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a gradually 
decreased 

use of
IRT

an 
increased 

use of IMRT
and SBRT

• SEER (Surveillance Epidemiology and End Results)

• NCDB (National Cancer Data Base)

• Quality Research in Radiation Therapy

Han. Trends in the utilization of BT in cervical cancer 
in the United States. IJROB 2013

Gill. National Cancer Data Base analysis of RT 
consolidation modality for cervical cancer: the impact 
of new technological advancements IJROB 2014

Eifel. Patterns of RT practice for patients treated for 
intact cervical cancer in 2005 to 2007: a quality
research in radiation oncology study IJROB 2014



2016

>50% of centres did not deliver IRT 
treatments because of

lack of skilled personnel



Some patients cannot be treated by IRT:

• tumor dimensions and/or locations

• anatomical variations

• risk of bleeding

• medical comorbidities that preclude anesthesia 

especially in the interstitial procedures

• patient’s refusal due to anxiety or discomfort



EBRT
vs
IRT



The target can be properly irradiated by both 
techniques with similar dose distributions 
and high dose conformity

• CK vs HDR-BT
• APBI: 4 x 6.25 Gy

• IMRT vs HDR-BT
• APBI: 7 x 4.3 Gy

The target volume can be appropriately 
irradiated by both techniques, but MIBT 
spares OAR better than IMRT



SBRT cannot achieve the same high 
intraprostatic doses as HDR BT while 

respecting the OAR constraints

BUT…

Physician preference remains the most 
significant factor in the nonutilization of IRT



14 pts HDR-BT or VMAT (scalp and lower limbs)

Maximum skin surface dose: HDR-BT > VMAT

Volumes of OAR: VMAT < HDR-BT à TPS?



• Cervical cancer is the 3rd / 4th most common cancer

• IRT is the gold standard boost (improves OS & LC)



The superiority of IRT is explained by 
its unparalleled dose distribution:
• low integral dose
• sharp dose gradient
• maximum OAR sparing
• high doses to tumor

2008



The applicator inserted in the target volume 
eliminates the requirement of additional 
margins to account for set up error and/or to 
adapt to changes in bladder/rectal filling

The continuous non-systemic cervical motion can be as large as 18 mm

Jadon. A systematic review of organ motion and image-guided strategies in 
external beam radiotherapy for cervical cancer. Clin Oncol 2014

Mean interfractional cervical motion:
• 2.3-16 mm in the anterioreposterior
• 2.7-8 mm in the superior-inferior 
• 0.3-10 mm in the lateral directions



• retrospective
• small population size
• various follow up time
• heterogeneous in dose
• heterogeneous in fractionation
• heterogeneous in technique

Limited number of studies evaluated 
high-tech EBRT as IRT alternative



If IRT is deemed inadequate before starting CT-RT, IMRT with SIB 
should be the suggested technique to deliver the total dose in a 
shorter duration 

Conversely, SBRT should be the preferred route in cases when IRT 
is deemed not applicable towards the end of the conventionally 
fractionated CT-RT regimen

SIB-RT vs SBRT



IMRT with SIB

Adaptive replanning strategy to accentuate 
the precision by allowing modifications of the 
target volume due to bladder/rectal infill 
and/or any anticipated tumor shrinkage

The IMRT-SIB model may be preferred in the presence of hypoxia
(hypoxic cells within cervical tumors 20–60%)



SBRT is capable of emulating HDR-IRT dose distribution
(high inhomogeneous dose to the tumor & OAR sparing)

SBRT

The aim of hypofractionation is to target rapid 
cervical cancer cell repopulation through 

avoiding overall treatment time prolongation



• 6 pts
• IMRT (pelvis) 45 Gy 
• IMRT (uterus) 50.4-61.2 Gy
• SBRT-CK (cervix) 19.5-20 Gy in 3-5 fr
• Fiducials (cervix and fornices)

