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 Prostate cancer continues to increase in incidence in both the developed and the 
developing world. As population awareness increases in parallel and ready access to 
diagnostic tests such as serum PSA increases in prevalence, the majority of cases 
are now diagnosed as localized disease in the low- to intermediate-risk groups. 
These patients are presented with a bewildering array of possible treatment options, 
all valid approaches seeking to control or eradicate the cancer whilst in fl icting few 
or no side effects. Amongst these, brachytherapy has emerged as a popular choice 
with now proven ef fi cacy and a very favourable toxicity pro fi le. 

 Brachytherapy for localized prostate cancer is not new. There are numerous well-
written books and review publications on the market. Why this publication now? 
The story starts in the early 1990s when there was a hard  fi ght between urologists 
performing radical prostatectomy and brachytherapy experts performing already 
well-established low-dose-rate (seed) treatments as well the relatively new high-
dose-rate (HDR remote afterloader) implants. The need of a less emotional and 
more scienti fi c argument in the discussion between “prostate treatment experts” 
was growing, and the idea was born to start an interdisciplinary teaching course 
supported by the European Association of Urology (EAU) as well by the GEC-
ESTRO (the Brachytherapy Committee of ESTRO). Foreseen were regular teaching 
courses at three places: Leeds/UK, Utrecht/NL and Kiel/D. The interdisciplinary 
teaching staff represented the urology, diagnostic radiology, brachytherapy and 
brachytherapy medical physics communities interested in prostate treatment. The 
courses proved to be highly successful with many participants who gained a  fi rm 
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understanding of the issues from interaction with the experts and  fi rst-hand observa-
tion of live implants. 

 Over the 13 years that the course has been running, it has evolved considerably 
based on continued interaction between the teachers old and new and detailed evalu-
ation of the course assessments completed by students after each session. This expe-
rience from many years of interdisciplinary teaching is now summarized in this 
book with the hope that it will serve a useful support for both beginners and those 
with experience in the brachytherapy of localized prostate cancer. 

 The structure of the content is based around the lectures given on the current and 
immediate past courses. Thus the early chapters describe the history of brachyther-
apy and the epidemiology of prostate cancer. This is followed by important aspects 
of diagnosis with particular emphasis on imaging which is fundamental to modern 
brachytherapy which is based on real-time image-guided implantation. The role of 
modern functional imaging as we seek to gain ever more accurate information on 
the precise disposition of malignancy in the prostate gland is also covered. 
Subsequent chapters cover the selection of patients and technical aspects of 
brachytherapy using both low-dose-rate and high-dose-rate sources including 
aspects of radiation protection. The wealth of data now published de fi ning the 
ef fi cacy and toxicity of prostate brachytherapy is then presented, and the  fi nal chap-
ters cover the dif fi cult and often neglected area of the management of brachytherapy 
related toxicity. 

 We hope the reader will  fi nd this as a comprehensive overview of the subject; 
however, it cannot replace the discussion and practical demonstrations experienced 
on a course such as that held by GEC-ESTRO or replace the need for close mentor-
ship in those embarking upon prostate brachytherapy for the  fi rst time.        
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    2.1   Historical Facts on Prostate Cancer 
(Marx and Karenberg  2010 ; Josef and Karenberg  2009 ;  
Androutsos  2005  )     

 The  fi rst knowledge of the prostate as an anatomic entity dates back to the third 
century BC, when  Herophilus of Chalcedon  ( c .  330 – 260 BC )  fi rst described the 
anatomical features of the prostatic gland as we know it today. 

 In 1817,  George Langstaff  ( 1780 – 1846 ), a London physician, provided the  fi rst 
genuine description of prostate cancer to appear in the medical literature. Later that 
same century, the French surgeon  Stanislas Tanchou  observed that only 5 of 9,118 
cancer deaths in Paris from 1830 to 1840 were due to prostate cancer.  John Adams  
( 1806 – 1877 ), a surgeon at the London Hospital, described in 1853 the  fi rst case of 
prostate cancer established by histological examination. Adams noted in his report 
that this condition was “a very rare disease” and also stated, “…of the treatment, 
unfortunately, little of a satisfactory nature can be said”. 

 The works of the English urologist  Sir Henry Thompson  ( 1820 – 1904 ), collected 
in his book “Bladder Tumors”, were for over 40 years the most important reference 
in terms of urological pathology. He was the  fi rst to identify that cancerous cells in 

    Ernesto   R.     Cordeiro,   MD.    
   Department of Urology, Academic Medical Center,  
 University of Amsterdam,    Meibergdreef 9,  
 1105 AZ,   Amsterdam,   The Netherlands   
 e-mail:  e.r.cordeiro@amc.uva.nl,   ercordeiro@hotmail.com   

    B.       Tombal      
   Department of Urology,   Saint-Luc University Hospital,  
  Hippocrates 10,   B-1200 Brussels       
 e-mail:  bertrand.tombal@uclouvain.be   

    T.  M.   de   Reijke ,  MD, PhD, FEBU   (*)
     Department of Urology ,  Academic Medical Center ,
  Meibergdreef 9 ,  1105 AZ ,  Amsterdam ,  The Netherlands    
e-mail:  t.m.dereyke@amc.uva.nl   

  2      Epidemiology and Prevention 
of Prostate Cancer       

         Ernesto   R.   Cordeiro   ,    Bertrand   Tombal   , 
and    Theo   M.   de   Reijke                  



4 E.R. Cordeiro et al.

urine were associated with a positive diagnosis of cancer. In 1859 he was awarded 
the  Jackson Prize  by the Royal College of Surgeons of England for his contribution 
to the understanding of the prostate’s anatomy, physiology, pathology, and cancer. 

 In 1867, a German-Austrian surgeon,  Christian Albert Theodor Billroth  ( 1829 – 1894 ), 
performed the  fi rst perineal prostatectomy for prostate cancer, and from then on, numer-
ous surgical techniques for the prostatic surgery appeared, drastically reducing mortality 
rates for these types of interventions.  Billroth  also described several surgical procedures 
not only for urological diseases but for digestive and gynaecological disorders. 

 A British surgeon, Arthur  Ferguson McGill  ( 1850 – 1890 ), performed in 1867 the 
 fi rst suprapubic prostatectomy, reaching in a few years 37 cases with promising 
results. A few years later, the North American surgeon  William Bel fi eld  ( 1856 –
 1929 ) provided some interesting new surgical approaches for prostate cancer, hav-
ing reached in 1890 up to 80 cases with low complication rate. 

 The North American surgeon  Hugh Hampton Young  ( 1870 – 1945 ) was the last of 
the nineteenth century’s celebrities to contribute to the urological  fi eld. He is con-
sidered the pioneer of modern urology, having introduced numerous surgical proce-
dures and devices, like “the punch”, a type of urethroscope with an inner cutting 
steel tube, which gained wide acceptance among the urological community. In 1904 
he performed the  fi rst radical prostatectomy for prostate cancer in the John Hopkins 
Hospital. He was recognized not only as an extraordinary and innovative surgeon 
but also as a world authority on the treatment of prostate cancer. 

 At the turn of the twentieth century, one of the treatments developed for not only 
prostate cancer but cancer in general was that of radiation therapy. Radium implants 
were used in the early twentieth century to treat prostate cancer, and this is the  fi rst 
form of radiation treatment used in prostate cancer history. 

 External beam radiation became more popular as stronger radiation sources 
became available in the middle of the twentieth century. Brachytherapy with 
implanted seeds was  fi rst described in 1965. 

 Another important development in the world of prostate cancer history came 
from the Canadian physician and physiologist  Charles Brenton Huggins  ( 1901 –
 1997 ). In 1941, he published studies in which he used oestrogen to oppose testoster-
one production in men with metastatic prostate cancer. Huggins was awarded the 
Nobel Prize in physiology and medicine for this discovery of the effects of “chemi-
cal castration” in 1966. This led to the development of other hormone treatments for 
prostate cancer and other hormone-treatable cancers. Two of the most common hor-
mone treatments used today are leuprolide and goserelin; these developments began 
in the late 1970s with the discovery of the neurohormone GnRH by both a Polish-
born American endocrinologist  Andrzej Viktor Schally  ( 1926 –) and a French-born 
American biologist  Roger Guillemin  ( 1924 –), who won the Nobel Prize in medicine 
for their work in 1977. Today hormone therapy remains the mainstay for systemic 
treatment of advanced prostate cancer. New discoveries on the resistance mecha-
nisms to castration have led to the discovery of newer drugs such as abiraterone, a 
steroid synthesis inhibitor, and MDV3100, a new antiandrogen. 

 At the same time, the various methods of radiation therapy and chemotherapy 
also continued to develop. 
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 Systemic chemotherapy for prostate cancer was  fi rst studied in the 1970s. The 
initial regimen of cyclophosphamide and 5- fl uorouracil was quickly joined by mul-
tiple other regimens of systemic chemotherapy drugs. 

 Unlike many other forms of cancer, prostate cancer does not respond well to 
chemotherapy alone. Chemotherapy is, however, used in conjunction with hormone 
therapy and other medications. In 1996, the FDA approved mitoxantrone on the 
basis of its palliative effect becoming the  fi rst chemotherapeutic drug used in com-
bination with steroids to  fi ght hormone refractory prostate cancer. In 2004, the FDA 
approved docetaxel (Taxotere) along with prednisone steroids for prostate cancer 
that did not respond to hormone therapy anymore. 

 Recently new hormonal and chemotherapeutic agents have been approved for the 
management of castration-resistant prostate cancer (CRPC) including abiraterone 
and cabazitaxel. It has also been shown that vaccine therapy for prostate cancer is 
feasible, leading to the introduction of sipuleucel-T. 

 In the surgical  fi eld, radical retropubic prostatectomy (RRP) was developed for 
the  fi rst time in 1983 by Patrick Walsh. This surgical approach allowed removal of 
the prostate with preservation of both continence and erectile function, thanks to the 
preservation of neurovascular bundles. 

 Over the last decade, open surgery for the prostate is gradually being substituted 
with laparoscopic and robotic surgery. 

 New technologies are continually developing for the treatment of prostate can-
cer, with the promise to offer patients minimally invasive therapies in which cancer 
is eradicated (e.g. focal therapy), while normal physiological functions are main-
tained after treatment.  

    2.2   Epidemiology of Prostate Cancer 

    2.2.1   Incidence and Mortality 

 Cancer of the prostate (PCa) is now recognized as one of the most important medi-
cal problems facing the male population, being the most frequently diagnosed can-
cer in men. Furthermore, PCa is currently the second most common cause of cancer 
death in men (Jemal et al.  2011  ) . 

 In Europe, PCa is the most common solid neoplasm, with an incidence of 370,733 
cases, 21.8 % of the total (12 % of all male cancers), according to data of the 
 International Agency for Research on Cancer  (Ferlay et al.  2010 ; Bray et al.  2010  )  
(Figs.  2.1  and  2.2 ).   

 In the United States (US), an estimated 240,890 new cases of prostate cancer will 
occur during 2011 (Fig.  2.2 ). For reasons that remain unclear, incidence rates are 
signi fi cantly higher in African-Americans than in whites (Fig.  2.3 ).  

 Incidence rates for prostate cancer changed substantially between the mid-1980s 
and mid-1990s, in large part re fl ecting changes in prostate cancer screening with the 
prostate-speci fi c antigen (PSA) blood test. Since 1998, incidence rates have 
remained relatively stable (Jemal et al.  2011  ) . 
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 Prostate cancer affects elderly men more often than young men. It is therefore a 
bigger health concern in developed countries with their greater proportion of elderly 
men. Thus, in developed countries about 15 % of male cancers are PCa compared to 
4 % of in underdeveloped countries (Quinn and Babb  2002  ) . 

    There are large regional differences in incidence rates of PCa, which vary by 
more than 25-fold worldwide; the highest rates are in Australia/New Zealand (104.2 
per 100,000), Western and Northern Europe, and Northern America, partly due to 
the practice of prostate-speci fi c antigen (PSA) testing and subsequent biopsy, hav-
ing become widespread in those regions. Incidence rates are relatively high in 
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  Fig. 2.1    Incidence and mortality for major cancer types       
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Incidence
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Leading Sites of New Cancer Cases and Deaths – 2011 Estimates

Estimated New Cases* Estimated Deaths
Male FemaleMale

*Excludes basal and squamous cell skin cancers and in situ carcinoma except urinary bladder.
©2011, American Cancer Society, Inc., Surveillance Research
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  Fig. 2.3    Leading sites of new cancer cases and deaths per gender       
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 certain developing regions such as the Caribbean, South America, and sub-Saharan 
Africa. The lowest age-standardized incidence rate is estimated in South Central 
Asia (4.1 per 100,000) (Figs.  2.4  and  2.5 ).   

 Incidence has been uniformly increasing in most of the European countries, 
although in a few of them (Sweden, Finland, and the Netherlands), incidence has 
begun to fall during the last 3–4 years. Incidence rates were highest in Ireland, 

Cancer Incidence and Mortality Rates* by Site, Race and Ethnicity, US, 2000–2004

Incidence White
African

American
Asian American and 

Pacific Islander
American Indian

and Alaska Native†
Hispanic/
Latino‡§

556.7
423.9

663.7
396.9

359.9
285.8

321.2
282.4

421.3
314.2

All sites
Males
Females

60.4 72.6 49.7 42.1 47.5
44.0 55.0 35.3 39.6 32.9

Colon & rectum
Males
Females

18.3 20.4 8.9 18.5 16.5
9.1 9.7 4.3 11.5 9.1

Kidney & renal pelvis
Males
Females

7.9 12.7 21.3 14.8 14.4
2.9 3.8 7.9 5.5 5.7

Liver & bile duct
Males
Females

81.0 110.6 55.1 53.7 44.7
54.6 53.7 27.1 36.7 25.2

Lung & bronchus
Males
Females

10.2 17.5 18.9 16.3 16.0
4.7 9.1 10.8 7.9 9.6

Stomach
Males
Females

132.5 118.3 89.0 69.8 89.3Breast (female)

161.4 255.5 96.5 68.2 140.8Prostate

8.5 11.4 8.0 6.6 13.8Uterine cervix

Mortality White
African

American
Asian American and 

Pacific Islander
American Indian

and Alaska Native†
Hispanic/
Latino‡§

234.7
161.4

321.8
189.3

141.7
96.7

187.9
141.2

162.2
106.7

All sites
Males
Females

22.9 32.7 15.0 20.6 17.0
15.9 22.9 10.3 14.3 11.1

Colon & rectum
Males
Females

6.2 6.1 2.4 9.3 5.4
2.8 2.8 1.1 4.3 2.3

Kidney & renal pelvis
Males
Females

6.5 10.0 15.5 10.7 10.8
2.8 3.9 6.7 6.4 5.0

Liver & bile duct
Males
Females

72.6 95.8 38.3 49.6 36.0
42.1 39.8 18.5 32.7 14.6

Lung & bronchus
Males
Females

5.2 11.9 10.5 9.6 9.1
2.6 5.8 6.2 5.5 5.1

Stomach
Males
Females

25.0 33.8 12.6 16.1 16.1Breast (female)

25.6 62.3 11.3 21.5 21.2Prostate

2.3 4.9 2.4 4.0 3.3Uterine cervix

*Per 100,000, age adjusted to the 2000 US standard population. †Data based on Contract Health Service Delivery Areas (CHSDA), 624 counties
Comprising 54% of the US American Indian/Alaska Native population: for more information, please see: Espey DK, Wu XC, Swan J, et al. Annual
report to the nation on the status of cancer, 1975–2004, featuring cancer in American Indians and Alaska Natives. ‡Persons of Hispanic/Latino
origin may be of any race. §Data unavailable from the Alaska Native  Registry and Kentucky. ¶Data unavailable form Minnesota, New Hampshire,
and North Dakota.

Source: Ries LAG, Melbert D. Krapcho M. et al (eds.). SEER Cancer Statistics Review, 1975–2004, National Cancer Institude, Bethesda, MD,
www.seer.cancer.gow/csr/1975_2004/, 2007.

American Cancer Society, Surveillance Research, 2008

  Fig. 2.4    Cancer incidence and mortality rates by site, race and ethnicity       
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France, Belgium, and Northern European countries (Norway, Sweden, Iceland, and 
Finland). Rates were lower in a range of Central, Eastern, and Southern European 
countries, including Turkey, Greece, Romania, and Bulgaria. At least part of the 
 fi vefold difference between countries with the highest and lowest incidence rates is 
due to under-registration of prostate cancer in some countries as well as the use of 
sensitive diagnostic tests for early detection in others (Ferlay et al. 2010  )  (Fig.  2.6 ).  

 Prostate cancer is currently the second most common cause of cancer death 
in men (Jemal et al.  2011  ) . Because PSA testing has a much greater effect on 
incidence than on mortality, there is less variation in mortality rates worldwide 
(tenfold) than is observed for incidence (25-fold), and the number of deaths 
from prostate cancer is almost the same in developed and developing regions. 
Mortality rates are generally high in predominantly black populations (Caribbean, 
26.3 per 100,000 and sub-Saharan Africa, 18–19 per 100,000), very low in Asia 
(e.g. 2.5 per 100,000 in Eastern Asia), and intermediate in Europe and Oceania 
(Jemal et al.  2011  )  (Fig.  2.7 ).  

 Mortality rates increased slowly for most countries between 1985 and 1995 
(Quinn and Babb  2002  ) . The CONCORD study (Coleman et al.  2008  ) , a worldwide 
population-based analysis of cancer survival in  fi ve continents, analysed interna-
tional differences in survival for breast, colorectal, and prostate cancer. Using data 
from cancer registries, age-standardized 5-year survival rates were found to vary 
greatly, ranging from 80 % or higher in the United States (92 %), Australia, and 
Canada to less than 40 % in Denmark, Poland, and Algeria (Coleman et al.  2008  ) . 

0 5.8
Age-standardised incidence rates per 100,000

15.0 27.5
GLOBOCAN 2008, International Agency for Research on Cancer

67.7 174

  Fig. 2.5    Global differences in the incidence of prostate cancer       
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 Possible explanations for the worldwide and ethnic variations in prostate cancer 
incidence and mortality could be due to the access and quality of health care, the 
accuracy of cancer registries, and the PSA screening performance. 
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 In the USA, with an estimated 33,720 deaths in 2011, prostate cancer is the sec-
ond leading cause of cancer death in men (Fig.  2.8 ). Prostate cancer death rates have 
been decreasing since the mid-1990s in both African-Americans and whites. 
Although death rates have decreased more rapidly among African-American than 
white men, rates in African-Americans remain more than twice as high as those in 
whites (Jemal et al.  2011  )  (Fig.  2.3 ).  
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Source: OECD Health Data 2010; Ferlay et al. (2010).
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 In Europe, the highest prostate cancer mortality rates were observed in the 
Baltic region (Estonia, Latvia, and Lithuania) and in the Nordic countries 
(Denmark, Norway, and Sweden). Mortality rates have been decreasing in many 
European countries, predominantly since the mid-1990s, and mostly in higher-
resource countries in Western Europe (e.g. Great Britain, France, Germany, and 
the Netherlands) and the Nordic countries (e.g. Finland and Norway). Mortality 
increased in several Eastern European countries (including several former Soviet 
countries) in stark contrast to the decline observed in Hungary and the Czech 
Republic. Thus, a substantial heterogeneity can be seen across populations. While 
it is likely that there are geographical and temporal variations in the quality of 
reporting of the underlying cause of death in Europe, regional patterns emerge, 
with downward turns in several Western, Northern, and, lately, Eastern European 
countries. 

 There appears however little relation between the increasing incidence and 
decreasing mortality in the recent past, consistent with an effect of over-diagnosis 
or detection of indolent tumours via PSA testing. In contrast, uniformly increasing 
mortality trends persist in a number of Central and Eastern European countries, 
other than the Czech Republic and Hungary. It remains unclear as to what extent 
such trends re fl ect true changes in risk or are a result of increasing detection of 
latent disease (Bray et al.  2010  )  (Fig.  2.9 ).   
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  Fig. 2.8    Global differences in the mortality of prostate cancer       
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    2.2.2   Effect of PSA-Based Screening on Mortality 

 The bene fi t of PSA-based screening on overall mortality remains one of the hottest 
and most intensively debated topics in modern urology. 

 Recently, the results of two large randomized trials assessing the effect of PSA 
screening on prostate cancer mortality were published (Djavan  2011  ) . 

 The  fi rst examined results from the Prostate, Lung, Colorectal, and Ovarian 
(PLCO) Cancer Screening Trial and reported on 76,693 men aged 55–74 years at 10 
US centres receiving either annual screening or usual care (Strope and Andriole 
 2010  ) . After 7 years of follow-up, no difference in prostate cancer mortality was 
detected between the groups, with an incidence of 2.0 deaths per 10,000 person-
years (50 deaths) in the screening group and 1.7 deaths per 10,000 person-years (44 
deaths) in the control group (rate ratio = 1.13; 95 % CI = 1.16–1.29). The data at 10 
years were 67 % complete and consistent with these overall  fi ndings. The PLCO 
project team concluded that PCa-related mortality was very low and not signi fi cantly 
different between the two study groups. 

 The second trial, the European Randomized Study of Screening for Prostate 
Cancer (ERSPC), included 162,243 men between the ages of 55 and 69 years ran-
domized to either PSA screening every 4 years or no screening (Schroder  2008  ) . 
After a median follow-up of 9 years, screening reduced the rate of death from 

1930
*Per 100,000, age adjusted to the 2000 US standard population.

Note: Due to changes in ICD coding, numerator information has changed over time. Rates for cancer of the liver, lung 
and bronchus, and colon and rectum are affected by these changes. 
Source: US Mortality Data, 1960 to 2007, US Mortality Volumes, 1930 to 1959, National Center for Health Statistics, 
Centers for Disease Control and Prevention. ©2011, American Cancer Society, Inc., Surveillance Research
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prostate cancer by 20 % (rate ratio = 0.80; 95 % CI = 0.65–0.98). The cumulative 
incidence of PCa was 8.2 % in the screened group and 4.8 % in the control group. 
The absolute risk difference was 0.71 deaths per 1,000 men. However, they esti-
mated that to prevent one prostate cancer death, one would need to screen 1,410 
men (95 % CI = 1,142–1,721) and treat 48 additional cases of prostate cancer. The 
ERSPC investigators concluded that PSA-based screening reduced the rate of 
death from PCa by 20 % but was associated with a high risk of over-diagnosis. 

 Based on the results of these two large, randomized trials, most of the major 
urological societies concluded that at present widespread mass screening for PCa is 
not appropriate, primarily for two reasons:  fi rst, prostate cancer is an indolent dis-
ease with a very low cause-speci fi c death rate and will only impact life expectancy 
in a minority of men; second, the morbidity of early detection (opportunistic screen-
ing) should be offered to a well-informed man, thus ensuring his compliance for 
PSA testing, DRE, and prostate biopsy. 

 Very recently the US Preventive Services Task Force has performed a review on 
the evidence for screening for prostate cancer and published a very negative recom-
mendation: “Prostate-speci fi c antigen-based screening results in small or no reduction 
in prostate cancer-speci fi c mortality and is associated with harms related to subse-
quent evaluation and treatments, some of which may be unnecessary. Primary Funding 
Source: Agency for Healthcare Research and Quality” (Chou et al.  2011  ) . This 
stressed the dif fi culty making recommendation for the individual and for the society.   

    2.3   Risk Factors 

 The factors that determine the risk of developing clinical PCa are not well known, 
although a few have been identi fi ed. There are three well-established risk factors for 
PCa: increasing age, ethnic origin, and heredity (Heidenreich et al.  2011  ) . 
Nevertheless, several exogenous risk factors have been described that may be 
involved in the development of prostate cancer and include environmental factors, 
dietary intake, obesity and physical activity, smoking and alcohol consumption, 
vasectomy and sexual activity, and steroid hormones. 

    2.3.1   Age 

 Age is the strongest risk factor for prostate cancer. Prostate cancer is very rare before 
the age of 40, but the chance of having prostate cancer rises rapidly after age 50. The 
median age at diagnosis is 68 years, with 63 % diagnosed after the age of 65. At 85 
years of age, the cumulative risk of clinically diagnosed prostate cancer ranges from 
0.5 to 20 % worldwide, despite autopsy evidence of microscopic lesions in approxi-
mately 30 % of men in the fourth decade, 50 % of men in the sixth decade, and more 
than 75 % of men older than 85 years (Sakr  1999  ) .  
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    2.3.2   Race/Ethnicity 

 It has been accepted that there might be subtle biologic differences among popula-
tions, but disease-related differences observed between groups may be more likely 
due to environmental exposure, diet, lifestyle, and attitudes toward health care than 
of differences in genetic structure or function. 

 It is noteworthy that African-American men have the highest reported incidence 
of prostate cancer in the world, with a relative incidence of 1.6 compared with white 
men in the United States (Crawford  2003  ) . Although African-Americans have expe-
rienced a greater decline in mortality than white men since the early 1990s, their 
death rates remain more than 2.4 times higher than whites. 

 On the other hand, prostate cancer occurs less often in Asian-American and 
Hispanic/Latino men than in non-Hispanic whites. The reasons for these racial and 
ethnic differences remain unclear (Fig.  2.3 ).  

    2.3.3   Heredity, Familial Aggregation, and Genetic Background 

 Prostate cancer seems to occur in some families, which suggests that in some cases 
there may be an inherited or genetic factor. The risk of developing prostate cancer 
is at least doubled when a  fi rst-line relative has PCa. If two or more  fi rst-line rela-
tives are affected, the risk increases 5- to 11-fold (Kalish et al.  2000  ) . A small sub-
population of individuals with PCa (about 9 %) has true hereditary PCa. This is 
de fi ned as three or more affected relatives or at least two relatives who have devel-
oped early onset disease (55 years of age or younger), usually 6–7 years prior to 
spontaneous cases (Carter et al.  1992  ) . 

 Scientists have found several inherited genes that seem to increase prostate can-
cer risk, but they probably account for only a small number of cases overall. Genetic 
testing for most of these genes is not yet available. Recently, some common gene 
variations have been linked to the risk of prostate cancer. Studies to con fi rm these 
results are needed to see if testing for the gene variants will be useful in predicting 
prostate cancer risk. 

 Some inherited genes raise the risk for more than one type of cancer. For exam-
ple, inherited mutations of the  BRCA1  (17q21) and  BRCA2  (13q12) genes are the 
reason that breast and ovarian cancers are much more common in some families. 
Mutations in these genes may also increase prostate cancer risk in some men, with 
a cumulative risk of 30 % by 80 years of age, but they account for a very small per-
centage of prostate cancer cases (Gallagher et al.  2010  ) . 

 Linkage studies have identi fi ed a number of candidate prostate cancer suscepti-
bility genes, including  RNaseL  (hereditary prostate cancer-1 [ HPC1 ] region, 
1q23-25),  ELAC2  ( HPC2  region, 17p), and  MSR1  (8p22–23). Many other genetic 
loci and prostate cancer susceptibility genes have been more recently identi fi ed, and 
the list is continually growing (Simard et al.  2002  ) . 
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 To date, only limited information about the prostate cancer genetic background 
has been discovered. With the continued improvement in genetic technology, it is 
likely that the number of known susceptibility genes will increase.   

    2.4   Environmental Factors 

 It has been accepted that the environment also plays an important role in modulating 
prostate cancer risk around the world. As it was described before, the incidence of 
clinical PCa differs widely between different geographical areas, being high in the 
USA and Northern Europe and low in Southeast Asia (Quinn and Babb  2002  ) . 
However, if Japanese men move from Japan to Hawaii, their risk of PCa increases; 
if they move to California, their risk increases even more, approaching that of 
American men. Japanese and Chinese men in the United States have a higher risk of 
developing and dying from prostate cancer than do their relatives in Japan and China 
(Hsing et al.  2000  ) . It is important to note, however, that Asian-Americans have a 
lower prostate cancer incidence than white or African-American men, indicating 
that genetics still plays a role in determining prostate cancer predisposition. 

    2.4.1   Dietary Intake 

 It has been shown that prostate cancer incidence and mortality rates around the 
world correlate highly with the average level of fat consumption, especially for poly-
unsaturated fats (Bostwick et al.  2004  ) . The Western diet, together with other life-
style factors such as physical activity levels, may be a signi fi cant risk factor in the 
development of prostate cancer. The Western diet tends to be high in animal prod-
ucts and processed, re fi ned foods, resulting in a high intake of saturated fats, pro-
cessed polyunsaturated fats (such as the  trans  fats), and re fi ned carbohydrates. In 
addition, the Western diet, usually high in meats, is often low in fresh vegetables, 
fruit, pulses, and whole grains, resulting in a low intake of  fi bre and phytonutrients 
that may protect against prostate cancer. Overall, the Western diet is often calorie 
dense but lacking in certain essential nutrients. Furthermore, meats and dairy prod-
ucts contain other constituents such as zinc (Zn) and calcium (Ca) that may affect 
prostate cancer risk. Some studies have suggested that men who consume a lot of 
calcium (through food or supplements) may have a higher risk of developing 
advanced prostate cancer. Most studies have not found such a link with the levels of 
calcium found in the average diet, and it is important to note that calcium is known 
to have other important health bene fi ts (Butler et al.  2010  ) . By contrast, in Far 
Eastern countries, e.g. Japan and China, where the incidence of prostate cancer is 
lower, the traditional diet is mainly plant-based and minimally processed or re fi ned. 
Relatively small amounts of animal products accompany vegetables, fruit, and other 
plant foods, and overall the diet is lower in calories than the Western diet but is likely 
to contain greater amounts of certain essential nutrients.    Particular foods that feature 
more heavily in a traditional Far Eastern diet may have an impact on prostate cancer 
risk including green tea, soy, and cruciferous vegetables (Bostwick et al.  2004  ) .  



172 Epidemiology and Prevention of Prostate Cancer

    2.4.2   Obesity and Physical Activity 

 Obesity has been suggested to be a risk factor for prostate cancer because of its 
common occurrence in middle-aged men and clear links to colon and breast 
cancer risk (Hsing et al.  2007  ) . White fat in mammals serves not only as an 
important energy reservoir but also as an endocrine organ, with secretion of 
cytokines and agents with cytokine-like activity (tumour necrosis factor [TNF]- a , 
interleukin [IL]-1 b , IL-6, IL-8, IL-10, transforming growth factor [TGF]- b ), as 
well as their soluble receptors (Baillargeon and Rose  2006  ) . Treatment of obe-
sity through reduction in fat intake and increased exercise has been shown to 
reduce oxidative stress, suggesting that lifestyle modi fi cation could be impor-
tant in reducing the risk of prostate cancer (Wright et al.  2007  ) . Some studies 
have found that high levels of physical activity, particularly in older men, may 
lower the risk of advanced prostate cancer. More research in this area is needed 
(Nilsen et al.  2006  ) . 

