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Limitations of the Emami tables: 

   It was a literature review up to 1991.  

  It completely pre-dated the 3D-CRT-
IMRT- IGRT era.  Even at that time dose- 
volume histograms were not in routine 
clinical use.  

  It was a tabulation of the estimates for 
three arbitrary volumes (1/2, 1/3, whole 
organ) 

  It was only for external beam radiation 
with conventional fractionation.  

  Only one severe complication was chosen 
as an endpoint.  



QUANTEC represents an 
evolution from the Emami tables. 

The first goal: 
to review the available literature 
on volumetric/dosimetric 
information of normal tissue 
complication and provide a simple 
set of data to be used by the busy 
community practitioners of 
radiation oncology physicists, and 
dosimetrists.  

The second goal:  
to provide reliable predictive 
models on relationships between 
dose-volume parameters and the 
normal tissue complications to be 
utilized during the planning of 
radiation oncology.  

   Limitations inherent in extracting data from literature    Limitations in predictive models    Evolving fractionation schedules    Combined modality therapy   Host factors 
   Follow-up duration 



Early SRS treatment at the Brigham 
and Women’s Hospital, 1984 

Historical Development of Stereotactic 
Ablative Radiotherapy 

2016 

Normal tissue dose limits for SBRT are 

considerably different from 

conventional RT due to extreme dose-

fractionation schemes and are still quite 

immature 
And normal tissue dose limits for SBRT 

should not be directly extrapolated 

from conventional RT data 



In parallel with these technological, computer driven developments, 
macroscopic radiobiological models have been developed that incorporate 
our extensive knowledge of the dependence of cell killing on total dose, 
fraction size, interfraction interval, dose rate, the cell cycle, hypoxic status 
and other factors 

The Radiobiology of Hypofractionation 



The Radiobiology of Hypofractionation 

The effects of high doses of RT may be difficult to predict from the linear-quadratic 
(LQ) model that is very useful for conventional RT. 



Dose tolerance for stereotactic body radiation therapy is still much 
more uncertain 

It grew to 500 dose-tolerance limits and as of 2016 there are well 
over 1000 published limits, but they are discordant, ever changing, 
and until now have lacked quantitative estimates of corresponding 
incidence of complication 

Grimm	  et	  al	  

2010 



NTCP results were detailed in the July 2001 issue of Seminars in Radiation 
Oncology for conventionally fractionated radiation therapy. After 7 years, 
an extensive collection of stereotactic ablative body radiotherapy (SABR) 
or stereotactic body radiation therapy (SBRT) dose-tolerance limits was 
presented in the October 2008 issue of Seminars in Radiation Oncology 
(QUANTEC), but estimates of risk were not yet available.  

We now have sufficient data to combine the 2: NTCP for SBRT.  

Jimm Grimm, PhD 
Bott Cancer Center, Holy Redeemer Hospital, 
Meadowbrook, PA 



2016 

•   Review of Literature 

•   DVH Risk Map Creation 

•   DVH Risk Map Utilization 



2016 

Selection citeria for this issue of 
Seminars: each of these articles 
after the introduction presents 
new data and dose-response 
modeling from an Institution, for 
a critical structure that 
previously did not have many 
published dose-response models  
for SBRT or where an additional 
new model could supplement the 
information that had been sparse 

Selection criteria for QUANTEC: 
all data must already exist in the 
peer-reviewed literature 





DVH 
Risk 
Map 



 published dose-tolerance limits 

near the 5% or 50% risk levels 

dose at which a published 
complication occurred 

Risk Levels 



DVH Risk Maps 



DVH Risk Maps Examples: H&N  
 Spinal cord 

 Optic nerves and chiasm 



Spinal cord 

2010	  

Three clinical scenarios for the development of myelopathy: 

  De novo irradiation of the complete spinal cord cross-section via 
conventionally fractionated external beam RT 

  Reirradiation of the complete spinal cord cross-section after a previous 
course of conventional external beam RT 

  Irradiation of  a partial cross-section of the cord using high-dose/fraction 
stereotactic radiosurgery   

