
 
 
 
 
 
 
 

Standard indications of 
Radiotherapy associated with 
systemic treatment in prostate 

cancer 
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Present  
•  Association between Androgen Deprivation 

Therapy and RadioTherapy 
Future 

•  Drugs already used for Metastatic Castration 
Resistant Prostate Cancer: Can be used 
concurrently with RT? Can they increase the 
therapeutic index at the time of primary 
treatment?  

•  Immunotherapy 
•  Radiosensitizers 
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•  Androgen deprivation has been shown to downregulate expression of vascular 
endothelial growth factor, causing apoptosis of endothelial cells and consequently 
decreased vascularization 

 
•  ADT may have a role in at least a transient “normalization” of tumour vascularization 

not only by reducing leaky immature tumour vessels, but  also by causing the death of 
perivascular cells and thus causing  decreased   interstitial pressure  

 
•  Milosevic et al. they were the first authors to prove clinically that ADT increases 

prostate cancer oxygenation 
 
•  Systemically,  ADT  may prevent the dissemination of micrometastasis because of 

inhibition of DNA synthesis and cell proliferation, and an increased apoptotic ratio 
 
•  There is also some evidence of a tumoricidal immune system response triggered by 

androgen suppression 
Jain RK. Normalization of  tumor vasculature: an emerging concept in antiangiogenic therapy. Science 2005;307:58–62.9 
Milosevic M, Chung P, Parker C, et al. Androgen withdrawal in patients reduces prostate cancer hypoxia: implications for disease progression and radiation response. Cancer Res 
2007;67:6022–5. 
Roden AC, Moser MT, Tri SD, et al. Augmentation of T cell levels and responses induced by androgen deprivation. J Immunol 2004;173:6098–108 

 
Radiotherapy and Hormone Therapy  

Rationale 
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•  Prostate cancer was identified in the 1940s as a tumor driven by the 
androgen axis 

•  Although it was used initially for men with metastatic disease, in vivo data 
suggested that the combination of ADT before radiation resulted in better 
tumor eradication than radiation alone 

•  A succession of subsequent randomized studies have built a compelling 
case for the benefit from the addition of ADT to radiation for men with 
intermediate-risk and high-risk prostate cancer, although questions remain 
about the duration of ADT and associated toxicities  

•  Trials have focused both on radiation alone versus radiation in 
combination with androgen suppression as well as the optimal duration of 
hormonal therapy with the radiation. These have generally supported the 
use of ADT and radiation in combination 

•  A meta-analysis of prospective trials of androgen deprivation in non 
metastatic prostate cancer showed a 30% reduction in the relative risk of 
prostate cancer-specific mortality and a 14% reduction in the relative risk 
of all-cause mortality with the use of ADT 

Nguyen PL, Je Y, Schutz FAB, et al. Association of androgen deprivation therapy with cardiovascular death in 
patients with prostate cancer: a meta-analysis of randomized trials. JAMA. 2011;306:2359-2366 

ADT and Radiotherapy 
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•  NeoAdjuvant  
  Additive Effect: 

   suppression of the growth of the 
  prostate cancer cells:  

Dosimetric Benefit 
 

•   Concomitant 
 Over-Additive Effect:  

stimulates and increases apoptosis promoted by radiotherapy: 
Local Benefit 

 
•  Adjuvant 

 Cooperative Effect:  
inhibits any residual quiescent clones : 

Local and Sistemic Benefit 
Moule RN, Hoskin PJ, Surg Oncol, 2009 

 
ADT and Radiotherapy 
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•  Low risk (≤ T2a and Gleason score ≤ 3+3 and  
PSA < 10 ng/mL) : no ADT 

•  Intermediate risk ( T2b-c and/or Gleason score ≥ 
7 and/or PSA 10-20 ng/mL): short term ADT (4-6 
months) + EBRT 

•  High risk (T3a or Gleason 8-10 or PSA > 20 ng/
mL) and Very High risk (  T3b-T4  or Primary 
Gleason score 5 or > 4 cores with Gleason score 
8-10): long term ADT (2-3 years) + EBRT 
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Clinical studies 
Localized and Locally advanced 

 

Martin NE, D'Amico AV. Progress and controversies: Radiation therapy for prostate cancer. CA Cancer J Clin. 2014 
Sep 18 
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DFS OS 

Bolla%M,%Lancet,%2002%

T1-T4, N0-1, RT pelvis + prostate 70 Gy, HT for 3 years 
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•  3 months’ androgen deprivation 
reduced biochemical failure, increased  
disease-free survival 
•  6 months’ androgen deprivation  
augmented these effects and also 
improved cancer-specific survival. 

