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Can FDG-PET Predict Clinical Response and DFS 
after radio-brachytherapy in Cervix Cancer ? 

F. Cellini, L. Lutgens, R. van Stiphout, F. Bakers, A. Krüse, P. Lambin.  



Background: 

Post -PreRatio: 0.08 

Post -PreRatio : 0.58 

p<.0001 

Nomograms

Using the PET-based prognostic factors, prognostic nomograms
based on Cox regression were created for RFS, DSS, and OS
(Figs. 1A–C). For all 3 nomograms, lymph node status had the greatest
influence on outcome. The FDG-PET prognostic nomogram for RFS
showed that cervix tumor SUVmax was the second most important
factor, after lymph node status (Fig. 1A). The RFS nomogram had a
training c-statistic of 0.740±0.011 (standard deviation) while the
testing c-statistic was 0.741±0.099 (standard deviation). Fig. 1B
shows the DSS nomogram, which demonstrates a more significant in-
fluence for PET tumor volume, than SUVmax. The OS nomogram is
shown in Fig. 1C. The training and testing c-statistics for the three
PET-based nomograms and for FIGO stage alone are shown in
Table 2A and B. FIGO stage alone had lower c-statistics. Table 3 lists
the hazards ratios and 95% confidence intervals for the components
of the PET-based nomograms. Nomograms for RFS, DSS, and OS com-
bining FIGO stage, tumor histology, and patient age at diagnosis had
c-statistics similar to models based on FIGO stage alone (data not
shown). Combining clinical factors of FIGO stage, histology, and age
along with the 3 PET factors did not create superior nomograms
with the combined clinical and PET nomograms showing lower
c-statistics than the PET-based factors alone (data not shown).

Example patient: how to use the nomograms

To help demonstrate the utility of the prognostic nomograms,
Fig. 2 shows the RFS prediction for a 57-year-old woman who pres-
ented with clinical FIGO stage Ib2 disease. Her pretherapy diagnostic
FDG-PET revealed pelvic and para-aortic lymph node involvement, a
primary cervical tumor volume of 40 cm3, and a cervical tumor SUV-
max of 14.2. She was treated with concurrent cisplatin and external ir-
radiation and brachytherapy. The nomogram predicts a 1-year RFS of
50% and a 3-year RFS of 23%. This patient was found to have persistent
disease 3 months following treatment, and she died from her disease
shortly thereafter.

Discussion

In this study, we created and evaluated nomograms for RFS, DSS,
and OS using PET-based data, including lymph node status, SUVmax

and tumor volume, from 234 patients. These nomograms, especially
for RFS and DSS, showed good prediction accuracies, as indicated by
the c-statistics of 0.741 and 0.739, respectively. c-Statistics greater
than 0.7 suggest that the RFS and DSS outcomes are well modeled
by the PET-based nomograms. Additionally, the PET-based nomo-
grams performed better than FIGO stage alone, which has traditional-
ly been the main means of stratifying patient prognosis.

Approximately one-third of cervical cancer patientswill have persis-
tent disease following treatment or develop a recurrence and then
eventually die of the disease [16]. For the patient with FIGO stage Ib2
disease discussed in the example above, one would estimate a 5-year
OS of approximately 80% and a 5-year local control rate of 60–80%,
based on FIGO stage alone.With use of the PET-based prognostic nomo-
grams that take into account lymphnode status, SUVmax, and tumor vol-
ume, dramatically different outcomes are predicted and these more
accurately reflected the disease course. Being able to identify the pa-
tients at highest risk of recurrence prior to initiating therapy could pro-
vide an opportunity for modifying therapy or encouraging enrollment
in a clinical trial to evaluate more aggressive therapy for this high-risk
population. The PET-based prognostic nomograms offer a more accu-
rate prediction of disease prognosis than FIGO stage and could also
serve as a means of stratifying patients on clinical trials.

Historical factors connoting a poor prognosis for cervical cancer
include advanced FIGO stage, large tumor size or volume, lymph
node involvement by tumor, young patient age, poor performance

status, and lack of brachytherapy [3–5]. Other groups have created
prognostic models for cervical cancer. An analysis combining data
for three GOG studies utilizing surgical staging and including 626 pa-
tients identified tumor size, lymph node status, age, and performance
status as significantly associated with progression-free interval on
multivariate analysis [2].

