (43%) 
Tumor size (mm) Mean 60 (9-100)* 66 (40-100)* 
Differentiation grade Well/moderate 6 (20%) 6 (26%) 
 Poor 18 (60%) 13 (57%) 
 Missing 6 (20%) 4 (17%) 
Histological type SCC 25 (83%) 23 (100%) 
 AC/ASC 5 (17%) 0  
Suspect lymph nodes# Absent 15 (50%) 13 (57%0 
 Pelvic 7 (23%) 7 (30%) 
 PAO and/or pelvic 7 (23%) 3 (13%) 
 Missing 1 (3%) 0 
Hydronephrosis Present 21 (70%) 17 (74%) 
Vaginal involvement Present 27 (90%) 20 (89%) 
Infiltration of the pelvic wall Present 17 (57%) 12 (52%) 
Bladder involvement Present 27 (90%) 20 (89%) 
Intestinal involvement Present 4 (13%) 3 (13%) 
SCC-ag Median 8.4 (0-70)* 10 (0-70)* 
Treatment RT  5 (17%) 5 (22%) 
 RT + CT and/or HyTh 18 (60%) 18 (78%) 
 None/palliative 7 (23%) 0 
Fistula (N=5) VVF 2 (7%) 2 (9%) 
 RVF 1 (3%) 1 (4%) 
 VVF & RVF  2 (7%) 2 (9%) 
Follow-up (months) Mean 13 (1-98)* 17 (2-98)* 
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◄Table 1. *median (range) # lymph nodes larger than 10 mm on imaging, SCC: 

squamous cell carcinoma, AC = adenocarcinoma, ASC: adenosquamous cell 

carcinoma, RT:radiotherapy, HyTh:hyperthermia, CRT: chemoradiation, VVF: 

vesicovaginal fistula, RVF: rectovaginal fistula. 

 

 

Three patients (10%) had only rectal involvement of the tumor. Involvement of the 

pelvic sidewall was present in thirteen patients (43%). In fourteen patients (46%) 

the imaging showed enlarged lymph nodes. Eighteen patients (60%) were treated 

by radiotherapy with chemotherapy and/or hyperthermia, five patients (17%) were 

treated by radiotherapy alone, and seven patients (23%) received only palliative 

treatment or no treatment at all. Six weeks after radiotherapy, a clinically complete 

response was achieved in 15 of the 23 curatively treated patients (65%). The 2- and 

5- years overall survival was 42% and 32% in all stage IVA cervical cancer 

patients, and 48% and 42% in the intentionally curatively treated patients (figure 

1).  

 

Figure 1. Kaplan-

Meier curve of the 

overall survival of 

cervical cancer 

patients with 

FIGO stage IVA; 

curatively versus 

palliatively 

treated patients.  

 

 



Chapter 7 
 

 
140 

Five of the 23 curatively treated patients (22%) were diagnosed with one or more 

fistula; one patient presented with a fistula, four patients developed a fistula after 

radiotherapy. Table 2 summarizes the characteristics of the five patients who 

developed fistulae. Of the ten patients still alive at the time of this study, three had 

developed fistulae. The time of diagnosis of the fistula ranged from 0 to 25 months. 

Two patients developed a vesicovaginal fistula, two patients developed a 

vesicovaginal and a rectovaginal fistula and one patient developed a recto-vaginal 

fistula. One patient who presented with a fistula refused surgery. The two patients 

with a vesicovaginal and a rectovaginal fistula had a colostomy; only one of these 

patients had a neobladder. The patient who developed a rectovaginal fistula had a 

colostomy and the patient who had a vesicovaginal fistula had a neobladder. The 

patients with fistulae had a median survival of 34 months (range 12-65 months). 

The 3-year fistula free survival was 64%.  

 

Table 2. Characteristics of the patients with fistulae formation.  
 

SCC: squamous cell carcinoma; RVF: rectovaginal fistula; VVF: vesicovaginal 
fistula; NT: no treatment; RT: radiotherapy; HyTh: hyperthermia; CRT: 
chemoradiation; NED: no evidence of disease; ICD: intercurrent death; DOD: 
death of disease. 

Patient Age 

(yrs) 

Primary 

treatment 

Type of 

fistula 

Treatment Time of diagnosis of 

the fistula (months)  

Follow-up 

(months) 

1 73 RT VVF NT 0 64  NED 

2 53 RT RVF Colostomy 8 22  ICD 

   VVF NT   

3 70 CRT VVF neobladder 15 65  NED 

4 59 CRT+ 

HyTh 

RVF Colostomy 9 12  DOD 

5 27 CRT RVF Colostomy 25 34  NED 

   VVF neobladder   
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The results of the univariable regression analysis of the curatively treated patients 

(n=23) are listed in table 3. Histological type was not included as a prognostic 

factor, because all patients had squamous cell carcinoma. None of the prognostic 

markers was significantly associated with the formation of the fistulae, although 

the hazard ratio of smoking was 2.2 fold in smoking patients as in non-smokers 

(p=0.39). 
 

Table 3. Results of the univariable regression analysis of variables predicting 

fistula-free-survival in patients with curatively treated stage IVA cervical 

cancer patients (N=23). 

