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New tools to reduce toxicity: from technology to drugs
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Early vs. late toxicity

Early Late

Timing During or shortlyafter
treatment (<3m)

>90daysafter onsetof 
treatment (>3m)

Pathophysiology Progressivecelldepletion
and inflammation

Vascularsclerosis and 
fibrosis

Symptoms Å Diarrhea
Å Cramps
Å Cystitis
Å Perinealdermatitis

Å Boweldysfunction
Å Faecalincontinence
Å Bleedingand 

perforation
Å Genitourinary

dysfunction
Å Pelvicfractures



Consequential late effects

Dörr, Radiother Oncol 2001

Impairment

of barrier

function

Mucosa of GU and GI tract



Treatment-related toxicity

ω¦ƴŘŜǊǊŜǇƻǊǘŜŘΣ ǾŀƎǳŜ ǎȅƳǇǘƻƳǎ Χ

ωDifferent scoring systems used

ωProspective vs retrospective data

ωPatient vs physician

ωAffects QoL

ωRequires appropriate treatment

ωMany patients have become long-term survivors
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Patient-related factors

ωGeneral condition

ωObesity

ωPrevious surgery

ςRisk of fistula after laparotomy: 5.2% vs 2.9% 

ςRisk of small bowel obstruction: 14.5% vs 3.7%

ωDiverticulosis

ωDiabetes

ωHypertension

ωInflammatory bowel disease

ωCollagen vascular disease



Tumor-related factors

ωStage of disease

ωVolume of the tumor

ωLymphatic spread

ωRadiation dose

ωVolume of normal tissue irradiated

ωFractionation schedule

ωUse of concomitant chemotherapy

ωCo-morbidities

ωObservation time

Tumor-related factors



Combined modality treatment
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Small bowel toxicity

ωAcute toxicity

ςResults of cell death in 
proliferative compartment

ςFailure to replace the villus 
epithelium

ςShortening of the villus

ςEndothelial cell swelling 
and loss with increased 
vascular permeability

ςBreakdown of the mucosal 
barrier

ςMucositis



Small bowel toxicity
ωLate toxicity
ςMucosal atrophy

ςVascular sclerosis

ςFocal ischemia, fibrosis, edema, serosal thickening

ςMalabsorption, dysmotility

ςIntestinal obstruction, fistula

ςPresents clinically 6 months to 3 years after radiation

ςMay lead to:

ωComplications requiring surgery

ωParenteral nutrition

ςPrognosis is poor



Small bowel toxicity

ωRadiation enteritis



Baglan et al., Int J Rad Onc Biol Phys 2002

V15

Small bowel toxicity

ωAcute small bowel toxicity depends on irradiated volume

Grade 3+ toxicity



Robertson et al., Int J Rad Onc Biol Phys 2008

Better modeling of preoperative patients 

Revised parametersPrevious parameters

Small bowel toxicity

ÅAcute small bowel toxicity depends on irradiated volume



Radiation proctitis

ωInflammation and damage to lower parts of 
colon (sigmoid colon, rectum) after 
exposure to ionising radiation

ωAcute radiation proctitis

ςDue to direct damage of lining of colon

ςSymptoms: diarrhea, painful defecation, 
tenesmus

ωChronic radiation proctitis

ςDue to damage to blood vessels

ςSymptoms: diarrhea, rectal bleeding, painful 
defecation, intestinal blockage, fistulae

https://en.wikipedia.org/wiki/File:Radiation_proctitis_APC.jpg
https://en.wikipedia.org/wiki/File:Radiation_proctitis_APC.jpg


Radiation cystitis

Rajaganapathy BR et al LUTS 2014

cytoscopy



Marks et al, Int J Rad Onc Biol Phys 2010

QUANTEC toxicity

ωQuantitative Analysis of Normal Tissue Effects in 
the Clinic



QUANTEC toxicity

ωQuantitative Analysis of Normal Tissue Effects in 
the Clinic

Marks et al, Int J Rad Onc Biol Phys 2010



Underdiagnosed!

