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“It is difficult to see what 
is genuinely new…, 
harder still to admit 

ignorance in the face of 
it.”

-Mark Lilla 

New York Review of Books March 24, 2016



* External Beam
* Organ at Risk (OAR) protection
* Fractionation
* Field design and coverage

* Brachytherapy
* Androgen deprivation (ADT)

Trends in Radiation Oncology 2017



Hydrogel Space Creation, Maintenance 
and Absorption

EU	Clinical	Study	Patient

Post Implant (1 week) 
Axial CT image

Post IMRT 
Axial T2 MRI

Six Months Post Implant
Axial T2 MRI

Post implant space Space maintained for 
about 3 months

Absorbed in about 6 
months
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Bowel QOL with Hydrogel Spacer
5 Year Results

Pinkawa, M et al, IJROBP99(2):374-377. 1 Oct 2017

With (n=54) Without (n=60)

Age 73 73

PTV (cc) 126 123

Rectal Dose

Volume in 90% 4% 13%

Volume in 70% 20% 32%

≥ Moderate Bowel Urgency 0% 14%

≥ Moderate Loss of Control 0% 7%

≥ Moderate Bowel Habits 0% 7%



NRG / RTOG 0415
Fractionation in Prostate Cancer

* Low risk prostate cancer
* T1b-T2c
* Gleason 2-6
* PSA<10

* Stratified PSA, Gleason, and IMRT vs 3D
* Non-inferiority

* Randomized 1:1
* 73.8 Gy in 41 fractions over 8.2 weeks
* 70 Gy in 28 fractions over 5-6 weeks

* 1092 evaluable men
* Median F/U 5.8 years

Lee, R et al, JCO, 34(20):2325-2332, April 4, 2016



Estimates of disease-free survival (DFS) according to treatment assignment. 

W. Robert Lee et al. JCO doi:10.1200/JCO.2016.67.0448

©2016 by American Society of Clinical Oncology



Biology of Extreme Hypofractionation

* Basic laboratory data suggests α/β ratio favors large fractions
* Mouse data suggests:
* Biologically more effective
* Slows rate of progression
* Cancer cells less likely to metastasize

* Human data evolving showing equivalence



Cyberknife Data

* 515 men
* 84 months median F/U
* Risk groups
* 63% low
* 30% intermediate
* 7% high
* 14% ADT

* 35-26.25 Gy / 5 daily fractions
* 5 mm expansion (3mm posterior)

Katz, A, et al, Front Oncol 2016



SBRT









bDFS High Risk Prostate SBRT 

Katz, A,. 2016, DOI: 10.1016/j.ijrobp.2016.06.1251



SBRT High Risk PCa

* Combined trials
* FASTR    (NCT01439542)
* SATURN (NCT01953055)

* 40 Gy/5 weekly Fx (25 Gy to lymph nodes)
* Higher risk rectal bleeding
* 5mm vs 3mm margin
* Seminal vesicle vs prostate only
* V40Gy 1.53cc vs. 0.69cc
* V20 Gy 55cc vs 40cc

Bauman, G et al, ASTRO 2017, DOI: http://dx.doi.org/10.1016/j.ijrobp.2017.06.358





* Linac Based SBRT 40Gy prostate in 5 Fx
* +/- 25 Gy nodes 
* +/- 9 months ADT

* 73 men  with 13.8 mos F/U
* Nodal RT had “no significant association with either physician or patient 

reported toxiciy”
* 2.7% Biochemical failure

High Risk SBRT at UCLA

Kishan, A et al, ASTRO 2017



Watch for Hypofractionation Guidelines
Public comment through ASTRO, AUA, ASCO



PSA Bounce with SBRT

Author n= Definition % Median ng/ml Median months

King 41 ≥ 0.2 ng/ml 29 0.39 18

Lee 29 ≥ 0.2 ng/ml 28 0.69 9

McBride 45 ≥ 0.4 ng/ml 20 1.07 12

Chen 100 ≥ 0.2 ng/ml 31 0.5 15

Katz 304 ≥ 0.2 ng/ml 17 0.55 30

Vu 120 ≥ 0.2 ng/ml 28 0.5 9

Vu, C et al Front Oncol 2014, https://doi.org/10.3389/fonc.2014.00008



RTOG 0232:  Study Schema
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Arm 1: 45 Gy EBRT 
Partial pelvis (1.8 
Gy/fraction M-F for five 
weeks) followed 2-4 weeks 
later by Pd-103 (100 Gy) or 
I-125 (110 Gy)

or

Arm 2: Pd-103 (125 Gy) or I-125 (145 
Gy)