 Recently, large prospective studies, examining the association between obesity 
and prostate cancer risk by stage and/or grade at diagnosis, suggested that obesity 
was associated with a lower risk of low-grade disease but a greater risk of high-
grade disease (Wright et al.  2007 ; Gong et al.  2006 ; Rodriguez et al.  2007  ) . This 
could be related to detection bias given that the lower serum PSA usually associated 
to obese patients could lead to fewer prostate biopsies. An association has also been 
observed in obesity with higher serum estradiol, insulin, free IGF-1, and leptin lev-
els and lower free testosterone and adiponectin levels, which have also been associ-
ated with more aggressive prostate cancer (Hsing et al.  2007  ) .  

    2.4.3   Smoking 

 It has been suggested that smoking may increase the risk of death from prostate 
cancer (Daniell  2010  ) . Nevertheless, a clear dose–response relationship has not 
been demonstrated and will need to be con fi rmed by further investigations.  

    2.4.4   Alcohol Consumption 

 Although initial studies suggested an association between alcohol intake and 
prostate cancer risk, to date, it has not been possible to determine an association 
between total alcohol intake and the incidence of prostate cancer, suggesting that 
alcohol does not contribute appreciably to the aetiology of this disease. The only 
noticeable exception goes to red wine: a population-based case–control study 
conducted in King County, WA (USA), pointed out that each additional glass of 
red wine consumed per week showed a statistically signi fi cant 6 % decrease in 
relative risk (OR = 0.94; 95 % CI = 0.90–0.98) and there was evidence for a 
decline in risk estimates across increasing categories of red wine intake (trend 
 P  = 0.02). No clear associations were seen for consumption of beer or liquor 
(Schoonen et al.  2005  ) .  
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    2.4.5   Vasectomy and Sexual Activity 

 Some earlier studies had suggested that men who underwent vasectomy, especially 
at an early age, had a higher risk for prostate cancer (Giovannucci et al.  1993  ) . But 
most recent studies have not been able to  fi nd a strong association between vasec-
tomy and prostate cancer (Dennis et al.  2002a ; Cox et al.  2002  ) . The biologic mech-
anism by which vasectomy might predispose to cancer is unknown, although 
presence of antisperm antibodies, decreased seminal androgen concentrations, or 
secretory activity have been proposed. 

 Studies have also suggested a protective association between prostate cancer and 
frequency of ejaculation; the existence of a protective effect existed for men in their 
20s and 40s, when a reported frequency greater than or equal to 21 ejaculations per 
month was found (Giles et al.  2004 ; Leitzmann et al.  2004  ) . The biologic basis for 
this effect is not known.  

    2.4.6   Infection and Prostate Cancer 

 It has been suggested that the association between sexual activity and the exposure 
to sexually transmitted infections (HPV, gonorrhoea, or Chlamydia), possibly by 
leading to prostatic in fl ammation, may increase the risk of developing prostate can-
cer (Nelson et al.  2004  ) . 

 Two meta-analyses examining 34 case–control studies reported statistically 
signi fi cant associations of prostate cancer with a history of sexually transmitted 
infection (RR = 1.4) or prostatitis (OR = 1.57) (Dennis et al.  2002b  ) . Supportive evi-
dence is provided by studies demonstrating positive associations of antibodies 
against syphilis, human papillomavirus (HPV), and human herpesvirus-8 (HHV-8) 
with prostate cancer (De Marzo et al.  2007  ) . However, recent studies assessing the 
association between infection and prostate cancer have shown mixed results 
(Sutcliffe et al.  2006 ; Sarma et al.  2006  ) . To date, no  fi rm conclusions have been 
reached and further investigations are needed.  

    2.4.7   Steroid Hormones 

 Androgens play an important role in prostate carcinogenesis, as supported by the 
historical observation that the majority of prostate cancers initially respond to 
androgen-deprivation therapy and more recently by results of the Prostate Cancer 
Prevention Trial, which indicated that inhibition of the conversion of testosterone to 
the more potent dihydrotestosterone by  fi nasteride reduces the incidence of prostate 
cancer by approximately 25 % (Thompson et al.  2007  ) . High serum androgen levels 
have long been hypothesized to be a risk factor for prostate cancer. However, studies 
examining this association have been inconsistent, with some studies  fi nding an 
association between speci fi c hormones and prostate cancer risk. 
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 Estrogens have been postulated to play a role in prostate cancer initiation and 
progression. Historically, estrogens have been considered protective against pros-
tate cancer and have been used as a treatment for advanced disease. However, there 
is increasing evidence that estrogens may act as procarcinogens in the prostate 
(Dorgan et al.  1998  ) . However, the association between serum oestrogen levels and 
prostate cancer risk is still inconsistent. 

 Leptins, peptide hormones produced by adipocytes which contribute to body 
weight and fat deposits, may be associated with development of prostate cancer by 
stimulation of androgen-independent prostate cancer cell lines (Ribeiro et al. 
 2004  ) . 

 An association has been suggested between vitamin D and the risk of the devel-
opment of prostate cancer. Lower serum vitamin D levels could be related to higher 
risk of prostate cancer (Giovannucci  1998  ) . On the other hand, prostate cancer cells 
express the vitamin D receptor, and several studies have demonstrated an antiprolif-
erative effect of vitamin D on prostate cancer cell lines (Chen and Holick  2003  ) . All 
these  fi ndings need further investigations.   

    2.5   Prevention of Prostate Cancer 

 It has been accepted that carcinogenesis occurs slowly during a prolonged interval, 
from precursor lesions to the development of malignant cells. Theoretically, this 
provides the opportunity to intervene before malignancy is established, through life-
style changes (dietary alterations, smoking cessation, exercise) or by chemopreven-
tion, de fi ned as the use of natural or synthetic agents that reverse, inhibit, or prevent 
the development of cancer (Boyle and Severi  1999  ) . Effective chemoprevention 
requires the use of non-toxic agents that inhibit speci fi c molecular steps in the car-
cinogenic pathway (Boyle and Severi  1999  ) . As PCa is extremely common and 
generally slow to progress, it is regarded as an ideal candidate for chemoprevention. 
At present, the 5-alpha-reductase inhibitors  fi nasteride and dutasteride have been 
identi fi ed as preventive agents. Today, chemopreventive agents may be appropriate 
for high-risk patients like those with high-grade prostatic intraepithelial neoplasia 
(PIN) and other high-risk groups such as patients with elevated prostate-speci fi c 
antigen (PSA) and negative biopsy, rapid PSA velocity, and a family history of PCa. 
Although larger randomized controlled studies are needed and epidemiologic evi-
dence should be placed in a clinical context, physicians must be aware of these 
preventive opportunities in PCa care (Van and Tombal  2011  ) . 

 Numerous observations in the epidemiologic literature during the last years sug-
gest associations between various dietary, lifestyle, genetic, and nontraditional fac-
tors and the risk for developing prostate cancer. Several randomized studies for 
prevention of PCa with pharmaceutical agents, dietary modi fi cations, and supple-
ments have been published. Some of the most promising dietary nutrients and sup-
plements as well as the most important clinical studies on their effect on PCa are 
summarized in this review. 



20 E.R. Cordeiro et al.

    2.5.1   Prostate Cancer Prevention Trial 

 The most signi fi cant event in chemoprevention of prostate cancer occurred with the 
publication of the results of the Prostate Cancer Prevention Trial (PCPT) (Thompson 
et al.  2003a  ) . This study, carried out in 1993, was the  fi rst large-scale population-
based trial to test a chemopreventive strategy in men at risk for prostate cancer. The 
PCPT study was designed on the theoretical basis that androgens are required for 
the development of prostate cancer and men with a congenital de fi ciency of type 2 
5 a -reductase are unaffected by benign prostatic hyperplasia (BPH) and prostate 
cancer. Hypothetically, treatment with  fi nasteride would lower intraprostatic DHT 
levels and thereby prevent prostate cancer. In this study, 18,882 men older than or 
equal to 55 years of age with a normal digital rectal examination (DRE) and a 
prostate-speci fi c antigen (PSA) level of less than or equal to 3.0 ng/mL were ran-
domly assigned to treatment with  fi nasteride (5 mg/day) or a placebo for 7 years. 
Prostate biopsy was recommended if the annual PSA level, adjusted for the effect of 
 fi nasteride, exceeded 4.0 ng/mL or if the DRE was abnormal. The primary endpoint 
was the prevalence of prostate cancer during the 7 years of the study, as diagnosed 
by either for-cause biopsies (abnormal DRE or PSA) or end-of-study biopsy. The 
results of the study were satisfactory, and the trial was stopped approximately 15 
months early because the primary endpoint of a 25 % risk reduction on the  fi nasteride 
arm was reached, and sensitivity analyses suggested that additional follow-up would 
not change that outcome. 

 The prevalence of prostate cancer was reduced by 24.8 % (hazard ratio 
[HR] = 0.75; 95 % CI = 18.6–30.6) from 24.4 to 18.4 % in those participants ran-
domized to  fi nasteride compared with placebo. The prevalence of Gleason grade 
7–10 tumours was higher in the  fi nasteride group than the placebo group (6.4 % vs. 
5.1 %; HR = 1.27; 95 % CI = 1.07–1.50). The risk reduction associated with 
 fi nasteride among risk groups was of the same general magnitude, but sexual side 
effects were more common with  fi nasteride, whereas urinary symptoms were more 
common within the placebo group. 

 Deciding whether or not the advantages of taking  fi nasteride outweigh the 
potential disadvantages is not a simple task. Several studies analysed the cost-
effectiveness relation for chemoprevention with  fi nasteride, but none suggested 
that it may be cost-effective in high-risk populations (Klein  2005 ; Unger et al.  2004 ; 
Zeliadt et al.  2005  ) . 

 In addition to the prevention of prostate cancer, 5 a -reductase inhibitors (5ARIs) 
have other bene fi ts that need to be considered. Finasteride improves the sensitivity 
of PSA and DRE in prostate cancer screening (Thompson et al.  2006  ) , decreases the 
risk of high-grade prostatic intraepithelial neoplasia (HR = 0.79; 95 % CI = 0.70–
0.89), and may be effective in the treatment and possible prevention of chronic 
nonbacterial prostatitis (Thompson et al.  2007  ) . Furthermore, benign prostatic 
hyperplasia (BPH) treatment trials in patients with moderate to severe lower urinary 
tract symptoms demonstrated reduction in symptom scores, reduction in the risk of 
acute urinary retention, and reduction in the risk of surgical intervention due to BPH 
progression (Wilt et al.  2008  ) .  
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    2.5.2   Other 5 a -Reductase Inhibitors 

 A second large-scale trial of another 5ARI, dutasteride, was carried out in 2005. 
This agent inhibits both type 1 and type 2 forms of 5 a -reductase, is anti-andro-
genic, promotes death of prostate cancer cell lines, and has been shown to reduce 
the risk of prostate cancer in men treated for lower urinary tract symptoms related 
to benign prostatic enlargement when compared with placebo (Andriole et al. 
 2004  ) . The eligibility for the Reduction by Dutasteride of Prostate Cancer Events 
(REDUCE) trial included men aged older than or equal to 50 and younger than or 
equal to 75 years who had PSA scores from 2.5 to 10 ng/mL, prostate volumes less 
than or equal to 80 cc, and one prior negative prostate biopsy within 6 months of 
enrolment, thus representing a group at high risk for cancer on subsequent biopsy 
(Andriole et al.  2004  ) . The primary endpoint of REDUCE was the prevalence of 
cancer on study-mandated prostate biopsies performed at 2 and 4 years after entry. 
The trial recruited 8,231 men, of whom 6,726 (82.6 %) underwent at least one 
biopsy and 1,516 (22.5 %) were diagnosed with prostate cancer. Dutasteride 
reduced the risk of prostate cancer over 4 years by 23 % (857 in the placebo arm vs. 
659 in the dutasteride arm,  P  < 0.0001). Interestingly, no signi fi cant increase in 
Gleason sum 8–10 tumours was observed in the study (19 in the placebo arm vs. 29 
in dutasteride arm,  P  = 0.15). Preliminary analyses also suggested that dutasteride 
enhanced the utility of PSA as a diagnostic test for prostate cancer, demonstrated 
bene fi cial effects on BPH outcomes (relative risk reductions of 77 % for acute uri-
nary retention and 73 % for BPH-related surgery), and was generally well tolerated 
(15 % drug-related adverse events in the placebo arm vs. 22 % in dutasteride arm). 
The fact that the results of REDUCE were congruent with those of the PCPT with 
respect to the magnitude of risk reduction, bene fi ts for BPH endpoints, minimal 
toxicity, and no issues related to tumour grade suggests a class effect for 5 ARIs 
and that these agents should be used more liberally for prevention of prostate can-
cer (Musquera et al.  2008  ) . In December 2010, the FDA’s Oncologic Drugs 
Advisory Committee (ODAC) voted against recommending  fi nasteride and dutas-
teride for the indication to reduce prostate cancer risk because in the view of the 
ODAC members, the risk for more aggressive tumours outweighed the potential for 
chemoprevention. Panelists and FDA reviewers shared three main concerns about 
the drugs: the risk of exposing currently healthy people to an increased risk for 
high-grade tumours, the fact that risk reduction was only in low-grade tumours, and 
the doubt that the supporting clinical studies are generalizable to clinical practice 
in the American population.  

    2.5.3   Selenium and Vitamin E 

 Selenium is an essential trace element found in vegetables, grains, red meat,  fi sh, 
poultry, and eggs. The concentration of selenium in the vegetables depends on how 
much of the mineral was in the soil where the plants grew. Selenium is distributed 
in body tissues and helps to make special proteins, called antioxidant enzymes, 
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which play a role in preventing cell damage. Epidemiologic evidence provides sup-
port for a cancer prevention effect. 

 The strongest evidence for a protective effect of selenium came from the 
Nutritional Prevention of Cancer Trial, a randomized study of oral selenized yeast 
in patients with nonmelanoma skin cancer, which showed a 65 % reduction in the 
prostate cancer incidence when compared with the placebo (Clark et al.  1998  ) . In 
that trial, 1,312 participants took the equivalent of 200 mcg yeast per day versus the 
placebo, and with a mean follow-up of 4.5 years, the incidence of prostate cancer 
was reduced in the selenium arm by 65 % compared with the placebo. Of note, the 
effect was strongest for those with a PSA value less than 4 ng/mL and those with the 
lowest serum selenium levels at study entry (Duf fi eld-Lillico et al.  2003  ) . 

  Vitamin E  is an essential lipid-soluble antioxidant found in plant oils such as soy, 
corn, and olive oil. Other sources include nuts, seeds, and green leafy vegetables. It 
protects cells from free radicals. Several forms of vitamin E have been identi fi ed. 
The most active form with the highest bioavailability in human tissues is alpha-to-
copherol. The body is not capable of producing this substance, and it must be con-
sumed in the diet or supplements for proper health. Alpha-tocopherol may in fl uence 
the development of cancer through several mechanisms, including induction of cell 
cycle arrest, and through direct antiandrogen activity (Thompson et al.  2003b  ) . The 
Alpha-Tocopherol, Beta-Carotene Cancer Prevention Trial (ATBC), a randomized, 
placebo-controlled trial of  a -tocopherol (50 mg/day) and beta-carotene (20 mg/day) 
alone or in combination in male smokers, with a primary endpoint of lung cancer 
incidence and mortality, on secondary analysis found a statistically signi fi cant 32 % 
reduction in prostate cancer incidence and a 41 % lower mortality in those receiving 
 a -tocopherol (Albanes  2000  ) .  

    2.5.4   Selenium and Vitamin E Cancer Prevention Trial (SELECT) 

 The accumulated epidemiologic and biologic evidence that selenium and vitamin 
E might prevent prostate cancer led to the design of SELECT, the Selenium and 
Vitamin E Cancer Prevention Trial (Klein et al.  2001 ; Lippman et al.  2009  ) . 
SELECT was a phase III, randomized, double-blind, placebo-controlled, popula-
tion-based trial designed to test the ef fi cacy of selenium and vitamin E alone and 
in combination in the prevention of prostate cancer. It was the largest cancer pre-
vention trial ever performed. Eligibility criteria include age greater than or equal to 
50 years for African-Americans, age older than or equal to 55 years for whites, a 
DRE not suspicious for cancer, serum PSA less than or equal to 4 ng/mL, and nor-
mal blood pressure. Randomization was equally distributed among the four study 
arms (selenium + placebo, vitamin E + placebo, selenium + vitamin E, and pla-
cebo + placebo). Although the study duration was planned for 12 years, as a result 
of a planned interim analysis in August 2008, an independent data and safety mon-
itoring committee recommended discontinuation of the study because the data 
demonstrated no effect on the risk of prostate cancer by either agent alone or in 
combination and no chance of a bene fi cial effect of the hypothesized magnitude 
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with continued supplementation (Lippman et al.  2009  ) . There were statistically 
nonsigni fi cant increased risks of prostate cancer in the vitamin E group (HR = 1.13; 
99 % CI = 0.95–1.35;  P  = 0.06) and type 2 diabetes mellitus in the selenium group 
(RR = 1.07; 95 % CI = 0.94–1.22;  P  = 0.16). However, neither of these  fi ndings was 
observed in the combination group. 

 More mature results were published recently, re fl ecting the  fi nal data collected 
by the study sites on their participants on July 5, 2011. The  fi nal report includes 
54,464 additional person-years of follow-up and 521 additional cases of prostate 
cancer since the primary report. Compared with the placebo (referent group) in 
which 529 men developed prostate cancer, 620 men in the vitamin E group devel-
oped prostate cancer (hazard ratio [HR] = 1.17; 99 % CI = 1.004–1.36;  P  = 0.008), as 
did 575 in the selenium group (HR = 1.09; 99 % CI = 0.93–1.27;  P  = 0.18) and 555 
in the selenium plus vitamin E group (HR = 1.05; 99 % CI = 0.89–1.22;  P  = 0.46). 
Compared with placebo, the absolute increase in risk of prostate cancer per 1,000 
person-years was 1.6 for vitamin E, 0.8 for selenium, and 0.4 for the combination 
(Klein et al.  2011  ) . 

 This study therefore indicates that supplementation with vitamin E signi fi cantly 
increased the risk of prostate cancer among healthy men. 

 There are many attempts to explain the negative results of SELECT. The high 
dose of vitamin E (400 IU/D of the alpha-tocopherol form) in SELECT may have 
been less effective than a lower dose such as the eightfold lower 50 IU/D of the 
ATBC study (Lippman et al.  2009  ) . 

 In SELECT, 200  m g of  l -selenomethionine was chosen, whereas in the NPC 
trial, 200  m g of high-Se yeast contained only 20 % of  l -selenomethionine (Duf fi eld-
Lillico et al.  2003  ) . Another drawback of SELECT is the absence of selection of 
patients since it is likely that personal predispositions may enhance or hinder the 
bene fi t of supplementation. For example, several studies have suggested that vita-
min E is more protective against PCa in smokers, and in SELECT less than 60 % 
of men were current or former smokers, whereas in the ATBC study all men were 
smokers. As for Se, genetic susceptibilities exist that may confer different bene fi t 
to Se supplementation. Chan et al. have assessed manganese superoxide dismutase 
(SOD2) gene variants and plasma Se in 489 patients with localized/locally 
advanced PCa (Chan et al.  2009  ) . SOD2 is an endogenous mitochondrial enzyme 
that metabolizes reactive oxygen species and superoxide anions to oxygen and 
hydrogen peroxide. Several polymorphisms of SOD2 have been identi fi ed, includ-
ing a single nucleotide permutation that encodes either an alanine (A) or a valine 
(V). SOD2 genotype alone was not associated with disease aggressiveness, 
whereas higher versus lower Se levels were associated with a slightly increased 
likelihood of presenting with aggressive disease (RR = 1.35; 95 % CI = 0.99–1.84). 
There was evidence of an interaction between SOD2 and Se levels such that among 
men with the AA genotype, higher Se levels were associated with a reduced risk 
of presenting with aggressive disease (RR = 0.60; 95 % CI = 0.32–1.12), whereas 
among men with a V allele, higher Se levels were associated with an increased risk 
of aggressive disease (for VV or VA men, RR = 1.82; 95 % CI = 1.27–2.61;  P  for 
interaction <0.007). 
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 But clearly one of the more consistent hypotheses is that the positive effects of 
Se in the NPC study and of vitamin E in the ATBC trial could have been due to 
chance in secondary analyses. Recent results from the Prostate Cancer Prevention 
Trial found no signi fi cant association between vitamin E and Se and the incidence 
of PCa (Kristal et al.  2010  ) .   

    2.6   Other Agents 

    2.6.1   Iso fl avones 

 Iso fl avones, a subclass of the  fl avonoids, are plant-derived compounds with weak 
estrogenic activity and therefore classi fi ed as phyto-oestrogens. Phyto-oestrogens 
have been suggested to have a preventive effect against various cancers. Soy foods 
are a rich source of iso fl avones. Iso fl avone intake in Asian countries is approxi-
mately 50 mg daily, which is about ten times higher than intake in Western coun-
tries. Migration studies and lower prostate cancer rates in Asian men with higher 
soy intake also support the role of soy as an anticancer agent. 

 The main iso fl avones found in most soy products are genistein, daidzein, and 
glycitein. It has been suggested that these may inhibit benign and malignant pros-
tatic epithelial cell growth, downregulate androgen-regulated genes, and reduce 
tumour growth in animal models (Castle and Thrasher  2002 ; Kurahashi et al.  2007 ; 
Lee et al.  2003  ) . Also a protective effect of iso fl avones against PCa development 
has been demonstrated. Among these effects, iso fl avones possess weak oestrogen 
activity, inhibit tyrosine protein kinases, block angiogenesis, and reduce serum tes-
tosterone levels. They also inhibit 5-alpha-reductase, an enzyme that metabolizes 
testosterone to dihydrotestosterone. Iso fl avones are further metabolized in humans 
to many different intermediates, such as equol, perhaps the best-studied metabolite 
of daidzein. Equol is ten times more potent than daidzein in retarding PCa growth 
(Lampe  2010  ) . 

 Although there exists overwhelming data from epidemiologic studies, case–con-
trol studies, and in vitro/vivo data that soy iso fl avone may be a promising chemo-
preventive agent against PCa, there have been no published prospective randomized 
clinical studies with suf fi cient statistical power to assess whether iso fl avone supple-
mentation can reduce PCa development or delay PCa progression. Shortcomings of 
many studies published to date are small patient numbers, lack of randomization, 
short-term iso fl avone administration, and possibly insuf fi cient doses. Current ongo-
ing clinical trials may help us understand the role of soy in the prevention of PCa.  

    2.6.2   Lycopene 

 Lycopene is a carotenoid without vitamin A activity that gives the red colour to 
tomatoes and tomato-derived products. It is also available in other red fruits and 
vegetables such as red carrots, watermelons, pink grapefruit, and papayas. Lycopene 
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is a highly unsaturated acyclic isomer of  b -carotene, is the predominant carotenoid 
in human plasma, and possesses potent antioxidant activity. Lycopene has been 
shown to inhibit the growth of benign and malignant prostatic epithelial cells 
in vitro, having shown anticancer properties (Etminan et al.  2004  ) . There is epide-
miologic evidence that consumption of tomato products or lycopene is associated 
with a lower risk of prostate cancer (Giovannucci et al.  2002  ) . A meta-analysis of 
observational studies reported a 23 % reduction in prostate cancer risk with high 
tomato and lycopene intake (Etminan et al.  2004  ) . However, nested case–control 
studies prospectively examined the intake of several tomato-containing foods in 
men and found no correlation with the incidence of prostate cancer (Giovannucci 
 2002  ) . To date, results of initial clinical trials have demonstrated potential bene fi cial 
activity of lycopene in prostate cancer; however, further investigations and phase III 
trials examining the role of lycopene in prostate cancer prevention are required.  

    2.6.3   Polyphenols 

 Polyphenols are the largest group of constituents found in tea. Green tea contains 
catechins, a category of water-soluble polyphenolic substances. The four principal 
catechins are (−)-epicatechin (EC), (−)-epicatechin-3-gallate (ECG), (−)-epigallo-
catechin (EGC), and (−)-epigallocatechin-3-gallate (EGCG) (Boehm et al.  2009  ) . 
EGCG, found in the highest concentration in green tea, is the most studied and most 
active of all green tea catechins 

 (GTC) for the inhibition of oncogenesis and reduction of oxidative stress. Its 
mechanism of action has not yet been fully determined. Several epidemiologic stud-
ies have focused on the lower incidence of PCa in Asian populations where green 
tea is consumed regularly as compared with Western populations, suggesting that 
green tea is protective against PCa. To date, various small randomized trials have 
been conducted with mixed results (Boehm et al.  2009 ; Adhami et al.  2009 ; Jian 
et al.  2004 ; Kikuchi et al.  2006 ; Kurahashi et al.  2008  ) . Con fi rmatory trials are 
needed to better assess the role of green tea consumption in prostate cancer 
prevention.  

    2.6.4   Resveratrol 

 Because tumours develop resistance to chemotherapeutic agents, the cancer 
research community continues to search for effective chemosensitizers. One prom-
ising possibility is to use dietary agents that sensitize tumours to the chemothera-
peutics. Resveratrol (3,5,4 ¢ -trihydroxystilbene), a natural stilbenoid present in red 
wine, grapes, berries, peanuts, and dietary supplements as well as polyhydroxy 
analogues of resveratrol have potential cancer chemopreventive properties. It has 
sensitization/enhancing activities against tumour cells when used in combination 
with standard cancer chemotherapeutics (Hsieh et al.  2011  ) . It has been suggested 
that resveratrol can sensitize tumour cells to chemotherapeutic agents. The tumours 
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shown to be sensitized by resveratrol include lung carcinoma, acute myeloid leu-
kaemia, promyelocytic leukaemia, multiple myeloma, prostate cancer, oral epider-
moid carcinoma, and pancreatic cancer. The chemotherapeutic agents include 
vincristine, adriamycin, paclitaxel, doxorubicin, cisplatin, ge fi tinib, 5- fl uorouracil, 
velcade, and gemcitabine. The chemosensitization of tumour cells by resveratrol 
appears to be mediated through its ability to modulate multiple cell-signalling mol-
ecules, including drug transporters, cell survival proteins, cell proliferative pro-
teins, and members of the NF-kappa B and STAT3 signalling pathways. Overall, 
studies suggest that resveratrol can be used to sensitize tumours to standard cancer 
chemotherapeutics. 

 Recent  fi ndings strongly suggest that a suppressor of cytokine signalling (SOCS-
3), an antiapoptotic molecule that is upregulated in PCa, is one of the proteins that 
in fl uence the ability of resveratrol and tumour necrosis factor (TNF)-related apop-
tosis-inducing ligand (TRAIL) to cause programmed cell death in PCa (Hsieh et al. 
 2011 ; Horndasch and Culig  2011  ) . Future studies should concentrate on the deter-
mination of molecular mechanisms of chemosensitization and of resveratrol combi-
nations by clinically relevant in vivo studies and demonstration of safety and 
effectiveness of combinations in humans.  

    2.6.5   Statins 

 Statins are widely used cholesterol-lowering drugs given for the treatment and pre-
vention of atherosclerotic cardiovascular disease. They inhibit 3-hydroxy-3-methyl-
glutaryl coenzyme A (HMG-CoA), the rate-limiting enzyme in cholesterol 
biosynthesis. Statins are hypothesized to play a role in the prevention of cancer by 
inhibiting in fl ammation, angiogenesis, cell proliferation, migration/adhesion, inva-
sion, and/or preferentially promoting apoptosis in tumour cells (Moyad  2005  ) . 
Observational studies of statin use demonstrate high heterogeneity with mixed 
results for prostate cancer risk. 

 Hypothetically, some of the mechanisms that increase the risk of cardiovascular 
disease (CVD) may also increase the risk or progression of prostate cancer. 
Numerous recent lifestyle interventions that reduce cholesterol have also been found 
to have a potential impact on reducing the risk of prostate cancer. Recent studies of 
statins and other heart healthy agents have found a secondary potential for exhibit-
ing a reduced risk or progression of prostate cancer. Statin users have been shown 
to have lower serum PSA levels than non-users (Papadopoulos et al.  2011  ) , suggest-
ing an anticancer effect but potentially leading to fewer prostate biopsies and thus 
biasing results of epidemiologic and clinical studies. Statin users tend to be health-
ier and more medically compliant than non-users, making them more likely to 
undergo PSA screening and possibly resulting in earlier cancer detection. Further 
research is needed to help determine the role, if any, of statins in the prevention of 
prostate cancer.   
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   Conclusion 
 The prostate carcinogenesis is a complex process. All constitutional, behav-
ioural, molecular, and environmental factors continuously interact in different 
proportions in the organism during the years, and their effects become manifest 
through the diagnosis of prostate cancer. Several clinical trials and epidemiologi-
cal studies have been carried out around the world in order to achieve a better 
understanding of the prostate carcinogenesis and its circumstances. 

 Prostate cancer is an attractive target for chemoprevention because of its ubiq-
uity, treatment-related morbidity, long latency between premalignant lesions and 
clinically evident cancer, and de fi ned molecular pathogenesis. High-risk patients 
should be the target of chemoprevention, as the risk of PCa may justify the cost 
and potential side effects of these agents. It also seems reasonable to believe that 
chemoprevention strategies are more effective in high-risk groups. Nevertheless, 
the identi fi cation of high-risk groups is at this moment not easy. Patients with 
isolated HGPIN on prostate biopsies constitute a unique and well-demarcated 
risk group for PCa. Prognostic, randomized data on chemopreventive strategies 
in HGPIN are scarce but seem promising. Other high-risk groups include those 
above 40 years of age, elevated PSA levels, rapid PSA velocity, sub-Saharan 
African ethnicity, a family history of PCa or with speci fi c genes, or obese men 
with insulin resistance and those who would bene fi t from early diagnosis and 
treatment with at least 10–15 years of life expectancy. 

 Future research should focus on determining the target population for PCa 
chemoprevention. Large prospective randomized studies are required to de fi ne 
the bene fi ts of chemopreventive agents for PCa. Some of these studies are ongo-
ing and results are eagerly awaited. Combinations of chemopreventive agents for 
PCa should be carefully investigated.      
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 Historically, imaging has played a relatively small role in the management of  clinically 
localised prostate cancer. In more recent years, medical imaging techniques, such 
as transrectal ultrasound (TRUS), computed tomography (CT),  magnetic resonance 
imaging (MRI), and radioisotopes scanning, have facilitated and improved the clini-
cal staging of patients with prostate cancer and help inform the decision regarding 
the most appropriate treatment for an individual patient. Newer functional imaging 
techniques including positron emission tomography (PET) together with molecu-
lar imaging developments will further improve our ability to diagnose, stage, and 
appropriately treat men with prostate cancer. 