Endpoint: myelopathy defined as a Grade 2 or higher myelitis per CTCAE v3.0 



For partial cord irradiation as 
part of spine radiosurgery, a 
maximum cord dose of 13 Gy in a 
single fraction or 20 Gy in three 
fractions appears associated with 
a <1% risk of injury 



Grimm	  et	  al	  



200 papers	  



DVH Elaboration and Modeling Methods 

D1CC, D0.1CC 
and Dmax 	  

PROBIT MODEL 



  < 1% 

 < 3%	  

DVH Maps Construction 



<	  1%	  

<	  3	  %	  



Optic nerves and chiasm 

RION (Radiation-induced optic neuropathy) 
Vision  loss 



Optic nerves and chiasm constraints for conventionally 
fractionated RT 

Emami data TD5/5 TD50/5 
50 Gy 65 Gy 

Quantec data 

Risk of toxicity  
-  < 3% with Dmax < 55 Gy 
-  3%-7% with Dmax 55-60 Gy 
-  > 7% with Dmax > 60 Gy 



Grimm et al 

Dose constraints for hypofractionated SRS over 2-5 days for optic nerves 
have not been well described 



2016 

Methods and Materials 

  RETROSPECTIVE ANALYSIS (Stanford University, 2000-2013)  

   “Perioptic” tumors (within 3 mm of the optic nerves or chiasm)  

  262 pts treated with single and hypofractionated SRS:     
  Benign tumors 236 
  Malignant tumors  26 

   A total of 34 pts (13%) had been treated previously with RT (27 with 
EBRT and 7 with SRS) 



DOSE PRESCRIPTION 

    1 Fraction: Median Dose 18 Gy (range 12-25 Gy) 

    3 Fractions: Median Dose 24 Gy (range 18-33 Gy) 

    5 Fractions: Median Dose 25 Gy (range 18-40 Gy) 

Dmax to the optic nerve 

    1 Fraction: Median Dmax 7.6 Gy (range 1.9-12.4 Gy) 

    3 Fractions: Median Dmax mediana 13.4 Gy (range 2.7-23.3 Gy) 

    5 Fractions: Median Dmax 19.6 Gy (range 3.8-29.4 Gy) 

Methods and Materials 



Median Follow-up : 36.8 months (range, 2-142) 

     7 (2.7%) pts had worsening of vision following RT 

•   5 (1.9%) due to tumor growth 

•   2 (0.8%) due to RT (without tumor growth) 

Results 

1° treated with 25 Gy in 5 fx, with a maximum dose to 
the optic nerve of 23.9 Gy 

2° treated with 25 Gyin 5 fx to the 78% isodose ; the 
maximum dose to the optic pathway of 27.7 Gy: BUT the 
patient had 2 courses of RT previously (EBRT and SRS 
with 20 Gy in single fx) 



Data Analysis  

Dmax D0.2cc 

NTCP curves 



Estimated RION Risk level 



Number of 
Fractions 

Dmax for 1% 
Risk (Gy) 

Dmax for 2% 
Risk (Gy) 

Dmax for 3% 
Risk (Gy) 

Dmax for 5% 
Risk (Gy) 

1 12.7 14.6 15.9 17.5 

2 17.5 20.2 21.9 24.2 

3 20.9 24.2 26.3 29.1 

4 23.7 27.5 29.9 33.1 

5 26.1 30.3 32.9 36.6 

Risk of RION < 1% with maximum point dose of: 

12 Gy  in 1 Fr 
 19,5 Gy in 3 Fr  

 25 Gy in 5 Fr 

Optic Nerve Dmax Values corresponding to 1%, 2%, 
3%, and 5% Risk of RION 



“The DVH Risk Maps can be represented a  stable bridge between 
clinical practice and rigorous estimation theory” 

… The DVH Risk Maps allow  clinicians 
to evaluate alternative treatments plans based on acceptable risk levels 
appropriate for each unique clinical situation to better optimize 
radiation treatment 
and to become more confortable in devising more aggressive regimens 
when necessary such as radioresistant tumors to improve the 
effectiveness of treatment 
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