 
    Fistula free survival 
    HR 95% CI P  
Age (years)  1.0 1.0-1.1 0.52 
WHO performance status 0-1 ref    
  > 1 10 0.9-119 0.06 
BMI  1.0 0.9-1.1 0.80 
Smoking Yes 2.2 0.4-13 0.39 
Tumor size Mm 1.0 1.0-1.1 0.64 
Differentiation grade  Well/moderate ref    
  Poor 0.6 0.1-4.0 0.56 
Histological type AC/ASC vs SCC - - -  
Suspect lymph nodes  Present 0.4 0.0-3.5 0.40 
Hydronephrosis Present 0.7 0.1-6.8 0.79 
Vaginal involvement Present 0.3 0.0-3.3 0.35 
Infiltration of the pelvic wall Present 0.2 0.0-1.9 0.17 
Bladder involvement Present Ref   
Intestinal involvement Present 0.0 0.0-2E4 0.63 
SCC-antigen Microg/l 1.0 1.0-1.1 0.88 
Treatment RT ref   
  RT+CTand/or HT 0.6 0.1-2.5 0.48 
BMI: body mass index; mm: millimeters; SCC: squamous cell carcinoma; AC: 

adenocarcinoma; ASC: adeno-squamous cell carcinoma; PAO: para-aortal; HR: hazard 

ratio; CI: confidence interval; ref: reference. 
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DISCUSSION 
 

The current study shows that the frequency of vesico- and/or rectovaginal fistulae 

formation is high in patients with cervical carcinoma stage IVA treated with 

radiation based therapy. Five of the 23 patients, who were curatively treated, 

developed one or more fistulae. The fistulae formation rate of 22% as found in our 

study population is consistent with the study of Kramer et al.6 They retrospectively 

reviewed 48 patients with FIGO stage IVA cancer of the cervix treated by 

radiotherapy. They reported a fistulae formation rate of 22% in patients who were 

curatively treated. Moore et al (2007) reported an even higher rate of 47.8% of 

fistulae formation in 23 patients.5 They stated that the improved local control of 

cervical cancer as a consequence of more intense chemoradiation treatment leads to 

a higher rate of fistula formation. However, our tumor control rates and survival 

rates compare favorably to Moore et al., and were fortunately associated with a 

lower rate of fistula formation, despite intense chemoradiation in most of our 

patients. 

As the formation of fistulae has a deleterious effect on the quality of life and since 

post-irradiation genital fistulas are difficult to treat, primary exenterative surgery 

instead of primary chemoradiation in a selected group of patients with cervical 

carcinoma stage IVA could be considered as a less debilitating treatment. One of 

the hypothetical advantages of primary surgery in the non-irradiated patient could 

be the formation of continent urostoma’s. Creating a continent urostoma after 

extensive radiation has a much higher failure and complication rate.9;12  

In the literature pelvic exenteration has been described as a valid alternative to 

primary chemoradiation. Marnitz et al retrospectively analyzed twenty patients 

with cervical cancer stage IVA who had primary exenteration.8 The high overall 

survival rate of 52.5% found in their patients may be due to the patient selection for 

surgery. Positive tumor resection margins appeared to be a negative prognostic 
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factor for long-term survival. De Wilt et al. described primary pelvic exenteration 

in 14 patients with a gynecological malignancy.7 The stage of disease was not 

described and they stopped the procedure if positive pelvic lymph nodes were 

found during surgery. Both studies showed that radical surgery instead of 

chemoradiation can be performed safely and result in long-term survival in a 

selected group of patients. Yet, major complication rates varied between 44 and 

52%. De Wilt et al. did not find involved resection margins as a significant 

negative prognostic factor possibly due to the application of intra-operative 

radiotherapy in some patients with microscopic incomplete resection. On the 

contrary, Rodriguez-Bigas et al. noted that pelvic side wall involvement and 

involvement of major vessels or nerves are absolute contra-indications to pelvic 

exenterations.13  

Although pelvic exenteration is an extensive and mutilating procedure, women 

who underwent this procedure experience the same general quality of life and have 

the same emotional functioning as healthy women.14 Nonetheless, the negative 

effect on body image, sexual life, role and social functioning may not be ignored.  

Unfortunately, in our present study, we could not identify pre-treatment patient or 

tumor characteristics that could predict the development of fistulae in our study, 

and could thereby help in the selection of less debilitating treatments. The 

detrimental effect of smoking on fistula formation, as found by Moore et al. could 

not be confirmed in our study.5 The fact that variables like smoking or more radical 

treatment could not be related to the formation of fistulae is most likely due to the 

small number of patients in the present study. 

 

In conclusion, the risk of vesico- and/or rectovaginal fistulae is high in patients 

with cervical carcinoma stage IVA who receive curative radiotherapy based 

treatment. We could not identify pre-treatment risk factors for fistula formation that 
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could be used for the selection of patients that could benefit from exenterative 

surgery.   
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- Is the FIGO classification valid? 

- Is the FIGO classification reliable? 

- Is the FIGO classification practical? 

FUTURE PERSPECTIVES 

- How to modify the staging system? 
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INTRODUCTION 

Knowledge and interpretation of prognostic factors are pivotal for the management 

of patients with cervical cancer. Identification of prognostic factors are of major 

importance to plan treatment, to provide an indication of prognosis, to guide 

treatment policy, to evaluate the results of treatment, to compare results between 

treatment centers, and to design clinical trials. 

The studies described in this thesis aim to improve the prognostic accuracy for 

patients with cervical cancer, by assessment of a possible additional role of gene 

profiling and by the re-examination of well-established patient and tumor related 

parameters. 

Based on these findings we wish to discuss whether current staging systems, 

particularly the FIGO-staging and TNM system for cervical cancer, need to be 

reconsidered, and would benefit from incorporation of additional clinical and/or 

surgical factors.  

 

PROGNOSTIC FACTORS IN EARLY STAGE CERVICAL CANCER 

The cancer staging system for cervical cancer by the International Federation of 

Gynecology and Obstetrics (FIGO) is based on clinical assessment of tumour size 

and extension. The FIGO-system is incorporated in the WHO TNM-classification 

system. 21,22,23 For early stage cervical cancer, many prognostic models have been 

developed to divide patients into different risk categories other than by the FIGO 

staging and TNM classification system.1 As we discussed in previous chapters, the 

performance of these models is poor when these are applied in other populations. 