 The clinical presentation, diagnosis, and management of prostate cancer are 
changing. The widespread use of prostate-speci fi c antigen (PSA) screening has 
led to a dramatic downstaging of prostate cancer at diagnosis. Today, prostate can-
cers are generally smaller and of lower stage at diagnosis than in the past. Newer 
treatment techniques, including brachytherapy, offer the possibility of better local 
treatment with less morbidity and improved outcomes; more accurate imaging has 
contributed to better staging and subsequent strati fi cation of patients into differ-
ent treatments. The optimum management of prostate cancer today is as patient 
speci fi c as current tumour characterisation techniques permit. Our ability to predict 
biologic aggressiveness of prostate cancers is still based on the histological appear-
ance of prostate cancer (Gleason grading system) which has signi fi cant limitations. 
However, new biomarkers for prostate cancer are becoming clinically available and 
will hopefully improve our ability to predict the biological behaviour of the tumour 
and therefore impact on management in the future. Because younger men are being 
treated, the long-term consequences of all active therapies need consideration, since 
these younger patients may have to live with any treatment-associated morbidity 
including brachytherapy and complications for many years. 

    B.  M.   Carey   
     Radiologist,   Institute of Oncology, St. James Hospital,    Leeds,   UK   
 e-mail:  brendan.carey@btinternet.com   
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 In the early years of prostate brachytherapy, clinical nomograms (Partin et al. 
 2001  )  based on the combination of the presenting serum PSA level, digital rec-
tal examination (DRE)  fi ndings, and the results of systematic TRUS-guided pros-
tate biopsy and biopsy-based Gleason score were a valuable clinical aid in patient 
selection for brachytherapy. The sensitivities and speci fi cities, however, of these 
nomograms are problematic and still lack comprehensive external validation and 
extrapolation to different patient groups. DRE has a low overall sensitivity (37 %) 
and low positive predictive value in men with PSA < 3 ng/mL (Schröder et al.  1998  ) . 
PSA measurement has yielded higher detection rates than has DRE, but its speci fi city 
remains low at 36 % (Schröder et al.  2008 ; Catalona et al.  1994  ) . When DRE results 
are positive or when the PSA level is elevated, systematic sextant TRUS biopsy 
with a minimum of four additional cores from lateral peripheral zones or from a 
suspicious area is generally recommended to be performed initially (Donovan et al. 
 2003  ) . Systematic random prostate biopsy is prone to undersampling (35 % cancers 
missed on  fi rst biopsy, Djavan et al.  2001  )  and underestimation of Gleason grade 
in 46 % of cases (Noguchi et al.  2001  ) . Clinical reliance on nomograms alone may 
lead to inaccurate risk assessments and suboptimal treatment choices. They should 
be considered together with the imaging  fi ndings in the appropriate selection of 
patients for brachytherapy. 

 All forms of active treatment for prostate cancer bene fi t from accurate tumour 
characterisation and staging in order to select the optimum therapeutic approach 
from a range of different options, both surgical and nonsurgical. Many different 
imaging techniques can be used at various stages during the management of prostate 
cancer, providing morphological, structural, metabolic, and functional information 
about the cancer, its treatment, and treatment response. The earlier detection of pros-
tate cancer in today’s PSA era has brought new challenges to clinical assessment and 
treatment selection—challenges compounded by variability in the natural history of 
prostate cancer itself. Although the cancers of today may be smaller, a wide range 
of aggressiveness remains and our ability to predict the clinical progress of an indi-
vidual patient and his prostate cancer is still limited. The natural history of prostate 
cancer is remarkably heterogeneous and still not completely understood. Autopsy 
and early follow-up observational studies have suggested that approximately one 
in three men  ³  50 years old will show histological evidence of prostate cancer; 
a signi fi cant portion of these tumours are small and possibly clinically insigni fi cant, 
although others are aggressive and potentially lethal . The controversy regarding the 
potential overtreatment of ‘clinically insigni fi cant’ prostate tumours is balanced by 
the infrequent but worrying  fi nding of higher-volume, higher-grade cancers recogn-
ised on  fi nal surgical pathology after radical prostatectomy. The challenge is to dis-
tinguish between the two and manage accordingly. We have made progress, based 
on the mature clinical outcome data of various treatment regimes, better imaging, 
and developments in molecular biology. Prostate cancer imaging has evolved into 
a process where the selection of an imaging technique for an individual patient 
with prostate cancer should be based on the questions that need to be answered for 
that particular patient. Ultimately, the imaging workup should identify those patients 
who are most likely to bene fi t from their treatment (e.g. brachytherapy)—who 
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are likely to have a good outcome in terms of disease control and associated treat-
ment-related morbidity. 

 Low-dose rate (LDR) and high-dose rate (HDR) brachytherapies have accepted 
roles in the modern management of localised prostate cancer in the appropriate 
clinical setting. Although brachytherapy remains a therapy dominated by the skill 
of the operator in terms of source placement, imaging guidance is crucial to opti-
mum therapy and the integration of prostate imaging with prostate brachytherapy 
is evident at all stages of the treatment process. Substantial progress has been made 
in the imaging of prostate cancer, particularly in MRI. These advances are begin-
ning to translate into better treatment selection and better image-guided therapies; 
brachytherapy can and will increasingly bene fi t from these improvements now and 
in the future. The integration of molecular imaging into current techniques will fur-
ther enhance our ability to stage, appropriately select, and follow up patients who 
are treated with brachytherapy. The planning, delivery, and veri fi cation of radiation 
therapy are based on contemporary and evolving imaging techniques. Advances 
in brachytherapy techniques have bene fi ted considerably from better TRUS, 
and the development of complex radiation dosimetry demands optimum tumour 
identi fi cation and staging. Brachytherapy in the future may require identi fi cation of 
different anatomic subregions within the prostate and/or tumour to de fi ne targets for 
differential dose delivery in order to selectively increase the dose to speci fi c tumour-
bearing regions. Brachytherapy may involve simultaneous delivery of different dose 
prescriptions to multiple cancer foci within the prostate. This will require detailed 
knowledge about tumour location, volume, and full extent. Furthermore, informa-
tion regarding tumour biology (tumour aggressiveness, angiogenesis, and hypoxia) 
is becoming available (Hricak et al.  2007  ) . Functional imaging can already identify 
foci of hypoxic tumour clones that might bene fi t from higher local radiation doses. 
On the basis of such anatomic and metabolic information, patient-speci fi c paramet-
ric images have been used to dose paint during brachytherapy planning. 

 Prostate brachytherapy is an operator-dependent treatment that requires training 
and the necessary skills to ensure safety and good outcomes. It also requires famil-
iarity with the normal anatomy of the prostate gland shown in Fig.  3.1 . Understanding 
prostate and tumour anatomy is an essential part of image interpretation, and it is 
important that the operator is familiar with basic prostate anatomy and tumour mor-
phology as demonstrated on imaging with TRUS and MRI.  

 The prostate has four glandular zones, each with its own ductal system (McNeal 
 1981  ) . Histologically, the prostate gland consists of glandular (acinar) and nonglan-
dular elements. The major nonglandular elements are the prostatic urethra and the 
anterior  fi bromuscular stroma. The glandular prostate consists of outer and inner 
components, which are differentiated by location, duct anatomy, and histological 
characteristics. The inner prostate consists of the periurethral glandular tissue and 
the transition zone, whereas the outer prostate consists of the central and peripheral 
zones. The periurethral glands compose less than 1 % of the glandular prostate. The 
transition zone constitutes only about 5 % of the glandular prostate in young men. 
The central zone forms most of the glandular tissue at the prostate base and makes 
up about 25 % of the total volume of glandular prostate tissue. The peripheral zone 



36 B.M. Carey

is the major glandular component of the prostate, composing 70 % of the prostate 
in healthy young men. The junction of the transition and peripheral zones is marked 
by a visible linear boundary, which is often referred to as the prostate pseudocapsule 
or surgical capsule. The anterior part of the prostate is composed mainly of a nong-
landular  fi bromuscular stroma, which is continuous with detrusor  fi bres. Towards 
the apex of the gland, this  fi bromuscular tissue blends with striated muscle from 
the levator. The neurovascular bundles run craniocaudally along the posterolateral 
aspects of the prostate. In the radiology literature, terms  central gland  (which refers 
collectively to the periurethral, central, and transition zones) and  peripheral gland  
(which includes only the peripheral zone) are used as well, especially when describ-
ing the sonographic appearance of prostate zonal anatomy. 

    3.1   Transrectal Ultrasound    

 The development of TRUS (Watanabe et al.  1968  )  marked the beginning of pros-
tate imaging, and it remains a standard technique for the assessment of prostate 
cancer, primarily used for biopsy guidance and image-guided treatments includ-
ing brachytherapy source placement (Aigner et al.  2010  ) . Despite several decades 
of improvements in TRUS technology, TRUS is still unreliable in differentiating 
normal prostate gland from cancer tissue, and TRUS biopsy can miss 20–30 % 
of clinically signi fi cant cancers (Rifkin et al.  1990 ; Norberg et al.  1997 ; Beerlage 
et al.  2001  ) . A normal TRUS scan cannot be relied upon therefore to exclude 
cancer. In addition, Gleason grades derived from biopsy specimens are frequently 
upgraded in after prostatectomy, and there is a substantial risk of false-negative 
biopsy results, despite multiple attempts in some cases. Even with systematic 
sampling, under-diagnosis of the extent of prostate cancer can still occur with 

  Fig. 3.1    TRUS showing 
right-sided hypoechoic 
tumour in peripheral gland       
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TRUS biopsy (Novara et al.  2010 ; Ashley et al.  2008  ) . The anterior gland is often 
under-sampled and although cancers are less frequent here, the consequences of 
not recognising the true location of all cancers in the gland are obvious in terms 
of potential under-dosage. 

 Cancer, depending on its size, grade, and location, usually appears hypoechoic 
relative to the normal peripheral zone of the prostate on TRUS scanning (Fig.  3.1 ); 
only about 1 % of prostate cancers appear hyperechoic. Some palpable cancers are 
not visible at TRUS, and some visible cancers are not palpable on DRE. Moreover, 
there are other causes of hypoechoic foci such as prostatitis, benign prostatic hyper-
plasia (BPH), and atrophy, all of which lower the speci fi city of TRUS. Many early-
stage prostate tumours cannot be identi fi ed on TRUS at the time of brachytherapy, 
and this only highlights the importance of accurate whole-gland dosimetry, par-
ticularly the anterior gland. The advent of PSA screening and better awareness of 
prostate cancer as a health issue for men have generated a shift towards smaller, 
early-stage cancers that are just not visible even with state-of-the-art TRUS. Many 
hypoechoic areas do not prove to be malignant on biopsy; therefore, TRUS alone, 
without biopsy, has limited value in the detection of cancer. Earlier studies per-
formed in the 1980s, when cancers tended to be larger (stage T3) and more eas-
ily palpated, reported sensitivity in the range of 80 % for detecting T3 disease on 
TRUS. Accuracy improved when TRUS  fi ndings were interpreted in conjunction 
with DRE  fi ndings and PSA levels to estimate the likelihood of extraprostatic T3 
extension. Today, however, prostate cancers present when they are smaller and local 
extension is uncommon, particularly in patients who are candidates for brachyther-
apy. Clinical nomograms are useful but provide no information about the presence 
or location of the cancer or the site of any T3 spread (   Figs.  3.2  and  3.3 ) which may 
be very relevant to the choice of brachytherapy (LDR or HDR) and the potential for 
boost treatment.   

  Fig. 3.2    3D TRUS with T3a 
tumour on left side       
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 TRUS has many advantages, including portability, ease of use, lack of ionising 
radiation, and low cost, and it has been almost exclusively utilised as the imaging 
technique for brachytherapy planning and treatment delivery. TRUS is also rarely 
useful in demonstrating extracapsular extension of prostate cancer and seminal ves-
icle invasion, unless gross extension is present. These are important issues for HDR 
brachytherapy and correlation with other imaging such as MRI may be the only way 
to ensure the correct choice of brachytherapy technique. 

 Various TRUS enhancements, such as colour Doppler, colour power Doppler, 
and contrast-enhancement (microbubble), have been developed and newer tech-
niques such as TRUS elastography and HistoScanning™ are becoming more avail-
able. These TRUS imaging techniques have had varying degrees of clinical uptake, 
re fl ecting lack of clarity as to their exact value and contribution to the imaging of 
prostate cancer. 

 Colour Doppler TRUS (Fig.  3.3 ) exploits changes in the microvascular envi-
ronment of prostate cancer although with only small improvements in sensitivity 
and speci fi city. The addition of colour Doppler and/or power Doppler can increase 
the rate of tumour visualisation by detecting regions of hypervascularity, but many 
small tumour foci do not have suf fi cient angiogenesis to result in noticeable changes 
on colour or power Doppler modes (Ashley et al.  2008 ; Cornud et al.  2000 ; Halpern 
et al.  2002  ) . Contrast-enhanced TRUS with microbubbles has been found to pro-
vide higher sensitivity for the detection of cancer foci than standard TRUS and 
has increased the detection rate of clinically signi fi cant prostate cancer in several 
studies (Kuligowska et al.  2001  ) . Furthermore, contrast-enhanced TRUS with 
microbubbles has been shown to detect prostate cancer in patients with previous 
negative TRUS biopsies and persistently rising serum PSA values. The imaging 
appearances on contrast-enhanced TRUS can, however, be subtle, short-lived, and 
overlap with those seen in patients with prostatitis. Additionally, contrast-enhanced 
TRUS with microbubbles (Halpern et al.  2005  )  for prostate cancer imaging has not 
been extensively tested or validated, and because of the large (approx. 5–10  m m) 

  Fig. 3.3    Hypervascular left 
peripheral gland tumour on 
colour Doppler TRUS       
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size of microbubbles, often only the vessels themselves are seen and, unlike con-
trast-enhanced MRI, the leakage into the tumour tissue cannot be well visualised. 
Routine use of these TRUS techniques cannot be advocated for prostate brachyther-
apy patient selection or treatment guidance at the present time.  

 Malignant prostate tissue can be  fi rm to palpation, with limited elasticity and 
compressibility. The clinical application of sonoelastography in the diagnosis of 
prostate carcinoma is based on the fact that prostate tumour tissue has a greater stiff-
ness than surrounding normal prostate tissue. TRUS elastography of the prostate 
using TRUS is based on this lack of compressibility in malignant tissue as a target-
ing strategy. Elastography is among a number of new technologies under develop-
ment for improvement in prostate cancer detection. Tissue elasticity (Tomoaki et al. 
 2009 ; Eggert et al.  2008,   2010 ; Salomon et al.  2009 ; Trabulsi et al.  2010  )  has been 
developed as a qualitative biomarker for prostate cancer, and sonoelastography is an 
emerging imaging technique for providing qualitative as well as quantitative mea-
surements of the stiffness of prostate tissue. Recent studies show signi fi cant 
improvements using the latest generation of TRUS elastography scanners. Although 
elastography is a promising new development in TRUS imaging, prospective stud-
ies are needed to de fi ne its applications. It is however not a perfect technique and is 
particularly sensitive to operator-induced vibration and other artefacts. 

 HistoScanning™ is a new ultrasound application that utilises advanced tissue 
characterisation algorithms to visualise the position and extent of abnormal prostate 
tissue, suspected of being malignant (Fig.  3.4 ). HistoScanning technology uses 
radiofrequency (RF) ultrasound data directly from the transducer that is capable of 
acquiring volume RF (native) data in a standard way. This contains much more 
information than the grey-level data displayed on the ultrasound monitor and is not 
affected by any of the scanner user settings (Simmons et al.  2012 ; Braeckmann et al. 
 2008a,   b ; Spethmann et al.  2010  ) . There is potential to use these newer TRUS tech-
niques to aid radiotherapy treatment planning and assist delineation of future 

  Fig. 3.4    HistoScan   ™ 
showing abnormal area of 
tumour in right lobe of gland 
(Courtesy of Advanced 
Medical Diagnostics. 
HistoScanning™ and its 
name derivations are 
registered trademarks of 
Advanced Medical 
Diagnostics SA/NV)       
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brachytherapy intraprostatic boost treatments. They may also hold potential for 
focal brachytherapy. 

 In addition to whatever contribution is possible in terms of detecting, biopsying, 
and staging the prostate cancer, there are some speci fi c details available from the 
TRUS study that are applicable to prostate brachytherapy. Prostate volume, gener-
ally not of major importance to the surgeon prior to radical surgery or to the clinical 
oncologist planning external beam radiotherapy, is an essential information in 
assessing patients for possible brachytherapy treatment. Patients with very large 
glands, generally greater than 60 cc, may be technically impossible to implant ade-
quately because of pubic arch interference. Large median lobes may also be an issue 
for brachytherapy and can be assessed with TRUS. The shape of the pubic arch can 
be assessed as part of the TRUS evaluation of potential brachytherapy patients. 
Patients who have had a transurethral prostate resection (TURP) may have a higher 
risk of incontinence after brachytherapy because of microvascular damage to the 
urethral blood supply and increased radiation dose to the central part of the prostate. 
TRUS can be used to measure the residual central gland volume following TURP in 
order to help decide if brachytherapy is technically feasible or even advisable   . 
Whilst peripheral source placement can reduce the dose to the urethra itself, a large 
cavity may preclude adequate source placement in the prostate, and it might not be 
possible to achieve the requisite dose to the whole gland with brachytherapy alone. 
The urethra is generally assumed to be a midline structure for the purpose of radio-
therapy planning: an asymmetric urethra, as may occur with benign prostatic hyper-
plasia or regrowth of central gland tissue into a TURP cavity, can distort the urethra 
and may even preclude a safe prostate implant. The course and shape of the urethra 
are important details that the TRUS operator needs to record and communicate to 
the radiation physicists who are planning the brachytherapy treatment radiotherapy 
in order to avoid inadvertent trauma to this structure.   

    3.2   Magnetic Resonance Imaging 

 In the mid-1980s, the  fi rst prostate magnetic resonance imaging (MRI) examina-
tions were performed. Since then, MRI has evolved from a promising new tech-
nique into a mature prostate imaging technique. MRI can now provide functional as 
well as anatomical information about the prostate gland and prostate cancer tissue. 
Anatomical T2-weighted MRI scans should ideally be complemented by functional 
MRI techniques such as dynamic contrast-enhanced MRI (DCE-MRI), diffusion-
weighted imaging (DW-MRI), and proton magnetic spectroscopic imaging (MRS). 
All of these MRI sequences are increasingly being integrated in a single multi-
parametric MRI (mpMRI) examination which is becoming the standard imaging 
approach in prostate cancer. 

 T2-weighted sequences are the basis for prostate MRI. These have high spatial 
resolution and, thus, can differentiate the normal intermediate- to high-signal-intensity 
peripheral zone from the low-signal-intensity central and transition zones espe-
cially in younger men (Hricak et al.  1987  ) . With ageing, BPH expands the transition 
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zone and alters the size and signal intensity of this prostate zone on MRI imaging. 
Because of this transition zone expansion, the remainder of the compressed central 
zone is often dif fi cult to evaluate on MRI, and small cancers in this area of the gland 
may be very dif fi cult to indentify. On T2-MRI, prostate cancer can appear as an 
area of low signal intensity within the high signal intensity of the normal peripheral 
zone (Fig.  3.5 ). The degree of signal intensity reduction may vary with the Gleason 
score of the tumour: higher Gleason score components (4/5) have shown lower sig-
nal intensities than does lower Gleason score components 2/3 (Wang et al.  2008  ) , 
but this is unreliable in all cases. The density and the growth pattern of the cancer 
are additional factors that may also in fl uence T2-weighted signal intensity (Langer 
et al.  2008  ) . A limitation of T2-weighted imaging is that focal areas of low signal 
intensity in the peripheral zone do not always represent cancer. Benign abnormali-
ties such as hyperplasia, chronic prostatitis, focal prostate atrophy, scars, postirradi-
ation  fi brosis, hormonal treatment effects, and postbiopsy haemorrhage may mimic 
tumour tissue. Low-signal-intensity lesions in the peripheral zone that are wedge 
shaped and a diffuse area of altered signal without mass suggest a benign aetiology 
(Cruz et al.  2002  ) . Haemorrhage following TRUS biopsy also interferes with sig-
nal interpretation on MRI. Because of the anticoagulant effect of abundant citrate 
in normal tissue in the peripheral zone, blood products may persist 4–6 weeks or 
longer after prostate biopsy, leading to low signal intensity on T2-weighted images 
and high signal on T1-weighted images. Ideally, MRI should be avoided for 6–8 
weeks after prostate biopsy to minimise artefacts due to postbiopsy haemorrhage 
(Qayyum et al.  2004  ) . 

 Due to the presence of BPH, cancers in the central and transition zones are more 
dif fi cult to recognise on MRI scanning (Fig.  3.6 ). BPH may have signal intensity 

a b

  Fig. 3.5    Left sided carcinoma on T2 MRI ( a ) and on DWI-MRI ( b )       
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similar to that of prostate cancer on T2-weighted images. However, it has been 
reported that features such as homogeneously low T2-weighted signal intensity, 
ill-de fi ned irregular edges, invasion into the urethra, or the anterior  fi bromuscular 
stroma and lenticular shape are useful signs for discriminating tumours in the 
 transition zone (Akin et al.  2006  ) . Furthermore, high inter- and intraobserver vari-
ability may lead to under- or overestimation of cancer stage and potentially con-
found the interpretation of studies based on T2-weighted MRI.  

a b

  Fig. 3.6    Left Transition Zone tumour on ( a ) T2-MRI and ( b ) DWI-MRI       

  Fig. 3.7    Left-sided T3a 
tumour extension on 
T2-MRI       
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 The main application of T2-weighted MRI is in the local staging of prostate 
cancer. The most widely used criteria for extracapsular spread are asymmetry of the 
neurovascular bundles, obliteration of the rectoprostatic angle, irregular bulging of 
the prostatic margin, and low-signal tumour in the periprostatic fat (Fig.  3.7 ). Low-
signal tumour in the normally high-signal seminal vesicles is indicative of (T3b) on 
T2-MRI (Fig.  3.8 ). The issue of whether or not to use an endorectal coil for the MRI 
examination continues to be debated, and there is no clear consensus. Most 
centres, however, do not routinely use an endorectal coil and reserve this for dedi-
cated MRS or further identi fi cation of the neurovascular structures prior to surgery. 
In recent years, technologic developments with higher  fi eld strengths improved pel-
vic phased-array coils, and multiparametric MRI techniques have improved staging 
accuracy considerably. However, accuracy results vary between different studies 
(Lee et al.  2010  ) .    

    3.3   Dynamic Contrast-Enhanced MRI 

 Dynamic contrast-enhanced MRI provides information about tumour angiogen-
esis. Tumours are associated with the production and release of angiogenic fac-
tors such as vascular permeability factor or vascular endothelial growth factor in 
response to local areas of hypoxia or lack of nutrients (Bonekamp and Macura 
 2008  ) . This increases the number of small vessels in the tumour tissue, and these 
vessels also have greater permeability than do normal vessels. Furthermore, 
because the volume of interstitial space is greater than normal in tumour tissue, 
there is a larger contrast gradient between the plasma and the interstitial tis-
sue. This changes the overall enhancement pattern of the tumour tissue (Alonzi 

  Fig. 3.8    Invasion of seminal 
vesicles (T3b) on T2-MRI       

 



44 B.M. Carey

et al.  2007  ) . It has been shown that the various contrast-enhancement parameters 
such as mean transit time, blood  fl ow, permeability surface area, and interstitial 
volume are signi fi cantly greater in tumour tissue than in normal tissue (Padhani 
et al.  2005  ) . DCE-MRI for prostate cancer is based on the measurable differ-
ences in these parameters, and it exploits the dynamic uptake and rapid washout 
of a gadolinium chelate contrast agent (Fig.  3.9    ). The prostate is a highly vas-
cularised organ and therefore simple comparison of pre- and post-gadolinium 
images is usually insuf fi cient to discriminate areas of tumour within the gland. 
Dynamic contrast-enhanced MR imaging consists of a series of fast T1-weighted 
sequences acquired before and after rapid injection of low-molecular-weight 
gadolinium chelates. It is an MRI technique that yields high temporal resolution 
with low spatial resolution, thereby enabling depiction of the early enhancement 
phase of a prostate tumour.  

 Interpretation of signal intensity changes on T1-weighted DCE-MRI to assess 
contrast agent uptake can be performed qualitatively, semiquantitatively, or quantita-
tively (Fig.  3.9 ). With the application of multicompartmental modelling, time-inten-
sity curves of contrast enhancement can be plotted, pharmacokinetic parameters 

  Fig. 3.9    DCE-MRI perfusion map       
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can be calculated, and parametric images can be coregistered with T2-weighted 
images. However, this technique requires specialist software for quantitative 
measurement of the various functional parameters. DCE-MRI does have some 
limitations: suboptimal depiction of transitional zone tumours in patients with 
hypervascular benign prostatic hyperplasia. In addition, there is as yet no consen-
sus with regard to the best acquisition protocol and the optimal perfusion param-
eter for differentiating cancer from normal prostate tissue. Contrast washout is 
a semiquantitative parameter that analyses the curve pattern after the  fi rst peak 
of enhancement. Semiquantitative parameters have the advantages of being fast, 
relatively simple to calculate, and of being available on most modern MRI scan-
ners. They may, however, be in fl uenced by individual MR scanner set-up. Prostate 
tumours tend to enhance earlier, faster, to a greater magnitude and show more 
rapid and earlier contrast washout compared with healthy prostate tissue. This 
characteristic makes DCE-MRI a sensitive technique for prostate cancer localisa-
tion. Calculated quantitative parameters can be displayed as colour-overlay maps 
on anatomic T2-weighted MR images in order to correlate DCE-MRI images with 
prostate anatomy. One of the limitations of DCE-MRI is the discrimination of 
cancer from prostatitis in the peripheral gland and from highly vascularised BPH 
nodules in the transition zone. Other problems are a limited use of standardised 
software for calibration and analysis, the shortage of uniform commercially avail-
able tools for pharmacokinetic analysis, and the lack of consensus in acquisition 
protocols. DCE-MRI is an accurate functional MRI technique that has a role in 
the assessment of early prostate cancer. In a multiparametric MR imaging exami-
nation, the high sensitivity of DCE-MRI may be used for initial evaluation of 
potential tumour locations (Fig.  3.10 ). Other functional MRI techniques may 
subsequently be added to increase speci fi city for prostate cancer localisation and 
provide information for potential brachytherapy targeted therapy.   

  Fig. 3.10    DCE-MRI 
showing area of abnormal 
tumoural enhancement in left 
peripheral gland       
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    3.4   Diffusion-Weighted Imaging 

 DWI is a fast, simple, and readily available MRI technique for imaging prostate can-
cer. Diffusion is the process of thermally induced random molecular displacement, 
also known as Brownian motion. The diffusion properties of a tissue are related to 
the amount of interstitial free water and tissue permeability. In general, malignant 
tissue tends to have more restricted diffusion than does normal tissue because of 
higher cell densities and profusion of intra- and intercellular membranes in cancer 
(Jacobs et al.  2008 ; Franiel et al.  2008  ) . In prostate cancer, normal glandular archi-
tecture is disrupted and replaced by a disordered mesh of cancer cells and  fi brotic 
stroma. These tissue changes inhibit the movement of water macromolecules, 
causing restriction of diffusion and reduction of the measured apparent diffusion 
coef fi cients (ADC) values in the cancer tissue. DWI uses proton diffusion proper-
ties in water to produce image contrast. Image sequences are acquired by applying 
motion-encoding gradients, which cause phase shifts in mobile protons, depend-
ing on the direction and quantity of their movement. The  b  value and the apparent 
diffusion coef fi cient (ADC) are components in this equation. Whilst the  b  value 
expresses the amount of diffusion weighting, the ADC value re fl ects the movement 
of the water molecules within the interpulse time. Because ADC quanti fi es the  fl ow 
as well as the distance a water molecule has moved, it represents both capillary per-
fusion and diffusion characteristics. In particular, within the transition zone, high  b  
values may help improve differentiation of BPH from prostate cancer. 

 Healthy prostate tissue in the peripheral zone, which is rich in tubular struc-
tures, allows extensive diffusion of water molecules within these gland tubules. 
Consequently, ADC values in healthy peripheral zone tissues are usually high. 
Prostate cancer tissue destroys the normal glandular structure of the prostate and 
replaces ducts. It also has a higher cellular density than does healthy prostate periph-
eral zone tissue. On ADC maps, therefore, prostate cancer often shows lower ADC 
values in comparison with the surrounding healthy peripheral zone prostate tissue 
(Fig.  3.11 ). Because the acquired ADC value depends on the speci fi c pulse sequence 
parameters (especially the  b  values), the speci fi c MRI system used, and the magnetic 
 fi eld strength, the ADCs of healthy and cancerous tissue have varied among reported 
studies. Furthermore, there is an overlap in the ADCs of healthy tissue and those of 
prostate cancer, within and between subjects, which limits the determination of any 
single threshold ADC for malignancy (Zelhof et al.  2009 ; Katahira et al.  2011  ) .  

 The reported differences in detection accuracies with DWI might be explained by 
the different tissue composition in different anatomic zones of the prostate. It may 
be that a higher degree of proton movement in the extracellular water compartment 
occurs as opposed to that in intracellular water, where movement is restricted by cell 
membranes or other intracellular structures. As a result of variation in glandular tissue 
within a healthy peripheral zone to muscular or  fi brous tissue within the transition 
zone, the ratio of intracellular to extracellular water also differs. This variation might 
also explain the variability of ADC values in healthy prostate tissue that have been 
reported. DWI-MRI of the prostate has the limitation of low spatial resolution even 
at 3 T but does re fl ect cellular density, which makes the technique potentially useful 
to determine tumour aggressiveness. DWI, being a technique for measuring proton 
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motion, is very sensitive to movement artefacts. Typically, artefacts occur in areas 
with large variations in magnetic susceptibility, such as in tissue-air interfaces (air in 
the rectum or endorectal coil) or in chemical shift in areas with water-fat interfaces. 

 Correlation of DW imaging results and histopathologic  fi ndings as well as to 
prognostic histological prostate cancer markers such as hypoxia-inducible factors is 
another area for future research. Of all the functional MRI techniques, DWI is the 
most practical and simple in its use and should be a core element of any multipara-
metric MR imaging examination. The combination of DWI and T2-weighted imag-
ing signi fi cantly improves the accuracy of cancer detection beyond that achieved 
with T2-weighted imaging alone.  