Prestige et al, DOI: http://dx.doi.org/10.1016/j.ijrobp.2016.06.026



Freedom From Progression

Prestige et al, ASTRO 2016



Biochemical Failure
ASTRO Definition Phoenix Definition

Prestidge et al, ASTRO 2016



ProtecT Trial

Hamdy, F, Donovan, J, et al., NEJM, Sept 14, 201, DOI: 10.1056/NEJMoa16062206 



Adverse Events
EBRT + PB

(n=283)
PB

(n=292)
p-

value*

ACUTE Any Grade ≥ 2 Toxicity n % n % 0.68

Yes 80 28.3 78 26.7

No 203 71.7 214 73.3

Any Grade ≥ 3 Toxicity 0.97

Yes 23 8.1 24 8.2

No 260 91.9 268 91.8

LATE Any Grade ≥ 2 Toxicity 0.0001

Yes 150 53.0 107 36.9

No 133 47.0 183 63.1

Any Grade ≥ 3 Toxicity 0.039

Yes 35 12.4 21 7.2

No 248 87.6
269

92.
8

*Chi-square test

Prestidge et al, ASTRO 2016



Androgen Suppression Combined with Elective Nodal and Dose 
Escalated Radiation Therapy (the ASCENDE-RT Trial): An Analysis of 

Survival Endpoints for a Randomized Trial Comparing a Low-Dose-
Rate Brachytherapy Boost to a Dose-Escalated External Beam Boost 

for High- and Intermediate-risk Prostate Cancer

W. James Morris, MD, FRCPC, Scott Tyldesley, MD, FRCPC, Sree
Rodda, MBBS, MRCP, FRCR, Ross Halperin, MD, FRCPC, Howard 
Pai, MD, FRCPC, Michael McKenzie, MD, FRCPC, Graeme Duncan, 
MB, ChB, FRCPC, Gerard Morton, MB, MRCPI, FRCPC, FFRRCSI, 

Jeremy Hamm, MSC, Nevin Murray, MD, FRCPC

International Journal of Radiation Oncology • Biology • Physics
Volume 98, Issue 2, Pages 275-285 (June 2017) 

DOI: 10.1016/j.ijrobp.2016.11.026

Copyright © 2016 Elsevier Inc. Terms and Conditions



Fig. 1 

International Journal of Radiation Oncology • Biology • Physics 2017 98, 275-285DOI: (10.1016/j.ijrobp.2016.11.026) 
Copyright © 2016 Elsevier Inc. Terms and Conditions



Fig. 2 

International Journal of Radiation Oncology • Biology • Physics 2017 98, 275-285DOI: (10.1016/j.ijrobp.2016.11.026) 
Copyright © 2016 Elsevier Inc. Terms and Conditions
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Surprised by the magnitude of 
the difference?

Others have reported the exact same 
finding without impacting on practice 

patterns!



Pickles, Keyes, & Morris, IJROBP 76(1):43-49, January 2010

5 year biochemical control

LDR Brachytherapy vs EBRT

Single Institution 
Matched Pair

All

Low Risk

Intermediate
Risk



Brachytherapy 2016 15, S22-S23DOI: (10.1016/j.brachy.2016.04.012) 

NCDB Favorable High Risk



Institute for Clinical and Economic Review - ICER

https://icer-review.org/wp-content/uploads/2016/02/BT-PBT_Rpt_Final.pdf



Low Volume 
Brachytherapy

NCDB records of Non-
Academic Practices

Orio, P et al., IJROBP 96(3):624-628, November 1, 2016



Training in 
Brachytherapy

NCDB records of Academic Medical 
Centers

73.7% perform ≤ 12 cases per year

1.46% perform ≥ 53 cases per year!

