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OAR – ORGANS AT RISK 

= normal tissues whose radiation sensitivity 

may significantly influence treatment 

planning and/or absorbed-dose prescription 
 

• In principal: all non-target tissues 

• “critical normal structures”: spinal cord, mandible, parotids… 

• Dose-volume constrains for OARs: NTCP curves  
    (retrospective 2D data, prospective 3D data) 

(ICRU Report 50) 



TISSUE ORGANISATION 

FSUs = functional subunits (Withers et al. 1988) 

• the largest tissue volume (unit of cells) that can be  

      regenerated from a single surviving clonogenic cells 

• FSUs are sterilized independently by irradiation 

• severity of damage ~ no. of sterilized FSUs 

   - intrinsic radiosensitivity 

   - dose 

   - fractionation                                            

   - overall treatment time 

• arrangement of the FSUs  clinical consequences 



ARRANGEMENT 

PARALLEL SERIAL 

• independent functioning of FSUs 

• clinical effect = no. of surviving  

  FSUs  to sustain physiological  

  organ function 

• importance of threshold volume 

• distribution of the total dose more  

  important than indiv. “hot spots” 

 parotid  

 lung 

 liver 

• organ function depends on the  

  function of each indiv. FSU (chain) 

• clinical effect = inactivation of  

  one FSU (binary response) 

• “hot spots” more important than  

  dose distribution 

 spinal cord, nerve 

 intestine, esophagus 

INTERMEDIATE TYPE 
= kidney 
glomerulus – parallel 

distal tubules – serial 



OAR 

   DOSE-VOLUME CONTRAINS 

• serial: threshold-binary response (ADmax to a given 
volume) 

• parallel: graded AD response (ADmean or VAD) 
    

   DELINEATION 

• serial: Virradiated –  impact on the assessment of 
the organ tolerance  delineate wall, surface…  

• parallel: volume assessment is crucial – 
complete organ delineation is required 

 



= 2D presentation of 3D dose distribution  

   (what % of volume is raised to a defined dose) 

Routine  DVHs 



DVHs 

= tool for the evaluation & comparison of 
treatment plans 

  

• no info on the spatial dose distribution in a DVH 

• no info on the functional status of irradiated organ or 
volume 

• all regions in the target equally important (doesn’t 
differentiate between functionally or anatomically 
different subregions within the organ)  

• as good as is the anatomic information provided 

 - how accurately routine imaging reflect underlying anatomy? 

 - marked inter-physician differences in image segmentation 



OAR 

   DOSE-VOLUME CONSTRAINS 

• serial: treshold-binary response (ADmax to a given 
volume) 

• parallel: graded AD response (ADmean or VAD) 
    

   DELINEATION 

• serial: Virradiated –  impact on the assessment of 
the organ tolerance  delineate wall, surface… 

• parallel: volume assessment is crucial – complete 
organ delineation is required 

 



OAR – Delineation guidelines 



 

OAR – Delineation guidelines 



OAR – Delineation guidelines 



PRV – PLANNING ORGAN AT RISK VOLUME 

To consider: 
• ORs = subjects of variations in the position of during 

treatment 

 

 

• the same principle as for the PTV 

• PTV and PRV may overlap  

 - report absorbed dose in the full PTV and PRV 

 - calculation of the OAR-PRV margin: random & systemic uncertainties 

 

PRV = OR + margin 

OAR – Delineation guidelines 



Which of the DVH-derived parameters  
is optimal for prediction of NTCP? 

• 2D, 3D data (AD vs. volume vs. organ damage) 

 

• NTCP curves 

 

 

 

  

 

 

 

 

DOSE-VOLUME CONSTRAINS 

QUANTEC  
QUantitative Aalysis of Normal Tissue Effects in the Clinic 
Int J Radiation Oncol Biol Phys 2010; 76(3, Suppl) 



H&N – PAROTIDs, SMGs 

Parallel organization of FSUs = marked volume 
effect  

  parotid = serous fluid 
  submandibular = mucin 

Hyposalivation (within 1 wk, <10-15 Gy) 

Spearing ≥1 PG  appears to eliminate xerostomia 
            ≥1 SMG  appears to  xerostomia risk 

ENDPOINT: severe xerostomia: 