    3.5   Proton MR Spectroscopy 

 MRS provides metabolic information about prostate tissue by analysing the relative 
concentration of various chemical compounds and metabolites in the prostate. In 
MRS, proton spectra are measured in two or three spatial dimensions and the speci fi c 
resonance frequencies or chemical shifts are analysed for different metabolites pres-
ent in the voxel of tissue sampled (Fig.     3.12 ).  

 In clinical prostate MRS, choline-to-citrate ratios are generally used as a 
metabolic biomarker for prostate cancer. Different anatomic zones of the healthy 
prostate have different spectral peaks for citrate, creatine, and choline, which 
are re fl ected in different choline-to-citrate ratios. High citrate concentrations are 
found in the glandular tissues of the prostate such as the peripheral zone, which 
contains epithelial cells and secretory ducts. Therefore, citrate concentrations are 
highest in the peripheral zone and lower in the central zone. In the transition 
zone, the citrate concentrations can vary depending on the degree of BPH pres-
ent which will in fl uence the extent of glandular and stromal proliferation present 

a b

  Fig. 3.11    Peripheral gland tumour on T2 MRI ( a ) and on DWI-MRI ( b )       
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(Mueller-Lisse and Scherr  2007  ) . Compared with healthy peripheral gland tissue 
or BPH tissue, citrate signals are reduced and choline signals are often increased 
in prostate cancer tissue. Citrate is produced in epithelial cells as an intermedi-
ate product in the Krebs cycle and then accumulated in the luminal space of the 
prostate. The lower citrate peak in prostate cancer tissue may be caused by altered 
metabolism, as well as by a reduction of luminal space, which commonly occurs 
in prostate cancer. Choline compounds are involved in the biosynthesis and deg-
radation of phospholipids, which are required for the build-up and maintenance 
of cell membranes. An increased cell turnover in prostate cancer results in an 
increased concentration of free choline-containing molecules within the cytosol 
and the prostate interstitial tissue. 

 In MRS the whole prostate is subdivided into a three-dimensional grid (Fig.  3.12 ) 
of multiple voxels. With the introduction of the endorectal coil for prostate MR 
examinations, it became possible to obtain in vivo MRS imaging spectra of small 
voxels in the prostate (less than 1 cm 3 ) with suf fi cient signal-to-noise ratios 
(Heerschap et al.  1997  ) . The steps involved in MRS imaging, including the accurate 
placement of lipid saturation bands, spectral data acquisition, postprocessing, and 
interpretation, are labour intensive, and there is a signi fi cant learning curve with the 
implementation of a clinical MRS service. Since the prostate is relatively small and 

  Fig. 3.12    MRS spectral analysis       
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embedded in adipose tissue, much effort has been put into suppressing spectral 
contamination, not only of the high water signal but also of strong lipid signals. 
Three-dimensional MRS imaging sequences are currently preferred over two- 
dimensional sequences because of the possibility of complete coverage of the entire 
prostate gland (Scheenen et al.  2004  ) . Three-dimensional acquisitions can be per-
formed in approximately 10–15 min with a resolution as low as 0.4 cm 3  and with 
suf fi cient signal-to-noise ratio at 1.5 T. 

 The advantages of MRS are its generally accepted accuracy, its ability to depict 
possible cancer in the transitional zone, and its proven diagnostic performance. 
MRS has several limitations. The technique is hampered by a long acquisition time, 
possible variability in results dependent on postprocessing or shimming, and no 
direct visualisation of the periprostatic anatomy. Furthermore, a previous prostate 
biopsy may interfere with spectra making accurate interpretation of the metabolite 
ratios impossible. Considerable local magnetic  fi eld distortions may occur due to 
haemorrhage, which is why the examination should be performed with suf fi cient 
delay (6 weeks) from the time of biopsy. Spectral quality depends on magnetic  fi eld 
homogeneity, which must be optimised for each patient by coil shimming. Currently, 
the interpretation of MRS requires particular expertise and is time consuming. No 
consensus has been reached about the metabolite ratio that can de fi nitively signify 
the presence of prostate cancer, and there may be individual variability in spectral 
analysis among patients. Automated measurement procedures, rapid display of 
examination results, and proper training of clinical users are still needed to fully 
implement MRS as a practical and widespread clinical tool for assessment of pros-
tate cancer. The combined use of MRS and MRI has been shown to improve cancer 
detection and localisation in the peripheral zone and cancer volume measurement in 
the peripheral zone. Furthermore, on the basis of a strong correlation between the 
volume of prostate cancer and its extracapsular extension, investigators have shown 
that the combination of volumetric data from MRS and T2-weighted imaging may 
result in improved accuracy in determining extracapsular tumour extension. 

 In recent years, other merits of MRS have been noted (Dickinson et al.  2011  ) . 
The results of several studies show that prostate biopsy directed with MRS may 
help increase the cancer detection rate in patients with an elevated prostate-speci fi c 
antigen level and a previous negative TRUS biopsy. In addition, investigators have 
observed a trend towards increasing ratios of choline and creatine to citrate in asso-
ciation with higher Gleason grades, suggesting a potential role for MRS in the non-
invasive estimation of prostate cancer aggressiveness. MRS may also be more useful 
than conventional MRI for detecting transitional zone cancer. However, the cancer 
metabolite ratio in the transitional zone varies broadly, and thus, there may be overlap 
in metabolite ratios between cancerous and benign  tissues in the transitional zone.  

    3.6   Multiparametric MRI (mpMRI) for Brachytherapy 

 The various MRI techniques described all have their limitations and the optimum use 
of MRI in prostate cancer is likely to be a combined mpMRI prostate examination 
to maximise the overall accuracy and value of each of these techniques. An mpMRI 
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 prostate examination consists of T1- and T2-weighted imaging combined with one or 
more functional MRI techniques. Computer software programmes can register and 
fuse the information from anatomical and functional scans. Furthermore, the educa-
tion, experience, and dedication of radiologists are essential for correct interpretation of 
 fi ndings from multiparametric MRI of the prostate. There is growing interest in integrat-
ing mpMRI into the prostate cancer diagnostic pathway ground (Sciarra et al.  2011  ) . 

 Even before treatment, accurate de fi nition of prostate cancer location helps 
improve cancer detection in targeting prostate biopsies with MRI guidance. 
Sampling the most abnormal area of the prostate on mpMRI is most likely to yield 
a positive diagnosis of cancer. Prostate cancer localisation is vital information to the 
surgeon in planning the type of radical prostatectomy, e.g. knowledge of the prox-
imity or otherwise of the tumour to the neurovascular structures can help stratify 
the patient into nerve- or non-nerve-sparing surgery. The clinical oncologist is also 
likely to bene fi t from accurate tumour location in planning radiotherapy to the pros-
tate, e.g. external beam and/or brachytherapy. Accurate de fi nition of the prostate 
cancer location helps improve prostate cancer staging and may inform the decision 
as to whether LDR or HDR brachytherapy is most appropriate for an individual 
patient. Improved evaluation of prostate cancer location helps improve and support 
focused radiation therapy planning of the dominant prostatic lesion and improves 
guidance of minimally invasive focal therapies. Localisation accuracy with DCE-
MRI increased to 72–91 %, as compared with 69–72 % for anatomic T2-MRI only 
(Fütterer et al.  2006  ) . In other prospective studies (Kim et al.  2007,   2009  ) , the addi-
tion of DWI to T2-MRI improved prostate cancer localisation performance. MRS 
has shown higher speci fi city (68–99 %) and lower sensitivity (25–80 %) for prostate 
cancer localisation, when compared with anatomic T2-MRI in prospective studies 
with prostatectomy specimens as reference standard. Lack of consensus on and mul-
ticenter validation of agreed thresholds for increased metabolic ratios as a criterion 
for malignancy as well as of a clear de fi nition of tumour focus size are still unre-
solved issues for MRS in prostate cancer. By improving localisation, mpMRI tech-
niques may also contribute to improved local staging accuracy. mpMRI techniques 
may also contribute in detection of transition zone prostate cancers. The combined 
use of DWI and DCE-MRI and T2-weighted MR imaging led to increased accu-
racy in detection of transition zone cancer. Of all the current clinical indications 
for mpMRI, localisation is perhaps the most relevant for brachytherapy. Accurate 
 prostate cancer localisation results in more accurate prostate cancer staging and 
more choice of technique (Hoeks et al.  2011  ) .  

    3.7   Determination of Prostate Cancer Aggressiveness: 
Implications for Brachytherapy Imaging and Patient 
Selection 

 Prostate cancer is graded according to the Gleason score, a combination of the two 
most prevalent Gleason grades (at prostatectomy), or the most prevalent and the 
highest grade (at prostate biopsy), based on architectural characteristics of prostate 
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cancer tissue. Sampling error in biopsy specimens obtained at systematic TRUS 
occurs in approximately 64 % of procedures and results in a changed Gleason score 
at histopathologic evaluation of the prostatectomy specimen. This may result in 
incorrect evaluation of prostate cancer aggressiveness and subsequent inappropriate 
treatment including brachytherapy. MRI does offer some potential for evaluating the 
aggressiveness of a prostate cancer: on T2-weighted MRI signal intensity changes 
and detection rates for prostate cancer have been associated with its aggressiveness. 
At MRS, the choline-citrate ratios have been shown to be associated with Gleason 
score. Results for ADC as a possible marker of cancer aggressiveness are promising. 
DCE-MRI can yield parameters re fl ecting the grade of tumour. Suggested minimum 
requirements for an mpMRI study in the clinical workup of brachytherapy patients 
are T1- and T2-weighted MRI sequences in combination with DWI and possibly 
DCE-MRI. DCE-MRI can be used for optimal identi fi cation of potential prostate 
cancer foci. MRS may be added to improve speci fi city for different clinical indica-
tions including possible brachytherapy boosts or focal brachytherapy in the future. 

 MRI has considerable potential to improve the prostate cancer diagnostic path-
way. Until fairly recently, the accuracy of morphologic MRI to detect, localise, and 
characterise prostate cancers was limited, and as a result, MRI has not been routinely 
incorporated into clinical care. However, evidence is accumulating that suggests an 
improved performance of MRI, provided that modern sequences are used and their 
outputs combined in a multiparametric MRI (mpMRI). MRI technology continues 
to evolve. Recent advances include increased magnetic  fi eld strengths, from 1.5 to 
3.0 T and higher (Fig.  3.13 ), and the further development of multichannel receiver 
coils. Limitations associated with current functional MRI techniques will be largely 
resolved by these and other technical advances in the future. More clinical stud-
ies are needed to correlate pathologic  fi ndings with features observed at functional 
imaging. Standardised protocols and diagnostic criteria for functional imaging of 

  Fig. 3.13    Multifocal cancer on 
T2-MRI at 3 T       
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the prostate should be established and implemented in clinical practice. The devel-
opment of standardised reporting methods also should be encouraged, to facilitate 
the combination of anatomic and functional  fi ndings into an integral report. Finally, 
new functional and molecular imaging techniques, such as MR elastography and 
optical imaging, are on the verge of being used for clinical examinations, and no 
doubt eventually will be added to the list of functional imaging techniques available 
for evaluation of the prostate.   

    3.8   CT Scanning 

 Despite major developments in CT scanner technology over the past two decades, 
CT has virtually no role in prostate cancer detection or primary tumour staging 
(Hricak et al.  2007  ) . CT has limited soft tissue contrast resolution, which prevents 
the accurate identi fi cation of the prostate margins from adjacent soft tissue struc-
tures. Prostate contour de fi nition is poor even with modern multislice scanners par-
ticularly at the prostate apex and base. Zonal anatomy is dif fi cult to discern on 
unenhanced scans but may be seen early after a bolus of iodinated contrast medium. 
The central gland generally enhances more than the peripheral gland. Nonetheless, 
tumours are very dif fi cult to identify unless they are of large volume. CT may have a 
role in the assessment of locally advanced tumours, but these are generally not can-
didates for brachytherapy. CT scans and MRI can depict lymph node enlargement 
and have similar accuracy for the evaluation of lymph node metastases, generally 
based on size and morphology alone. 

 Arterial-phase multislice CT scanning may have a role in demonstrating intrapro-
static pathology (Korporaal et al.  2010a,   b  ) . There is current interest in exploring the 
value of dynamic contrast-enhanced CT (DCE-CT) for detection of small prostate 
cancers, and this may have a future role for brachytherapy planning. DCE imag-
ing of the prostate is primarily performed by using MRI. However, quanti fi cation 
of DCE- MRI data is dif fi cult because of the complex relation between the sig-
nal intensity and the concentration of the contrast agent in tissue. In contrast, the 
quanti fi cation of DCE-CT data is more straightforward because of the linear rela-
tionship between Houns fi eld units and contrast agent concentration. Although in the 
past only a limited scan volume in the craniocaudal direction was available, with 
modern multislice CT scanners, suf fi ciently large volumes can be imaged to make 
making DCE-CT of the entire prostate feasible. This is still work in progress and is 
not advocated for clinical practice at the present time. 

 CT is the current standard imaging technique for post-implant dosimetry recom-
mended by the ESTRO-EAU-EORTC guidelines for post-implant evaluation.  

    3.9   Technetium Bone Scan 

 Screening potential brachytherapy patients for possible bony metastases may be 
required as part of the workup for brachytherapy. Not all patients with prostate 
cancer are at the same risk of bone metastases at diagnosis. Moreover, the effect 
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of stage migration in recent years has led to a signi fi cant reduction in the preva-
lence of metastatic disease among patients with newly diagnosed prostate cancer. 
Despite this trend towards downstaging, a small number of patients will be found 
to have bone metastases at  fi rst diagnosis. Bone metastases follow the distribution 
of adult red bone marrow (skull, thorax, pelvis, spine, proximal long bones), fol-
lowed by involvement of adjacent cortical bone (Fig.     3.14 ). Although these lesions 
appear radiographically sclerotic, they involve both osteoblastic and osteoclastic 
activity.  

 Technetium-99m ( 99m Tc) bone scintiscanning is widely accepted as the most 
cost-effective imaging for the detection of bone metastases.  99m Tc bone scans iden-
tify metastatic bone deposits by the increased osteoblastic activity they induce 
causing sclerotic bone lesions on plain radiographs and CT scanning.  99m Tc bone 
scan  fi ndings are relatively nonspeci fi c when solitary lesions are present, and such 
patients may require additional evaluation, e.g. MRI scanning, before a  fi nal treat-
ment decision can be made. Bone scans furthermore have inherent poor spatial and 
contrast resolution, and in many patients, further imaging is also required to char-
acterise such equivocal lesions. Despite the superior sensitivity of MRI compared 
with bone scintiscanning, bone scanning continues to be used as the initial screen-
ing investigation because of its relatively low cost, wide availability, and value in 
imaging the entire skeleton. Sensitivities of  99m Tc bone scans are reportedly 
62–89 %. In the evaluation of 1,403 patients with prostate cancer, bone scans were 
28 % more sensitive than conventional radiographs in detecting metastatic bone 
lesions (Hricak et al.  2007  ) . 

 Evidence-based clinical guidelines for the use of  99m Tc bone scans in assessing 
the risk of distant spread of prostate cancer have been available since 1993, when it 
was proposed that routine bone scans should not be used for patients with PSA 
below 10 ng/mL. The role of the bone scan has been modi fi ed in recent years with 
the widespread introduction of the measurement of PSA levels. If the PSA level is 
less than 10 ng/mL, the risk of a positive bone scan is less than 1 %. When the PSA 
level is 10–50 ng/mL, the incidence of a positive bone scan increases to about 10 %, 
and with PSA level above 50 ng/mL, it increases to about 50 %. Staging bone scans 

  Fig. 3.14    Multiple bone metastases on  18 F-FCH PET scan       

 



54 B.M. Carey

are best considered only for patients with a biopsy Gleason score >7 or with a 
PSA > 20 ng/ml and palpable disease (cT2/T3) prior to treatment.

  Goerge……note this contrasts with your chapter suggesting bone scans only with PSA > 20 
…… we need harmony??!!    

    3.10   SPECT Imaging 

 Single photon emission computed tomography (SPECT) studies of the skeleton 
have been shown to be more sensitive than planar images alone in the detection of 
bone metastases, but this technique is more expensive and less widely available 
than  99m  Tc scanning (Even-Sapir et al.  1993  ) . Combined SPECT-CT, a recent 
development, adds anatomic information to SPECT, and its incremental value to 
SPECT is yet to be evaluated. It is not recommended for brachytherapy clinical 
practice.  

    3.11   Positron Emission Tomography (PET) 

 PET uses positron-emitting radioisotopes to identify tumour foci within tissue. 
Most clinical PET studies to date have been performed with the glucose analogue 
 fl uorine 18 ( 18 F)  fl uorodeoxyglucose (FDG) where the hydroxy function is replaced 
by the radioactive  fl uorine isotope. Glucose is an important cell nutrient playing an 
essential role in cellular energy metabolism. The accumulation of  18 F-FDG is based 
on enhanced glycolysis, which is associated with the growth rate and malignant 
potential of the tumour. Cancer cells have increased metabolism and utilise the less-
ef fi cient glycolytic pathway, both of which lead to increased glucose uptake. 
  18 F-FDG can therefore be used to study changes in glucose uptake. The magnitude 
of the elevated FDG uptake and its accumulation in tumours are commonly expressed 
by the standardised uptake value (SUV) de fi ned as the ratio of activity per unit mass 
in the lesion to the administered activity per unit mass in the patient. Current PET 
spatial resolution is approximately 5 mm, thus limiting its capability in detecting 
small lesions. Prostate cancer is often characterised by multiple foci that may 
be smaller than current PET spatial resolution. 

  18 F-FDG has been widely shown to be clinically useful in many tumour sites, but 
the results in patients with prostate cancer have been disappointing and inconsis-
tent (Liu et al.  2001  ) . Prostate cancers have low metabolic glucose activity relative 
to other cancer types, and the urinary excretion of  18 F-FDG may obscure detail in 
the prostate itself.  18 F-FDG is also taken up in nodules of BPH, leading to lack of 
speci fi city. More recently, studies have emphasised the potential advantages of PET 
performed with radiotracers such as  11 C acetate,  11 Choline,  18 F  fl uoroethylcholine, 
and some other experimental tracers.  11 Choline is currently providing the most 
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promising results in the assessment of prostate tumours. Two possible mechanisms 
have been suggested to explain the increased choline uptake in prostate cancer 
cells (Beheshti et al.  2010  ) . Firstly, there is increased cell proliferation in tumours. 
Choline is a precursor for the biosynthesis of phosphatidylcholine and other phos-
pholipids that are major components of the cell membrane. Choline uptake is a 
marker of cell proliferation in patients with prostate cancer, as malignancies are 
commonly characterised by increased proliferative activity. The second explanation 
is upregulation of choline kinase in cancer cells. Overexpression of choline kinase 
has been found in cancer cell lines, including human prostate cancer (Zheng et al. 
 2004  ) . Elevated levels of choline and upregulated choline kinase activity have been 
detected in prostate cancer cells, and PET-labelled choline analogues can be used 
for targeted imaging of prostate cancer.  11 Choline is rapidly cleared from blood and 
accumulates in prostate tissue enabling imaging as early as 3–5 min after injection. 
 11 Choline has negligible urinary excretion. The short half-life of  11 Choline, how-
ever, is a major limitation for routine clinical application. Imaging prostate cancer 
with  11 Choline is possible in newly diagnosed patients but is not currently recom-
mended mainly due to limited reported studies on sensitivity(71 %) and speci fi city 
(43 %) in localising tumour within the prostate gland (Picchio et al.  2010  ) . It is 
clear that  11 C-choline PET has signi fi cant limitations for evaluation of the newly 
diagnosed prostate cancer. The degree tracer uptake by malignant tissue overlaps 
signi fi cantly with that of high-grade prostatic intraepithelial neoplasia, prostatitis, 
benign prostatic hypertrophy, and normal tissue.  11 C-choline PET is not routinely 
used for initial staging and is generally reserved for patients with biochemical recur-
rence including external beam radiation. For such restaging,  11 C-choline PET may 
be useful to screen for metastatic disease in patients who are potential candidates 
for salvage local treatment. 

 Newer radiotracers have been developed that label amino acids within malignant 
tissue. Acetate is a naturally occurring metabolite that is converted to acetyl-CoA, 
a substrate for the tricarboxylic acid cycle, and is incorporated into cholesterol and 
fatty acids. It is thought that acetate is involved in lipid synthesis and becomes incor-
porated into tumour cell membrane [50]. Because  11 C acetate ( 11 C AC) is excreted 
mainly via the pancreas and bowel, the pelvis can be imaged without urinary con-
tamination. On the basis of these metabolic properties,  11 C AC PET may be able to 
detect and localise prostate tumours and hopefully monitor treatment response in 
patients with prostate cancer. The major limitation of  11 C AC PET is its short half-life 
(20 min), which requires that scanning be performed near a cyclotron; on the other 
hand, the short half-life of  11 C AC does provide the potential for multitracer PET 
imaging in a single session. A recently described choline analogue,  18 F- fl uorocholine 
( 18 F-FCH), has a longer half-life (approx. 110 min) but is excreted mainly in urine, 
therefore restricting its use in prostate cancer. Nonetheless, early imaging (before 
urinary excretion) with  18 F-FCH has successfully shown both localised and meta-
static prostate cancer (Fig.  3.14 ). In radiotherapy dose escalation studies,  18 F-FCH 
has been used to delineate gross tumour volume and to generate planning target 
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volumes within the prostate attempting to reduce irradiation dose to the bladder and 
the rectum (Weber et al.  2009  ) . Methionine is an amino acid analogue that is rapidly 
cleared from the blood pool and primarily metabolised in the liver and pancreas with 
no signi fi cant urinary excretion;  11 C-methionine uptake re fl ects the increased pro-
tein synthesis associated with tumour cell proliferation and increased cell turnover. 
Clinical experience to date is limited with  11 C-methionine PET.  

    3.12   Radiolabelled Antibody Imaging 

 Radiolabelled monoclonal antibodies directed against speci fi c cell surface anti-
gens have been used for both imaging and therapy of several types of tumours. 
 111 In capromab pendetide (ProstaScint, Cytogen) is a radiolabelled murine mono-
clonal antibody to an intracellular component of the prostate-speci fi c membrane 
antigen (PSMA). PSMA expression is normally low but is signi fi cantly increased 
in prostate cancer cells, and its expression correlates with tumour grade. However, 
because the target of capromab pendetide is intracellular, cell membranes must be 
disrupted (e.g. by apoptosis, hypoxia) for adequate binding to occur. This reduces 
the signal-to-noise ratio and also reduces the already poor spatial resolution. 
Anatomical localisation of  111 In capromab pendetide uptake has been dif fi cult 
because of its nonspeci fi c binding and high blood-pool activity. Imaging with 
capromab pendetide can be performed with both planar gamma cameras and 
cross-sectional SPECT cameras after administration of an infusion of  111 In-labelled 
antibody. Images are obtained several days after injection, which is possible 
because of its long half-life (2.8 days). Antibody imaging with  111 In capromab 
pendetide can allow detection of lymph node metastases, recurrence after pros-
tatectomy, and occult metastatic disease. Although fusion with anatomic images 
and combined SPECT-CT improves speci fi city, the overall accuracy is still low. 
Because of its poor tissue penetration into bone,  111 In capromab pendetide imag-
ing is suboptimal for detection of bone metastases; it is less sensitive than conven-
tional bone scans. A number of other PSMA antibodies have been developed that 
target the external domain of the antigen and therefore may provide superior 
results for prostate cancer detection and staging (Schettino et al.  2004 ; Bander 
et al.  2005  ) .  

    3.13   Imaging Focal Prostate Therapy: Potential Implications 
for Brachytherapy 

 The multifocal nature of prostate cancer has necessitated whole-gland therapy in 
the past. Since the widespread use of PSA screening, patients frequently present 
with less-advanced lower-grade disease and whole-gland treatment may represent 
overtreatment of such low-grade disease. The concept, therefore, of focal therapy 
for prostate cancer has recently been gaining in popularity owing to downward stage 
migration, improved biopsy and imaging techniques, and the prevalence of either 
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unifocal cancer or a dominant cancer with secondary tumours of minimal malignant 
potential (Eggener et al.  2010  ) . Multiple lines of evidence suggest that the index 
intraprostatic lesion, de fi ned as the largest focus of cancer, is predominantly respon-
sible for total tumour volume, risk of cancer recurrence, and Gleason grade. Many men 
with localised disease wish to avoid the morbidity of whole-gland therapy, and a range 
of minimally invasive ablative therapies, including cryotherapy, high-intensity 
focused ultrasound, vascular targeted photodynamic therapy, thermal laser ablation, 
and brachytherapy, could be used as alternatives for the treatment of low-risk pros-
tate cancer (Fig.     3.15 ). These techniques are designed to destroy the tumour with 
less injury to periprostatic structures, aiming to achieve cancer control without the 
morbidity associated with whole-gland treatment.  

 Focal therapy for prostate cancer is in its infancy because of a number of unre-
solved problems: the main concern is the potential for suboptimum cancer control 
leading to poor outcomes compared with whole-gland therapies. With inappro-
priate patient selection and inaccurate mapping of multifocal disease, the poten-
tial for missed curative treatment exists. After an initial positive biopsy, it is still 
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  Fig. 3.15    ( a ) Tumour in right peripheral gland on T2-MRI. ( b ) Corresponding tumour on DCE-MRI. 
( c ) Intraoperative TRUS during brachytherapy       
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unclear how much further detailed imaging is needed or appropriate to fully and 
 reproducibly assess the whole prostate gland. It is also unclear which ablative treat-
ment will prove the best option for an individual patient. Brachytherapy focal boost 
treatments may be technically feasible with more accurate assessment of the overall 
burden and location of cancer in the gland. Focal therapy can encompass any degree 
of subtotal glandular ablation using a variety of devices or techniques derived from 
experience of whole-gland treatment. Focal brachytherapy could improve the thera-
peutic ratio by dose escalation to identi fi ed areas of aggressive cancer within the 
prostate; contemporary radiotherapy planning techniques are able to create the nec-
essary dose distributions to do this. Intraprostatic failure usually occurs at the pri-
mary tumour location and is the result of intrinsic radiation resistance of a fraction 
of the tumour clones (Meerleer et al.  2005  ) . It may be justi fi ed to focus the area of 
highest dose intensity to the original intraprostatic tumour site whilst maintaining 
a suf fi cient dose to the clinical target volume, planning target volume and organs at 
risk. Evidence is emerging that intraprostatic failures are mostly found at the loca-
tion of the primary tumour (Pucar et al.  2007  ) . This suggests that an additional boost 
dose to the primary tumour may improve clinical outcome and could be achieved 
with brachytherapy. 

 Adequate focal treatment is critically dependent on accurate imaging for diag-
nosis, staging, tumour localisation, and monitoring of treatment. CT scanning is 
unable to visualise the intraprostatic tumour site, and CT-based radiotherapy plan-
ning is obviously unsuitable for this development without image registration from 
other imaging modalities. TRUS may visualise the tumour within the prostate 
but TRUS images are currently limited in their ability to reliably and reproduc-
ibly depict intraprostatic cancer foci for radiotherapy planning, and we need to 
further investigate the role of the newer TRUS techniques such as elastography 
and HistoScanning™ for intraoperative brachytherapy planning. MRI can be used 
for local staging in patients who are candidates for whole-gland brachytherapy 
(Fig.  3.15 ). Patients with localised prostate cancer are generally candidates for total 
gland ablation regardless of the extent and distribution of cancer within the gland. 
On the other hand, for selection of patients who are appropriate candidates for focal 
ablation, the ability to accurately localise tumour within the prostate becomes rel-
evant. Advances in functional MRI of the prostate have brought about improved 
tumour localisation, and it is likely that optimal patient selection will be achieved 
with a combination of mpMRI and extended TRUS biopsy. Techniques such as 
DWI and DCE-MRI can play an important role in the delineation of intraprostatic 
GTV for radiotherapy treatment planning. However, data about the sensitivity and 
speci fi city of small voxels are not available. This poses a problem for GTV delin-
eation, since delineation implies that for each voxel, a decision is made whether 
or not that voxel is part of the target volume or not. Delineating a prostate tumour 
on any imaging essentially comes down to a voxel-level decision whether a voxel 
contains tumour or not. There are however some important issues to consider before 
we embark on this treatment pathway. First, the sensitivity and speci fi city of any 
imaging technique are not perfect, limiting the predictive power for the presence 
of tumour. Second, by de fi nition no detailed spatial veri fi cation of imaging with 



593 Imaging Localised Prostate Carcinoma

pathology can be obtained from patients scheduled for brachytherapy. In the clinical 
practice of radiotherapy treatment planning, this means that there will never be a 
gold standard when delineating a prostate tumour for brachytherapy planning. The 
process of brachytherapy planning involves intrinsic uncertainties based on the lim-
itations of the imaging technique used, and these are integral to current brachyther-
apy practice. The concept of adjacent intraprostatic regions of varying risk therefore 
needs consideration. Functional MRI techniques should help us de fi ne these regions 
of varying cancer risks within the prostate and adjust the radiation dose accord-
ingly (Korporaal et al.  2010a,   b  ) . The decision whether or not to treat an area of the 
prostate need not be a binary process; brachytherapy may have an advantage in that 
dose painting within the gland would accommodate a gradation of risk from healthy 
tissue to poorly differentiated tumour tissue. The potential for dose painting with 
brachytherapy and boosting one or more volumes would be more appropriate than 
the all or nothing treatment offered by other ablative therapies.  

    3.14   Summary 

 Modern imaging has much to offer in the practice of prostate brachytherapy. 
Improved patient staging, better assessment of tumour aggressiveness, and localisa-
tion of tumour within the gland all offer the clinician the ability to more accurately 
identify men who are most likely to bene fi t from brachytherapy for their prostate 
cancer. It is important that the brachytherapy team have access to good imaging, 
understand its applications and limitations, and have core knowledge of the imaging 
anatomy of the prostate gland. TRUS and MRI have already demonstrated the abil-
ity to localise prostate cancers in many patients. Functional imaging investigations 
will help to differentiate low-grade from high-grade tumours; in the future this may 
help clinicians choose the most appropriate treatment for individual patients and 
select those who will bene fi t from more aggressive therapy. As imaging techniques 
improve, there is also the prospect of evaluating response to treatment and of early 
detection of tumour recurrence and potential salvage therapy. Although PET cur-
rently plays little role in prostate cancer management, newer radiopharmaceuticals 
demonstrate promise in tumour detection and staging although further research is 
required before they are introduced into routine clinical use.      
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          4.1   Introduction 

 Transperineal permanent prostate brachytherapy is a safe and ef fi cacious treat-
ment option for selected patients with organ-con fi ned prostate cancer (PC). Careful 
adherence to established brachytherapy standards has been shown to improve the 
likelihood of procedural success as well as to reduce the incidence of treatment-
related morbidity. Candidates for treatment with prostate seed implant alone, i.e. 
as monotherapy, include those for whom there is a signi fi cant likelihood that their 
PC could be encompassed by an adequate dose distribution from permanent pros-
tate seed implant alone. Currently, prostate seed implant results are reported with a 
long follow-up, and the key to success is based on the patient selection to identify 
implant candidates with a high probability of biochemical disease-free survival and 
a good functional outcome.  

