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Presentation focus on ----

� Limitation of Conventional RT

� Why Interest in early lung cancer Radiation

� Problem of moving tumor

� How to overcome it?

� Technique of 4D Radiation in ca Lung



Ca Lung

� Lung cancer frequent cause of cancer death

� 15-20% early stage (may increase with adoption of 

spiral CT for widespread screening)

� Surgery treatment of choice for stage I & II NSCLC

� Many pts not suitable for surgery due to poor lung 

functions or other co-morbidities



Management

- Management is based on disease stage

- Stage I-II: early stage
- Stage IIIA: locally advanced (surgery feasible)
- Stage IIIB: locally advanced (surgery not feasible)
- Stage IV: metastatic disease



Management of Stage I + II NSCLC

-Surgery alone is the standard treatment choice !

-Lobectomy: optimal procedure
-Wedge resection for small tumors (<3cm) and elderly patients

-No randomized trials, but excellent results

-Adjuvant Cisplatin-based CCT for stage II
for stage IB data is conflicting

-No adjuvant radiotherapy after radical surgery  (i.e. R0)





RT in stage I+II NSCLC 

� In recent past, there has been a resurgence 
in the role of radiation in early stage 
NSCLC because of the availability of newer 
technology of delivering precise radiation to 
the area of interest. 



RT in stage I+II NSCLC

� NOT FIT FOR RADICAL SURGERY
�OLD PTS

�BAD LUNG eg EMPHYSEMA

�MEDICALLY NOT FIT FOR 
SURGERY BECAUSE OF 
COMORBIDITY.



Conventional RT

� Results of conventional RT
� Primary RT has inferior results compared to 

surgery
� Dose escalation at cost of higher toxicity  with 

still high rate of local failure



WHY???



�To find out the answer of 
BIG WHY? We need to 
understand the basic 
principal of radiotherapy 
planning



RT Planning

GTV CTV
-Microscopic ds

PTV
-Uncertainities



CTV (Microscopic Disease)

�To give adequate margins 
around GTV, we should have 
good understanding of pattern 
of local spread of ca lung.



RT-Planning – Defining the CTV

1. Margin around primary tumour (microscopic spread)

Histopathologic quantification of subclinical cancer 
around the grossly visible primary  (Giraud 2000):

Microscopic extension Adeno Squamos

 mean value 2.69mm 1.48mm

 5mm margin covers: 80% 91%

 margin to cover 95% 8mm 6mm



PTV (Uncertainty)

� One of the important reason of uncertainty 
in ca lung is motion of the tumor during 
respirations



Tumor Movement

Size of movement dependent on:
- tumour location in the lung
- fixation to adjacent structures
- lung capacity and oxygenation
- patient fixation and anxiety

Average movement in normal breathing:
- Upper lobe      0 -0.5cm
- Lower lobe   1.5 -4.0cm
- Middle lobe  0.5 -2.5cm
- Hilum           1.0 -1.5cm

Steppenwoolde 2004



PROBLEM WITH PTV

� PTV margins irradiate only normal tissue 
and led to--------
�More complications (Pneumonitis)
�Difficult to escalate the doses(Under 

dosing)

More the PTV more normal tissue RT

Inferior results with more toxicities

Conventional RT



















INTERFRACTION 
MOVEMENT
� POSITION MAY CHANGE EVERY DAY.

� REASONS ARE TWO:-

�DUE TO DISTENSABLE NORMAL 
ORGAN NEAR TARGET LIKE 
PROSTATE, CERVIX.

�DUE TO SHRINKAGE OF TUMOR 
DURING TREATMENT.



MOVEMENT DUE TO 
DISTENSIBLE NORMAL 

ORGAN NEAR THE TUMOR.













INTERFRACTION 
MOVEMENT

�DUE TO SHRINKAGE OF 
TUMOR DURING 
TREATMENT







INTRAFRACTION 
MOVEMENT

�DUE TO RESPIRATION.

�Mainly affect the ca lung and 
tumor of upper abdominal 
organ



Solution



Solution









BETTER SOLUTION

� If we minimizes these uncertainties, we can 
reduce the PTV margins and can put more 
tighter margins around CTV which allow us 
to------------

�Less normal tissue irradiation

�Less complications

�Escalate the dose to tumor



�How can we 
minimize the 
uncertainties of 
tumor movement 
during respiration.



ANSWER
�TREAT MOVING TARGET 

BY TRACKING        

GATED   
RADIOTHERAPY



Gated Radiotherapy

�We evaluate the movement of the 
tumor in every patient and then 
treat accordingly



GATED RT

� TWO METHODS

�BY CHASING AND  TREATING THE  
MOVING TUMOR CONTINUOUSLY 
BY ROBOTIC ARM e.g.. CYBER 
KNIFE

�BY TREATING MOVING TARGET AT 
A FIXED POSITION OF MOVEMENT.