    = long-term salivary function <25% of baseline 



H&N – PAROTIDs, SMGs 

RECOMMENDED DOSE-VOLUME LIMITS             
(QUANTEC, Deasy JO et al. IJROBP 2010) 

 

• Severe xerostomia can be avoided if: 1 PG – Dmean 20 Gy 

                  2 PGs – Dmean 25 Gy 
 

• Partial parotid irradiation (IMRT): Dmean = as low as possible 

                        (lower Dmean  better function, to each of PG) 

• SMG sparing: Dmean <35 Gy 

     (if oncologically safe, might  xerostomia) 



IMRT:  

 planning constraint to the contralateral PG Dmean<24 Gy 

Lancet Oncol 2011;12:127-36 



1. 

2. 



H&N – LARYNX/PHARYNX 

 Laryngeal edema (inflammation, lymphatic disruption) 

  + fibrosis 

 Laryngeal dysfunction (hoarseness, dysphagia, aspiration) 

 

RECOMMENDED DOSE-VOLUME LIMITS 
 (QUANTEC, Rancati T et al. IJROBP 2010) 

 

• Vocal dysfunction 
 non-involved larynx: Dmean 40–45 Gy 
          Dmax<63–66 Gy (if possible) 
 

• Dysphagia/aspiration  
  (ph. constrictors, Lx/Ph – spec. anat. points) 

  to minimize/reduce Vph.constrictors&Lx 60 Gy/50 Gy  
                                                                                       (if possible) 



Head Neck, in press 

- prophylactic swallowing exercises 

- avoidance of gastrostomy tubes 

- IMRT 

PTV95% = 98% 

Dmax SC=54 Gy, BS=60 Gy, n.II/chiasm=54 Gy 

Plan Dmax77 Gy, V75Gy 2 cm3 

 

The doses to the SWOARs were reduced according to the 

following order of priority: 

1. minimising the superior-PCM Dmean 

2. minimising the SG-larynx Dmean 

3. minimising the middle-PCM Dmean 

4. minimising the EIM V60 

 

The mean dose in the parotid glands was not allowed to be 

higher with SW-IMRT than with ST-IMRT. 



Radiother Oncol 2013;107:282-7 

Dose reductions with SW-IMRT were 

largest for patients who: 

1. received bilateral neck irradiation 

2. had a tumor located in the Lx, OPh, 

    NPh or OC 

3. had <75% overlap between SWOARs   

    and PTVs. 



 ENDPOINT: CTCAEv3.0 G≥2 myelopathy/ 
spinal cord injury (3  yrs after RT, rarely <6 mos post-RT) 

 pain, sensory/motor deficits, incontinence (loss of function) 

 

Factors effecting risk 
  - age (vascular damage, RT-sensitivity of developing CNS) 

  - chemotherapy 

 

Time-dependent (partial) repair after full-course 
RT  

     (evident 6 mos post-RT  increases over 2 yrs) 

SPINAL CORD 



RECOMMENDED DOSE-VOLUME LIMITS 
       (QUANTEC, Kirkpatrick JP et al. IJROBP 2010) 

 

Myelopathy risk 

• conventional fx (2 Gy/day, full cord cross-section) 

 50 Gy  0.2%, 60 Gy  6%, 69 Gy  59% 
  

• stereotactic RadioSurgery (partial cord irradiation) 

  13 Gy/single fx or 20 Gy/3 fx  <1% 
 

• re-irradiation (conventional fx, 2 Gy/day, full cord cross-section) 

  in SC tolerance for at least 25%/6 mos after RT 

 

SPINAL CORD 



BRAIN STEM 

Manifestation: mosyrs after RT 

Difficult to distinguish between toxicity and TU 

progression 
 

RECOMMENDED DOSE-VOLUME LIMITS 
       (QUANTEC, Mayo C et al. IJROBP 2010) 

• conventional fx (2 Gy/fx) 

        limited risk: entire BS irradiation  54 Gy 

                 smaller volumes (1-10 cc)  Dmax 59 Gy  

        markedly increased risk: Dmax >64 Gy 

• stereotactic RadioSurgery 

        12.5 Gy/single fx  <5% 



OPTIC NERVES & CHIASM 

 RION, radiation-induced optic neuropathy  
 = painless rapid visual loss (3 yrs after RT) 
 vascular injury                     age 

                                                  chemotherapy, DM, hypertension ? 
 