Denham, Lancet 2005 

RT: prostate (66 Gy); mostly T2-3 N0 Prof. Lorenzo Livi      XXIV congresso AIRO 



Pilepich,%IJROBP,%2005%OS, 10-years, ! 49% vs 39%  
Local Failure, 10 years ! 23% vs 38% 

OS 
prostatic and pelvic RT + 
adjuvant LHRH  
 
vs.  
 
RT alone plus HT at time of 
relapse 

-HT started during the last week  
of RT and continued indefinitely  
or until signs of progression. 
- >= T3 or N+ 
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Among patients with stage T1b, T1c, T2a, or T2b prostate adenocarcinoma and a PSA  level of 20 
ng per milliliter or less, the use of short-term ADT for 4 months before and during radiotherapy 
was associated with significantly decreased disease-specific mortality and increased overall 
survival 
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M.  Schmidt-Hansen , P.  Hoskin , P.  Kirkbride , E.  Hasler , N.  Bromham, Hormone and Radiotherapy versus Hormone or Radiotherapy Alone for Non-metastatic Prostate Cancer: A Systematic Review with Meta-analyses , Clinical 
Oncology Volume 26, Issue 10, October 2014, Pages e21–e46 
 

Radiotherapy Alone versus Radiotherapy Plus Hormone Therapy: 
Overall survival 
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Radiotherapy Alone versus Radiotherapy Plus Hormone Therapy: Disease-
free Survival 

M.  Schmidt-Hansen , P.  Hoskin , P.  Kirkbride , E.  Hasler , N.  Bromham, Hormone and Radiotherapy versus Hormone or Radiotherapy Alone for Non-metastatic Prostate Cancer: A Systematic Review with Meta-analyses , Clinical 
Oncology Volume 26, Issue 10, October 2014, Pages e21–e46 
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Radiotherapy Alone versus Radiotherapy Plus Hormone Therapy:  
Distant metastasis-free survival 

M.  Schmidt-Hansen , P.  Hoskin , P.  Kirkbride , E.  Hasler , N.  Bromham, Hormone and Radiotherapy versus Hormone or Radiotherapy Alone for Non-metastatic Prostate Cancer: A Systematic Review with Meta-analyses , Clinical 
Oncology Volume 26, Issue 10, October 2014, Pages e21–e46 
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Payne, BJU 2007 

What kind of ADT 
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–  GnRH agonists (Leuprolide and Goserelin) 
•  Both agents are expensive 
•  May initially result in an increase in testosterone 

–  GnRH antagonist (Degarelix) 
•  Similar cost issues without an increase in testosterone 
•  Monthly injections 

 - Anti-androgens which block the effects of testosterone. (Blocks 
binding of DHT to androgen receptors.) 

 - 5-α reductase inhibitor (enhances intracellular androgen blockade) 

 - Combination therapies. 
–  Orchiectomy. Cost effective if ADT for 6 months or 

more. 

What kind of ADT? 
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Single-Therapy Androgen Suppression in Men with Advanced  
Prostate Cancer: A Systematic Review and Meta-Analysis  

 
•  24 RCT involving 6600 patients, (1966 - 1998) 

•  Results  

–  LHRHa are equivalent to orchiectomy (10 trials, n=1908, HR- 
1.262, 95% CI, 0.915-1.386).  

–  There was no difference in OS among the LHRH analogues 
•  Leuprolide (hazard ratio, 1.0994 [CI, 0.207 to 5.835])  

•  Buserelin (hazard ratio, 1.1315 [CI, 0.533 to 2.404])  

•  Goserelin (hazard ratio, 1.1172 [CI, 0.898 to 1.390]).  

–  Non steroidal antiandrogens are associated with lower OS (8 
trials, 2717 patients, HR 1.2158 [CI, 0.988 to 1.496]).  

–  Treatment withdrawals are less frequent with LHRHa (0% to 
4%) than with non steroidal antiandrogens (4% to 10%).  