Methods of chasing the moving 
Tumor



MOVING TUMOR

� BY TREATING THE TUMOR IN A 
PARTICULAR PHASE OF 
MOVEMENT















CyberKnife® Robotic Radiosurgery 
System

� Not a surgical knife

� Linear Accelerator 
mounted on a robotic 
arm

� Tracks, detects and 
corrects for tumor and 
patient movements 
throughout the 
treatment



CyberKnife® Robotic Radiosurgery System

� Broad clinical application
� Intracranial radiosurgery
� Extracranial radiosurgery

�Spine
�Lung
�Liver
�Pancreas
�Prostate
�Other

� Staged/fractionated radiosurgery
� Proven clinical experience

� Over 16,000 patients treated worldwide
� Over 130 clinical and technical papers

Photo courtesy of St.Joseph’s Hospital



Synchrony ™

camera

Treatment couch

Linear
accelerator

Manipulator

Image
detectors

X-ray sources

Targeting System

Robotic Delivery System



CyberKnife® Accuracy

� Sub-millimeter accuracy 

� Treats all parts of the body

� Treats lesions that were previously 
untreatable

� So accurate, head and body frames are not 
required



�How Cyber knife locate 
the target position during 
respiration with high 
accuracy.



Internal Tracking







Cyber Knife RT

� Is usually given in 1 to 4 fractions

� This treatment is called Steriotactic body 
Radiosurgery or Radiotherapy

�SBRS

�SBRT









BY TREATING THE TUMOR IN A 
PARTICULAR PHASE OF MOVEMENT



MOVING TUMOR

� To evaluate the exact movement and to find 
out the phase of respiratory cycle in which 
tumor to be treated----------

�4D CT Scan to be 
done



3 D CT SCAN
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Box with reflective 
markers positioned 
near sternum



4D CT SCAN



4D CT SCAN



System automatically 
detects and tracks markers







Single Slice Scanner – 4 phase bins – Full Inhalation, Mid-
Exhalation, Full Exhalation, Mid-Inhalation 

3 Couch Positions = 3x4 = 12 slices

Couch Pos1 Couch Pos2 Couch Pos3



A large amount of 
data is generated!

(>800 slices)



4D CT SCAN IN CA LUNG

� PUT THE CONSOLE IN MOVIE MODE.

� SEE THE MOVEMENT OF THE LUNG 
AND TUMOR.

� MEASURE THE RANGE OF THE 
MOVEMENT OF TUMOR IN ALL THE 
DIRECTIONS



4D CT SCAN IN CA LUNG

� FIND OUT THE PHASES OF 
RESPIRAION IN WHICH THE 
MOVEMENT OF THE TUMOR IS 
LEAST

� THEN  EXTRACT CT SLICES FROM 
THOSE PHASES ONLY 







4D CT SCAN IN CA LUNG



4D CT SCAN IN CA LUNG



4D RT DELIVERY

� ON MACHINE SAME BLOCK WITH IR 
BEADS ARE KEPT OVER ABDOME

� SAME PATTERN OF RESPIRATION IS 
REPRODUCED AS IN CT PLAN

� THE CONSOLE OF THE LINAC IS 
PROGRAMMED IN SUCH A WAY THAT THE 
RADIATION IS ON DURING 20% TO 70% 
PHASE OF THE RESP. CYCLE.



















RTOG 0618

� A Phase II Trial of Stereotactic Body Radiation 
Therapy (SBRT) in the Treatment of Patients with 
Operable Stage I/II Non-Small Cell Lung Cancer



RTOG 0618
� Schema:

� Stereotactic Body Radiation Therapy (SBRT), 20 Gy per 
fraction for 3 fractions over 1.5-2 weeks, for a total of 60 
Gy 

� Eligibility:

� Patients with T1, T2 (≤ 5 cm), T3 (≤ 5 cm), N0, M0 
operable non-small cell lung cancer; patients with T3 
tumors must have chest wall primary tumors only; no 
patients with tumors of any T-stage in the zone of the 
proximal bronchial tree. Patients with T3 tumors based on 
mediastinal invasion or < 2 cm toward carina invasion are 
not eligible. 



zone of the proximal bronchial tree





BIOLOGICAL ADAPTATION (5D RT)



BIOLOGICAL ADAPTATION (5D RT)



BIOLOGICAL ADAPTATION (5D RT)



BIOLOGICAL ADAPTATION (5D RT)



BIOLOGICAL ADAPTATION (5D RT)



BIOLOGICAL ADAPTATION (5D RT)



BIOLOGICAL ADAPTATION (5D RT)



BIOLOGICAL ADAPTATION (5D RT)



BIOLOGICAL ADAPTATION (5D RT)



BIOLOGICAL ADAPTATION (5D RT)



Conclusion

� With newer state of the art radiotherapy tools, 
very high dose of radiation can be delivered in 
early stage ca lung.

� Treatment finished in 1-2 wks time.
� Hospital visits reduced to 1-4.
� Results seems to be comparable to surgery
� Result of Randomized trial may change the 

standard of care in early stage NSCLC from 
surgery to SBRT.  