RECOMMENDED DOSE-VOLUME LIMITS 
       (QUANTEC, Mayo C et al. IJROBP 2010) 

• conventional fx (2 Gy/fx) 

 Dmax <55 Gy  0% 
           55–60 Gy  3–7%  
           >60 Gy  >7–20%  

• stereotactic RadioSurgery 
  Dmax <8 Gy  rare 
          12–15 Gy  >10%  
 



N=315 



PERIPHERAL NERVES 

 Mixed sensory & motor  deficits (6 mos  yrs 

after RT) 
 progressive vascular degeneration, fibrosis, demyelination 
 

• Neuropathy/plexopathy <5%  60 Gy (2 Gy/fx) 

     Brachial plexus constraints on recent RTOG IMRT HNC protocols: 

• RTOG 0022, 0025, 1016 none specified 

• RTOG 0522 Dmax ≤60 Gy 

• RTOG 0615 Dmax ≤66 Gy 

• RTOG 0619 Dmax ≤66 Gy, D05 ≤60 Gy 

• RTOG 0912 Dmax ≤66 Gy to point source at least 0.03 cm3 

• RTOG 1008 Dmax <66 Gy if low neck involved, for others <60 Gy 

     Robert RW, Radiat Oncol 2013;8:173 



HEARING LOSS (EAR) 

 sensorineural hearing loss (SNHL, cochlea/n.VIII damage) 

 = clinically sign. in bone conduction threshold at .5-4 kHz  
     (key human speech frequencies, pure-tone audiometry)   

 age (>50 yrs), pre-RT hearing, post-RT otitis media, chemotherapy 

 

Threshold dose to COCHLEA for SNHL cannot be 

determined  SUGGESTED DOSE-VOLUME LIMITS: 
QUANTEC, Bhandare N et al. IJROBP 2010 

• conventional fx: Dmean 45 Gy (more conservatively 35 Gy)  

• stereotactic RadioSurgery: 12–14 Gy 

• hypo-fx (for vestibular schwannomas):  
    21–30 Gy in 3–7 Gy/fx (over 3–10 days) 

 

 







Dose-volume constrains (targets, critical structures) 

 

GTV, CTV OR V100%  >95 % 

OR V93%  >99 % 

OR > 95% of volume on 100% dose 

OR >99% of volume on 93% dose 

PTV-buildup V95% >98 % >98% of volume on 95% dose 

Spinal cord VEQD 45Gy <1 cm
3 

AND EQDmax <50 Gy 

max 1 cm
3
 of volume on equivalent dose >45 Gy  

AND max equivalent dose <50Gy 

Brainstem VEQD 54Gy < 1 cm
3 

max 1% of volume on equivalent dose >54 Gy  

Parotid glands OR Dmean <26 Gy 

OR D50% <30 Gy 

mean dose < 26 Gy 

OR 50% of volume on <30 Gy 

Chiasm, optic nerves EQDmax <54 Gy max equivalent dose <54 Gy  

Eye bulb OR Dmax <50 Gy 

O Dmean <35 Gy 

OR max dose <50 Gy  

OR mean dose <35 Gy 

Retina Dmax <50 Gy max dose <50 Gy 

Lens V10 Gy <1 % max 1% of volume on >10 Gy 

Mandible V70 Gy <1 cm
3 

max 1 cm
3
 of volume on >70 Gy  

Hypophysis V65 Gy <1 % max 1% of volume on >65 Gy 

Temporal lobes Dmax >70 Gy 

AND V65 Gy <1 % 

max dose >70 Gy 

AND max 1% of volume on >65 Gy 

Larynx Dmean <60 Gy mean dose <60 Gy  

Constrictor muscles Dmean <60 Gy mean dose <60 Gy  

Oral cavity Dmax <50 Gy max dose <50 Gy  

Lips Dmax <50 Gy max dose <50 Gy 

Temporomandibular 

joint 

V75 Gy <1 % max 1% of volume on >65 Gy 

Inner ear Dmean <50 Gy mean dose <50 Gy  