Orio, P et al., IJROBP 96(3):624-628, November 1, 2016



ASCENDE-RT: An Analysis of Treatment-Related Morbidity for a Randomized Trial 
Comparing a Low-Dose-Rate Brachytherapy Boost with a Dose-Escalated External 

Beam Boost for High- and Intermediate-Risk Prostate Cancer

Sree Rodda, MBBS, MRCP, FRCR, Scott Tyldesley, MD, FRCPC, W. James Morris, MD, FRCPC, Mira Keyes, MD, FRCPC, Ross 
Halperin, MD, FRCPC, Howard Pai, MD, FRCPC, Michael McKenzie, MD, FRCPC, Graeme Duncan, MB, ChB, FRCPC, Gerard Morton, 

MB, MRCPI, FRCPC, FFRRCSI, Jeremy Hamm, MSC, Nevin Murray, MD, FRCPC

International Journal of Radiation Oncology • Biology • Physics
Volume 98, Issue 2, Pages 286-295 (June 2017) 

DOI: 10.1016/j.ijrobp.2017.01.008

Copyright © 2017 Elsevier Inc. Terms and Conditions



Fig. 1 

International Journal of Radiation Oncology • Biology • Physics 2017 98, 286-295DOI: (10.1016/j.ijrobp.2017.01.008) 

Copyright © 2017 Elsevier Inc. Terms and Conditions



Fig. 2 

International Journal of Radiation Oncology • Biology • Physics 2017 98, 286-295DOI: (10.1016/j.ijrobp.2017.01.008) 
Copyright © 2017 Elsevier Inc. Terms and Conditions



International Journal of Radiation Oncology • Biology • Physics 2017 98, 286-295DOI: (10.1016/j.ijrobp.2017.01.008) 
Copyright © 2017 Elsevier Inc. Terms and Conditions

ED in ASCENDE-RT



Background RTOG 0526

* Local recurrence after beam radiotherapy for prostate 
cancer is common: 30-50%

* Dose escalation studies suggest that this is rarely due to 
inherent radio-resistance but rather due to insufficient 
dose

* Prior studies of  salvage brachytherapy for recurrence 
after EBRT limited by retrospective reporting

* For appropriately selected patients, single-institution 
studies report  bNED rates of 85% at 3 years, 70% @ 4 
years, 65% at 5 years, falling to 50% by 10 years

* Complication rates vary widely but are reported up to 
35% grade 3 GU and 12% grade 4 colostomy/urostomy

Crook, J ASTRO 2017



Treatment Delivery

* Contour reviews per protocol (61%)or with acceptable variation 
(37%)

* DVA reviews on tumor volume and organs at risk per protocol for 
89%. 

* Median volume of ETV was 29.2 cc (range 6-54 cc) 
* Median D90 ETV 108% (range 46%-150%; IQR 101-116%)
* Median V100 94% (range 61-100%; IQR 91-96%)

Iodine 125 Palladium 103
# patients 85 7
# seeds 75 (32-120) 81 (62-98)
Activity per seed 0.34 (0.26-0.4) 1.6 (1.4-1.9)



Conclusions 0526

* Salvage LDR brachytherapy for locally recurrent prostate 
cancer following EBRT is tolerated  with grade 3 late GI/GU 
AE’s seen in 13.8% of patients in a multi center phase 2 trial

* Both occurrence of, and time to, late GI/GU AE’s are related 
to dose as reflected by V100

* Treatment efficacy will be reported when minimum 5 years 
follow up reached                                                      



Major Randomized Trials Using HT & 
XRT:

* RTOG 8307
* (DES vs Megestrol)

* RTOG 8531 (-/+)
* RTOG 8610 (+/-) ?
* EORTC (+)
* RTOG 9202 (+)
* Locally advanced PSA<150
* RT + Goserelin / Eulexin 2mos. prior and during
* +/- 2 years Goserelin



Duration of Androgen Deprivation in Locally Advanced Prostate 
Cancer: Long-Term Update of NRG Oncology RTOG 9202

Colleen A.F. Lawton, MD, Xiaolei Lin, MS, Gerald E. Hanks, MD, 
Herbert Lepor, MD, David J. Grignon, MD, Harmar D. Brereton, MD, 
Meena Bedi, MD, Seth A. Rosenthal, MD, Kenneth L. Zeitzer, MD, 

Varagur M. Venkatesan, MD, Eric M. Horwitz, MD, Thomas M. 
Pisansky, MD, Harold Kim, MD, Matthew B. Parliament, MD, Rachel 

Rabinovitch, MD, Mack Roach, MD, Young Kwok, MD, James J. 
Dignam, PhD, Howard M. Sandler, MD

International Journal of Radiation Oncology • Biology • Physics
Volume 98, Issue 2, Pages 296-303 (June 2017) 

DOI: 10.1016/j.ijrobp.2017.02.004

Copyright © 2017 Terms and Conditions



International Journal of Radiation Oncology • Biology • Physics 2017 98, 296-303DOI: (10.1016/j.ijrobp.2017.02.004) 
Copyright © 2017 Terms and Conditions