Possible explanations are the equal weight of the factors and the variation of 

treatment. One of the most commonly used prognostic models in early stage 

cervical cancer is the Delgado model, later adapted by Sedlis et al.2-3 The 

prognostic variables were selected in a different group of patients (only squamous 

cell type, microscopic lymph node metastasis could be present) than the therapeutic 
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study wherein these prognostic variables were applied and validated (i.e. also 

including patients with adeno-squamous cell carcinoma and without lymph node 

metastasis). In the prognostic model of Delgado, there was no correction for the 

prognostic weight of the factors. The adaptation of the Delgado-criteria by Sedlis 

were not applicable in our patients, since retrospective analysis failed to support a 

survival benefit of extending indications for adjuvant therapy with other risk 

factors than our current factors: Positive lymph nodes, parametrial tumour extension 

and positive surgical margins.4 

The selection of patients that could profit most from new treatments is very 

important for prospective clinical studies. Thereto as many prognostic factors as 

needed, but not more or less, should be included and used according to their proper 

weight. A limitation of retrospective analysis to identify prognostic factors is that 

some of these factors have already been used as selection criteria for adjuvant 

treatment, such as lymph node metastasis, parametrial involvement, and positive 

surgical margins. The prognostic factors for surgically treated early stage cervical 

cancer patients are also affected by the type and extent of the primary treatment as 

was shown in the validation study.1 We built a prognostic model for surgically 

treated early stage cervical cancer patients, including eleven possible prognostic 

factors without necessarily holding on to the FIGO classification. The weight of 

each factor in the prognostic model was assessed in the multivariable Cox analysis.  

The model can be used to determine the prognosis of the patient as well as the 

treatment modality. However, just ten of all patients (1.4%) who did not receive 

adjuvant treatment had a (very) high risk according to this model and could 

potentially have benefitted from adjuvant treatment.5 This model can also be 

helpful in the design of RCTs on the effects of adjuvant treatments in (very) high-

risk early stage cervical cancer patients, both to stratify and to select patients. For 

an accurate evaluation of treatment outcome these prognostic factors are very 

important for the stratification of groups. Of course, an external validation is 
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warranted before one can safely implement this model into clinical practice and 

research. 

Early stage cervical cancer patients with bulky disease are often treated by primary 

chemoradiation. A major advantage of primary surgery is the preservation of 

ovarian function. In chapter 5, we described a favorable survival in 129 patients 

after a Wertheim / Okabayashi radical hysterectomy for stage IB2/IIA2 cervix 

cancer. Ovarian function was preserved in at least 50% of relatively young patients 

(mean age of 41 years). However, as advocated above, these patients were selected 

by staging findings on MRI and increasingly also on PET-CT-scan, and by 

exclusion of surgical not resectable cases during laparotomy. Systemic 

(neo)adjuvant treatment for a high-risk subgroup must be further explored. 

 

Lymph node metastasis is associated with poor prognosis in cervical cancer 

patients, especially in early stage disease.6 Early recognition of lymph node status 

would strongly improve treatment policy. Genome-wide expression profiling in 

breast cancer enabled the identification prognostic subgroups patients based on 

specific patterns of gene activity.7 We investigated if we could develop similar 

gene profiles for the prognosis of cervical cancer. Thereto, the gene profiles of 

cervical tumours of patients with lymph node metastasis were compared with 

patients without lymph node metastasis. We found five genes (BANF1, LARP7, 

SCAMP1, CUEDC1 and PABP1) that showed differential expression between the 

two groups. However, no accurate class prediction for lymph node metastasis was 

obtained. One possible explanation could be that all cervical cancers will 

eventually metastasize to the pelvic lymph nodes and that the presence of lymph 

nodes metastasis just reflects a time point in a continuum. Of course it is possible 

that in some patients micro-metastases were missed with regular histochemical 

procedures, implying that some of our non- metastasized tumors could have been 

misclassified.8 However, none of the 19 patients without lymph node metastasis 
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developed recurrent disease, whereas four of the 16 patients with lymph node 

metastasis had progression of disease. Another reason for this disappointing result 

can be our very stringent classification method based on the analyses of Michiels et 

al.9 Even though initial studies showed promising results in classifying cancer 

patients, reanalysis of Michiels et al. showed that most studies did not classify 

patients better than by chance.9  

Our present knowledge of genetic and epigenetic alterations in cervical cancer 

remains uninformative in addressing the issues of diagnosis, tumor progression and 

response to treatment.10 Much research is still to be done and the advances in 

bioinformatics and newer molecular techniques, such as genomic copy number 

alterations (CAN) (gains, amplifications and deletions) with transcription profiles, 

mutations, miRNA, epigenetic markers and clinical outcome. These ongoing 

developments will undoubtly further enhance our molecular understanding and 

continue to raise the hope for relevant therapeutic targets for cervical cancer. 
 

PROGNOSTIC FACTORS IN ADVANCED STAGE CERVICAL CANCER 

The prognosis of patients with advanced stage cervical cancer is poor. In the last 

decade, though, the results were strongly improved by combining standard 

radiotherapy with either concomitant chemotherapy or hyperthermia.11 In our series 

62% of patients with recurrences developed distant metastases, while treatment 

mainly concentrates on local control. This confirms the important influence of 

distant disease on survival and the need for research on new treatment strategies in 

these patients.  

In chapter 6, we described a new prognostic model that includes the clinical factors 

that are independently associated with survival: Smoking, low BMI, blood 

transfusion during treatment, parametrial involvement with fixation to the pelvic 

wall, extension in the distal 1/3 of the vagina, pelvic or para-aortic 
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lymphadenopathy and hydronephrosis. Although the model needs to be validated in 

an independent patient series, the model seems a promising predictor for prognosis.  

 

In our multivariate model tumor extension to the bladder or rectum, a hallmark of 

FIGO stage IV tumors, was not independently associated with survival. Yet, the 

high risk of fistula formation in these patients was a reason to reconsider current 

treatment. The 5-year fistula free survival in patients receiving curative 

radiotherapy was 64%. Unfortunately, we could not define independent prognostic 

markers to select patients at risk of fistula formation. In light of these results we 

conclude that primary radiotherapy-based treatment is still the first choice for this 

subgroup of patients. 