Ann.Intern.Med. 2000 Apr 4;132(7):566-77!
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Is combined androgen blockade better than 

castration alone? 

•  N=1387 patients (Orch + Flutamide group-700, Orch + Placebo 
group-687) 

•  Patients receiving flutamide had greater rates of diarrhea and 
anemia.  

•  There was no significant difference between the two groups in 
overall survival (P=0.14).  

•  HR for flutamide as compared with placebo was 0.91 (90 % CI- 
0.81-1.01).  

•  Flutamide was not associated with enhanced benefit in patients with 
minimal disease.  

•  Conclusions: The addition of flutamide to bilateral 
orchiectomy does not result in a clinically meaningful 
improvement in survival among patients with metastatic 
prostate cancer.  N Engl J Med. 1998 Oct 8;339(15):1036-42!
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Selection of Hormonal Agents 

•  Androgen deprivation therapy, either through chemical castration or, far more rarely, 
through orchiectomy, is one reasonable standard 

 
•  Gonadotrophin-releasing hormone (GnRH) agonists, including leuprorelin and 
     goserelin, have been the primary medical castration therapies in the Western World 
 
•  A GnRH antagonist has been gaining momentum in the first-line setting because 

clinical trial data suggest that it results in more rapid reduction of testosterone and 
therefore do not require a short course of androgen receptor antagonists 

•  One potential disadvantage of degarelix is the requirement for monthly administration  

•  3-monthly administration is particularly indicated as it coincides with the initial follow-up 
visits recommended by the guidelines* 

Channing J. Paller, MD, and Emmanuel S. Antonarakis, MD 
Management of Biochemically Recurrent Prostate Cancer After Local Therapy: Evolving Standards of Care and New Directions 
Clinical Advances in Hematology & Oncology Volume 11, Issue 1 January 2013 
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Selection of Hormonal Agents 

 

•  Long-term experience and availability of easy to use  GnRH agonists,  
makes the latter the preferred approach in many practices 

 
•  The different products have practical differences that need to be considered 

in everyday practice including *: 
–  Storage temperature 
–  whether a drug is ready for immediate use or requires reconstitution 
–  whether a drug is given by subcutaneous or intramuscular injection.  
–  It is important to follow the directions carefully for using a particular drug to avoid 

any misuse 
 

*EAU Guidelines 2014 
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Duration? 

Duration of adjuvant HT combined 
with RT 

Payne, BJU 2007 
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RTOG Trial 86-10 vs. RTOG 85-31 

Horwitz EM, IJROBP, 2001 

Adjuvant long-term HT compared to short-term HT resulted in statistically 
significant improvements in bNED control, DMF, and CSF rates. 

B-NED 
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Arm%I:%RT%alone%
Arm%II:%Long%term%HT%(RTOG%85B31)%
Arm%III:%Short%term%HT%%(RTOG%86B10)%

Horwitz%EM,%IJROBP,%2001%

RTOG Trial 86-10 vs. RTOG 85-31 
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ASTRO 2014  

 Zapatero  (DART 01/05 Study) Nabid  (PCS IV Study) 

355 patients with intermediate- or high-risk prostate cancer 
treated with high-dose radiation therapy of at least 76 Gy and 
randomized to  short-duration ADT (4 months before and 
during radiation only) or long-duration ADT (4 months before 
and during radiation and 24 months afterward) 
 
With a median follow-up of 63 months, relative to short-
duration ADT, long-duration ADT was associated with 
better 5-year rates of : 
• biochemical disease–free survival according to the Phoenix 
definition (89.8% vs. 81.3%) 
• overall survival (94.8% vs. 86.1%) 
• and metastasis-free survival (93.6% vs. 83.4%)  
 
 
 
 
 
 
Dr. Lawton, the press briefing moderator, said:  
But what we have yet to show is … do you really need the 
hormone therapy if you use dose escalation? And the answer 
is yes.” 

561 men with high-risk prostate cancer  treated with radiation 
therapy (44 Gy to the whole pelvis and 70 Gy to the prostate) 
and randomized to 18 months or 36 months of ADT 
 
With a median follow-up of 84 months, patients who had 
received ADT for 18 months were more likely to have recovery 
of testosterone values into the normal range (55.7% vs. 
44.9%, P = .01) and had a shorter median time to recovery 
(47.2 vs. 73.2 months, P less than .001). They had a 
significantly better scores on 18 of 30 items on the European 
Organization for Research and Treatment of Cancer’s global 
quality of life questionnaire (EORTC 30) (P less than .01 for 
each) and on 10 of 25 items on the related Prostate Module 
(PR 25) (P less than .01 for each). The investigators expect to 
be able to publish final efficacy and quality of life results next 
year.  
 