Kim et al., IJROBP 2012

Lapina et al. Medicina 2014

Sacral fractures

ω492 RC patients

ωMedian follow-up = 3,5 years

ωIncidence: 7,1% (35/492)

ω4-year sacral-free rate: 0,91



Sacral fractures

Kim et al., IJROBP 2012

ωRisk factors
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Tools to reduce toxicity
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ADVANCES IN RT

Better dose distribution
Conforming radiation beams to the tumor

Avoiding high-dose irradiation of normal tissue 



CTV subregion Previous guidelines 

(Roels S, IJROBP 2006)

Updated guidelines 

(Joye I, IJROBP 2015) 
Cranial border Bifurcation of the common iliac arteries

(promontorium)

Branchingof superior rectal artery in multiple

smaller vessels(S1-S2 interspace) for tumors

without MRF involvement and without

pathologicallymphnodeson stagingMRI.

Caudal border and 
ischiorectal fossa

Å Inclusionof the ischiorectalfossa and

anal sphincter when (1) a sphincter-

saving procedure is planned and the

tumor is locatedwithin ± 6 cm from the

anal margin or (2) when the tumor

invadesthe anal sphincterand an APR

isnecessary.

Å Delineation of the entire ischiorectal

fossais recommendedin all cases.

Å Exclusion of the anal sphincter and
ischiorectal fossa in patients who undergo
sphincter-savingsurgery. The anal sphincter
should be included if there is sphincter
invasionand/or whenanAPRisplanned.

Å Delineationof the entire ischiorectalfossais
only recommendedwhen there is massive
tumoral infiltration.

Target volume delineation



applicatortumor

75 %

100 %

150 %

200 %

Brachytherapy



Allen, Strahlenther Onkol 2002
Kasabasic, Med Dosim 2010

Bellyboard

ωAdvantages:

ςAnterior displacement of 
small bowel loops away 
from high-dose region

ωDisadvantages:

ςLess reproducible 
treatment position

ςPatient discomfort (i.e. 
old, frail patients; stoma; 
central venous catheter)



Precise irradiation of the target volume while sparing the organs at risk

RT technique: 3D-CRT vs. VMAT



Benefit of bellyboard?

ωDosimetrical study  

ς11 patients

ςprone + bellyboard vs. supine

ςVMAT plans
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YES!

Joye et al., Acta Oncol 2015



Pinkawa et al., Radiother Oncol 2011

Endorectal spacer gel



Pinkawa et al., Radiother Oncol 2011

Endorectal spacer gel



Endorectal balloon

Smeenk et al., Radiother Oncol 2011



Does a dosimetrical benefit also translate 

into a clinical benefit? 



92 rectal cancer patients
treated with chemoradiotherapy

61 3D-CRT
31 IMRT

Toxicity scoring CTCAE v 3.0

5ŜŎǊŜŀǎŜ ƛƴ җ Dн DL ǘƻȄƛŎƛǘȅ
bƻ ŘƛŦŦŜǊŜƴŎŜ ƛƴ җ Dн ƴƻƴ-GI toxicity

Late toxicity? 

Samuelian et al., IJROBP 2012

Clinical benefit of IMRT



Wolff et al., Radiother Oncol 2012

Proton therapy

ωSuperior dosimetric properties



Marginreduction

daily image guidance with CBCT

Image guided RT



Fiducial markers

ωIndication?

ςAll PCa patients scheduled for EBRT to prostate and SV 
as a primary treatment

ςContra-indication

ω+ pelvic RT (-> bony anatomy matching)

ωPatients on coumarine-anticoagulantia

ωPrior TURP and not enough prostatic tissue left to assure 
stable and reliable FM position



Fiducial markers



Fiducial markers



Fiducial markers



Image guided RT

FLAME trial

ωAim

ςSingle Blind Randomized Phase III Trial to Investigate 
the Benefit of a Focal Lesion Ablative Microboostin 
Prostate Cancer 

ςAddition of an ablative microboostto the macroscopic
tumor within the prostate

ωIncrease 5-year biochemical control?

ωChange in treatment related toxicity, quality of life or 
disease free survival?

Lips et al. Trials 2011