 

Should we revise our cervical staging system? 

A staging system should be valid, reliable and practical.12 It is structured to 

represent a major prognostic factor in predicting patients’ outcome and lending 

order to the complex dynamic behavior of a cancer.13 The International Union 

Against Cancer (UICC) states that the classification must aid the clinician in 

planning treatment, give some indication of prognosis, assist in evaluating the 

results of treatment, facilitate the exchange of information between treatment 

centers and contribute to continuing investigations of human malignancies.14 

 

Is the FIGO classification valid? 

Valid means that a classification can accurately identify groups with similar 

outcomes reflecting the full range of possible manifestations. 

In our surgically treated patients with early stage cervical cancer staged by the 

FIGO classification, we could distinguish two groups with similar disease free 

survival (figure 1). Figure one illustrates the limited prognostic value of FIGO 

prognostic ranking: We found no difference in outcome between stage IB1 and 
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IIA1 or between stage IB2 and IIA2 patients.  

 

Figure 1. Disease free survival in surgically treated early stage patients 

stratified by FIGO-stage. 

 

 
 

The FIGO staging system is mainly based on clinical assessment of local tumor 

extension, simple X-ray radiological assessment is allowed to assess 

hydronephrosis, lung metastasis or bone metastasis. Findings from more advanced 

imaging techniques are not permitted for the clinical FIGO-staging, such as 

laparoscopy, ultrasound, CT scan, MRI, and PET scan. However, these present-day 

technologies are well incorporated in treatment decision making for patients with 

cervical cancer. 

For instance, the prognosis and treatment of early stage cervical cancer is highly 

dependent on surgical prognostic factors such as lymph node metastasis. As shown 

in this thesis staging is more distinctive if surgical factors would be incorporated. 

(figure 2) Since most early stage cervical cancer patients are surgically treated a 
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surgical staging system would be helpful for the validity of the classification. 

Despite the adjuvant treatment in the presence of lymph node metastasis and/or 

parametrial involvement, these pathological factors remain strong prognosticators. 

We also identified histological type as a strong independent prognostic factor in 

early stage cervical cancer. 

 

Figure 2. Disease free survival of 710 patients with early stage cervical cancer, 

stratified by different risk groups. 

 

 
 

In our patients with advanced stage cervical cancer staged by FIGO, we could 

distinguish two groups with similar survival. The survival of patients with stage 

IIIA or IVA was not distinctive, and there was only little prognostic difference 

between stage IIA and IIIA patients (figure 3). However, there was a large 

difference between stage IIB and IIIB. The difference between stage IIB and IIIB 

depends on the depth of parametrial involvement and/or hydronephrosis. In our 

analysis, both were strong prognostic factors. 
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Figure 3. Survival of 295 patients with advanced stage cervical cancer 

stratified by FIGO-stage. 

 

 
 

With our prognostic model for advanced stage cervical cancer we are able to 

distinctively discriminate three groups, as shown in figure 4. The model includes 

hydronephosis and extent of parametrial or vaginal wall extension as independent 

risk factors, which both are also used in de FIGO classification. Lymph node 

metastasis, which is a strong prognostic factor, is not included in the FIGO staging 

system, but is included in the TNM-classification. On the other hand, extension to 

the bladder or rectum, a distinguishing factor in FIGO stage IVA cancer, is not an 

independent risk factor in our population.  

We thus have to conclude that the FIGO-classification is not a very valid system to 

rank prognostically different groups of women with cervical cancer.  
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Figure 4. Survival of 295 patients with advanced stage cervical cancer 

stratified by different risk groups. 

 

 
 

Is the FIGO classification reliable? 

Is the FIGO classification reliable, i.e. are identical cases assigned to the correct 

category? 

As shown above and in the literature, FIGO generally is reliable. However, there 

are some pitfalls. In early stage cervical cancer tumor diameter is clinically 

assessed and shown to be disputable. In the literature, many authors also include 

tumors of 4 cm in stage IB2 or IIA2 cervical cancer instead of, according to the 

definition, solely tumors greater than 4 cm. Also clinical judgement of parametrial 

involvement is inaccurate compared to pathology as is shown in the 19% 

parametrial extension after surgery. [This thesis]  

The FIGO classification is reliable for advanced stage cervical cancer. Tumor 

fixation to the pelvic wall can sometimes be reason for discussion, but the other 

factors are well defined.  
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Is the FIGO classification practical? 

Practical in the present context means that it must be suitable for use in different 

clinical environments worldwide. Most of the cervical cancer patients are treated in 

low-resource countries where imaging and surgical facilities are scarce. In this 

perspective the FIGO system is very practical. 

However, practical also means that it helps in choosing the right treatment. At this 

point, the system fails. Initial treatment can be grossly divided into surgical for 

early stages and radiotherapy-based for advanced stages, with the footnote that 

patients with stage IVB treatment has to be individualized and will often be 

palliative. 

For surgical treatment planning, the criteria when to use fertility sparing surgery 

and if so, what kind of surgery is not clear among practitioners.15-16 There is a need 

for more consensuses to adjust a staging system for this subgroup. Likewise, there 

is much debate on which patient needs adjuvant treatment. However it is beyond 

debate that a choice for adjuvant treatment always depends on pathological 

findings following surgery, which is not included in FIGO, but to some extend in 

the TNM-system. 

Most patients with advanced stage cervical cancer are treated by concomitant 

chemotherapy and radiotherapy. The planning of the field and dosage of the 

radiotherapy is determined by factors diagnosed on advanced imaging techniques, 

which are not allowed for the FIGO staging system. Likewise, the presence and 

localization of distant metastasis is important for the decision if curative treatment 

is possible. These are best visualized on PET/CT-scan and protect patients from 

meaningless morbid treatments. 

