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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). 
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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 



Chapter 6 
 

 
128 

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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