    4.2   Pretreatment Investigations 

    4.2.1   History and Clinical Examination 

 Age, professional activity, marital status, comorbidity factors and paternity wishes 
represent some general factors not directly linked to PC but important to consider 
for treatment decision. Furthermore, investigation of urinary (with or without 
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 a -blockers), digestive and sexual functions (considered in next chapters); common 
medications; alcohol and cigarette consumption; high levels of dietary fat; and fam-
ily history of PC must be investigated.  

    4.2.2   Digital Rectal Examination (DRE) 

 Digital rectal examination is integral to staging PC. Treatment decisions are largely 
based on information gained from digital rectal examination. However, the accuracy 
of an abnormal digital rectal examination for predicting the location and extent of can-
cer remains highly variable and mainly related to the experience of the physician. 

 Some men clinically staged as “low risk” may have intermediate or even high-
risk PC due to understaging based on the low level of accuracy for assessing actual 
T-category using the digital rectal examination alone (Obek et al.  1999  ) .  

    4.2.3   Prostate-Speci fi c Antigen (PSA) 

    4.2.3.1   Physiopathological Conditions 
 Age, recent prostate manipulation, ejaculation, prostatitis and prostate size are the 
main parameters which may in fl uence the PSA levels. It is important to double-
check this biochemical marker, especially in case of recent, rapid or unexpected 
rising PSA (Harnden et al.  2008  ) .  

    4.2.3.2   PSA Variation and Common Medications 
 Medications including 5-alpha reductase inhibitors (5ARIs –  fi nasteride, dutas-
teride) can dramatically and quickly decrease PSA (Etzioni et al.  2005  ) . Recent 
studies suggest that other medications, including statins (Cyrus-David et al.  2005 ; 
Hamilton et al.  2008 ; Mondul et al.  2010  )  and nonsteroidal anti-in fl ammatory drugs 
(NSAIDs) (Singer et al.  2008  ) , may also lower PSA levels. 

 NSAID, statin and thiazide diuretic intake was inversely related to PSA levels. 
Five years of NSAID, statin and thiazide diuretic use was associated with PSA lev-
els lower by 6, 13 and 26 %, respectively (Chang et al.  2010  ) .  

    4.2.3.3   PSA Velocity (PSAv) 
 PSAv represents the rate of change in the PSA level over time. Given two men with 
the same initial PSA level, the patient experiencing a rise of at least 2 points in the 
PSA level during the year before diagnosis (PSAv > 2 ng/ml/year) has been shown to 
have more advanced pathologic stage, grade and higher risk of recurrence after radical 
prostatectomy (RP) (Patel et al.  2005  ) , prostate implant (Rossi et al.  2008  )  or external 
beam radiation therapy (EBRT) and androgen deprivation therapy (ADT) (Palma et al. 
 2008  )  when compared to men without at least a 2-point rise during the past year. 

 In addition, a higher risk of prostate cancer-speci fi c mortality (PCSM) after RP 
(D’Amico et al.  2004  )  and EBRT with (Palma et al.  2008  )  or without (D’Amico 
et al.  2005  )  ADT has been observed for men with this rapid rise in PSA compared 
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to those without such a rapid rise. For the speci fi c case of men with low-risk PC 
managed with RP (D’Amico et al.  2006  )  at 7 years, PCSM estimates reached 5 % 
versus lower than 1 % for men whose PSA level rose by at least 2 points during the 
year prior to diagnosis as compared to those who did not. These respective estimates 
were 19 and 0 % for men undergoing EBRT (D’Amico et al.  2005  ) . However, PSA 
velocity should be analyzed with the other prognostic factors (Vickers et al.  2011  ) . 
Although not reported as a signi fi cant parameter after brachytherapy, it is tempting 
to extrapolate this experience with PSAv to permanent implants.  

    4.2.3.4   PSA Density (PSAd) 
 PSAd is de fi ned as the ratio of the PSA divided by the prostate volume The use 
of PSAd less than 0.15 as a measure of potentially insigni fi cant prostate cancer 
is well established (D’Amico et al.  2004  ) . PSAd could be considered at an inde-
pendent factor (multivariate analysis) for predicting tumour upgrading on repeat 
biopsy, whereas it showed a strong trend to predict PSAv on follow-up (Kotb et al. 
 2011  ) . Again, no study has been reported to date about the value of PSAd after 
brachytherapy.   

    4.2.4   Prostate Biopsies 

    4.2.4.1   Gleason Score 
 Some men diagnosed with pathological low-risk PC on biopsies may have interme-
diate- or high-risk PC due to undergrading based on the sampling error associated 
with prostate biopsy technique (Zam et al.  2008  ) . Furthermore, differences may 
exist between groups in reporting the biopsy Gleason score: for some authors, the 
Gleason primary pattern is de fi ned by an involvement of at least 51 % of the speci-
men (Merrick et al.  2007  ) , while for others, it is based upon the highest Gleason 
score present in any one core. Actually, details of how primary grade is assigned are 
not available in a signi fi cant number of studies.  

    4.2.4.2   Percent of Positive Prostate Biopsies 
 Evidence from surgical series shows that men who have PC found in more than 
50 % of the biopsy specimens are at increased risk for undergrading on the basis of 
the biopsy Gleason score and understaging on the basis of the digital rectal exami-
nation compared with those with lower than 50 % (Cooperberg et al.  2004 ; Lotan 
et al.  2004  ) . Data from speci fi c EBRT series led to the same conclusion (D’Amico 
et al.  2001 ; Merrick et al.  2002  ) . D’Amico et al.  (  2002  )  speci fi cally examined the 
prognostic signi fi cance of this factor in men with low-risk PC and found that PCSM 
estimates were 9 % as compared with 0 % by 5 years in men with at least 50 % as 
compared with less than 50 % of the biopsy cores revealing Gleason score 6.  

    4.2.4.3   Percentage of Cancer on the Biopsy Core 
 The pathological prostate biopsy report should analyze different measures of tumour 
extent such as (1) number of cores positive for cancer in the number of cores 
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 examined, (2) percentage of needle core tissue affected by carcinoma and (3) linear 
millimetres of carcinoma present (Humphrey  2007  ) . While the percentage of needle 
core tissue affected by carcinoma is described as a prognostic factor for biochemical 
relapse, its value remains controversial (Pe et al.  2009  ) .  

    4.2.4.4   Prostatic Capsular Invasion (PCI) 
 Higher clinical stage, higher Gleason grade in the biopsy specimen and higher pre-
treatment serum PSA levels are all associated with increasing levels of prostatic 
capsular invasion (PCI). Wheeler et al.  (  1998  )  reported that in RP specimens increas-
ing levels of PCI were signi fi cantly associated with increasing tumour volume 
( p  < .001), Gleason grade ( p  < .0001), seminal vesicle involvement ( p  < .001) and 
lymph node metastases ( p  < .001). In a multivariate analysis, the authors noticed that 
the level of PCI was an independent prognostic factor ( p  < .001). There is a strong 
association between the level of invasion of cancer into or through the prostatic 
capsule and the volume, grade, pathological stage and rate of recurrence after radi-
cal prostatectomy.  

    4.2.4.5   Perineural Invasion (PNI) 
 The presence of perineural invasion on prostate biopsy in an otherwise low-risk 
patient is associated with a signi fi cant risk of upstaging and upgrading at RP (Lee 
et al.  2007  )  and a resulting higher risk of progression after EBRT (Beard et al.  2004  )  
or RP (D’Amico et al.  2000  ) . Speci fi cally, for men with low-risk PC treated using 
EBRT, PNI was signi fi cantly associated with an increased risk of PSA recurrence 
(Beard et al.  2004  ) , and this was also found to be true in an independent data set for 
men with low-risk PC undergoing RP where the time to PSA recurrence was 
signi fi cantly shorter in men with PNI in the prostate needle biopsy (D’Amico et al. 
 2000  ) . Speci fi cally, by 5 years after RP, estimates of PSA recurrence were 18 % as 
compared to 5 % in men with PNI versus none at biopsy. A con fi rmatory study 
(Yu et al.  2007  )  showed a 4.14-fold increase in the risk of PSA recurrence in men 
with low-risk PC undergoing EBRT (after adjusting for EBRT dose). Those data 
should probably be extrapolated to brachytherapy, with perineural invasion taken 
into account when selecting patients.   

    4.2.5   Prostate Volume and Prostate Staging 

    4.2.5.1   Imaging Assessment 
 Transrectal ultrasound (TRUS) has only moderate accuracy in the detection of pros-
tate carcinoma but is useful in the estimation of prostate volume and thus calcula-
tion of PSA density as well as measuring the residual urine volume. The role of 
magnetic resonance imaging (MRI) in diagnosis and staging of prostate carcinoma 
is rapidly increasing (De Visschere et al.  2010  ) . Morphologic T2-weighted mag-
netic resonance images (T2-WI) depict the prostatic anatomy with high resolution 
and can detect tumoral areas within the peripheral zone of the prostate. Addition 
of an endorectal probe, magnetic resonance spectroscopic imaging, dynamic 
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 contrast-enhanced MRI and diffusion-weighted imaging further increase the diag-
nostic performance of MRI. 

 The gold standard for diagnosis of PC is histological assessment currently 
obtained by transrectal ultrasound-guided systematic core needle biopsies. However, 
in the future, imaging-based targeted biopsies may improve the biopsy yield and 
decrease the total number of biopsy cores (Delongchamps et al.  2011  ) . 

 Computed tomography (CT) and 5-FDG positron emission tomography (PET) 
have no value in early PC detection, and their indications are limited to lymph node 
staging and detection of distant metastases. The more recently introduced choline-
PET scan could  fi nd a role in the staging of selected patients.  

    4.2.5.2   Large Prostates and Neoandrogen Deprivation 
 In case of prostate volume larger than 60 cc, ADT delivered during a 3- to 6-month 
period may be proposed to reduce the pre-implant volume of the gland (Rosenthal 
et al.  2011  ) . The reduction of the prostate volume after ADT commonly ranges 
between 10 % (small glands) and 60 % (large glands) with a median decrease of 
30 % (Whittington et al.  1999  ) . However, it must be kept in mind that neoadjuvant 
ADT for volume reduction could increase the risk of brachytherapy-related urinary 
morbidity (Hinerman-Mulroy et al.  2004  ) , leading some authors to consider that 
ADT should not be routinely given for low-risk patients (Gibbons et al.  2009  ) , espe-
cially when an intraoperative planning technique is used for brachytherapy (Meyer 
et al.  2008  ) . 

 In case of median lobes, Cosset at al.  (  2011  )  described a one-step customized 
transurethral resection of the prostate and permanent implant brachytherapy for 
selected PC patients. The authors considered this procedure as technically feasible 
but too toxic. Alike other authors, they now propose a two-step procedure, with the 
limited resection of the median lobe preceding by 3–6 months of the implantation.   

    4.2.6   Lower Urinary Tract Symptoms (LUTS) 

 The investigations of the LUTS must be performed and carefully analyzed, taking 
into account the eventual prescription of  a -blocker medication for a pre-existing 
obstructive uropathy. 

    4.2.6.1   Individual Questionnaire 
 The  International Prostate Symptom Score  (IPSS) was designed to be self- fi lled in 
by the patient. IPSS provides subjective but informative information regarding the 
patient’s urinary function. An IPSS of less than 13–15 is generally correlated with 
relatively mild lower urinary tract symptoms.  

    4.2.6.2   Urodynamic Studies 
 Urodynamic studies will provide more objective information regarding the urinary 
function but are highly dependent on the bladder status before the exam (Trachtenberg 
 2005  ) . Residual urine volume less than 50 cc and urinary  fl ow with a Qmax higher 
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than 15 ml/s are usually required to consider the LUTS as compatible with intersti-
tial brachytherapy (Kovacs et al.  2005  ) .   

    4.2.7   Sexual Potency 

 The assessment of sexual function may orientate the treatment choice. Identifying 
the presence and severity of sexual concerns should be considered part of cancer 
treatment decision and follow-up care. Efforts to evaluate and characterize sexual 
problems in patients with prostate cancer have been hampered by a lack of consen-
sus regarding valid outcome measures. However, the  International Index of Erectile 
Function  (IIEF5 – 5 items) questionnaire remains a simple, consistent and repro-
ducible evaluation of sexual potency. A more extensive IIEF questionnaire with 15 
items is also available. 

 A new  fl exible and psychometrically robust measure of sexual function 
“Supplement Sexual Function of the Patient-Reported Outcomes Measurement 
Information System (PROMIS) (CaPS-SF)” is also now available (Jeffery et al. 
 2009  ) .  

    4.2.8   Bowel Function 

 Any history of bowel disorder such as chronic diarrhoea, blood in stools, constipa-
tion and anal sphincter dysfunction should be carefully investigated before treat-
ment. Pre-existing digestive disorders are not usually considered as a contra-indication 
for permanent seed brachytherapy; however, in the case of digestive complication 
occurring after the implant, it will help de fi ne causality between irradiation and 
digestive symptoms.   

    4.3   Low-Risk Patients 

    4.3.1   Typical Indications 

 Patients with low-risk localized prostate cancer are classically considered as the 
cases most suitable for low-dose-rate brachytherapy as sole therapy (Table  4.1 ).  

 A number of different risk strati fi cations or classi fi cations for localized prostate 
cancers do exist. The large majority of those systems divide PC patients into low-, 
intermediate- and high-risk groups according to pretreatment PSA level, Gleason 
score and clinical stage (D’Amico et al.  1998 ; Beyer et al.  2003  ) . However, what-
ever the strati fi cation system used, low-risk PC is constantly de fi ned by the same 
three clinical parameters (D’Amico et al.  1998  ) : a PSA level lower than 10 ng/ml, a 
biopsy Gleason score of 6 or lower (with no grade 4 or 5 disease) and American 
Joint Commission on Cancer staging tumour category (T) 1c or 2a (Greene  2002  ) . 
However, there is additional information from the prostate biopsy and PSA history 
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that may also be considered. Table  4.1  summarizes the classical data provided by 
the standard classi fi cations of low-risk PC and some additional factors aiming at 
re fi ning the selection criteria for permanent implant brachytherapy (D’Amico  2011 ; 
Rosenthal et al.  2011  ) . 

 Therefore, a patient with a low-risk PC according to the classical de fi nition, and 
who respects the additional data regarding PSA and biopsies, and with few/no LUTS 
and acceptable sexual function can be considered as an excellent candidate for inter-
stitial prostate implant (Rosenthal et al.  2011 ; EPROP  2011  ) .  

    4.3.2   Exclusion Criteria 

 The following are potential exclusion criteria for permanent seed brachytherapy 
(Ash et al.  2007 ; Rosenthal et al.  2011  ) :

   Life expectancy of less than 5 years  • 
  Unacceptable operative risk  • 
  Bleeding disorder or anticoagulation that cannot be stopped  • 
  Poor anatomy which in the opinion of the radiation oncologist could lead to a • 
suboptimal implant (e.g. narrow pubic arch, large or poorly healed transurethral 
resection of the prostate defect)  
  Signi fi cant obstructive uropathy  • 

   Table 4.1    Criteria and limits to de fi ne most suitable patient for implant prostate brachytherapy as 
sole therapy   

 Criteria  Limits 
 Data related to the disease stage 
  DRE  cT1b–T2a 
  MRI  No extracapsular extension 
 Pathological data 
  Gleason score   £ 6 
  Percentage of biopsy cores involved with cancer (%)   £ 50 
  Percentage of cancer on the biopsy core (%)   £ 50 
  Prostatic capsular invasion  No 
  Perineural invasion  No 
 Biochemical data 
  Initial PSA (ng/ml)  <10 
  PSA velocity (ng/ml/year)  <2 
  PSA density (ng/ml/cc)  <0.15 
 Prostate volume (cc)  <50–60 
 Lower urinary tract symptoms 
  IPSS   £ 13–15 
  Residual urine volume (cc)  <50 
  Urinary  fl ow (ml/s)  >15 

   DRE  digital rectal exam,  MRI  magnetic resonance imaging,  PSA  prostate-speci fi c antigen,  IPSS  
International Prostate Symptom Score  
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  Pathologically positive lymph nodes  • 
  Distant metastases    • 
 The following situations can be considered as relative contra-indications (to be 

discussed case by case) for permanent seed brachytherapy:
   Large median lobes (may bene fi t from limited and customized resection; see • 
Chap.   2    )  
  Large gland size (may bene fi t from a volume reduction with ADT; see Chap.  •  2    )  
  Previous pelvic irradiation  • 
  High AUA score (IPSS > 15) (but may improve with ADT and/or limited • 
TURP)  
  History of multiple pelvic surgeries     • 

    4.3.3   Special Situations 

    4.3.3.1   Men Under 60 Years of Age 
 Burri et al.  (  2010  )  retrospectively evaluated the biochemical outcomes of young 
men (<60 years) treated with low-dose-rate brachytherapy for PC. With a median 
follow-up of 68 and 66 months for men younger and older than 60 years, respec-
tively, the 8-year freedom from biochemical failure rate was similar between the 
two groups (92 % vs. 87 % –  p  = NS). Merrick et al.  (  2008  )  observed equivalent 
results with an age cut-off  fi xed at 50 years for the “young man” de fi nition – those 
authors suggested that young age should not be considered as a contra-indication 
when discussing brachytherapy as a primary treatment option for clinically local-
ized PC.  

    4.3.3.2   Family History of Prostate Cancer 
 It is well established that there is an association between a family history of PC 
and increased risk of developing the disease. This risk increases with a greater 
proximity of relatedness, greater number of family members affected and/or earlier 
age at diagnosis of the family member (Madersbacher et al.  2011  ) . However, the 
impact of the genetic risk of prostate cancer and the posttreatment clinical outcome 
remains questionable. In this setting, Szulkin et al.  (  2012  )  observed no evidence for 
an association between any of 23 established prostate cancer genetic risk variants 
and disease progression. Currently, there is no rational to consider family history of 
prostate cancer as a deleterious prognostic factor or a contra-indication for prostate 
seed implant.  

    4.3.3.3   Posttreatment Fertility 
 Because young men are often good candidates for prostate seed implant (low-risk 
PC and few LUTS), the question of fertility has to be clearly discussed with the 
patient. In most cases, brachytherapy irradiation makes patient infertile. However, 
although the therapy-related modi fi cations of the semen reduce fertility, patients 
must be aware of the possibility of fathering children after such a permanent 

http://dx.doi.org/10.1007/978-3-642-36499-0_2
http://dx.doi.org/10.1007/978-3-642-36499-0_2
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implantation, with a limited risk of genetic effects to the child (ICRP  2005  ) . For 
young men with PC who wish to father children in the future, it is highly rec-
ommended that they consider sperm banking prior to brachytherapy (Mydlo and 
Lebed  2004  ) .   

    4.3.4   Iodine Implant Brachytherapy Versus Other Techniques 

 Most patients with clinically localized PC can also bene fi t from RP, EBRT and 
active surveillance. The choice of the treatment requires a clear understanding by 
the patient of the risks and bene fi ts attached to each option in order to make an 
informed decision. 

    4.3.4.1   Radical Prostatectomy 
 For a low-risk PC patient with signi fi cant LUTS or obstructive uropathy, radical 
prostatectomy is usually considered as more appropriate. However, the impact on 
LUTS should be carefully balanced against the urinary and sexual side effects 
observed after radical prostatectomy (Crook et al.  2011  ) . In addition a very large 
prostate (>70–80 cc) will usually be preferentially treated with prostatectomy or 
EBRT as more adequate choices.  

    4.3.4.2   External Beam Radiation Therapy 
 For a low-risk PC patient, EBRT can be proposed as an alternative to interstitial 
seed implant. However, among low-risk PC patients, Zelefsky et al.  (  2011  )  reported 
that the 7-year biochemical tumour control was superior for brachytherapy com-
pared with high-dose intensity-modulated radiation therapy (81 Gy), but there was 
a signi fi cant increase in grade 2 urinary and rectal symptoms for brachytherapy 
compared with EBRT.  

    4.3.4.3   Active Surveillance 
 For “very” low-risk PC de fi ned with PSA less than 10 ng/ml, PSAd less than 0.15, 
T1c and Gleason score 6 (3 + 3) in at most two cores each having less than 50 % core 
involvement, active surveillance (AS) may be discussed with the patient as an alter-
native treatment (Mohler et al.  2010  ) . The most mature AS study (8 years of follow-
up) reported by Klotz  (  2008  )  for men with very low-risk PC and with up to a 20-year 
life expectancy suggests that AS is an acceptable treatment. However, even in this 
very good prognostic subgroup of patients, some patients will die from prostate 
cancer (D’Amico  2011  ) . AS should therefore be carefully discussed with young 
men without comorbidity and presenting with a very low-risk PC. 

 Nevertheless, it has been stressed that men with low-risk PC and  signi fi cant 
comorbidities  are at risk of being overtreated (Daskivich et al.  2011  ) . Measure of 
comorbidity (Charlson et al.  1987 ; Piccirillo et al.  2004  )  should be applied appro-
priately in the light of the data suggesting that overtreatment of low-risk PC mainly 
occurs in men with signi fi cant comorbidity (Piccirillo et al.  2004  ) . 
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 In terms of cost, Eldefrawy et al.  (  2011  )  reported the results of a cost compari-
son between AS and treatment for low-risk PC. The authors observed that AS was 
associated with a different cost distribution in which the initial cost of AS is low 
and the follow-up cost is higher than other therapies. However, despite the higher 
follow-up cost, AS logically remains the most cost-effective alternative for low-
risk PC.    

    4.4   Intermediate-Risk Localized Prostate Cancer Patients 

 Those patients were not initially considered as “good” indications for prostate 
brachytherapy alone. However, most large historical series have included a propor-
tion of intermediate-risk patients and even sometimes high-risk patients from which 
has emerged data strongly suggesting that selected intermediate-risk patients may 
also be adequately treated with brachytherapy as monotherapy. This remains an 
area of active investigation (Frank et al.  2007 ; Cosset et al.  2008 ; Stone et al.  2009 ; 
 RTOG 2009  ) . 

 Frank et al.  (  2007  )  reported on an American survey showing that most authors 
would propose brachytherapy as monotherapy to selected intermediate-risk patients 
with absence of PNI, GS 7 (3 + 4)  or  PSA 10–20 ng/ml, pT1c and positive cores 
<30 %. Among a series of 809 patients, Cosset et al.  (  2008  )  reported a 5-year 
relapse-free survival of 97 % for low-risk patients and 94 % for a subset of “favour-
able” intermediate-risk patients de fi ned by either PSA between 10 and 15 ng/ml or 
Gleason 7 but with all the other criteria for low-risk present. These results suggest 
that selected patients in the intermediate-risk group of localized PCs can be safely 
considered for permanent implant brachytherapy as monotherapy. Those data have 
been recently con fi rmed by the same group with more patients and a longer follow-
up (Wakil et al.  2010  ) . 

 Currently, a phase III randomized trial is comparing for selected intermediate-
risk PC, combined EBRT plus interstitial implant versus interstitial implant 
alone. Entry criteria are clinical stages T1c–2b, and either Gleason score = 7 with 
PSA less than 10 or Gleason score < 7 with PSA between 10 and 20 ng/ml [RTOG 
trial 0232].  

    4.5   Other Potential Indications and Investigational 
Treatments 

    4.5.1   Brachytherapy as a Boost After External Beam Radiation 

 In intermediate- or high-risk patients, interstitial seed implant can be performed as 
a boost after or before EBRT delivered to the whole pelvis or the prostatic fossa 
(Stock et al.  2004 ; Bittner et al.  2010  ) . However, a brachytherapy boost performed 
with temporary high-dose-rate implant may be more cost-effective compared to a 
seed implant (Grimm et al.  1996  ) .  
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    4.5.2   Brachytherapy for Salvage After Failure of External 
Beam Radiation 

 Salvage prostate brachytherapy may be an attractive option for attaining disease 
control in patients with PC local failure after EBRT. The 5-year biochemical control 
rate after a salvage implant ranges between 50 and 60 % with acceptable and man-
ageable urinary and digestive toxicities (Boukaram and Hannoun-Levi  2010  ) .  

    4.5.3   Focal Therapy 

 Focal therapy aims to  fi nd a middle ground between active surveillance and radical 
therapies by treating the cancer alone, with a margin, and preserving as much tissue 
as is practical. Early feasibility studies have demonstrated an absence of rectal tox-
icity and preservation of genitourinary function in 80–90 % of men (Todor et al. 
 2011  ) . Focal therapy for low-risk PC remains an experimental procedure which 
should only be performed in the context of prospective clinical trials for selected 
subgroups of patients.   

   Conclusion 
 Prostate seed implant is an ef fi cient and well-tolerated treatment for low-risk PC 
and represents one of the three standard and validated treatments alongside RP 
and EBRT. The key to success is careful patient selection based on classical low-
risk PC criteria as well as additional information from the prostate biopsy and 
PSA history not used in the original de fi nition of low-risk PC. LUTS and comor-
bidity factors have to be carefully investigated. Taking all together, those data 
have to be clearly presented and discussed with the patient who requires an 
understanding of the risks and bene fi ts of each therapeutic option in order to 
make an informed decision.      
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 Temporary prostate interstitial brachytherapy using remote afterloading technology 
was  fi rst established in routine clinical practice in the second half of the 1970s 
(Watanabe et al.  1974  ) . Following the introduction of transrectal ultrasound 
imaging(TRUS) for the guidance of permanent transperineal seed implants by Holm 
in Denmark, the  fi rst prospective controlled clinical applications with high-dose-
rate (HDR) stepping source technology were started in Kiel/Germany (Bertermann 
and Brix  1990  )  resulting in a series of publications describing clinical situations 
where patients with localized prostate cancer bene fi t from HDR brachytherapy 
(Kovács et al.  1995 ; Martinez et al.  1995 ; Borghede et al.  1997 ; Dinges et al.  1998 ; 
Demanes et al.  2000  ) . 

 Patient selection criteria are very similar to that of LDR implants (see Chap.   6    ); 
therefore, only differences will be discussed here in more detail. 

  Pretreatment investigations include :
    1.    Patient history  
    2.    Histology  
    3.    Gleason sum  
    4.    Initial PSA   
    5.    Nodal staging  
    6.    Bone scan if PSA was >15 ng/ml   
    7.    IPSS score   
    8.    Residual urine volume   
    9.    Uro fl ow   
    10.    Preimplant TRUS imaging  
    11.    Eligibility for anesthesia  
    12.    Quality-of-life assessment     
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  Patient History:  All patients should have complete medical history as well as an 
actual general physical examination to clear their suitability to the treatment. This 
should contain eligibility investigations for the planned anesthesia. 

  Histology : All patients need to have proven histology as a result of a 12-core 
TRUS-guided biopsy procedure. The percentage of positive biopsies, the proportion 
of each core involved, and the presence of perineural in fi ltrations are factors that are 
important in fl uences on outcome (de la Rosette et al.  2009  ) . 

  Gleason Sum Score : Gleason sum score has a strong prognostic relevance, and 
there is a large variety in the quality of different pathology reports due to differences 
in the level of experience of the pathologist. Second opinion by an expert could be 
advantageous if scienti fi c evaluation of patients from different institutions will be 
performed (Egevad et al.  2002 ; Kronz et al.  2003  ) . 

  Initial PSA : It should be recorded. 
  Nodal Staging : Computed tomography (CT), magnetic resonance imaging 

(MRI), and 5-FDG positron-emission tomography (PET) are the most common 
imaging methods for lymph node staging and detection of distant metastases. The 
more recently introduced choline-PET scan may also  fi nd a role in the staging of 
selected patients. The usefulness of surgical lymph node staging is controversial, 
but in selected patients with high risk of nodal involvement, lymph node sampling 
will give additional staging information in patients. Patients with stage T2 or less, 
PSA < 10 ng/ml, a Gleason score 6, and <50 % positive biopsy cores have <10 % 
likelihood of having node metastases and can be spared invasive nodal evaluation. 
Sentinel lymph node sampling is a promising option (Heidenreich et al.  2011  ) . 

  Bone Scan : This may not be indicated in asymptomatic patients if the serum PSA 
level is <20 ng/ml in the presence of well-differentiated or moderately differentiated 
tumors (Heidenreich et al.  2011  ) . 

  International Prostate Symptom Score  ( IPSS ): Lower-urinary-tract function 
should be documented by this scoring system. Alternatively, the AUA (American 
Association of Urologists) scoring system can be used. 

  Post-voidal Urine Volume : It is an important indicator for existing obstructive 
symptoms if the value is over 100 ml. 

  Urinary Flow Rate  ( Qmax ): It is another indicator for obstruction if the  fl ow 
value is low. 

  Preimplant TRUS Imaging : The investigation should be performed by en expert 
at all patients before treatment decision. It is the most powerful and common imag-
ing method for the guidance of prostate interstitial brachytherapy, both LDR and 
HDR. Clearance of pubic arch incompatibility, volume study, and imaging basis of 
dose calculations are the most important advantages. Other imaging modalities may 
also be used to compliment TRUS including CT and MR. 

  Anesthetic Assessment : During HDR brachytherapy, pain management and mon-
itoring of vital functions are obligatory. General anesthesia is usual, but other groups 
have good experience with spinal or local anesthesia ± sedation (Wallner  2002  ) . 

  Quality-of-Life Assessment : Quality-of-life measurement (including sexual func-
tion) results in the follow-up period are important information. Validated scoring 
systems should be used, e.g., EORTC QLQC30, FACT, IIEF, and PROMIS, 
 including a baseline pretreatment. 
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    5.1   Patient Selection for HDR Brachytherapy 
in Combination with External Beam Radiation 

 HDR brachytherapy provides high-radiation-dose delivery; therefore, it is ideal for 
local dose escalation to limited volumes. Adaptation of stepping source dwell loca-
tions and dwell times within the target with no impairment from edema, source 
migration, or prostate movement during the short time of the boost delivery are 
important factors. BT boost with a stepping source in combination with EBRT can 
be recommended for a selected group of patients (Table  5.1 ). Although dose escala-
tion is not necessary in low-risk cases (risk de fi nition by at least initial PSA, Gleason 
sum, and T stage [Vicini et al.  2002  ] ), the use of 50 Gy external beam dose com-
bined with one or two HDR implantations shortens the total treatment time from the 
usual 8 to 6 weeks and results in signi fi cant dose reduction to normal tissues around 
the prostate. In the case of intermediate- or high-risk cases, this effect is even more 
prominent.  