 

A practical staging system should also be helpful in evaluating the results of 

treatment, facilitates the exchange of information between treatment centers and 

contributes to continuing investigations of human malignancies. To survey large 
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global overviews, the FIGO system will do. However, in order to push 

development further and to improve survival, one needs to define subgroups 

depending on prognostic factors in order to find and evaluate new treatment 

strategies. Also in research aiming on the avoidance of unnecessary morbidity one 

needs subgroups in order to identify patients who would benefit from less extensive 

surgery without hampering survival. 

 

In conclusion, the FIGO staging system is adequate for historical comparison of 

treatment results and it is helpful for worldwide comparison, particularly with low-

resource countries. But the FIGO-system is not useful for comparison between 

developed countries with advanced imaging techniques. The FIGO system falls 

short when it comes to guiding treatment decisions. 

The current TNM-classification system meets some of the shortcomings of FIGO, 

as far as TNM explicitly incorporates lymph node status (N) and distant metastasis 

(M), and distinguishes between clinically assessed (cTNM) and surgical-

pathologically assessed tumor extension and spread (pTNM).21,22,23 Both FIGO and 

TNM fail to clearly distinguish prognostic different groups and  both are not 

helpful in supporting treatment decisions. These are sufficient arguments to revise 

the FIGO staging system. 

 

FUTURE PERSPECTIVES 

 

How to modify the staging system? 

Based on the result of this thesis and the literature, we propose a revision of the 

current FIGO-staging system. More factors are of influence for prognosis, choice 

of treatment or the evaluation of treatments in cervical cancer than currently used 

in the FIGO-TNM system. Tables I and II summarizes a proposal for a revised 

TNM-classification system that serves all three purposes of staging. 
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Tx, T0 and Tis were originally not considered in the FIGO system. In our proposal, 

Tx, T0 and Tis are similar to the current TNM-system. 

 

T1 

Small not clinically visible tumours have a better prognosis and can be treated with 

less radical treatment. The proposed distinction between T1a and T1b is based on 

the feasibility of organ preserving surgery or not.  

 

T2 

Staging of early stage cervical cancer staging should include the surgical extent of 

parametrial involvement and of lymph node metastasis.  

Extension to the upper part of the vagina may not be of prognostic value, but it can 

be important for the extent of surgical treatment. Tumour diameter is important, but 

the threshold of 4 cm is disputable. In our analysis we found two thresholds, i.e. 2 

and 6 cm, although we acknowledge that our results are in contrast with some of 

the results in literature and need validation in an independent patient series.  

Based on these surgical considerations we distinguished the different T2-classes in 

the proposed revision, i.e. a T2a tumour may be operated by trachelectomy, T2b by 

extensive radical hysterectomy, whereas a T2c is not operable 

 

T3 and T4 

In advanced stage cervical cancer radiology results and, if performed, pathological 

results from surgery should be incorporated in the staging system. Lymph node 

metastasis and other distant metastasis should be included in the staging system. 

Involvement of the bladder or rectum is not of prognostic influence, yet can be 

important to account for the risk of fistula formation. 
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Under the revised classification, T3 and T4 will be considered as locally inoperable 

tumours. The confusion between the ‘old’ T4a and T4b, in the FIGO distinguishing 

non-metastazizes and metastasized disease, will be omitted, and covered by N and 

M.  

 

N and M 

Lymph node metastasis (N) and distant metastasis (M) can be determined by 

surgery and by imaging. 

Surgical staging includes the possibility of endoscopic and\or retroperitoneal 

surgery, whereby recovery time and the risk of intestinal complications may be 

reduced. In the presence of lymph node metastasis, cervical cancer has a poor 

prognosis, especially in early stage disease (this thesis). However lymph node 

metastasis are more often present in advanced stage disease. In our group we found 

lymph node metastasis in 42%, which may have been an underestimation due to 

inferior imaging techniques in the early days and to the uncertain sensitivity of 

current techniques. Advantages of surgical staging include the possibility to reduce 

tumour load (debulking) and thereby improving the outcome of radiotherapy. It 

may further be more accurate than imaging for the detection of small pelvic lymph 

node metastasis. Surgical staging may lead to treatment delay and complications 

and it is only possible for intra-abdominal metastasis.  The advantage of imaging is 

that it is non-invasive and that there is no recovery time. New imaging techniques 

like MRI and PET-CT have improved the possibilities of imaging.17-18 One has to 

weight the advantages and disadvantages of surgical and radiological staging. In 

the latest Cochrane review pre-treatment surgical para-aortic lymph node 

assessment was not advised for locally advanced cervical cancer.19 

 

The literature is inconclusive about the question if adeno- and adeno-squamous 

carcinoma have a worse prognosis than pure squamous carcinomas. In our study 
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we definitively found a different survival between the histological types in early 

stage disease, but we could not confirm this in advanced stage disease. There are 

also indications that adjuvant radiotherapy is more beneficial for patients with 

adenocarcinoma or adenosquamous carcinoma.20 So, yes we think that the type of 

histology remains important especially in early stage disease and it should be 

studies in more detail. However, it is not uniform in its prognostic value and should 

therefore not be incorporated in a revised staging classification. 

 

Other prognostic factors were tobacco use, body mass index and blood transfusion 

during treatment. Patient related prognosticators are hard to implement in the 

classification system, however, they could be useful for research purposes. 

 

Another important question is if adding other clinical factors to the staging process 

will improve prognostic accuracy, treatment policy and patient outcome? We 

already use other prognostic factors than displayed in the FIGO classification to 

plan the treatment of our patients. Therefore it is not to be expected that treatment 

results will instantly change. Uniformity and research, that are part of the goals of 

staging, will however be better and easier. 

