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WORKSHOP 
Trattamenti integrati nel NSCLC III stadio 



•  Good patient selection  

•  The high-dose treatment volume must include all gross tumor 
deposits 

•   Elective nodal irradiation is not recommended 
•  Less toxicity 
•  More room for dose escalation 

To have a chance for success 
 



Recommendation for target delineation in locally advanced NSCLC 





Contrast enhanced CT 

PET-guided RT 

Correction of motion artifacts 



However, the injection artifact has the potential to 
cause large errors. Thus, a method to reduce the 
streak artifact must be considered. 

Only 2 of 17 patients with a strong 
injection artifact in the PTV or beam 
showed >3% discrepancy in the target 
dose.  
No significant changes were observed 
for critical structure doses. 



With contrast 
enhancement 

W/out contrast 
enhancement 

Contrast enhancement and CT planning 



Several studies have proven the clinical efficacy of FDG/PET in the workup 
of patients with NSCLC.  
 

FDG-PET/CT and RT planning for NSCLC 



65 of 143 Italian centers responded to the questionnaire 

FDG-PET was routinely used by 51% of 
centers for diagnostic and 
contouring phases. 

The result emphasized the emergent 
necessity of PET availability, in particular 
to help radiation oncologists to deliver 
modern higher doses to selected volumes, 
while waiting for biological target 
definition 



Advantages of PET for patients candidates for RT 



Advantages of PET for patients candidates for RT 

2) Very high negative predictive value 
Sensitivity and specificity in patients with non-enlarged, but positive, nodes were 
82% and 93%, respectively.  

PET is better than CT but not perfect 

1) Potential to detect distant 
metastasis (~24% in stage III)  

However, in the presence of enlarged lymph nodes, PET-CT becomes less 
specific and its ability to detect truly negative nodes become reduced. 
Pathological confirmation of PET-positive mediastinal nodes should be obtained 
by mediastinoscopy or EUS-FNA 



Despite the varied study design, it is 
clear that in each study PET 
profoundly influenced the delivery of 
RT. 

A variety of studies using different 
selection criteria, end points, and 
methodologies. 

The effects  of PET in patients candidates for RT 



The predominant effect is to upstage patients.  
 
Approximately 1/3 of patients were found to be unsuitable for 
definitive RT, either because of distant metastasis or mediastinal 
disease being too extensive to be encompassed in a tolerable RT 
target volume.  

The effects  of PET in patients candidates for RT 

Impact on treatment intent/ patient selection 



1) When the primary tumor was considered, the greatest effect was seen 
in patients with atelectasis 

2) Otherwise, the most common reason for changes in RT delivery was an 
alteration in the perceived nodal status  

3) In those studies where treatment volumes were considered, there has 
been a trend toward smaller target volumes but when small lymph nodes 
were found to be FDG positive, an overall increase in treatment volume 
could occur.  

The effects  of PET in patients candidates for RT 



The effect of PET/CT on RT planning is likely to be greatest at centers 
where RT target volumes are tightly shaped around tumor deposits (in other 
words, highly conformal) and lowest at centers where large target volumes 
with wide margins around tumors and/or ENI are used 

The effects  of PET in patients candidates for RT 



The overall 3D IOV was reduced from 1.0 cm 
(SD) for the first phase (CT only) to 0.4 cm 
(SD) for the second phase (matched CT–PET).  
The largest reduction in the observer 
variation was seen in the atelectasis region.  

However, IOV in delineation was still a major source of geometric error.  

The effects  of PET in patients candidates for RT 



It seems obvious that improving patient selection and reliably hitting 
the target must inevitably improve the results of RT in NSCLC, 
however there is little information on long-term patient outcomes 



Phase II prospective trial designed to quantify the impact of PET/CT on 
RTPs and to determine the rate of EN failure for PET/CT-derived volumes. 

52 patients accrued, 47 evaluable. Tumor staging: II=6%, IIIA=40%, 
IIIB=54% . Each patient had 2 RT plans, one with (delivered) and one w/out 
PET information 

Results: The GTVPET/CT was statistically significantly smaller and median lung 
doses slightly lower. Nodal contours were altered by PET/CT for 51% of 
patients.  
Only a patient (2%) developed an elective nodal failure 

Conclusions: … The elective nodal failure rate for GTVs derived by PET/CT is 
quite low, suggesting that PET-assisted RT planning rendered ENI 
unnecessary 



More studies, with long term follow-up, are needed to demonstrate the 
appropriateness (or otherwise) of this policy, especially in patients treated 
with IMRT, where the dose to neighboring macroscopically unaffected lymph 
node regions may be reduced compared to standard 3D conformal techniques. 

About the selective nodal irradiation 



The study investigated the impact of PET/CT on management of NSCLC 

76 eligible patients (March 2004 and February 2007) 

Green: CT-defined PTV 
Red: PET/CT-defined PTV  

Significant variation between the two modalities 

after PET/CT: 
50 (66%) received radical chemoRT 
26 (34%) received palliative therapies because advanced disease detected 



Overall survival 

Overall Survival 
pts given chemoRT: 77.5% and 35.6% at 1 and 4 years, respectively  
(for stage IIIA at 4 years 32%)  
pts treated palliatively: 16.3% and 4.1% at 1 and 4 years, respectively (P < 0.001)  

Mac Manus 2013 

These results suggest that PET/CT was used appropriately to select patients 
for chemoRT. 



To separate the effects of superior patient selection and RT-
planning with PET/CT a randomized trial would be necessary, in 
which PET/CT information was used for staging but was only 
randomly made available for RT planning.  
But such a trial would now be unethical based on existing 
knowledge, because of the proven superior accuracy of PET 

Mac Manus 2013 



It combines the PET/CT data with a planning CT acquired on a separate 
occasion 
There are logistical and financial reasons why indirect planning may be the 
preferred option.  