    5.1.1   Potential Indications and Investigational Treatments 

 Limited numbers of patients with limited follow-up have been treated with tempo-
rary interstitial brachytherapy for localized prostate cancer without EBRT. Although 
this experience is promising, there is not yet enough evidence in the literature to 
advise this approach outside controlled clinical trials. 

    5.1.1.1   HDR Monotherapy 
 In patients with localized prostate cancer (T1b, T2a) presenting with favorable 
prognostic factors (iPSA  £ 10 ng/ml, Gleason  £  6) who have an 80 % or greater 
probability of localized disease, temporary BT alone may be performed using 
appropriate fractionation to reach the optimal therapeutic ratio (Yoshioka et al. 
 2006 ; Demanes et al.  2007 ; Mark et al.  2007 ; Martinez et al.  2010  ) . For patients 
with higher Gleason scores and higher PSA values, the risk of disease outside the 
prostate capsule increases. In these  situations, temporary BT alone may also be 
effective but is not indicated out of controlled clinical trials (Hoskin et al.  2011  ) .  

   Table 5.1    Patient 
selection criteria for a 
curative combined HDR 
brachytherapy and EBRT 
treatment   

 Inclusion criteria  Stages T1b–T3b 
 Any Gleason score 
 Any iPSA without proven distant metastases 

 Exclusion criteria  Pubic arch interference 
 Rectal wall in fi ltration 
 TURP within 6 months 
 In fi ltration of the external sphincter of the 
bladder neck 
 Signi fi cant urinary obstructive symptoms 
 Lithotomy position or anesthesia not possible 
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    5.1.1.2   Focal Therapy 
 Focal therapy aims to eradicate known cancer within the prostate and at the same 
time preserve uninvolved prostatic tissue, preserving genitourinary function. HDR 
brachytherapy is an excellent and proven method to concentrate high dose to a well-
de fi ned small volume and may be an ideal method for this approach. However, as 
yet there is no consensus on adequate target de fi nition for focal therapy of prostate 
cancer, and this should only be delivered within strict controlled study circum-
stances (Polascik and Mouraviev  2008 ; de la Rosette et al.  2010  ) .  

    5.1.1.3   HDR Brachytherapy for Salvage After Failure of Surgery, 
Primary Hormonal Treatment, or EBRT 

 HDR brachytherapy with or without adjuvant EBRT can be considered for salvage 
after failure of surgery, primary hormonal treatment, or EBRT. In locally recurrent 
disease, EBRT has been shown to modify the course of the disease. Local recur-
rence should be proven by biopsy and has to be visible by TRUS for target de fi nition. 
The risk of side effects is signi fi cantly higher than for brachytherapy as  fi rst-line 
treatment and as salvage treatment after radical prostatectomy (RPE). Very limited 
experiences are published regarding salvage BT, but early reports demonstrate the 
feasibility of salvage temporary BT with or without complementary EBRT. Once 
again, however, such procedures should be applied only within prospective clinical 
trials (Lee et al.  2007 ; Allen et al.  2007  ) .   

    5.1.2   Role of Antiandrogen Treatment 

 Androgen-deprivation hormonal treatment (ADT) has a signi fi cant role in reducing 
prostate volume before treatment (“downsizing”) by reducing benign prostate 
hyperplasia contributing to the volume of the gland. The role of short-course neoad-
juvant ADT combined with EBRT and temporary BT is under investigation. So far 
no signi fi cant advantage of short hormonal treatment has been observed in dose 
escalation studies (total biologic effective dose > 72 GyEQD2) with regard to long-
term results (Krauss et al.  2011  ) . On the other hand, when using EBRT combined 
with HT and applying much lower total radiation doses, ADT showed a signi fi cant 
bene fi t for such combinations (Bolla et al.  1997 ; Hinkelbein  1998 ; Lawton et al. 
 2001  ) .   

    5.2   Clinical Team 

 An experienced team of different specialists is needed to perform treatment plan-
ning and delivery, as well as to control all issues necessary for a successful clinical 
treatment. The interdisciplinary team should be experienced in prostate interven-
tional procedures, in TRUS (urologist, radiologist, or radiation oncologist), and in 
interstitial HDR brachytherapy. Urological assessment should evaluate clinical 
tumor stage, prostate volume, IPSS, urinary  fl ow, and residual urine volume and 
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exclude together with the radiation oncologist contraindications for transperineal 
TRUS-guided brachytherapy. These  fi ndings need to be discussed within the inter-
disciplinary team. Documentation of the brachytherapy must be performed accord-
ing to national standards. It is helpful, when starting with this new treatment 
modality, to have a radiotherapist experienced in prostate temporary brachytherapy 
on-site during the  fi rst 3–5 implant procedures. In addition, a center undertaking 
such procedures and courses on TRUS brachytherapy should have been visited 
(Kovács et al.  2005  ) .  

    5.3   Equipment 

 In contrast to LDR treatments, HDR brachytherapy requires stronger radiation pro-
tection during radiation delivery. When real-time planning is used (Kovács et al. 
 2007  ) , the implantation room needs to have full radiation protection in order to 
irradiate the patient without movement post-implant. Required equipment 
includes:

   Operating room or brachytherapy suite suitable for sterile procedures and access • 
to anesthetic support.  
  HDR afterloader.  • 
  TRUS unit with template; the ultrasound should be capable of both transaxial • 
and sagittal image acquisition.  
  TRUS  fi xation and stepping unit.  • 
  Interstitial implant catheters of a suitable design compatible with the TRUS-• 
based template; they should also be CT or MR compatible if this imaging method 
is to be used.  
  Appropriate planning software to enable importation of post-implant imaging, • 
implant reconstruction, and three-dimensional dosimetry.  
  A brachytherapy suite with adequate shielding to perform the HDR treatment, • 
according to national radiation protection rules.     

    5.4   Recording and Reporting 

 The ICRU recommendations (ICRU  1997  )  for recording and reporting brachyther-
apy applications should be followed as far as possible. Technical developments in 
treatment planning software solutions and quality assurance have introduced addi-
tional factors for improved description of the treatment, such as the dose non-homo-
geneity ratio (DNR) and the dose to organs at risk (bladder base, urethra, rectal 
wall) which should be part of the report. The dose should be related to  fi xed points 
and/or  fi xed volumes. It is suggested that the dose to 2 cm 3  (D 

2cc
 ) for the rectum and 

bladder, and D 
10

  (dose to 10 %) and D30 (dose to 30 %) of the contoured prostatic 
urethra is used. Additionally, time-dose pattern should include dose rate and dose 
per fraction of the target dose (D100, D90) for CTV 1, CTV 2, and CTV 3, number 
and duration of the fractions, time interval between fractions, and the overall time 
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(Kovács et al.  2005  ) . Furthermore, parameters which have been proven to be useful 
for reporting permanent prostate implants should be applied as they seem to be valid 
and reliable and also enable a better comparison between the different brachyther-
apy procedures: D90, D100, V100, V150, and V200 (Ash et al.  2000 ; Salambier 
et al.  2007  ) .  

    5.5   Follow-Up 

 Extended follow-up is necessary because the yearly incidence rates for biochemical 
failure do not seem to plateau until at least 10 years following treatment and because 
a signi fi cant percentage of failures occur well beyond 5 years. PSA nadir and nadir 
time represent potential factors to be analyzed for future predictors of biochemical 
control (Vicini et al.  2011  ) .      
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     6.1   Introduction 

 Modern permanent prostate brachytherapy (PPB) is based on imaging of the pros-
tate by transrectal ultrasound (TRUS) and by MRI, using different sequences, blood 
perfusion and spectroscopy. With these techniques, accurate volume measurement 
can be done, as well as exclusion of extracapsular growth. But up till now, only 
TRUS is used during the implant procedure to guide the needles at the right position 
into the prostate.  

    6.2   History of Prostate Brachytherapy 

 Historically prostate brachytherapy was already performed in 1913 by Pasteau and 
Degrais using radium needles (Pasteau and Degrais  1914  ) . Flocks performed pros-
tate implants with radioactive gold (Au-198),  fi rst with a colloidal solution, but 
due to technical dif fi culties, gold seeds were developed for brachytherapy alone 
or in combination with external beam irradiation (Flocks et al.  1954 ; Lannon et al. 
 1993  ) . This technique, however, was not very popular, because of the high energy 
of Au-198. The introduction of low-energy Iodine-125 seeds in the beginning of the 
1980s renewed interest in prostate brachytherapy. 

 Hilaris and Whitmore at the Memorial Sloan-Kettering Cancer Center reported 
the largest series of 606 patients treated with the retropubic technique (Fig.  6.1 ) 
resulting in a 5-year survival of 79 % (Whitmore et al.  1972  ) . However, about half 
of the patients experienced local recurrence after longer follow-up. This was the 
result of poor distribution of the seeds over the prostate, especially at the apex. 
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Furthermore, the retropubic technique, combined with lymph node dissection, 
resulted in a postoperative complication rate of 23 %.  

    6.2.1   Perineal Implantation 

 In 1980 Charyulu described a perineal approach, combining EBRT and radon seeds 
in patients with advanced tumours (Charyulu  1980  ) . Kumar improved this tech-
nique with the use of a C-arm to guide the needles (Kumar and Bartone  1981  ) , but 
the greatest improvement came from Holm with the introduction of TRUS-guided 
needle placing (Fig.  6.2 ) (Holm et al.  1983  ) . The TRUS probe was attached to a 
Perspex plate with holes at 1 cm apart, both in horizontal and vertical direction. This 
technique was re fi ned over the following years, especially in Seattle, with the intro-
duction of the support system with stepping unit, improved ultrasound equipment 
and planning systems in place of the nomogram (Blasko et al.  1987  ) .    

  Fig. 6.1    Retropubic technique, using Mick applicator This is an open abdominal technique with 
guidance of the needles through a  fi nger in the rectum. The Mick applicator has a cartridge of 10 
or 15 seeds that can be pushed into the prostate with a stylet       
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    6.3   Current Implantation Techniques 

 Current implantation techniques make use of permanent low-dose-rate brachytherapy, 
using I-125 or Pd-103 seeds; high dose rate using Iridium-192; and pulsed dose rate, 
using Iridium as well. 

    6.3.1   Permanent Low-Dose-Rate Prostate Brachytherapy 

 The longest experience of prostate brachytherapy is with PPB, using Iodine-125 or 
Palladium-103 seeds. Pd-103 is not popular in Europe, but in the USA still a sub-
stantial number of patients are treated with this isotope. The advantage is a shorter 
half-life of 17 days, versus 60 days for I-125, with similar energy (27 KeV versus 
21). The shorter half-life has been proposed as an advantage in the treatment of 
aggressive cancers with Gleason scores of 8–10, but this has not been substantiated 
in clinical studies.  

    6.3.2   High-Dose-Rate Prostate Brachytherapy 

 Since the concept of the low  a  b  ratio in prostate cancer, there has been interest in 
the use of fractionated high-dose-rate (HDR) radiation (Brenner and Hall  1999  ) . 
HDR brachytherapy has been used for many years for cervical cancers and has 
proven at least as good as low-dose-rate (LDR) brachytherapy. In prostate HDR 
was introduced in Germany by Bertermann and Kovacs in the management of 

  Fig. 6.2    Perineal technique, using Mick applicator Here the Mick applicator is placed on the 
template to insert the seeds with a similar applicator as in Fig.  6.1        
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advanced prostate cancers (Kovacs et al.  1996  ) . These patients received EBRT, HDR 
brachytherapy and androgen deprivation (AD) with promising results. The group 
in Detroit showed similar good results, even without AD (Martinez et al.  2010  ) . 
However, for HDR several fractions are needed, and that means either several hos-
pitalisations or one hospitalisation for several days, where the needles remain in 
the patient until the  fi nal fraction is given. The  fi rst paper on HDR monotherapy 
was published by Grills et al.  (  2004  ) . She showed excellent results, with very low 
complications and similar cancer control as with PPB. Several studies are under 
way to con fi rm these results.  

    6.3.3   Pulsed-Dose-Rate Prostate Brachytherapy 

 A third technique is with pulsed dose rate in place of HDR. The techniques of implan-
tation are identical for all three methods, but in this situation the patient is connected 
to an afterloading machine, to give a radiation fraction at intervals every hour or so. 
With this technique it is essential that the needles remain in place and stable during 
the whole treatment. At the AMC in the Netherlands, therefore, special catheters 
were developed that are anchored in the prostate tissue (Pieters et al.  2006  ) .   

    6.4   Transperineal Technique for LDR, HDR and PDR 
Brachytherapy 

 As mentioned above, the technique of needle placement is identical for PPB, HDR 
and PDR. Details of the technique in different centres may vary, depending on the 
use of TRUS, CT scan and  fl uoroscopy, but the majority of centres performing PPB 
will use TRUS to guide needle placement. 

    6.4.1   Preplanning 

 After preoperative workup and patient selection, a preplan can be made based on 
TRUS imaging or CT/MRI imaging. In general TRUS will be used for preplanning. 

 The patient is positioned in the same lithotomy position as during the treatment 
procedure (Fig.  6.3 ). The template on the ultrasound monitor should be placed in 
such a way that the largest prostate slice is in the middle of the template and the 
dorsal side of the prostate is a little bit lower than the  fi rst row of the holes in row 
1 to avoid needles having to be placed where no holes are present on the template 
(Fig.  6.4 ). Usually the urethra is located in the D line (the midline on the template), 
but when the urethra is not in the D line, the prostate should still be centralised 
and a careful note taken of the alternative row de fi ning the urethra. Using the step-
ping unit, the ultrasound probe can be moved with increments of 5 mm through 
the prostate from base to apex. To de fi ne base and apex, fusion of TRUS and MRI 
can be very helpful. With a computer planning program, the outline is introduced 
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in the system. The target volume should be the whole prostate with some margin, 
according to the GEC ESTRO guidelines (Salembier et al.  2007  ) . The urethra and 
rectal wall are critical organs and should also be de fi ned. In lateral directions, the 

  Fig. 6.3    Patient set-up in lithotomy position The patient is placed in the same position as during 
the preplanning with the legs in stirrups and the knees in about 90°. If the prostate is large the knees 
may be bent somewhat more to the nose       

  Fig. 6.4    Template with 
contour of the prostate in the 
middle of the template. The 
largest contour of the prostate 
is placed in the middle of the 
grid. In general the urethra 
will be in the  vertical D line , 
and the dorsal side of the 
prostate should be a few 
millimetres under row 1 to 
keep the rectal dose below 
the prescription dose       
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margin will be 5 mm, in ventral direction also, but in the dorsal direction, the margin 
in general is smaller to keep the rectal dose below the prescription dose of 144 Gy. 
It is advised to limit the urethral dose to 150 % of the prescription dose, while the 
rectal wall should be limited to 100 %. Due to the inverse-square law, there always 
will be an inhomogeneous dose distribution with high doses of more than 200 % 
mainly in the peripheral zone. Planning can also be done using a CT scan, but this 
is not popular in Europe.   

 The preplan will give a prostate volume and indicates the number of seeds that 
have to be ordered. In general more seeds are ordered than the required number. 
Preplanning has been performed for many years but has the disadvantage that the 
position of the patient on the operation table may be different from the initial TRUS. 
Therefore most centres nowadays will do the preplanning in the operation room, just 
before the actual procedure starts. It takes more operating time but is more accurate 
than preplanning several days or weeks earlier. Preplanning can also be combined 
with intraoperative planning, using the exact position of the needles inserted.  

    6.4.2   Pretreatment Measures 

 Patients should be reviewed by an anaesthetist some days before the implant. Either 
general or spinal/saddle block anaesthesia can be used. For centres beginning with 
prostate implants, it is advised to use general anaesthesia. Patients will have had 
instructions on their diet and medication to empty the lower digestive tract. A few 
hours before the procedure, an enema is given. Instructions must also be given on 
stopping of medication, such as anticoagulants. Some centres give an alpha blocker 
some weeks before the treatment to improve urine  fl ow. Antibiotics may also be 
given, either for several days orally before or as a bolus during the procedure. 

 Before the procedure starts, a  fi nal check will be done to be sure that all equip-
ment is present and working. This includes the support system (Fig.  6.5 ) with step-
ping unit, a template, the ultrasound system with stand-off for the probe, C-arm if 
available, planning system and disposables (Fig.  6.6 ) such as Foley catheter, bevel-
shaped implantation needles with stylet and locking needles (Fig.  6.7 ). The sup-
port system can be mounted on the operating table or can be a system placed on 
the ground. Locking needles (generally 2) are used for  fi xation of the prostate but 
are not used universally. The C-arm can be used during the procedure to check the 
needle position in relation to bladder or balloon of the catheter and afterwards for 
checking the total number of seeds in the prostate. New developments enable a 
C-arm to take CT slices through the prostate, and this can be used to check whether 
there are cold spots in the prostate with the option to add one or more seeds.      

    6.4.3   Implant Procedure 

 The actual implant procedure is carried out in a dedicated room for brachytherapy 
or in a general operating room. After the patient is anesthetised, he is placed in 
 lithotomy position with the legs in stirrups and the femur in a vertical position. 
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In case of a large prostate volume, hyperextending the legs will widen the pubic 
arch. A Foley catheter is introduced to drain the bladder and to visualise the urethra. 
Some centres use aerated gel (half lubricating gel, half air mixed in a syringe to pro-
duce small bubbles that are visible on TRUS) for better urethral visualisation. The 
scrotum is  fi xed away from the perineum and the perineal area is disinfected. 

 The next step is to introduce the probe in the rectum and  fi x it on the stepping 
unit, reproducing the position of the preplanning if done earlier. The template is 
then mounted on the cradle of the stepping unit and checked for alignment of the 
prostate in the centre of the template (D line and row 1, Fig.  6.4 ). If no preplan has 
been performed, a set of outlines is taken, using the stepper with 5 mm increments, 
and increasingly a 3D acquisition will be performed also. The data are transferred 
to the planning computer and a dose plan can be generated (Fig.  6.9 ).  

 Stabilising needles are inserted under TRUS vision to monitor their entry both in 
transaxial (as an ultrasound shadow) or sagittal (whole needle visible) positions 
(Fig.  6.8 ). The treatment needles can be inserted one by one and directly loaded, or 
all needles can be placed  fi rst and loaded afterwards. Preloaded needles are also 
available and may be preferred. Needle placing is guided by TRUS using the trans-
versal position and in the sagittal direction needles when they can often be better 
guided to the required position (Fig.  6.8 ). 

 If preloaded needles are not used, seeds are loaded after the needle is placed and 
checked for correct position. One can also insert all necessary needles  fi rst, fol-
lowed by a second 3D scan, and check the position of each individual needle with 
sagittal TRUS. This gives also the opportunity to make an intraoperative plan based 
on the actual position of the needles.  

  Fig. 6.5    Support system with stepping unit, template, ultrasound system and probe with 3D 
capability       
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    6.4.4   Implantation Devices 

 There are many vendors in the seed market. All of them are using the similar seeds, 
typically 4.5 mm length and 0.8 mm diameter. Seeds can be introduced with the 
Mick applicator (Best Industries, USA), a simple device with a cartridge of 10 or 15 
seeds, where with a stylet one seed can be pushed into the prostate (see Fig.  6.2 ). 

  Fig. 6.6    Table with disposables Foley catheter, lubricating gel, implantation needles with stylet, 
locking needles and disinfectants. The needles have a bevel-shaped tip, and therefore, the needle 
can be directed in the desired direction. With the tip up, it will go upwards, etc.       

  Fig. 6.7    Locking needles. These needles are used by many centres to  fi xate the prostate to the 
template. Some have a single hook, others three. Especially in combination with intraoperative 
planning, these needles are useful       
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Then, the device is retracted for 5, 10 or more millimetres and the next seed is 
placed, and so on. This is a fast system with  fl exibility in the placing of seeds to 
spare urethra or rectum wall. Seeds can also be stranded in a suture of polyglactin 
(a biodegradable material), typically with 10 seeds per strand (Fig.  6.10 ). During the 
procedure the strands can be cut into the required lengths (e.g. 3 or 4 seeds) 
(Fig.  6.11 ). There are so-called strand holders available to reduce radiation exposure 
and to facilitate the introduction of the strands into the needles (Fig.  6.12 ). The 
disadvantage of strands is that differential loading (placing seeds further or closer to 
each other to improve the dose distribution) is more dif fi cult, but their advantage is 
less chance of migration of seeds and straighter lines of seeds in the prostate. Bard 
offers the Quick link system to connect loose seeds and spacers to make strands 
with the advantage of differential loading within a strand (Fig.  6.13 ). Nucletron 

  Fig. 6.8    Contoured outline of the prostate in transversal and sagital direction. The  red  line is the pros-
tate contour using TRUS.  The  orange  line is the contour outlined with MRI. With MRI the neurovas-
cular bundle can also be depicted.  Yellow  is the outlined position of the urethra. Both the transversal and 
the sagital view should be used when placing the needles. Ultrasound systems may have a revolving 
probe to make 3D images of the prostate. This is used to optimize the position of the needles.          
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offers a complete system for remote afterloading of the seeds, the FIRST system 
(Fig.  6.14 ). Customers order a cartridge of the desired number of seeds (10 or mul-
tiples of 10 up till 120) and a standard cartridge of 100 spacers. The machine makes 
the desired con fi guration without any human support and brings the train of seeds 
and spacers into the prostate. The brachytherapist only has to connect the cable to 
the consecutive needles and, after inserting the train of seeds and spacers, retract the 
needle from the patient. The advantages of this system are no radiation exposure to 

  Fig. 6.10    Strand with 10 
seeds at 0.55 mm between 
active seeds. Typically the 
seeds are 4.5 mm length and 
0.8 mm in diameter. This 
means that when several 
spacers are used in a needle, 
the distance between the  fi rst 
and last seed will increase       

  Fig. 6.9    Dose planning 
More and more intraoperative 
planning is used to get a dose 
plan as accurate as possible. 
With the semi-3D planning, 
both the dose in transversal 
and in sagittal direction can 
be depicted       
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personnel, full  fl exibility in loading con fi guration and fewer personnel needed as 
there is no preparation of seeds.       

    6.4.5   End of Procedure 

 After the insertion of all seeds and removal of the needles, the procedure ends with 
 fl uoroscopy using a C-arm or CT-C-arm to count the number of seeds in the body of 
the patient (Fig.  6.15 ). Seed migration is rare and occasionally seeds may be exposed 
through the catheter. Migration can occur after 1 or more months up to 1 year; it is 
often to the lung, but seeds can also be found in pelvic lymph nodes and more often 
seeds may be passed in the urine. With loose seed techniques, more seeds are lost 
than with stranded seeds (Hinnen et al.  2010  ) .  

 Treatment can be undertaken as an outpatient procedure, or the patient can stay 
for one or two nights in the hospital. Before discharge from the hospital, it is checked 
that the patient can urinate and he will receive information on radiation safety and 
side effects that might occur.       

  Fig. 6.11    Preparing strand in desired pieces for loading into needle. From a strand seeds can be 
cut with a knife, or it can be broken       
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a

b

  Fig. 6.12    ( a ) Utrecht strand holders in a box with loading of similar number of seeds to be intro-
duced in the needles. The holder is placed on the hub of the needle and the composed train of seeds 
and spacers is pushed into the needle. At the desired position the needle is retracted over the obtu-
rator. ( b ) Needles are visible; a number of needles were already retracted, showing the piles of 
seeds deposited          
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  Fig. 6.13    Quick link system (Bard) With this system loose pieces of a strand can be connected at 
desired con fi guration to make a whole strand       

  Fig. 6.14    FIRST    system (Nucletron) The FIRST system with seedSelectron, seed cartridge, 
spacer cartridge, drive wire and compose element. This is the  fi rst afterloading system for the 
introduction of seeds. The desired composition of a train of seeds and spacers is composed by the 
computer, and the train is pushed into the prostate to position. Then, the needle is retracted till just 
outside the prostate and further retracted by the operator. Intra-operative dose planning in transver-
sal and sagital direction. Colored lines show the isodose lines,  purple  line is the 100 % isodose, 
 yellow  line is 150 % and  blue  is 200 %       
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          7.1   Introduction 

 High dose-rate (HDR) prostate brachytherapy is a transrectal ultrasound-guided 
transperineal procedure similar to the procedure used for low-dose rate seed 
brachytherapy, but instead of depositing low-dose-rate seeds, afterloading applica-
tors are placed in position to direct the high-dose-rate source once the implant is 
completed and dosimetric calculations have been approved. To achieve a good 
implant, three basic principles must be applied, meticulous technique, individual-
ised dosimetry and good quality assurance. Training both in the theory and in the 
practical aspects of high-dose-rate afterloading brachytherapy is essential together 
with a period of mentorship from an experienced centre.  

    7.2   Equipment 

 The transperineal technique is performed under anaesthesia. It is therefore impor-
tant to have access to an environment where this can be carried out safely with 
appropriate support. Many units will use general anaesthesia, whilst others prefer 
spinal anaesthesia for its more rapid recovery and the few systemic effects. Local 
anaesthetic procedures have also been described, and even where general or spinal 
anaesthesia is used, local in fi ltration of the perineum is of value in improving pain 
relief after implantation before treatment delivery.

   Transrectal ultrasound is essential for guidance of the applicators into the pros-• 
tate in an appropriate pattern. This should have transaxial and sagittal crystal 
arrays allowing imaging in both planes. Access to Doppler and elastography may 
also enhance the value of imaging for the implant procedure.  

    P.   Hoskin   
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  A stepper unit is required with a cradle for the ultrasound probe. This should • 
allow adjustment in all three planes for optimal positioning of the probe. It may 
be either  fl oor mounted or mounted on the couch according to preference and 
design.  
  A template mounted on the stepper and calibrated so that positions in the tem-• 
plate correspond precisely to those displayed on the ultrasound image will be 
required. The template design will vary, with a range of spacing from 3 to 10 mm 
to de fi ne applicator position. The mechanism for  fi xation of the catheter within 
the template to prevent movement once in position should be considered, and a 
means of  fi xation to the perineum typically by sutures in each corner may be 
required.  
  Applicators compatible with the HDR afterloader are available in different forms, • 
the two main types being either steel needles or  fl exible plastic tubing stiffened 
with a trocar for insertion. It is important that these are CT compatible producing 
as little artefact as possible, and if MR is to be used for imaging, then steel nee-
dles are clearly inappropriate, and MR-compatible metal will be required. The 
manufacturers all provide suitable applicator kits which will be chosen on per-
sonal preference.     

    7.3   Procedure 

 The procedure can be broken down into a number of individual steps as follows:
    1.    Patient setup  
    2.    Catheter insertion  
    3.    Catheter  fi xation  
    4.    Post-implant imaging  
    5.    Outlining and dosimetry  
    6.    Quality assurance  
    7.    Treatment delivery     

    7.3.1   Patient Setup 

 The initial setup of the patient is critical to achieving a good implant with adequate 
coverage of the planned clinical target volume (CTV). The patient will be placed in 
an extended lithotomy position and the transrectal ultrasound probe placed in posi-
tion to provide serial images of the prostate from base to apex, including seminal 
vesicles if these are to be included in the CTV. It is critical that the margins of the 
CTV are within the limits of the template positions, and in particular, the inferior 
border is on or above the lowest row of catheter positions. If this is not the case, then 
it will be impossible to achieve an adequate implant. The gland should be centra-
lised and urethra lined up along the central row of catheter positions, row D. 

 A urinary catheter will be passed to con fi rm the urethral position and enable uri-
nary drainage during the procedure. Sterile drapes will be placed over the surrounding 
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areas, leaving the perineum open. The skin is sterilised with appropriate preparation, 
and the scrotum held outside the implant area with drapes and tape. 

 Local anaesthetic may be in fi ltrated into the area to be implanted at this stage.  

    7.3.2   Catheter Insertion 

 Catheters are passed through the template into the adjacent perineal skin and into 
position in the prostate gland. This is performed whilst observing their passage on 
the transrectal ultrasound image to ensure their correct placement. The most com-
mon approach is to treat the entire prostate gland aiming for homogenous cover. 
This will be achieved by catheters placed at approximately 10 mm distance around 
the periphery of the gland, close to the capsule, allowing for a CTV expansion of 
3 mm to de fi ne the  fi nal PTV. Catheters on row D should be placed at the extreme 
periphery of the gland to avoid urethral damage. An inner row of applicators will 
also be required both to allow better dose control around the urethra and also to 
provide dose to the periphery of the apex as the gland tapers. These should, how-
ever, avoid row D to avoid the urethra as shown in Fig.  7.1 . If the seminal vesicles 
are to be treated, then these should be included in the most inferior row of applica-
tors as de fi ned at the initial setup. Occasionally the seminal vesicles will droop 
posteriorly and not be encompassed by the template positions. If this is the case, 
then freehand placement of additional catheters may be of value to reach more 
peripheral areas shown in Fig.  7.2 .   

 It is important during applicator insertion to scroll the ultrasound probe from 
base to apex and ensure that the position is appropriate for the entire length of the 
gland. The  fi nal and important part of applicator insertion is to de fi ne the  Z -axis 
 co-ordinate which should be beyond the prostate base and may encroach into the 

  Fig. 7.1    CT image of HDR 
implant at region of apex to 
show catheter distribution 
and role of  inner ring  of 
catheters avoiding urethra but 
providing dose to the apical 
segment [CTV in  red , urethra 
in  blue , rectum in  green ]       

 



106 P. Hoskin

bladder in order to ensure adequate dose is delivered to the base. Where the seminal 
vesicles are to be treated, these should also be included in the  Z -axis positioning, 
noting that they will often extend further cranially than the prostate base shown in 
Fig.  7.3 .   

    7.3.3   Catheter Fixation 

 Once the applicators are all in a satisfactory position, it is critical that they remain 
there until treatment has been delivered. If the patient is to remain under anaesthetic 
at the site of implantation for imaging and dosimetry, the problem is less than if the 
patient is to be moved to an imaging facility and afterloader elsewhere. Two main 
systems exist:

  Fig. 7.2    Transaxial image of 
HDR implant with catheters 
placed to treat seminal 
vesicles       

  Fig. 7.3    Sagittal ultrasound 
image to show catheters 
placed within seminal 
vesicles       
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    1.    The rigid template will have a  fi xation device so that the applicators are  fi xed in 
the template, unable to move through it, and the template is then sutured to the 
skin of the perineum. This is entirely adequate if the patient is not to be moved.  