Dr. Lawton noted that the definition of long-duration ADT has 
varied by world region, and has typically been 28 months in 
the United States and 36 months in Europe 
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Docetaxel and RT 

Guttilla et al. Radiation Oncology 2014, 9:24 
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[Rev Urol. 2003;5(suppl 3):S71–S77] 

Docetaxel, when combined with RT, has been demonstrated to 
increase radioresponsiveness by a factor of 2.5- to 3.0-fold in 
vitro; and murine MCa-K tumors treated with docetaxel plus 
radiation had a 3-fold increase in tumor cure. 

Prof. Lorenzo Livi      XXIV congresso AIRO 



J Clin Oncol 22:1909-1915. 2004 

Conclusion 
Concurrent weekly docetaxel in conjunction with 3-D CRT is well tolerated with 
acceptable toxicity. The MTD of weekly docetaxel was determined to be 20 mg/
m2 with concurrent 3-D CRT. 
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Urologic Oncology: Seminars and Original Investigations 26 (2008) 276–280 

20 patients  
Docetaxel administered weekly (20 mg/m2) with concurrent 
intensity modulated radiation therapy (72 Gy at 1.8 Gy/fraction) 
The most frequently observed toxicities were grade 2 diarrhea (40%), grade 2 
fatigue (40%), grade 2 urinary frequency (35%), taste aversion (20%), grade 2 
constipation (20%), and rectal bleeding (15%). No significant hematologic 
toxicity (grades 2–4) was encountered among the 20 patients. 
 At a median follow-up duration of 11.7 months, 17 patients were free of 
biochemical disease recurrence, and all patients are alive. 
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Radiotherapy and Oncology 97 (2010) 312–317 
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50 patients 
70 Gy  in 35 fractions, 
Weekly docetaxel (20 mg/m2).  
Adjuvant docetaxel for 3 cycles (60 mg/m2), every 3 weeks.  
LHRH agonist for 3 years. 
5 patients experienced a grade 3 toxicity, and 15 patients experienced a grade 2 
toxicity.  
The 5-year clinical disease-free survival was 66.72% and the 5-year survival was 
92.15%. 

Radiotherapy and Oncology 97 (2010) 312–317 
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Int. J. Radiation Oncology Biol. Phys., Vol. 81, No. 3, pp. 732–736, 2011 

42 patients  
Grade 2 and 3 acute genitourinary (GU) and gastrointestinal (GI) toxicities were 
50.0% and 14.2%, respectively, with no Grade 4 toxicities 
noted. Grade 3 and 4 acute hematologic toxicities were 19% and 2.4%, 
respectively. The 5- and 7-year actuarial rates of late Grade 2 GI/GU toxicity 
(no Grade 3–5) was 7.7%. 
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Int. J. Radiation Oncology Biol. Phys., Vol. 81, No. 3, pp. 732–736, 2011 
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•  High-risk prostate cancer treated with a LHRH(starting 2 
– 3 months before IMRT and lasting 2 years), IMRT of 78 
Gy to the prostate and seminal vesicles, and weekly 
docetaxel during RT (10, 15, and 20 mg/m 2) 

•  18 patients 
•  One G3 diarrhoea 
•  At a median follow-up of 2.2 years, all patients achieved 

a PSA nadir of < 1 ng/mL, including 13 patients who had 
an undetectable PSA level. The 2-year biochemical 
progression-free survival was 94%. 

2 01 2 B J U I N T E R N A T I O N A L | 110 , E 7 21 – E 7 2 6 
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35 patients 
Radical (80 Gy in 40#) or adjuvant RT (70 Gy in 35#) 
Weekly docetaxel 30 or 40 mg) 
Acute GI and GU toxicity was grade 2 in 23% and 20% of patients, and grade 3 
in 9% and 3% of patients, respectively. Acute blood/bone marrow toxicity was 
grade 2 in 20% of patients. No acute grade ≥4 toxicity was observed.  
Late GI and GU toxicity was grade 2 in 9% of patients each. No late grade ≥3 
toxicity was observed.  
Actuarial 5-year biochemical and clinical recurrence-free survival rate was 55% 
(95% confidence interval, 35-75%) 
and 70% (95% confidence interval, 52-88%), respectively. 