 

In conclusion, the FIGO staging system has serious shortcomings for the guidance 

of clinical management in patients with cervical cancer. The current TNM 

classification system, already used in many other types of cancer, is a better 

alternative. However, some other important prognostic factors are not properly 

included in FIGO or TNM. We therefore also propose a revised TNM-

classification system that includes surgical and extended radiological 

considerations, and that better predicts prognosis, is more in agreement with 

treatment policy and allows easier comparison of treatment results. 
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Table I. T-classification for cervical cancer according to the current FIGO-

TNM system and a proposal for a revised T-classification. 

 

 
‘Old’ FIGO and TNM classification (revision 
2009) 21, 22, 23 

 

 
Revised TNM-classification 
(Biewenga proposal, 2014) 

T-
class 

T-
sub-
class 

T- 
sub-
sub-
class 

Description T-
class 

Description 

Tx   Primary tumour cannot be 
assessed 

Tx Primary tumour cannot be 
assessed 

T0   No evidence of primary 
tumour 

T0 No evidence of primary 
tumour 

Tis   Carcinoma in situ 
(preinvasive carcinoma) 

Tis Carcinoma in situ 
(preinvasive carcinoma) 

T1   Cervical carcinoma 
confined to the cervix 
(disregard extension to the 
corpus) 

T1 Invasive carcinoma 
diagnosed only by 
microscopy, with deepest 
invasion no greater than 5 
mm and no wider than 7 mm 

 T1a  Invasive carcinoma 
diagnosed only by 
microscopy; stromal 
invasion with a maximum 
depth of 5.0 mm measured 
from the base of the 
epithelium and a 
horizontal spread of 7.0 
mm or less; vascular space 
involvement, venous or 
lymphatic, does not affect 
classification 

  T1a Measured invasion of stroma 
no greater than 3 mm in 
depth and no wider than 7 
mm 

  T1a1 Measured invasion of 
stroma no greater than 3 
mm in depth and no wider 
than 7 mm 

 --- 

  T1a2 Measured invasion of 
stroma greater than 3 mm 
but no greater than 5 mm 
in depth and no wider than 
7.0 mm 
 

 --- 
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 T1b  Clinically visible lesion 
confined to the cervix or 
microscopic lesion greater 
than T1a/IA2 

  T1b Measured invasion of stroma 
greater than 3 mm but no 
greater than 5 mm in depth 
and no wider than 7.0 mm 

  T1b1 Clinical lesion no greater 
than 4 cm in size 

 -- 

  T1b2 Clinical lesion greater than 
4 cm in size 

 --- 

T2   Cervical carcinoma 
invades beyond uterus but 
not to pelvic wall or to 
lower third of vagina 

 Clinically visible tumour 
confined to the cervix and/or 
involving upper 2/3 of the 
vagina 

 T2a  Tumour without 
parametrial invasion 

  T2a Clinically visible tumour 
confined to the cervix  no 
greater than 2 cm or  
Pre-clinical cancers, greater 
than stage T1 and/or 
involving upper 2/3 of the 
vagina 

  T2a1 Clinically visible tumour 
no greater than 4 cm in 
greatest dimension 

- - 

  T2a2 Clinically visible tumour 
greater than 4 cm in 
greatest dimension 

- - 

 T2b  Tumour with parametrial 
invasion 

  T2b Clinically visible tumour 
between 2 and 6 cm in 
greatest dimension and/or at 
least 2/3 depth of invasion 
and involves no more than 
the upper 1/3 of the vagina 

      T2c Clinically visible tumour 
larger than 6 cm in greatest 
dimension or invasion of the 
middle 1/3 of the vagina 

T3   Tumour extends to pelvic 
wall and/or involves lower 
third of vagina and/or 
causes hydronephrosis or 
non-functional kidney 

T3 Locally advanced tumour: 
Tumour with parametrial 
invasion but not to the pelvic 
wall, and/or 
Tumour invading the lower 
third of the vagina and/or 
Tumour involving the 
mucosa of the bladder or 
rectum 
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 T3a  Tumour involves lower 
third of vagina, no 
extension to pelvic wall 

 --- 

 T3b  Tumour extends to pelvic 
wall and/or causes 
hydronephrosis or non-
functional kidney 

 --- 

T4   Tumour invades mucosa 
of bladder or rectum 
and/or extends beyond true 
pelvis (bullous oedema is 
not sufficient to classify a 
tumour as T4) 

T4 The tumour extends to the 
pelvic wall and/or causes 
hydronephrosis or non-
functioning kidney 

 T4a  Tumour invades mucosa 
of bladder or rectum 
(bullous oedema is not 
sufficient to classify a 
tumour as T4) 

 --- 

 T4a  Tumour extends beyond 
true pelvis 

 --- 
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Table II. N- and M-classification for cervical cancer according to the current 

FIGO-TNM system and a proposal for a revised N- and M-classification. 

 

‘Old’ FIGO and TNM classification 
(revision 2009) 21, 22, 23 

Revised TNM-classification (Biewenga 
proposal, 2014) 

 Description  Description 
Nx Regional lymph nodes cannot be 

assessed 
  

N0 No regional lymph node metastasis N0 No regional lymph node metastasis 
N1 Regional lymph node metastasis N1 Pelvic lymph node metastasis 
-  N2 Para-aortic lymph node metastasis 

below the renal artery 
  N3 Lymph node metastasis not meant in 

N1 or N2 (supraclavicular, 
mediastinum, inguinal) 

    
M0 No distant metastasis M0 No distant metastasis 
M1 Distant metastasis (including 

peritoneal spread; involvement of 
supraclavicular, mediastinal, or para-
aortic lymph nodes; and lung, liver, 
or bone) 

M1 Distant metastasis (including 
peritoneal spread; and lung, liver, or 
bone, but not involvement of 
supraclavicular, mediastinal, or para-
aortic lymph nodes) 
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SUMMARY 
 

The studies in this thesis aim to improve the subdivision and hereby selections of 

patients according to the prognosis in order to use this to tailor treatment, improve 

the prognosis and lower the morbidity.  