    2.    An alternative form of skin device is to use a  fl exible template which reproduces 
the applicator positions on the ultrasound template and through which the applica-
tors will have been passed on their way to the skin. This is then adhered to the 
skin, and rubber ‘O’ rings will hold the applicators in position to prevent 
movement.      

    7.3.4   Post-implant Imaging 

 Once the implant is in place and secure, the next step is to undertake imaging which 
will be used for de fi nition of the CTV and subsequent dosimetry. This may use 
ultrasound, CT or MR, and image fusion may enable more than one modality to be 
used. Ultrasound is most appropriate when the patient is kept anaesthetised in the 
lithotomy position with the ultrasound probe in situ following implantation. 
A 3–5 mm volume study is then acquired on which the CTV can be de fi ned. 

 The alternative approach is for the patient to recover from the anaesthetic and be 
transferred to a CT or MRI scanner. Transaxial 3 mm slices will be taken through 
the CTV with the catheters in situ. The patient is usually imaged with their legs 
down rather than in the lithotomy position, and this will be the position for treat-
ment also. Similarly MRI can be used at this point and will provide better soft tissue 
de fi nition although reconstruction of the applicator positions may be more 
dif fi cult. 

 These images are then imported into the planning system for volume de fi nition.  

    7.3.5   Outlining and Dosimetry 

 Modern planning software enables the operator to de fi ne both the CTV and the 
organs at risk, using an appropriate drawing tool. Currently the GEC-ESTRO guide-
lines de fi ne three possible CTVs to be drawn:

   CTV 1 which is the entire gland with the margin at the prostate capsule and • 
including any extracapsular disease identi fi ed on imaging seminal vesicles where 
appropriate. This will be the volume that most HDR teams will use.  
  CTV 2, the peripheral zones.  • 
  CTV3, any identi fi able tumour re fl ecting a radiological gross tumour volume • 
(GTV).    
 In addition rectum and urethra should be outlined as a minimum to allow normal 

tissue constraints to be introduced to the planning procedure. 
 The planning target volume (PTV) is de fi ned with a 3 mm margin on the prostate 

capsule and any other microscopic tumour areas identi fi ed, constrained posteriorly 
to the rectum and superiorly to the bladder base. 



108 P. Hoskin

 Each applicator must be identi fi ed and tracked for its entire length to de fi ne the 
tip from which the  fi rst HDR dwell position will be related. Planning may be 
undertaken using manual techniques or dose optimisation or a combination of the 
two to achieve appropriate cover of the planning target volume achieving a D90 of 
at least 100 % and V100 greater than or equal to 95 %. Tolerance doses must also 
be de fi ned for the rectum and urethra which should take into account combined 
dose delivery from external beam and brachytherapy and individual dose per frac-
tion using an appropriate radiobiological correction and using D 

2CC
  as the primary 

parameter for the rectum and D 
10

  and D 
30

  for the urethra.  

    7.3.6   Quality Assurance 

 This covers all the processes involved in the brachytherapy procedure. There will 
therefore be important equipment quality assurance checks on the afterloader to 
ensure accurate source position and source activity, the imaging to ensure good cor-
relation between ultrasound template positions and actual positions, CT and MR 
machine QA and on the day of implant individual quality assurance of each applica-
tor to ensure patency and safety. 

 There are other important considerations for an HDR implant. Following implan-
tation, there will be haemorrhage and oedema causing displacement of the prostate 
gland and swelling of the perineal tissues. This will vary and may or may not have 
an impact on the application position relative to the prostate gland. This is however 
a critical parameter since the dosimetry will be de fi ned based on the position of each 
applicator tip and  fi rst dwell position. Where an ultrasound-based general anaes-
thetic technique is used, checking is relatively simple, since the ultrasound probe 
remains in situ and there is a short time from image capture to treatment. Simple 
checks on the position of the template to the perineum can be undertaken using a 
ruler or more complex scale. 

 When the patient is moved from the place of implant to CT or MR and then to 
the afterloader for treatment, there is more opportunity for applicator displacement, 
and a longer period typically ensues during which oedema may occur with displace-
ment of the prostate cranially. It has been shown that over an 18 h period, signi fi cant 
moves with a median of 11.5 mm cranial-caudal displacement will be seen having a 
fundamental impact on the dose delivered to the CTV if not corrected. Thus, repeated 
imaging is required prior to dose delivery in this situation to ensure that catheter tips 
are in a constant position in relation to the most cranial part of the PTV. If move-
ment is detected, then an adjustment to the  fi rst dwell position may be adequate 
correction, or there may be a case for reinsertion of an individual applicator to 
ensure it is suf fi ciently cranial in its extent. Signi fi cant movement has been identi fi ed 
over a 3-fraction treatment spanning 30 h. Correction of any changes, however, can 
enable the dosimetric parameters to accurately reproduce those of the initial plan 
and ensure adequate and effective dose delivery. 
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 As a general principle therefore, it is critical that any implant is imaged within a 
short time of the dose delivery, and certainly treatment should not be given any more 
than an hour or two after the most recent imaging veri fi cation.  

    7.3.7   Treatment Delivery 

 The treatment plan is transferred to the afterloader and the applicators connected 
using the appropriate source transit tubes. Again it is vital at this stage that careful 
quality assurance and double checking are used to connect the appropriate channel 
to its corresponding catheter since dosimetry will be critically dependent on this. 

 Following treatment delivery and disconnection of the source guide tubes, the 
implant can be removed. In most instances this will be a simple procedure, whether 
the patient remains under anaesthesia or not. At the same time, the urinary catheter 
is removed and the patient returns to a recovery environment.          
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          8.1   Introduction 

 Very similar to high-dose-rate (HDR) brachytherapy, pulsed-dose-rate (PDR) 
brachytherapy is delivered as an afterloading technique using a temporary implant. 
Several catheters or needles are implanted into the prostate according to a pretreat-
ment plan. PDR brachytherapy is given as a boost to external beam radiotherapy. 
Treatment usually last about 48 h. Because catheters/needles can move during treat-
ment, careful attention should be paid. Anchoring catheters in the prostate with 
specially designed anchoring catheters can be useful for this purpose. Because the 
treatment is delivered without the rectal ultrasound probe in, it is advisable to per-
form de fi nitive treatment planning on CT scan or MRI.  

    8.2   Pulsed-Dose Rate 

 For pulsed-dose-rate (PDR) brachytherapy, a single radioactive source is used for dose 
delivery, as is also the case with high-dose-rate (HDR) brachytherapy, but the source 
activity is approximately ten times weaker for PDR, in the range of 18.5–74 GBq. Both 
PDR and HDR brachytherapy are based on a single stepping source modality. This 
means that one source passes along all the needles or catheters for dose delivery, and 
by varying the dwell time per source position, optimization of the dose distribution can 
be obtained for both prostate coverage and limiting the dose to the organs and struc-
tures at risk. Another advantage of the stepping source modality is that treatment is 
given in fractions with an interval during which no radiation is delivered. For HDR this 
interval is at least 6 h, and for PDR the interval is between 1 and 3 h during which time 
medical personnel and relatives can visit patients without being exposed to radiation. 
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 Brachytherapy is delivered as either a sole treatment or as a boost to external 
beam radiotherapy. The experience of PDR brachytherapy for prostate cancer as 
sole treatment until now only has only been published as a meeting abstract (Geiger 
et al.  2008  ) ; however, there are several full paper publications on PDR as a boost 
(Lettmaier et al.  2012 ; Pieters et al.  2006,   2010,   2011  ) . 

 PDR differs from HDR mainly in the different time dose pattern of dose delivery. 
In PDR multiple low-dose pulses are given separated by 1–3 h, whereas with HDR 
fraction doses are high. With HDR few fractions are given, 1 or 2 a day, and some-
times separated by a week. There is no evidence that the difference in dose delivery 
will result in a different clinical outcome. It is hypothesized that the  a / b -ratio of pros-
tate cancer cells using the linear quadratic radiobiological model is about 1.5 Gy 
(Brenner and Hall  1999 ; Brenner et al.  2002 ; Fowler et al.  2001 ; Wang et al.  2003  ) . 
With a lower  a / b -ratio of tumor cells compared to surrounding organs at risk, a hypof-
ractionated treatment with HDR would be in advantage. For equal late complication 
risk, a higher radiobiological dose is expected with HDR hypofractionation compared 
to PDR hyperfractionation. A treatment planning model study of external beam radio-
therapy and brachytherapy boost has shown that if the same radiobiological dose is 
prescribed on the periphery of the prostate, for an  a / b -ratio of prostate cancer of 1.5 
Gy, only small volumes in the prostate are treated to a higher equivalent radiobiologi-
cal dose in case of HDR compared to PDR (Pieters et al.  2008  ) . HDR also achieves a 
physical dose reduction so that the equivalent radiobiological dose to the rectum and 
bladder will be less for HDR compared to PDR. However, these differences are small 
and critically dependent on the value of the  a / b -ratio for prostate cancer which is still 
a matter of debate. Several studies have suggested that the  a / b -ratio is in the order of 
2–4 Gy (van Kal and Gellekom  2003 ; Nahum et al.  2003 ; Valdagni et al.  2005  ) ; in 
which case, no difference will be expected between HDR and PDR.  

    8.3   Specialities of PDR Implantation Technique 

 Implantation for PDR prostate brachytherapy is performed like all modern prostate 
implantation under transrectal ultrasound guidance. Before placement of the needles in 
the prostate, it is advisable to undertake pretreatment planning to guide the positioning 
of needle placement. This should preferably be performed intraoperatively with the 
patient in the lithotomy position to reproduce the prostate position during the implanta-
tion itself. The prostate gland, rectum, and urethra are contoured. In case of intermedi-
ate- or high-risk disease, the base of the seminal vesicles is also contoured. A pretreatment 
plan can be constructed with adequate coverage of the prostate and if necessary the base 
of the seminal vesicles avoiding high dose to the rectum and urethra. 

 The number of needles to be used is dependent on the prostate volume. The 
larger the volume, the more needles are needed. At the Academic Medical Center in 
Amsterdam (AMC), the positioning of the needles is standardized. The distance 
between the needles is between 10 and 12 mm. Two planes of needles are planned 
between rectum and urethra to allow for optimization of dose distribution by taking 
into account the dose constraints for rectum and urethra (Fig.  8.1 ). The rest of the 
needles are placed at the lateral and ventral periphery of the prostate.   
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    8.4   Catheter Displacement 

 The major problem encountered while performing a temporary implant in the pros-
tate is the displacement of needles. Displacement up to 40 mm has been described 
(Damore et al.  2000 ; Galalae et al.  2002 ; Martinez et al.  2001 ; Mullokandov and 
Gejerman  2004  ) . Such large deviations will inevitably cause modi fi cations in the 
planned dose distribution. For this reason needle positions should be checked 
before each treatment fraction, if the same implant is used for several HDR treat-
ments. Needle-positioning checks can be performed with  fl uoroscopy and  fi ducial 
markers into the prostate or with a CT scan, but in the case of PDR, multiple pulses 
are given separated by 1–2 h, making the positioning checks an impracticable solu-
tion. Self-anchoring catheters are available for PDR brachytherapy to prevent 
movement during therapy. These self-anchoring catheters have an umbrella-like 
mechanism at the tip of the catheter that can be unfolded when introduced into the 
prostate. At  fi rst a 7F needle covered by a synthetic splitsheath is inserted in the 
desired position, guided by a template. In contrast to common templates (a block 
with multiple holes in it), this template has an arm that can be moved and placed in 
any desired position. The needle can easily be released from the moving arm 
through an opening (Fig.  8.2 ). After the needle is removed, the 6F self-anchoring 
catheter can be placed into the splitsheath which is removed afterwards, and the 
catheter is  fi xed into the prostate by unfolding the anchor (Fig.  8.3 ). When all cath-
eters are placed accordingly, the implantation is  fi nished. By preventing movement 
of catheters, alterations of  dose-volume parameters from the de fi nitive treatment 
plan are prevented (Pieters et al.  2006  ) .   

 The situation in which the patient is treated with PDR, which is in bed and with-
out an ultrasound probe in, is different from the situation during the pre-planning 

  Fig. 8.1    Dose distribution of 
a PDR brachytherapy 
prostate implant. Isodose 
lines from the outside to the 
inside are 80 % ( pink ), 100 % 
( blue ), 120 % ( yellow ), 
140 % ( green ), and 200 % 
( white ) of the reference dose       
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and implantation; in particular, the shape of the prostate and the position of the rec-
tum relative to the prostate can be different. Because of this, a de fi nitive treatment 
plan should be acquired after completion of the implant and removal of the rectal 
probe visualizing the de fi nitive position of the organs on a CT or MRI scan follow-
ing the implantation.  

    8.5   Dose Schedule 

 In the AMC, PDR prostate brachytherapy is given as a boost to external beam 
radiotherapy of 46 Gy in 2 Gy fractions to the prostate and base of the seminal 
vesicles. PDR dose escalation has been undertaken with schedules from 24 pulses 
of 1.04 Gy to 24 pulses of 1.2 Gy (Pieters et al.  2011  ) . The interval time between 

  Fig. 8.2    Open template with two moving arms. The arms can be moved in ventro-dorsal direction 
and in medio-lateral direction. The brachytherapy catheters can be released from the arm       

  Fig. 8.3     Brachytherapy 
catheter with unfolded 
anchoring tip       
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the start of two pulses is 2.0 h. The EQD2 for an  a / b -ratio of 3 Gy and T1/2 of 
1.5 h with this schedule is 78 Gy. The dose is prescribed to the periphery of the 
prostate, and consequently large areas of the prostate will receive a dose of 
approximately EQD2 100 Gy. 

 Dose constraints for organs at risk are D2cc of 70 Gy EQD2 for the rectum (0.97 
Gy/pulse) and maximal dose to the urethra of 140 %. 

 At the University Hospital Erlangen, an external beam dose of 50.4 Gy in 1.8 Gy 
fraction was followed by 50 hourly pulses of 0.7 Gy (35 Gy) PDR brachytherapy 
boost (Lettmaier et al.  2012  ) .  

    8.6   Patient Care 

 Patients are treated in bed and connected to the PDR afterloader treatment machine. 
To prevent bending of the catheters, a mattress with a cutaway between the legs can 
be used (Fig.  8.4 ). A special  fl uid diet and anti-diarrhea medication are prescribed. 

  Fig. 8.4    Patient attached to 
the treatment machine on a 
mattress with a cut-away 
between the legs       
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Urine is drained via a Foley-balloon catheter that was inserted at the time of 
implantation.  

 At termination of the treatment, the catheters are removed. The catheter anchor 
is unfolded before withdrawal. An opiate, e.g., fentanyl, is given before removal. 

 PDR brachytherapy for prostate cancer has proven to be feasible. To prevent 
catheter movement during a 2-day treatment, the use of anchoring catheters is essen-
tial. Because the treatment is given without a rectal ultrasound probe in situ, it is 
advisable to perform a de fi nitive treatment plan with CT or MRI scan.      
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 Prostate brachytherapy is a treatment that needs a dedicated, properly trained and 
coordinated team approach to achieve good clinical outcomes. A successful implant 
is one in which there is adequate coverage of the prostate gland whilst limiting the 
dose to the rectum, urethra and neurovascular structures. Many factors in fl uence 
these outcomes, including the skill of the operator, the expertise of the medical 
physicists and the support care from the entire team. Technical factors such as the 
optimisation of TRUS imaging and the quality of the radiotherapy planning soft-
ware will also impact on patient outcomes. The lessons learned from the retropubic 
era of prostate brachytherapy in the 1960s and 1970s when source placement was 
often less than ideal emphasised that implant quality can greatly affect treatment 
outcomes both in terms of treatment-associated morbidity and local control (Fuks 
et al.  1991  ) . Because patients differ in their pelvic anatomy, some implants are tech-
nically more dif fi cult than others. Hence, a variation in implant quality may occur, 
even for experienced teams. Post-implant assessment of implant quality should be 
an integral part of the overall treatment process (Salembier et al.  2007  ) . Every 
brachytherapy centre should have a well-designed, effective and adequately moni-
tored post-brachytherapy quality assurance programme that should review every 
aspect of the implant process including post-implant dosimetry. This should include 
an agreed pathway for post-implant imaging of the prostate in order to provide regu-
lar and quality data for dosimetric analysis. 

 In those early days of prostate brachytherapy, there was no useful imaging tech-
nique for evaluating prostate implant quality. Poor source distribution throughout 
the gland was often a combination of poor TRUS imaging during the procedure 
itself, suboptimal treatment planning and inexperience of the operator. Plain radio-
graphs of the pelvis were obtained after the procedure to provide a basic count of the 
number of implanted sources and in order to compute radiation dose distributions 
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around these sources even when there was no way of relating those calculated doses 
to the actual anatomy of the prostate since the gland itself was not imaged. 

 Computed tomography (CT)-based post-implant dosimetry became available in 
the 1980s and relied on CT images to depict source location in relation to prostate 
anatomy. This was a signi fi cant improvement over plain radiographs and provided 
the implant team with the  fi rst realistic data on implant quality. Developments in CT 
and also in MRI over the past two decades have further improved our knowledge of 
the requirements for and the importance of good implant technique. TRUS has been 
advocated as a technique for assessing prostate implants both interactively during 
the implant procedure itself and following completion of the implant. Various image 
fusion techniques have been described all attempting to combine the differing 
advantages of each individual imaging technology. Improvements in TRUS imaging 
technology and in computer-based dose planning have facilitated more reproduc-
ible, safer and better quality implants with consequent better outcomes. Post-implant 
dosimetry has allowed us to assess potential improvements in our implant tech-
niques and helped identify systematic errors in the procedure should they occur. 

 Post-implant dosimetry is by de fi nition performed after the procedure has 
 fi nished. The implant cannot be reversed and additional radiation either with further 
implanted sources or addition of external beam radiation is limited by the technical 
issues involved with matching doses and potential treatment-related toxicity. 
Fundamentally, the post-implant calculated dosimetry is a measure of the overall 
performance of the implant team. Such a multidisciplinary group of health profes-
sionals will all have some contribution to the outcome and it is important that a team 
approach is used when assessing results as well as performing the implant itself. 
Many different dosimetric indices have been used and studied: the purpose of this 
chapter is to look at the imaging techniques used and how these might be optimised 
to yield reliable and accurate post-implant dosimetry data. The ultimate aims of 
post-implant dosimetry are:

   To obtain information about dose parameters to the prostate  • 
  To assess dose to critical structures at risk  • 
  To correlate with toxicity and clinical outcomes  • 
  To compare results with other centres  • 
  To assess modi fi cations to existing implant techniques    • 
 Post-implant evaluation provides the foundation upon which we can compare 

results, identify problems with technique and evaluate technical improvements and 
changes to technique over time. In an age where there are competing treatments for 
early-stage prostate cancer and comparative outcomes are under close scrutiny, it is 
vital that each centre has a comprehensive programme for post-implant dosimetry 
assessment. Discussion of post-implant imaging should consider:

   What imaging techniques should be routinely used?  • 
  What is the optimal timing for post-implant dosimetry?  • 
  What are the limitations of each of these imaging techniques?  • 
  How can we use the results to improve subsequent implant quality?    • 
 The clinical results and interpretation of post-implant dosimetry are discussed 

elsewhere in this book. Poor prostate dosimetry merely re fl ects that an imaging 
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technique has identi fi ed a region of the prostate considered underdosed according to 
the treatment plan; different imaging techniques may identify different areas of 
underdosage and these underdosed areas may or may not actually contain prostate 
cancer. The measured dosimetry therefore will have varying degrees of clinical cor-
relation for an individual patient. To date, post-implant imaging has not concen-
trated on this aspect: dosimetric parameters are correlated to the whole of the gland 
and we have little data on whether or not the area(s) of cancer has been appropri-
ately treated or otherwise. Furthermore, dose calculation is usually based on a single 
imaging session, ignoring potential geometrical changes in the implanted prostate 
during the months of dose accumulation. 

    9.1   Identi fi cation of Implanted Sources on Imaging 

 The implanted sources have to be identi fi ed, registered and then correlated with 
prostate anatomy in order to calculate the various dosimetric parameters that are 
used to assess implant quality. Different imaging techniques achieve these require-
ments to a varying degree and this is a factor when interpreting any post-implant 
results. 

 The potential variation in the calculated dosimetry as a function of seed detection 
rates was investigated for iodine-125 implants with seed activities commonly used 
(Su et al.  2004,   2005  ) . A total of 108 ,000 complete sets of post-implant dose vol-
ume statistics were computer modelled. The results demonstrated that although the 
average D90 differed from the true value by less than 5 % when 70 % or more 
sources were identi fi ed, the D90 of an individual case could deviate by up to 13 %. 
The 95 % con fi dence interval of estimated D90 values differed by less than 5 % 
from the actual value when 95 % or more sources were detected. The authors con-
cluded that 95 % or more sources need to be con fi dently identi fi ed in order to pro-
vide an accurate estimation of dose parameters for contemporary iodine-125 
permanent prostate brachytherapy. 

 Source visibility on TRUS has been investigated (Al-Qaisieh et al.  2007  )  for dif-
ferent sources from different manufacturers. Such visibility may also potentially 
bias any form of TRUS-based post-implant dosimetry. The ultrasound signal inten-
sity detected by the TRUS probe may depend upon a number of factors. The surface 
preparation of each source will determine the level and direction of re fl ected ultra-
sound. The materials from which a source is constructed will also impact upon the 
proportion of ultrasound signal which is re fl ected and transmitted because of differ-
ent acoustic impedances. These authors concluded that until new developments in 
TRUS technology and implant source manufacturing allow more precise source 
segmentation on imaging, the use of TRUS alone for intraoperative source localisa-
tion could not be advocated. Interestingly, the CT greyscale beam pro fi les were 
similar for all sources and there were only minor variations in the MRI signal voids 
observed in this study. The detection rates for various CT-based algorithms have 
also been studied (Holupka et al.  2004  ) . Source visualisation on MRI is a factor to 
be considered when interpreting the data from MRI-based post-implant dosimetry 
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(Thomas et al.  2009 ; De Brabandere et al.  2006  ) . It should be remembered that each 
imaging technique has its own inherent limitations in the identi fi cation of implanted 
sources in the prostate based on the laws of physics and some of these will not be 
overcome by future improvements in imaging technology.  

    9.2   Plain Radiography 

 The earliest attempts at assessing implant quality relied simply on a radiograph of 
the pelvis to provide a source count for the records without any attempt at dosimet-
ric analysis. The orientation of the sources and any clustering could be recognised 
but little further useful information was available from plain radiographs alone. 
Unfortunately, however accurate this source count is, there is no anatomical correla-
tion with the soft tissue structure of the prostate and no useful information regarding 
dosimetry to the prostate possible. Developments such as automatic source recon-
struction from plain radiographs have been described by various authors over the 
years (Todor et al.  2002 ; Zhang et al.  2004  ) . In those early days of brachytherapy, 
most treatment-planning systems had the capacity to localise points and sources 
from a paired  fi lm set. Using this system to identify and localise a prostate implant 
with on average 100 sources was possible though hugely time-consuming and of 
very limited value without any anatomical reference to the prostate itself. Orthogonal 
couch  fi lms and gantry stereo-shift  fi lms can still be used but are far from satisfac-
tory. Various authors have proposed enhancements of the plain radiograph assess-
ment such as paired or multiple-projection  fi lm localisation as well as image fusion 
of plain radiographs with other imaging techniques such as TRUS, CT and MRI. 
The optimum use plain radiography in the post-brachytherapy setting lies with such 
fused data sets that can depict soft tissue as well as the implanted sources. Despite 
its limitations, plain radiographs still provide a basic source count following the 
implant and can be used for image registration and fusion when in conjunction with 
other imaging techniques.  

    9.3   Computed Tomography 

 The  fi rst published use of CT for post-implant dosimetry was in the early 1990s 
at Memorial Sloan–Kettering Cancer Center (Roy et al.  1993  ) . This was the  fi rst 
display of organ and dose distribution together for post-implant prostate dosim-
etry. Post-implant CT evaluation quickly achieved its intended purpose: to provide 
enough feedback to the implant team to allow them to modify or correct implant 
technique and furthermore to evolve acceptable planning dose constraints to the 
structures at risk in order to minimise toxicity. Sources and soft tissue structures are 
localised on the axial CT images and this information entered into the treatment-
planning systems in order to calculate dosimetric indices as required. By far, the 
majority of the post-implant imaging performed today is CT based and is widely 
recommended for routine post-brachytherapy dosimetry (Salembier et al.  2007 ; 
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   Nag  2000  ) . CT imaging is relatively inexpensive and the source locations are easily 
visualised (Fig.  9.1 ). CT however does have signi fi cant limitations in de fi nition of 
the prostate margins due to the inherent lack of contrast between adjacent soft tissue 
structures with this imaging technique. This lack of ability to visualise the prostate 
borders clearly, particularly in the oedematous gland, remains a signi fi cant problem 
for accuracy and reproducibility when using CT for post-implant dosimetry. Large 
uncertainties exist in the delineations of the prostate margins (Dubois et al.  1998 ; 
Al-Qaisieh  2002 ,  2003  ) . Resolution of different soft tissue structures of similar CT 
attenuation is a particular problem at the prostate base and apex (Fig.  9.2 ), and 
it is often impossible to be certain of where the boundaries of the gland should 
be drawn in these locations. There is a degree of subjectivity based on experience 
and perhaps some clinical bias. Small changes in the contoured prostate can have 
a signi fi cant impact on the measured prostate volume (Fig.  9.3 ) and this of course 
affects the calculated dosimetric indices. Choice of CT technique is important: scan 
parameters are usually chosen based upon the ability to best determine source locations. 

  Fig. 9.1    Axial post-implant 
CT showing sources 
peripherally located in 
prostate       

a b

  Fig. 9.2    Axial CT images at prostate base ( a ) and apex ( b ) showing poor identi fi cation of prostate 
margins       
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This involves a reduced  fi eld of view, usually about 15 cm, just large enough to 
encompass the meaningful dose regions and the critical structures that need to be 
contoured also. Slice spacing greater than 3 mm is not recommended (Nag et al. 
 2000  ) . The margins of the prostate remain poorly de fi ned, however, even with mod-
ern state-of-the-art helical CT scanners. There is no advantage in using intravenous 
contrast and the inherent limitations with CT imaging of the prostate have to be 
accepted. Accurate dose clouds can be constructed around the seed locations based 
on the volumetric CT data (Fig.  9.4 ), but errors in accurately de fi ning prostate mar-
gins still occur especially at the prostate base and apex. Initially, there is always a 
temptation to “draw around the sources” but this is inevitably  fl awed. It may yield 
good dosimetry results but may equally have no correlation with what has been 
adequately treated or otherwise.     

 Although post-implant CT-based dosimetry with determination of the dose deliv-
ered to 90 % of the prostate gland (D90) has become a standard tool for assessing 
implant quality for prostate brachytherapy (Potters et al.  2001  ) , the volume derived 
from the CT scan is generally different from the TRUS-derived volume (Smith 
et al.  2007  ) . The differences in prostate volume as measured with different imag-
ing techniques has been well documented and remains a confounding factor in the 
interpretation of post-implant dosimetry results. As TRUS is used for pre- or intra-
operative planning of the implant, the data from any post-implant CT-based dose 
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  Fig. 9.3    In fl uence of contoured prostate margin on prostate volume       
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distribution may well be based on a different measured volume and so the results of 
post-implant dosimetric analysis will be will be subject to this bias. CT generally 
overestimates the volume of the prostate compared with TRUS and therefore the 
percentage of the prostate covered by the prescribed dose will apparently be dif-
ferent from that planned with TRUS. Intra-observer and inter-observer variations 
in evaluation of the prostate gland on CT scans have also been investigated and 
well documented in different studies. Different observers can outline the prostate 
differently whilst keeping the total prostate volume constant. The D90 is therefore 
not only a function of dose distribution and prostate volume but is also a function of 
prostate shape and position relative to the source position. It is essential that some 
form of source location method (source sorting) based on nearest neighbours be 
employed because the sources may appear on more than one CT section. Software 
algorithms have been developed to locate sources, but the exact number of sources 
in the prostate at the time of dosimetry evaluation needs to be inputted into the 
system. Once the actual number of sources in the prostate is known, introduction of 
this number into the treatment-planning system allows localisation of the sources 
by the automatic source  fi nder software. Source position detection can then be per-
formed and each source delineated. Scatter around the sources can complicate this 
evaluation on CT, but the use of speci fi c  fi lters may decrease this scatter. Ultimately, 

  Fig. 9.4    Volumetric CT to show 3D source cloud       
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however,  post-implant dosimetry based on CT imaging alone is a subjective process 
(Crook et al.  2002  )  and will always be prone to systematic error, random error 
and bias. Newer CT developments for image guidance may have a role in pros-
tate brachytherapy in the future. Flat-panel cone-beam CT is a versatile volumetric 
image-guidance technique that is an emerging CT-based technique to improve intra-
operative imaging for brachytherapy (Siewerdsen et al.  2005 ; Jaffray et al.  2002  ) . 
This C-arm-based cone-beam CT system could be used to image and localise the 
prostate during the implant allowing intraoperative planning of source placement, 
providing real-time  fl uoroscopic monitoring during the source placement and pro-
viding cone-beam CT veri fi cation distribution. 

 Identifying and contouring the critical structures at risk on a CT scan may also pres-
ent dif fi culties and limit the accuracy of CT-based post-implant dosimetry. The urethra 
is best visualised on CT following catheterisation; not necessarily a problem if the post-
implant imaging is performed immediately following the procedure with the urinary 
catheter still in place, but at signi fi cant discomfort to the patient if performed at a later 
time and the patient has to be recatheterised just for the CT scan. In practice, this is not 
routinely performed and so the vast majority of post-implant CT scans have poor or 
absent visualisation of the urethra. CT de fi nition of the neurovascular structures is also 
poor making it very dif fi cult to correlate dosage to these structures with post-implant 
sexual dysfunction. The rectum has a varying appearance on CT scans and is depen-
dent on the degree of rectal  fi lling at the time of the CT examination. This may well be 
quite different to the appearances on the intraoperative TRUS, upon which the intraop-
erative dosimetry was planned, and therefore valid comparison is again dif fi cult. 
Indeed, the layers of the rectal wall are usually impossible to distinguish clearly on CT 
particularly if the rectum is empty at the time of the scan.  