How integrate PET/CT imaging in the treatment planning 

Indirect Planning 

Anyway, it is recommended that a dedicated planning PET/CT scan is acquired 
for fusion with a planning CT once custom-made immobilization devices have 
been prepared  

Pay attention: the registration of PET or CT component of PET/CT with 
the planning CT can cause alignment errors. 
Non-rigid algorithms may be able to account for a degree of interscan motion, 
but these techniques have not been widely validated, particularly for PET data, 
and should be used with caution.  
 
These errors may make the “indirect planning”  unsuitable for advanced 
IMRT applications such as dose-painting 

Somer 2012 



All too often, the process of diagnosis and pretreatment evaluation is 
prolonged in NSLC, and the initial staging PET/CT scan can be many weeks 
old when treatment commences. 
 
In a study of 21 patients with NSCLC who had separate staging and RT 
planning PET/CT scans, a median of 24 days apart, the probability of 
upstaging within 24 days was calculated to be 32%. Treatment intent 
changed from curative to palliative in 6 (29%) cases (Everitt 2010) 

 
 

Consider the opportunity to repeat the PET/CT scan for radiation 
treatment purpose when the interval time is long (> 4 weeks) 



The CT component of the PET–CT scan can replace the CT planning scan 
 
The PET–CT scanner has to be passed the QC requirements for 
radiotherapy planning 

QC requirements: 
• provision of external lasers  
• careful assessment of scanner couch motion 
• PET–CT gantry alignment confirmed 
• data transfer and display, including any DICOM radiotherapy objects, within the TPS 
validated 

Despite the increased logistical challenges, direct planning remains the 
preferred option. 

Direct Planning  

How integrate PET/CT imaging in the treatment planning 

Somer 2012 



Objectives: To test the influence of media injection in PET/CT on the 
functional or gross tumor volume measurement. 

Conclusion: The functional volume could be measured in PET/CT when CT 
was performed with enhanced media.  
 
Caution should be taken when using the volume delineation method.  
The delineation volume using the relative or adaptative method should be 
preferred when contrast media are used for PET/CT. 



Two main approaches 
 
1.  Visual methods that require human judgment (widely used)  

2.  Automated/semiautomated methods  
•  Thresholding methods (various levels of SUV, SUV thresholds, lesion-

to-background ratio) 
•  Other more complex methods (Variational approaches, Learning 

methods, Stochastic models) 
 
 
 

The methodology for contouring tumor margins remains controversial. 

PET/CT – practical issues 



CATEGORY Pro Cons 

Manual techniques  Based on the experience  
Very simple to use 

Time consuming.  
High IOV and poor 
reproducibility.  
Close cooperation between 
disciplines is essential  

CATEGORY Pro Cons 

Automated 
techniques  

High efficiency. Low IOV  Different methods can give 
different contours in the same 
patient; no consensus as to 
which performs best  
Hard decision making.  
Too sensitive to PVE, tumor 
heterogeneity and motion 
artifacts.  

Such methods should prove a useful starting point for the human observer to work on 

Fully automated contouring can sometimes be 
100% reproducible but 100% wrong 



The FDG uptake map does not contain all of the information needed to define 
the tumor volume and target volume in every case of lung cancer  

In any case 

•  Lymph nodes identification: by detectability rather than by SUV. 

•  Omit RT planning after induction chemotherapy due to the risk of false-
negative FDG uptake  

•  A consistent set of rules or guidelines should be used to ensure both 
reproducibility and accuracy  



Tumor movement in lung cancer is a particular problem, both for CT and 
PET delineation potentially leading to incorrect estimation and 
mislocalization of target volumes,  

Imaging artifacts due to Respiratory Motion 

CT and PET/CT – site specific and practical issues 

PET artifacts 

static 1cm displacement 2cm displacement 

CT artifacts 

PET/CT artifacts 

from Bettinardi 2012 



Motion management for radiation treatment planning can be achieved by 2 
approaches: 

1.  Respiratory gating 4D-(PET)/CT acquisition techniques (motion 
compensation) 

2.  Breath-hold (BH) techniques, in which the patient is asked to hold his/her 
breath (motion suppression) 

The correction for the respiratory motion effects has to be made all 
imaging modalities 

Imaging artifacts due to Respiratory Motion 

CT and PET/CT – site specific and practical issues 

from Bettinardi 2012 



Insidious imaging… 



Lung V/Q SPECT scans obtained at baseline can be used to guide radiation 
planning for functional region avoidance 
 
However, it is unknown whether local lung function actually changes during 
RT; on pre-RT SPECT may target functional regions as conditions change 
during the course of treatment  
 

Imaging to characterize the lung function 

SPECT-guided RT plans 



SPECT may provide an opportunity for RT plan optimization 

•  type A: occupied by tumor, must receive highest RT dose;  
•  type B1: unrecoverable nonfunctioning “bad” lung, can receive high-dose RT;  
•  type B2: unrecoverable low-functioning lung, may be given high doses (if no 
worse lung is available);  
•  type B3: temporarily dysfunctional lung caused by tumor-induced constriction 
and other potentially recoverable diseases, should be spared whenever possible; 
during RT  the most remarkable changes were seen in this regions 
•  type C: normally functioning lung, the RT dose regions should be minimized 



Conclusion 

 
The collaboration with a radiologist and a nuclear medicine physician is 
recommended.  

 
However, the potential of imaging to directly impact our practical 
decision requires enhanced training for the radiation oncologist 
 

All the available information together with the best clinical judgment 
should be used to guide the delineation of the GTV 
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