RTOG 92-02
DFS DM

DSS OS



International Journal of Radiation Oncology • Biology • Physics 2017 98, 296-303DOI: (10.1016/j.ijrobp.2017.02.004) 
Copyright © 2017 Terms and Conditions

92-02 Gleason 8-10
DFS DM

DSS OS



International Journal of Radiation Oncology • Biology • Physics 2017 98, 296-303DOI: (10.1016/j.ijrobp.2017.02.004) 
Copyright © 2017 Terms and Conditions

9202 Late Toxicity

GI GU



External Beam Radiation Therapy or Brachytherapy With or Without 
Short-course Neoadjuvant Androgen Deprivation Therapy: Results of 

a Multicenter, Prospective Study of Quality of Life

Hiram A. Gay, MD, Martin G. Sanda, MD, Jingxia Liu, PhD, Ningying Wu, PhD, Daniel A. Hamstra, MD, PhD, John T. Wei, MD, Rodney 
L. Dunn, MS, Eric A. Klein, MD, Howard M. Sandler, MD, Christopher S. Saigal, MD, MPH, Mark S. Litwin, MD, MPH, Deborah A. 
Kuban, MD, Larry Hembroff, PhD, Meredith M. Regan, ScD, Peter Chang, MD Meredith Regan, Larry Hembroff, John T. Wei, Dan 
Hamstra, Rodney Dunn, Laurel Northouse, David Wood, Eric A. Klein, Jay Ciezki, Jeff Michalski, Gerald Andriole, Mark S. Litwin, 

Christopher Saigal, Thomas Greenfield, PhD, Louis Pisters, Deborah Kuban, Howard Sandler, Jim Hu, Adam Kibel, Douglas Dahl, 
Anthony Zietman, Peter Chang, Irving Kaplan, Andrew Wagner, Martin G. Sanda, Jeff M. Michalski, MD Hiram A. Gay, MD, Martin G. 
Sanda, MD, Jingxia Liu, PhD, Ningying Wu, PhD, Daniel A. Hamstra, MD, PhD, John T. Wei, MD, Rodney L. Dunn, MS, Eric A. Klein, 

MD, Howard M. Sandler, MD, Christopher S. Saigal, MD, MPH, Mark S. Litwin, MD, MPH, Deborah A. Kuban, MD, Larry Hembroff, PhD, 
Meredith M. Regan, ScD, Peter Chang, MD Meredith Regan, Larry Hembroff, John T. Wei, Dan Hamstra, Rodney Dunn, Laurel 
Northouse, David Wood, Eric A. Klein, Jay Ciezki, Jeff Michalski, Gerald Andriole, Mark S. Litwin, Christopher Saigal, Thomas 

Greenfield, PhD, Louis Pisters, Deborah Kuban, Howard Sandler, Jim Hu, Adam Kibel, Douglas Dahl, Anthony Zietman, Peter Chang, 
Irving Kaplan, Andrew Wagner, Martin G. Sanda, Jeff M. Michalski, MD

International Journal of Radiation Oncology • Biology • Physics
Volume 98, Issue 2, Pages 304-317 (June 2017) 

DOI: 10.1016/j.ijrobp.2017.02.019

Copyright © 2017 The Authors Terms and Conditions
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Frequency of erections

Quality of erections



International Journal of Radiation Oncology • Biology • Physics 2017 98, 304-317DOI: (10.1016/j.ijrobp.2017.02.019) 
Copyright © 2017 The Authors Terms and Conditions

Ability to function sexually

Problem with lack of energy



* Pre-planned interim analysis of first 
* 85 new biochemical recurrences

* 56 post prostatectomy
* PSAm 0.63 ng/ml
* Scan + 40% in bed and 22% extraprostatic

* Plan changed 61.2% post PET
* 15.3% watch and wait
* 21.2% systemic treatment
* 23.5% Modified radiation fields

Teoh, E et al, ASTRO 2017

Falcon Trial
18F-fluciclovine PET/CT



Practical Radiation Oncology 2017 7, 325-331DOI: (10.1016/j.prro.2017.03.002) 

* 54 C-11 PET positive patients
* 47.2% within RTOG recommended WPRT fields

McClinton, C et al., PRO 7(5):325-331 2017

RTOG Guidelines for Nodal Coverage