 

Chapter 1 is the introduction and gives information about cervical cancer and the 

history of the FIGO cancer staging system. Background information is provided on 

prognostic factors and staging systems. The aim of the study and an outline of this 

thesis is presented in this chapter. 

 

In chapter 2 we validated 12 existing prognostic models in an independent 

population of patients with early-stage cervical cancer. Prognostic factors most 

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

lymph vascular space involvement and tumor size. The use of more than three 

prognostic categories in the models was not meaningful. In general, the models 

underestimated the survival. Only 2 of the 12 prognostic models were valid for the 

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

population.  

 

Chapter 3 presents a prognostic model for survival in surgically treated patients 

with early stage cervical cancer. Tumor diameter, histological type, lymph node 

metastasis, depth of stromal invasion, lymph vascular space invasion, and 

parametrial extension were independently associated with DSS and were included 

in a Cox regression model. The derived score chart predicting 5-year DSS showed 

a good discriminative capacity (AUC 0.85).  
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Chapter 4 presents the result of a gene expression profiling study, performed in 

order to examine whether gene expression profiling can predict the presence of 

lymph node metastasis in early stage squamous cell cervical cancer before start of 

treatment. Five genes showed differential expression. However no accurate class 

prediction for lymph node status in early stage cervical cancer was obtained. In 

addition, we examined gene expression in cervical cancer compared to normal 

cervical tissue and identified a subset of genes involved in cervical cancer. 

 

Chapter 5 describes the results of 129 patients with bulky early stage cervical 

cancer treated with radical surgery in terms of recurrence pattern and survival. An 

overview of the literature on these patients is presented. Five year DSS was 84%. 

Fifty percent of the patients needed adjuvant treatment after initial surgery. 

Histology, differentiation grade, tumour diameter, parametrial involvement, 

presence of lymph node metastasis and tumour positive surgical margins were 

associated with DSS. 

 

Chapter 6 presents a prognostic model for survival in advanced stage cervical 

cancer patients. Smoking, low body mass index, blood transfusion during 

treatment, parametrial involvement with fixation to the pelvic wall, extension in the 

distal 1/3 of the vaginal wall, pelvic or para-aortic lymphadenopathy and 

hydronephrosis were independently and negatively associated with OS and 

therefore included in the Cox regression model. 

 

Chapter 7 describes 30 patients with stage IVA cervical cancer. Twenty-three 

patients (77%) had curative radiotherapy with or without chemotherapy and/or 

hyperthermia. Seven patients (23%) received only palliative therapy or no 

treatment at all. The 5-year OS in the curatively treated group was 42%. Five 

(22%) of these 23 patients developed one or more fistulae. The 4-year fistula-free 
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survival of this group was 64%. No association was found between the prognostic 

variables and fistula formation. 

 

In chapter 8 a general discussion is given. Current knowledge about prognostic 

factors is compared with the FIGO classification system. Surgical staging for early 

stage cervical cancer is proposed and the use of imaging in advanced stage disease. 

This will result in a better prognostic service, better planning of treatment, facilitate 

the exchange of data between treatment centers and enhance research protocols. 
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SAMENVATTING 

 
De beschreven studies in dit proefschift hebben als doel de selectie van patiënten 

met cervixcarcinoom te verbeteren, zodat een op maat gemaakte behandeling kan 

worden gegeven om de prognose van patiënten te verbeteren en de morbiditeit van 

de behandeling te verminderen.  

 

Hoofdstuk 1 omvat een algemene introductie waarin informatie wordt gegeven 

over het cervixcarcinoom en de geschiedenis van de FIGO stagering. 

Naast achtergrondinformatie over prognostische factoren en stageringssystemen 

worden het doel van het proefschrift en de inhoud van de verschillende 

hoofdstukken beschreven. 

  

In hoofdstuk 2 worden 12 bestaande prognostische modellen gevalideerd in een 

onafhankelijke populatie van patiënten met vroeg stadium cervixcarcinoom. 

Prognostische factoren die het meest worden gebruikt in deze modellen waren 

diepte-invasie, lymfeklier metastasen, lymfangio invasieve groei en tumor grootte. 

Het gebruik van meer dan 3 prognostische categorieën in de modellen was niet 

zinvol. Over het algemeen onderschatten de modellen de overleving. In onze 

patientenpopulatie voorspelden slechts 2 van de 12 prognostische modellen 

betrouwbaar de progressie vrije overleving of ziekte-overleving in onze patiënten 

populatie.  

 

Hoofdstuk 3 presenteert een prognostisch model voor overleving in chirurgisch 

behandelde patiënten met vroeg stadium cervixcarcinoom. Tumordiameter, 

histologisch type, lymfeklier metastasen, diepte van stromale invasie, lymfangio- 

invasieve groei en parametriumingroei waren onafhankelijk geassocieerd met 

ziektevrije overleving en werden in een Cox-regressie model geïncludeerd. De 
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verkregen score kaart voor de voorspeling van de 5-jaars overleving toonde een 

goed onderscheidend vermogen (AUC 0.85).  

 

Hoofdstuk 4 laat de resultaten zien van de studie naar genexpressieprofielen. Deze 

studie werd verricht om te onderzoeken of genexpressie de aanwezigheid van 

lymfekliermetastasen kan voorspellen voor het starten van de behandeling bij vroeg  

stadium plaveiselcelcarcinoom van de cervix. Vijf genen toonden een veranderde 

expressie. Er kon geen accurate voorspelling voor de aanwezigheid van 

lymfekliermetastasen worden gedaan bij vroeg stadium cervixcarcinoom. 

Daarnaast werd genexpressie van het cervixcarcinoom vergeleken met normaal 

cervixweefsel waardoor een subset van genen werd geïdentificeerd die betrokken 

zijn bij de ontwikkeling van het cervixcarcinoom.  