Radiation Oncology 2014, 9:24 
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Lancet 2010; 376: 1147–54 

Cabazitaxel: a next generation taxane 

Prior radiotherapy to ≥ 40% of bone marrow 
Surgery, radiation, chemotherapy, or other anti-cancer therapy 
within 4 weeks prior to enrollment in the study 
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•   SKOV3, OVCAR3, andTOV-112D ovarian cancer 
cellswere admin-istered cabazitaxel 24 h before (first), 
18 h before (second), together (third), or 24 h after 
(fourth) a single radiation dose, and then, investigated by 
clonogenic assay and flow cytometric assays.  

•   Cabazitaxel cytotoxicity and radiosensitization were 
dose dependent. Cabazitaxel added 24 h before 
radiation was the most lethal schedule.  

Front Oncol 013 Sep 18;3:226. 
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New hormonal drugs 
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Abiraterone 
Cholesterol 

Pregnenolone Progesterone Corticosterone 

17α-OH- 
pregnenolone 

DHEA Androstenedione 

17α –OH- 
progesterone Cortisol 

CYP17 
C17,20-lyase 

CYP17 
17α-hydroxylase 

Aldosterone Deoxy- 
corticosterone 

DHT 
5α-reductase 

11-Deoxy- 
cortisol 

Desmolase 

X 

X 

ACTH 

Loop 
Renina-Angiotensina 

Abiraterone 

Testosterone 
Yang, Drugs. 2011; Attard, JCO 2008 

++ 
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Use of Abiraterone Acetate in 
combination with Radiotherapy 

•  Within the COU-AA-301 study, the use of palliative radiation 
was permitted. The study allowed for one course of radiation 
(single or multi-fraction) to a single site.  

 
•  In the COU-AA-301 study, 11.1% of patients in the 

abiraterone arm and 12.2% in the placebo arm had localized 
progression at a single site and received concurrent palliative 
radiotherapy; 

•  No new safety signals were seen in patients receiving 
abiraterone plus prednisone and palliative radiation. 

De Bono J et al.NEJM 2011;   Saad F et. 2012 

Prof. Lorenzo Livi      XXIV congresso AIRO 



Patel, Therapeutics and Clinical 
Risk Management. 2014 

Enzalutamide 

Enzalutamide is an androgen-receptor–signaling inhibitor. 
Enzalutamide has 5-8 fold higher binding affinity to AR than the first 
generation anti-androgen bicalutamide.  
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Use of Enzalutamide in 
combination with Radiotherapy 

•  Both in PREVAIL and AFFIRM trial the use of palliative 
radiation therapy within 3 weeks (if single fraction of 
radiotherapy within 2 weeks) and radionuclide therapy within 
8 weeks of enrollment (Day 1 visit) were exclusion criteria.  

 

Beer et al.NEJM 2014 Jul 31;371(5):424-33;   Scher HI et al NEJM. 012 Sep 27;367
(13):1187-97 
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Immunotherapy 
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Although there was no significant difference between the ipilimumab 
group and the placebo group in terms of overall survival in the primary 
analysis, there were signs of activity with the drug that warrant further  
investigation. 

Lancet Oncol 2014; 15: 700–12 
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Current Treatment Options in Oncology (2014) 15:115–126 
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Int. J. Mol. Sci. 2013, 14, 14800-14832 

Prof. Lorenzo Livi      XXIV congresso AIRO 



EFFECT OF ENANTONE ON ACUTE 
INTESTINAL DAMAGE INDUCED BY 

RADIOTHERAPY 

  TBI  
12 Gy 

Leuprorelin 0,054 mg/
Kg/month (i.p.)  

for 3 months before RT 

C57black/6J 
7 weeks 

Group 1 = control 
Group 2 = Leu 
Group 3 = RT 
Group 4= RT+Leu 

hour -24 0 24 48 72 

sacrifice sacrifice 

Collection 
of jejunum 
and colon 
segments 

•  Histological analysis  
•  Microcolony assay 
•  q-RT PCR 
•  Western blot 
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