USA 2012

• LC @1y 100%
• no G3-4



• 11 pts
• 3D-CRT 50.4 Gy
• SBRT-CK (cervix) 30 Gy in 5 fr
• Fiducials

Germany 2013

• LC @6 months 100%
• no G3-4



• 25 pts
• 3D-CRT/IMRT 44-50.4 Gy in 25-28 fr
• SBRT (VMAT) 20-33 Gy in 4-6 fr
• median EQD2 75,5 Gy (69.3-92.2 Gy)

• no G4

• LC @5yy 80.9%

• OS @5yy 69.4%

Korea 2021



matched population 70 IRT pts vs 35 HT pts

• 3D-CRT 45-54 Gy

• SBRT (HT) 30 Gy in 10 fr
• HDR IRT 24-30 Gy in 6 fr

- PFS @5-yy IRT 72.6%
HT 72.5% 

- OS @5-yy IRT 78%
HT 76.5% 

Korea 2020





Korea 2018

• 75 pts (multicentric)
• 3D-CRT box (pelvis) 40-54 Gy
• 3D-CRT / IMRT 9 – 35 Gy
• median EQD2 70 Gy (49.6-80.7 Gy)

• G3-4 12%
• LC @5-yy 70%
• DFS @5-yy 54.7%
• OS @5-yy 75%



• phase II trial
• 15/21 pts: closed for toxicity

• IMRT 45 Gy
• SBRT 28 Gy in 4 fr (fiducials)

• G5 3 pts

• LC @2yy 70.1%
• PFS @2yy 46.7%
• OS @2yy 53.3%

USA 2020



The declining utilization of IRT is coupled 
with increased mortality risk

USA 2021



• 37 pts
• 3D-CRT pelvis + 3D-CRT boost
• Total dose 56 - 70 Gy

These findings stress 
the need for devising 

alternative 
treatment 

approaches

Japan 2019

Ø PFS @2-yy 29%
Ø OS @ 2-yy 43%





Milano 2020

• 25 pts
• 3D-CRT / IMRT (pelvis) 45 - 50.4 Gy
• SBRT (cervix) 25 Gy in 5 fr

• No G3-4

• LC @2-yy 78%
• PFS @2-yy 55%
• OS @2-yy 67%



Roma 2021

• 9 pts
• IMRT (pelvis) 50.4 + SIB (cervix +/- N) 61.6 Gy
• SBRT (cervix) 15-25 Gy in 3-5 fr
• median EQD2 80.8-92.4 Gy • 1 pt local recurrence

• 2 pts PD
• OS @2-yy 70%



Salvage treatment or reirradiation



• G3-4   2 pts

• OS @1yy 80.8% def
49.1% rec

Taiwan 2021

• 11 pts cervix/uterus
• 3D-CRT 45-65 Gy
• SBRT 25 Gy in 5 fr

• 14 recurrent cancer (5 reirradiation)
• 3D-CRT 50-65 Gy
• SBRT 10-30 Gy in 2-6 fr



Germany 2022

• 10 pts (8 recurrent cervical / vaginal cancer)
• VMAT 45-55 Gy in 25 fr
• MRI-SBRT median 21 Gy in 4 fr
• median EQD2 73.6 Gy (69.3-83.9 Gy)

• no G3-4

• LC @5yy 80.9%

• OS @5yy 69.4%



A new possibility: PROTON & CARBON ION



• 11 pts (cervical cancer)
• IMRT (VMAT or Helical) 50.4 Gy  
• SBRT (CK) 30 Gy in 5 fr
• median EQD2 89.6 Gy

As an alternative
• IMPT 30 Gy in 5 fr
• Reference comparison plans with VMAT



Personalized treatment adaptation 
for improved treatment efficacy

Radiomics
Neural network
Machine Learning
Artificial Intelligence



Image guided IRT still remains the clear standard of care and efforts should 
be made to maintain expertise and skills

High-tech EBRT may be suitable only for carefully selected patients

Italy 2021CONCLUSIONS



Instead of comparing them, future studies 
should focus on combining advanced EBT 
and advanced IRT by using the inherent 

advantages of both options, to fully exploit 
the potential of advanced RT
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