 

Hoofdstuk 5 beschrijft de overleving en recidieven van 129 patiënten met een 

bulky vroeg stadium cervixcarcinoom die behandeld werden met radicale chirurgie.  

Een overzicht van de literatuur over deze patiënten wordt gepresenteerd. De 5-jaars 

ziektevrije overleving was 84%. Vijftig procent van deze patiënten had 

aanvullende behandeling nodig na initiële chirurgische behandeling. Histologie, 

differentiatiegraad, tumor diameter, parametrium ingroei, aanwezigheid van 

lymfekliermetastasen en tumor positieve snijranden waren geassocieerd met 

ziektevrije overleving.  

 

Hoofdstuk 6 toont een prognostisch model voor overleving in hoog stadium 

cervixcarcinoom. Roken, lage BMI, bloedtransfusie tijdens behandeling, 

parametrium ingroei met fixatie aan de bekkenzijwand, uitbreiding in het distale  

1/3 deel van de vaginawand, bekken of para-aortale lymfadenopathie en 

hydronefrose waren onafhankelijke en negatieve factoren van overleving en 

werden daarin geincludeerd in het Cox regressie model. 
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Hoofdstuk 7 beschrijft 30 patiënten met stadium IVA cervixcarcinoom. 

Drieëntwintig patiënten (77%) hadden curatieve radiotherapie met of zonder 

chemotherapie en/of hyperthermie. Zeven patiënten (23%) ontvingen alleen 

palliatieve therapie of helemaal geen behandeling. De 5-jaars overleving in de 

curatief behandelde groep was 42%. Vijf (22%) van deze 23 patiënten 

ontwikkelden 1 of meer fistels. De 4-jaar fistel-vrije overleving van deze groep was 

64%. Er werd geen associatie gevonden tussen prognostische variabelen en 

fistelvorming.  

 

In Hoofdstuk 8 wordt een algemene discussie gegeven. Nieuwe kennis over 

prognostische factoren wordt vergeleken met het huidige FIGO classificatie 

systeem. Aan de hand hiervan doen we een voorstel voor een nieuwe stagering op 

basis van het TNM systeem waarbij zowel chirurgische factoren maar ook 

beeldvorming een rol speelt. Dit zal resulteren in een betere inschatting van de 

prognose, een betere keuze van de behandeling, het gemakkelijker onderling 

vergelijken van de behandelresultaten en zal het behulpzaam zijn bij het opzetten 

van  onderzoeksprotocollen. 
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gezet, maar wel altijd ben je me blijven steunen en heb je me tijd gegeven voor 
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Ben Willem, zonder jou was dit proefschrift er niet gekomen. Elke keer wanneer ik 

een stuk kwam bespreken, had jij alweer nieuwe plannen klaar. Dank hiervoor. 

 

Frank Baas, dank voor je begeleiding bij het basaal wetenschappelijke deel van dit 

onderzoek. Ik was een vreemde eend in de bijt, jullie hebben altijd zonder 

mopperen mijn vragen beantwoord en mijn aanwezigheid geduld. Jennifer en 

anderen van het lab., dank voor jullie hulp, meedenken en gezelligheid.  

 

Perry, jouw kennis gaat mij ver boven mijn pet. Dank voor je ellenlange 

berekeningen en grote geduld. Je bent een prettig mens om mee samen te werken. 

 

Marloes, sterk als je bent. Het lijkt wel stuivertje wisselen privé en in het 

onderzoek. Het loopt allemaal anders. Dank voor je hulp. 

 

(Oud)Collega’s van het CGOA; Willemien, Marc, Henry, Luc, Jan, Fleur, Marrije, 

Ko, Marten, Guus, Hans, Ming, Christianne, Freek en Gemma. Dank voor de fijne 

samenwerking en voor de tijd en steun die jullie mij gegeven hebben om dit boekje 

af te maken. Chris, de stabiele factor tijdens mijn onderzoeksjaar. Het was erg 

gezellig in ons kleine hokje. Dank dat je de editing voor je rekening genomen hebt. 

Chris en Willemien, jullie waren er voor mij toen dat het hardste nodig was. Dank 

voor jullie opvang en steun. 

 

Lieve paranimfen: Liesbeth het waren roerige tijden, maar wat hebben we ook 

gelachen. Het leven valt gelukkig niet te voorspellen. Ik hoop nog vele gezellige 

momenten samen te hebben. Astrid, maatje in opleidingstijd. Golfen doen we al 

even niet meer, maar daarbij heb ik jou en Marc beter leren kennen. Nu zijn het 

uitjes met de kids, wel zo gezellig. Dank voor jullie steun en gezelligheid. 
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Lieve vriendinnen, Ilona, Miranda, Jolita, Akke-Rixt, Annelies, Liesbeth en 
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Wat een voorrecht om jullie als vriendin te hebben.  

 

Lieve papa, mama, zonder jullie liefde en betrokkenheid was ik niet zo ver 

gekomen. Mama op de achtergrond, present zodra het nodig is. Papa met hoge 

verwachtingen en wat wilde je graag nog bij de promotie aanwezig kunnen zijn. 

Dat het allemaal anders zou lopen wisten we toen gelukkig niet. Wat fijn dat jullie 

zo genieten van de kleinkinderen en altijd klaar staan om in te springen wanneer 

wij het weer eens te druk hebben. Helaas nu meer nodig dan ooit. Miriam en Tjaco, 

onze levens zijn ieder een eigen weg gegaan. Desondanks is er genoeg ruimte om 

samen leuke dingen te ondernemen. Dank hiervoor en voor jullie steun. 

 

Lieve Henk, wie had ooit kunnen denken dat onze levens deze wending zouden 

nemen. Dank voor je geduld, steun en vooral liefde. Hou zielsveel van je. IJsbrand 

en Marin, nog te jong om te realiseren wat er gebeurt. Wat ben ik gelukkig met 

jullie! Dikke kus. 
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