Nomograms have been used for risk stratification in a number of
other disease sites, and generally it has been found that nomograms

Fig. 1. FDG-PET-based prognostic nomograms using PET lymph node involvement, cer-
vical tumor SUVmax, and PET tumor volume for A) recurrence-free survival, B)
disease-specific survival and C) overall survival.
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1.  Pretreatment Metabolic volume and SUVmax predict outcome (DFS) in  
cervix cancer 
 
2.  Clinical response 2-3 months after treatment is a early surrogate of  
Disease Free Survival  and Overall survival 

2.  SUV ratio (pre/postt) and SUV posttreatment  are better clinical response 
predictor then SUVmax pretreatment 

 
 
 
 

Hypothesis: 



Material & Methods: 

 
 
-  Pts evaluated: 

underwent PETCT 
(treated between 2006 

and 2012) 
 

•  82 pts with baseline 
fdgPETCT 

•  48 baseline and post 
treatment 

Patients characteristics 



Material & Methods: 
Patients characteristics 

-  Baseline:  Pts underwent clinical evaluation, including a gynaecologic exam under 
anaesthesia, MR imaging, fdgPETCT 

-  Treatment 



Material & Methods: 

-  External beam =  
-  Pelvic radiotherapy (lower para-aortic LN irradiation for bulky 

tumours and/or N+) delivering 45-50.4 Gy with conventional 
fractionation.   

-  N+ à additional boost of 16.2 Gy in 9 daily fractions.  

Treatment Summary 

-  Pelvic radiotherapy was combined with either weekly cisplatin (40 mg/m²) 
or deep hyperthermia (except for non-bulky tumours FIGO stage ≤ IIA). 

-  Until 2009= HDR-brachytherapy with 3-4 fractions 
of 7 Gy to point A was applied.  

-  Since 2009= MR-image guided adaptive brachytherapy was applied  
(GEC-ESTRO guidelines à EQD2 dose of at least 85Gy to 90% of the high risk CTV) 



Material & Methods: 
Patients characteristics 

- 2-3 months after treatment, pts underwent clinical re-evaluation, MR 
imaging, fdgPETCT (only in 48 pts) 
 

-  Baseline:  Pts underwent clinical evaluation, including a gynaecologic exam under 
anaesthesia, MR imaging, fdgPETCT 

-  Treatment 



Image analysis 
Material & Methods: 



Image analysis 
Material & Methods: 

ü  SUVMax 
ü  SUVMean 
ü  Metabolic Volume 

(primary tumour) 

ü  FIGO 
ü  LN + 
ü  Bulk 

ü  SUVMax 
ü  SUVMean 
ü  Metabolic Volume 

(primary tumour) 

ü  OTT 
ü  Age 

ü  Ratio SUV Max  
ü  Ratio SUV Mean 



Results: 
Recurrence (n=82, only prett PET) 

Multivariate analysis: 
- FIGO [p=0.018] 
- Prett MV-1 [p=0.034] 

 Recurrence free survival plot for the subgroups of pts 
having a MV-1 over and under 32cc showed an highly 

significant difference of outcome (p=0.001) 

Significance for DFS: Median follow-up 19.6 months (2.4-71)  

Univariate analysis: 
-  FIGO stage [p=0.005],  
-  Bulk lesion [p=0.047] 
-  Pretreatment Metabolic Volume PETCT (MV-1) 

[p=0.004] 

!



Results: 
Clinical Response to treatment (n=48 pre +postt PET) 

-  At multivariate analysis only FIGO [p=0.05] and SUVMax2 [p=0.02] 
remained significant when combined together. 

-  At univariate analysis: significant correlation with the probability achieving a 
clinical complete response to  treatment:  

-  FIGO stage [p=0.03] 
-  Nodal involvement [p=0.04]  
-  post PET SUV max [p=0.03]  
-  Ratio of SUVMax (prePET/postPET) [p=0.03] 

- Significant difference for OS [p < 0.001] and for DFS  [p = 0.005] 
was found between cCR vs non-cCR 

- For the final analysis pts were grouped as “complete responders” versus 
“not complete responders”.  



Conclusions: 

We confirmed our hypothesis: 
 
 
1.  Pretreatment Metabolic volume (but not SUVmax) predict outcome (DFS) in  
cervix cancer 
 
2.  Clinical response 2-3 months after treatment is a early surrogate of  
Disease Free Survival  and Overall survival 

3.  SUV ratio and SUV posttreatment is a better clinical response predictor then  
pretreatment SUVmax pretreatment 
 

- Future prospects: Longer fup, Larger databes (higher n° events), External 
validation, Radiomics 
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