    9.4   MRI 

 Magnetic resonance imaging has better soft tissue resolution and is acknowl-
edged as a better imaging technique for the prostate and periprostatic structures. 
MRI-based prostate contours correlate better with TRUS-based imaging, thus 
making it an attractive image technique for post-implant prostate dosimetry. 
MRI also provides superior delineation of the structures at risk. MRI improves 
de fi nition of the prostate apex (Fig.  9.5 ) decreasing overestimation of volume in 
this region of the implant, and it also improves delineation of the prostate base 
and helps differentiate the prostate itself from the bladder neck as these adjacent 
soft tissue structures look very similar on CT scans. Furthermore, at the prostate 
base, MRI may clearly show the true extent of any enlargement of the transition 
zone and median lobe into the bladder neck area (Fig.  9.6 ) and help differenti-
ate normal prostate from thickened bladder neck muscle. This is a particularly 
dif fi cult area on CT scans where it is not easy to differentiate normal prostate 
from bladder tissue. Despite its excellent soft tissue resolution, there are some 
unresolved issues with source localisation on MRI. Sources in vascularised areas 
or outside the prostate can be dif fi cult to identify if there is MR signal drop-off in 
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these areas. Sources essentially show as signal voids (Figs.  9.7  and  9.8 ) on MRI 
and may be confused with small areas of calci fi cation which show similar char-
acteristics on MRI scans. Dosimetry based upon MRI alone, therefore, may be 
inadequate due to this inability to reliably identify all sources. There are various 
suggestions in the literature as to the optimum sequences for MRI-based post-
implant dosimetry (McLaughlin et al.  2002  ) , but generally, a phased array pelvic 
coil is recommended (not an endorectal coil because of prostate distortion) and 
a combination of T1-weighted, T2-weighted and proton-density sequences are 
adequate. If the data is to be used for CT-MRI fusion (Fig.  9.9 ), then care needs 
to be taken to address the speci fi c registration requirements of the software being 
used for the image fusion such as  fi elds of view, slice thickness and slice spacing. 
Scans should preferably be 3 mm section thick with no intersection gap, have 
a 15 cm  fi eld of view and ideally be within 30 min of each other. This sequen-
tial timing of the scans is important to try to minimise changes in rectal  fi lling 
between scans and also to eliminate changes in oedema-dependent volume if the 
scans are acquired on different dates.       

a

c

b

  Fig. 9.5    Prostate apex as seen on TRUS ( a ) MRI ( b ) and CT ( c ) in the same patient       
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    9.5   TRUS 

 Prostate brachytherapy is based on TRUS imaging and techniques have evolved 
considerably since the original Seattle 2-step implant technique. Nearly all modern 
prostate LDR brachytherapy uses TRUS to plan the location of sources in the gland 

  Fig. 9.6    Axial MRI at 
bladder base with prominent 
median lobe distinguished 
from the low-signal bladder 
wall       

  Fig. 9.7    Axial MRI scan 
showing sources in prostate       
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with some variation on the pre- or intraoperative TRUS-based planning technique. It 
seems intuitive therefore to consider using TRUS also for post-implant assessment 
of the implant. Interactive implant techniques incorporate some form of TRUS-
based dosimetry to monitor and adapt the implant as it progresses. The major prob-
lem with regard to using TRUS for post-implant dosimetry, whether interactive or 
post-procedure, is the inability to accurately and reproducibly locate all implanted 
sources on TRUS imaging. De fi ning the prostate and marking source positions 
intraoperatively on TRUS are inevitably subjective with image quality deteriorating 
as the implant progresses because of prostate oedema and haemorrhage. Needle and 
source artefact may also hinder accurate source identi fi cation. Calci fi cation within 

  Fig. 9.8    Coronal MRI scan 
demonstrating linked sources 
in prostate       

  Fig. 9.9    Axial CT-MRI 
fused image       
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the gland can obscure detail on TRUS images and result in major dif fi culties with 
source identi fi cation. Needle location may be used as a reasonable surrogate but 
may not truly re fl ect  fi nal source location within the prostate (Fig.  9.10 ) as sources 
may alter position or orientation slightly after deposition in the gland. The dynamic 
intraoperative TRUS-based assessment of dosimetry may therefore be hindered by 
inaccurate recognition of actual source placement. Repeating the TRUS examina-
tion for post-implant dosimetry some time after the procedure is potentially uncom-
fortable and inconvenient for the patient and so in general the use of TRUS for 
post-implant imaging has been limited to immediate TRUS acquisition following 
the procedure while the patient is still anaesthetised. 3D TRUS can be used both 
intra- and perioperatively but the same issues remain regarding identi fi cation of all 
sources in the gland (Fig.  9.11 ).   

 There are additional confounding factors when comparing TRUS-based intraop-
erative dosimetry to post-implant CT-based dosimetry (Steggerda et al.  2007  ) . The 
intraoperative patient set-up is different: the patient is in a lithotomy as opposed to 
supine position; anaesthesia induces relaxation of pelvic musculature; and the gland 
is deformed by the TRUS probe. The TRUS images are generally segmented at 
5 mm as compared to 3 mm CT slices. Various researchers have tried to segment the 
sources from TRUS images by linking sources with spacers, using radiographs to 
initialise segmentation, using elastography, or segmenting them directly. Even when 
carefully hand segmented, up to 25 % of the sources may remain undetected on 
ultrasound (Paulo et al.  2010  ) . The underlying assumption has been that the coordi-
nates for all the sources are known allowing intraoperative dosimetric modi fi cation 
and constant updating of the dose plan on an individual basis. However, segmenta-
tion algorithms are only accurate in segmenting sources that are fully visible, 

  Fig. 9.10    Radiographs before and immediately after source insertion       
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leaving some other sources unidenti fi ed, due to overlapping or suboptimal ultra-
sound imaging. Thus the coordinates of unidenti fi ed sources will not be available, 
resulting in some degree of dosimetric uncertainty (Paulo et al.  2010  ) . This is an 
extremely important issue with clinical relevance and must be considered in any 
consideration of TRUS-based post-implant dosimetry.  

    9.6   Comparative Imaging and Fusion Imaging 
for Post-implant Dosimetry 

 Target delineation uncertainty will in general vary with patient, modality and 
observer (Remeijer et al.  1999  )  and the question is how to assimilate all the imaging 
data available. Different imaging of the prostate yields different contours (Smith 
et al.  2007  )  for the same prostate and it is clear therefore that these different imaging 
techniques (Fig.  9.12 ) can subsequently yield different measurements of implant 
quality for the same implant (Kalkner et al.  2006 ; Debois et al.  1999 ; Lee et al.  2002 ; 
Al-Qaisieh et al.  2002  ) . Each technique has advantages and various image fusion 
methods have been used for post-implant imaging to attempt to combine these vari-
ous advantages (Steggerda et al.  2006 ; Archer et al.  2010  ) . The basic premise is to 
co-register the image data from a technique in which the sources are clearly visible, 
such as CT or  fl uoroscopy, with another technique that demonstrates the soft tissue 
margins more clearly such as MRI or TRUS. The advantages are clear; the major 

  Fig. 9.11    3D TRUS post-implant       
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drawbacks are cost and potential inconvenience to the patient who is unlikely, on 
an individual basis, to gain any clinical bene fi t from more complicated post-implant 
dosimetry. Image registration and fusion is also time-consuming and needs dedi-
cated medical physics support. Furthermore, there are more fundamental issues that 
need to be considered when fusing pre-, intra- and postoperative image data sets. As 
already discussed, the intraoperative setting is different: the patient is in a lithotomy 
as opposed to supine position and registration of these different data sets can be very 
dif fi cult and often a compromise. Interpretation of results must therefore be viewed 

  Fig. 9.12    Different imaging yields different dosimetry       
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with some caution. The most widely used imaging for post-implant dosimetry, CT 
scanning, overestimates the true prostate volume by about 30 % (Zhanrong et al. 
 2007  ) . Both intra- and inter-observer variation can and should improve with experi-
ence, but the basic problem remains that CT-based dosimetry may not accurately 
re fl ect dosage to the prostate and structures at risk. Of all the potential fusion combi-
nations suggested and investigated for improving our assessment of implant quality, 
CT-MRI fusion is the commonest and most widely published (Tanaka et al.  2006a,   b ; 
Crook et al.  2004 ; Polo et al.  2004  ) . Different fusion software exists for combin-
ing the data sets and the fused images may then be used to calculate post-implant 
dosimetric indices. It has been advocated that CT-MRI fusion is a useful learning 
tool for prostate contouring and provides feedback to help improve performance 
and accuracy on CT delineation. This aspect of CT-MRI fusion for post-implant 
dosimetry alone is a valuable use of what is a time-consuming and often expensive 
process. If improvements in CT-based post-implant dosimetry in comparison to the 
CT-MRI fusion-based data can be made, then the CT-MRI fusion process might not 
need to be routinely performed in all patients. Selected implants could be chosen 
for CT-MRI fusion on a quality control basis at intervals. Acquiring and fusing two 
different image sets currently prohibits the use of image fusion on a routine basis, 
although recent software developments in CT-TRUS fusion may change this.   

    9.7   Effects of Timing on Post-implant Imaging 

 For low-dose rate brachytherapy, the dose is calculated by integrating the dose rate 
from the time of the implant to in fi nity, taking into account the natural decay of the 
sources. This assumes that the geometry of the implanted prostate and anatomy as 
determined at the time of the implant does not alter with time. However, the prostate 
swells during the implant procedure due to oedema and haemorrhage and this 
oedema will gradually resolve during the following weeks. Obviously, source loca-
tions and consequently the dose rate distribution will change during this time with 
changing volume and geometry, and there will be a dynamic distribution of mea-
sured dosimetry depending on the time as well as the technique of imaging. Various 
investigators have described the oedematous change in the prostate gland during 
and after the implant procedure and analysed the temporal post-implant resolution 
of this oedema (Reed et al.  2005 ; Dogan et al.  2002 ; Taussky et al.  2005 ; Moerland 
 1998 ; McNeely et al.  2004  ) . Oedema itself does not have any speci fi c appearances 
on imaging and generally only manifests as an increase in the overall observed vol-
ume of the gland and/or a change in the geometry of the gland. The timing of post-
implant image acquisition affects dosimetry as the prostate initially swells and later 
regresses back to its preimplant volume (Steggerda et al.  2007  ) . After prostate 
implantation, dosimetry is usually based on a single imaging session and has to 
assume no geometric change in the prostate during the time of dose accumulation. 
Dose cannot be assumed to have accumulated in a particular area of the prostate 
with certainty if the geometry of the prostate changes with respect to the planned 
location of those sources in the gland. In addition, it is also recognised that the 
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changes in prostate geometry may not be symmetrical and may even be different for 
different preimplant prostate volumes. It is dif fi cult therefore to be prescriptive in 
how to deal with the different data provided by different imaging at different time 
intervals after the implant. Craniocaudal shift of the implanted sources over time 
with respect to the prostate has also been recognised on imaging and is a further 
confounding factor. 

 Imaging performed immediately post-implant, also known as “day zero imag-
ing,” results in lower measured dosimetric indices than if the dosimetry is based on 
imaging performed at any time thereafter. Day zero imaging is still performed at 
many centres, the advantages being immediate feedback and convenience for the 
patient. At institutions where a catheter is placed during the imaging procedure in 
order to localise the urethra, day zero imaging, with the urinary catheter still in situ, 
should aid visualisation of the urethra and the dose distribution in the organ can be 
more accurately determined. 

 Several authors have suggested that the most representative time to image the 
patient is 2–3 weeks following the procedure. Previous work has shown (Taussky 
et al.  2005  )  only small changes in these parameters at day 8 and day 30 compared 
to the day of implantation using MRI-CT instead of TRUS-CT image fused data. If 
the CT scan is postponed to about 1 month after implantation, there is a reasonable 
assumption that there will be little further change in prostate volume afterwards. 
Although this might be based on clinical experience and intuition, it does not guar-
antee that the dose cumulated over time in the prostate and adjacent anatomical 
structures will be accurately estimated from the dose rate distribution based on 
imaging at this time. Nevertheless, consistency of the timing of post-implant imag-
ing is the key and it is recommended that each centre should adopt a uniform policy 
for when the imaging is to be performed.  

    9.8   Structures at Risk: Imaging for Post-implant Dosimetry 

 Analysis of implant-related morbidity is an important aspect of any quality assur-
ance programme for prostate brachytherapy. Whatever imaging is used, the major 
structures at risk from prostate LDR brachytherapy should be considered in any 
evaluation of post-implant imaging. These are the urethra, the rectum, the penile 
bulb and the neurovascular bundles. Morbidity related to brachytherapy can be cor-
related with the calculated doses to these structures but efforts to standardise critical 
structure dosimetry and reporting, although improving as outcome data matures and 
results are published, have been less success than in standard prostate gland dosim-
etry (Nag et al.  2002  ) . 

 Knowledge of the varied appearances of these critical structures on different 
imaging techniques is essential for accurate delineation. Correlation of urethral 
dosimetry with post-implant urethral obstructive and irritative symptoms may help 
clarify the aetiology of post-implant urinary toxicity and dose constraints to the 
urethra adjusted as necessary (Allen et al.  2005 ; Leclerc et al.  2006  ) . The urethra has 
a structure that is best seen on MRI scans and usually impossible to visualise on a 
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CT scan without a urinary catheter in position. It is adequately visualised on TRUS 
during the implant with placement of a urinary catheter or instillation of intraure-
thral gel. Traditionally, the urethra has arbitrarily been designated as a point source 
in the centre of the prostate (Fig.  9.13 ), but this can be far from representative. High 
calculated doses to the urethra would be expected to be associated with increased 
urinary toxicity. The estimated dose to the urethra increases with time as the prostate 
oedema settles and the sources contract towards the centre of the prostate where the 
urethra is located as was also reported by Waterman and Dicker  (  2000  ) . Segmental 
urethral dosimetry and stratifying associated toxicity into irritative and obstructive 
cases may improve our understanding of the underlying mechanisms associated 
with urethral toxicity. MRI allows improved de fi nition of segmental urethral anat-
omy including the bladder outlet, transition zone, lower sphincter and membranous 
and bulbar urethra. The urethra, for example, has several distinct regions de fi nable 
on MRI and dose to these regions can vary widely. The urethra can also potentially 
be distorted by the TRUS probe and assessment of its exact position within the 
gland may therefore vary from the post-implant CT or MRI images.   

 The most common rectal complication associated with LDR prostate brachyther-
apy is proctitis, usually resulting in rectal bleeding. Many authors have successfully 

  Fig. 9.13    Post-implant CT for dosimetry with arbitrary delineation of nonvisualised urethra       
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correlated rectal complications with the calculated post-implant doses to the rectum 
(Merrick et al.  1999 ; Han and Wallner  2001  ) . However, differences in the de fi nition 
of the rectal target volume have made valid comparison of results dif fi cult. The 
rectum may often have a very different appearance on different imaging techniques: 
compare the intraoperative TRUS to the post-implant CT or MRI scan (Fig.  9.14 ). 
Varying degrees of rectal  fi lling will clearly in fl uence the delineated volume and so 
affect the measured dosimetry. Inherent measured dosimetry for the rectum there-
fore exists between pre-plan and post-implant analyses, due to the different imaging 
techniques, timings and body positions used. The inner wall of the rectum is gener-
ally de fi ned on the post-implant imaging by the edge of the lumen, taking care to 
exclude any faeces (Snyder et al.  2001  ) . If the lumen cannot be identi fi ed, the inner 
wall was approximated based on diameter of the outer rectal wall and thickness of 
the rectal wall on consecutive sections. The serial changes in rectal measured dosim-
etry are now well recognised (Pinkawa et al.  2009  )  when trying to interpret dosim-
etry results with regard to rectal toxicity.  

 The multifactorial nature of sexual dysfunction makes it dif fi cult to precisely 
quantify the incidence of this aspect of brachytherapy-related toxicity following 
implant. Many authors have attempted to correlate doses to the erectile organs 

a b

  Fig. 9.14    Axial CT ( a ) and MRI ( b ) on same patient scanned consecutively showing different 
appearances of rectum       
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(penile bulb, neurovascular bundles) with sexual morbidity following brachyther-
apy. However, again we have the issues of delineation on imaging when considering 
results. The neurovascular bundles are not well de fi ned on CT scans and so often 
arbitrary point sources are chosen as surrogate markers in order to calculate dosim-
etry. As these locations are based on prostate margin delineation as seen on CT, a 
further magnitude of uncertainty is introduced into the calculations. The penile bulb 
may be the most signi fi cant organ in terms of sexual dysfunction post-brachyther-
apy and this structure is more readily de fi ned on TRUS and MRI but again is often 
misinterpreted on CT scans (Fig.  9.15 ). The penile bulb lies 1–2 cm inferior to the 
apex of the prostate gland. Work has been performed recently using MRI to localise 
the neurovascular bundles for prostate brachytherapy (McLaughlin et al.  2005  ) . 
Previous work has demonstrated a dose–volume effect for radiation dose to the 
penile bulb (Merrick et al.  2002  ) , but more studies are needed to be able to reliably 
de fi ne dose constraints for these structures.  

   Conclusion 
 Post-implant dosimetry provides the foundation for our current knowledge 
regarding implant quality. Clinical outcomes have been directly correlated with 
implant quality (Potters et al.  2003  ) . In general, multimodality imaging studies 
con fi rm that CT overestimates both the true volume of the prostate and the 
volume as compared with the measurements recorded on other imaging meth-
ods particularly TRUS imaging. Imaging technology continues to improve but 
fundamental limitations will always be present based on the inherent laws of 
imaging physics. Clinical bias, experience and the inherent limitations of the 

a b

  Fig. 9.15    Axial CT ( a ) and MRI ( b ) through penile bulb       
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imaging contribute to a range of uncertainties about the accuracy of any mea-
sured dosimetric indices. Radiation oncologists may be more concerned about 
unintentional inclusion of rectal tissue than over-inclusion of bladder base and 
tissue beyond the prostate apex, and variations will always exist in the contour-
ing of the prostate and structures at risk. Consistent results can, however, be 
achieved with training and experience (Al-Qaisieh et al.  2009  ) . A well-structured 
programme for post-implant dosimetry should be established within all cen-
tres. Without post-implant dosimetry, systematic errors can be overlooked and, 
as with any treatment for early-stage prostate cancer, suboptimal results may 
take many years to manifest. At present, there is no evidence that intraopera-
tive dosimetry can replace post-implant analysis and despite its acknowledged 
limitations, CT-based dosimetry alone has stood the test of time (Al-Qaisieh 
et al.  2009  ) . Analysis of post-implant dosimetry data should be team-based and 
it is helpful if team members are familiar with basic imaging concepts. More 
complex imaging using various image fusions have a role but are more likely to 
be of relevance in the evaluation of technique modi fi cations and developments 
rather than routine practice at present. The multifocality of prostate cancer and 
the in fl uence of the dominant tumour focus may need more detailed consider-
ation in the future, as new dosimetry paradigms seek to de fi ne sub-volumes of 
increased and reduced dose.      
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          10.1   Introduction 

 During the last 10 years, planning procedures for permanent seed implantation have 
evolved. Technical developments, like biplane ultrasound probes, stepping devices 
with positioning feedback or treatment planning systems with the potential for using 
real-time techniques, have given the user the ability to perform treatment planning 
in the operating theatre (OR) using permanently updated patient image data to 
obtain optimised results. The operator acquires feedback from the live images and 
can adjust the treatment plan accordingly. The main approaches to planning perma-
nent seed implants of the prostate are preplanning, intraoperative planning, interac-
tive planning and dynamic dose calculation. These four methods will be described 
in this chapter following a brief overview of planning technique. 

 Prior to clinical implementation, the treatment planning software (TPS) and the 
hardware equipment must be commissioned and tested. This should include inves-
tigation of the ultrasound probe, stepping unit and template grid prior to their  fi rst 
use. During commissioning of the TPS, all required data relating to the used source 
type(s), such as the base data for the planning algorithm, must be entered and 
checked by the medical physicists. Dose calculation results of the TPS should also 
be carefully checked against manual computations of a collection of representative 
dose points. It is recommended that the TG-43 formalism for the dose calculation of 
permanent seed implants be used (Rivard et al.  2004  ) . This formalism takes the 
orientation of the sources into account. However, in most cases, the orientation of 
the seeds in the patient is not exactly known; thus, the point-source approach can be 
used in these instances (Nath et al.  2009  ) . Improved imaging is necessary to deter-
mine the seeds’ orientation. 
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 Due to the fact that the half-life of the seeds (either I-125, Pd-103 or even Cs-131) 
is quite short, the sources are ordered from the vendor to be delivered with the 
required activity for the implant day. To determine the required number of sources 
to be ordered, nomograms are used which require an estimate of the prostate vol-
ume. In most cases, a few ‘extra’ seeds can be helpful to account for situations in 
which the prostate volume may change between the day of the volume determina-
tion and the day of the implant. 

 The prescription dose for an I-125 permanent seed implant is recommended by 
the GEC-ESTRO to be 145 Gy (Salambier et al.  2007  ) . The guidelines of the ABS 
allow a variation of between 140 and 160 Gy (Davis et al.  2012  ) . The clinical target 
volume (CTV) is the prostate gland capsule with a small margin and is then equal to 
the planning target volume (PTV). For T1 and T2 tumours, GEC-ESTRO guidelines 
recommend that the expansion from the capsule is a three-dimensional margin of 
3 mm to create the PTV (Salambier et al.  2007  ) , but this might be constrained at the 
bladder neck and rectal wall. For treatment planning, two organs at risk (OAR) have 
to be considered: the rectum and the urethra; see Fig.  10.1 . Although other organs 

  Fig. 10.1    Transrectal ultrasound in transversal view. Prescription dose is 145 Gy ( green isodose 
line ). Needle paths are indicated by  yellow circles , source positions by  purple  fi lled circles . The 
short  yellow lines  at the needle paths indicate the deviation of the needle path from the template 
coordinate position       
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such as the penile bulb and the neurovascular bundle will be irradiated, not enough 
data exists to suggest what the maximum tolerated doses are. In Table  10.1 , the dose 
criteria for the organs at risk and the target are listed according to the GEC-ESTRO 
recommendations. It should be noted that these parameters differ slightly from the 
ABS guidelines (Davis et al.  2012  ) . When the whole prostate gland is treated, the 
V100 for the prostate should be  » 100 % (Nath et al.  2009  ) .   

 For a given source strength, the geometry (i.e. the distribution) of the seeds in 
the target volume is the only parameter which effects the shape of the dose distri-
bution. The positioning of the sources in the treatment planning process must 
therefore be performed carefully. There is no clear consensus as to the optimal 
single source strength in seed implants. For I-125, it might vary between 0.4 U and 
0.8 U per seed (Davis et al.  2012  ) ; however, all seeds in an implant should have the 
same source strength, although techniques using cooler seeds centrally have also 
been described. 

 In principle the treatment planning procedure for single and stranded seeds is the 
same. When using stranded seeds with  fi xed distances between sources, these 
dimensions have to be con fi gured in the TPS. If strands with varying distances are 
in use and are assembled in the OR, treatment planning can be performed in the 
same manner as single seeds. Some centres prefer a combination of stranded and 
single seed implants (Langley et al.  2012 ). 

 The treatment planning and dose calculation of the seed implant can be per-
formed in different ways:
    1.    In  manual forward planning , the seeds are placed manually in the TPS until the 

constraints are reached. This can be time consuming as more than 80 seeds are 
often required. While determining seed positions, it should be considered that 
the dose distribution around a source is three-dimensional and viewing in planes 
other than transaxial can be advantageous. As any limitations of the imaging will 
have a direct impact on both the complexity and the quality of the plan, it is 
important to consider the volume in 3D and, therefore, it is extremely helpful if 
the medical physicist is present in the OR while the TRUS probe is set up and the 
images for planning are acquired. This allows modi fi cations to the setup to be 
made if required.  

    2.     Geometrical optimisation  uses geometrical information only. The seed positions 
are computed by the distances of the seeds. This form of optimisation is very fast 
but uses no dose information relating to the CTV or OARs. To save time, geo-
metrical optimisation can be used as a  fi rst step in the planning process which 
must then be followed by re fi nement using manual forward planning.  

   Table 10.1    Dose criteria 
for target volumes and 
organs at risk according 
to the GEC-ESTRO 
recommendations   

 Target volume 
  CTV  D90  ³  145 Gy, V100  ³  95%, V150  £  50% 
 Organs at risk 
  Rectum  D 

2cc
   £  145 Gy, D 

0.1cc
  < 200 Gy 

  Urethra  D10 < 150% (217.5 Gy), D30 < 130% 
(188.5 Gy) 



144 B. Al-Qaisieh

    3.     Inverse planning  uses a set of dose constraints linked with weightings. To 
design a set of dose constraints for the TPS, the dose values of the GEC-
ESTRO guidelines might be helpful as a starting point. These constraints can 
then be adapted until a ‘class solution’ is found which produces a clinically 
acceptable plan. Once established, the constraints and associated weightings 
can be stored in the TPS as a template. The preparation of such templates can 
be time consuming, because often a signi fi cant number of adjustments are 
required from the initial dose constraints speci fi ed in the recommendations. It 
should also be noted that different TPSs use different optimisation approaches 
and thus templates of dose constraints will not be universally suitable across 
all TPSs without adaption.     
 For the evaluation of a treatment plan, dose-volume histograms (DVHs) are used 

with those that display cumulative dose being the most common, an example of 
which is shown in Fig.  10.2 .  

 Once a clinically acceptable treatment plan has been produced, a report is gener-
ated which summarises the patient demographics, number of sources and needles, 
source activity, dose parameters and organ volumes in addition to a needle loading 
report. This important element of the report speci fi es the location of each individual 
seed within each needle including needle depths. An example of such a report is 
given in Fig.  10.3 .  
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  Fig. 10.2    Cumulative dose-volume histogram of a typical seed implant with 145 Gy prescription 
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 The following paragraphs explain different planning approaches such as preplan-
ning, intraoperative planning, interactive planning and dynamic dose calculation.  

    10.2   Preplanning 

 When following a preplanning protocol, a treatment plan is produced based on the 
imaging carried out during the volumetry analysis. Although in this case the predic-
tion of the number of seeds required will be more accurate than using a nomogram, 
this technique has many inherent inaccuracies and should be used with care. One of 
the main issues is related to reproducibility. On the day of the implant, both the 
patient and the TRUS probe must be set up in exactly the same position as when the 
volume study was initially acquired. Trying to achieve this can be extremely dif fi cult 
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  Fig. 10.3    In a needle loading report, the position of the sources within every implant needle and 
the needle depth is depicted. Moreover, it contains information about the template coordinate, 
number of sources per needle and if special loadings are existent. The latter are of importance 
when using stranded seeds with standardised seed-spacer sequences       
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and can lead to many problems (Polo et al.  2010  ) . Changes in either the prostate 
volume or shape may also occur between volume measurement and implantation 
adding a further complication. In situations such as these, changes to the treatment 
plan may be necessary in the OR.  

    10.3   Intraoperative Planning 

 During intraoperative planning, the treatment plan is created shortly before implan-
tation in the OR. After treatment planning, the seeds are implanted as computed by 
the TPS. Despite this technique using recent morphological image data, changes 
during the implant or needle deviations from intended positions cannot be consid-
ered in this planning procedure.  

    10.4   Interactive Planning 

 Interactive planning allows real-time updates to be made to the dose distribution 
displayed on the TPS to accommodate for changes in the prostate and to re fl ect 
deviations in the location of implanted seeds from their intended positions. Initially, 
the treatment plan is produced in the same way as previously described for intraop-
erative planning, with the difference in technique occurring during the actual implant 
procedure. As each needle is inserted, their position might deviate from the planned 
position in the template grid. By displaying the live image data on the TPS, this 
deviation in needle position and seed placement can simply be adjusted on screen. 
By recalculating the dose following each update in needle position, a more accurate 
representation of the dose within the patient can be displayed. It is also possible 
using this technique to modify the loading pattern of the needles by reassessing the 
treatment plan following the insertion of several needles and before actually depos-
iting the seeds within the patient. Final assessment of the delivered plan at the end 
of the implant may also highlight the need for additional needles.  

    10.5   Dynamic Dose Calculation 

 Dynamic dose calculation requires the position of every single seed to be known 
after implantation thus allowing the 3D dose matrix to be constantly updated (Todor 
et al.  2003  ) . Although this technique provides the most accurate representation of 
the delivered dose, its complexity means that it is not straightforward to implement 
clinically. Recent studies relating to dynamic dose calculation have been reported 
involving several different imaging modalities. TRUS has been used in combination 
with  fl uoroscopy (Su et al.  2007  ) . Sources were reconstructed by the  fl uoroscopy 
images and fused with matched seed images identi fi ed in the TRUS. Differences 
<0.2 % in D90 of the prostate between CT post-planning and TRUS- fl uoroscopic 
planning using this fusion technique were reported. Another approach has used a 
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C-arm cone-beam CT (Westendorp et al.  2007  ) . After TRUS-based seed implant in 
the OR, a C-arm cone-beam CT was acquired and the reconstructed seed positions 
registered with the seed locations of the TRUS data set. Poor coverage of the target 
could be eliminated by implanting further sources in the ‘cold’ areas of the gland. 
At the end of the procedure, a further C-arm cone-beam CT was obtained. A mean 
number of four ‘extra’ were seeds implanted in their study of ten patients due to this 
cone-beam technique. Dose parameters of the prostate could be increased from 
95 % to 100 % for D90 and from 83 % to 90 % for the V100.      
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          11.1   Introduction 

 In contrast to LDR techniques, HDR brachytherapy (BT) prostate techniques are 
less standardized, leading to a variety of planning techniques, dose prescriptions, 
and target volume concepts. The most common form of HDR BT for prostate is the 
use of HDR as a boost technique. In this case, the BT is delivered in combination 
with external beam in a dedicated, but not standardized, fractionation scheme 
(Kovács et al.  2005  ) . HDR as monotherapy is also possible but is still subject of 
ongoing clinical research (Martin et al.  2004 ; Kovács et al.  2005  ) . There are two 
common target volume concepts; the  fi rst involves using the prostate gland as a 
single CTV, with or without a margin, and the second uses two CTVs with CTV1 
de fi ned as the whole prostatic gland and CTV2 de fi ned as the peripheral zone 
(Galalae et al.  2002 ; Aebersold et al.  2004  ) . Prior to the start of treatment, maxi-
mum doses for organs at risk (urethra and rectum) must be de fi ned. The GEC-
ESTRO report recommends that urethral doses be kept below 10 Gy per fraction 
and rectal doses below 6 Gy per fraction (Kovács et al.  2005  ) . Table  11.1  lists a 
variety of dose prescriptions and target volume de fi nitions for HDR prostate boost 
techniques.  

 Although the scope of this chapter does not include a discussion of quality assur-
ance procedures, it should be noted that both the software and hardware equipment 
must be commissioned and tested on a regular basis, ensuring that national legisla-
tion is considered and adhered to. A good overview of quality assurance in 
brachytherapy is given in the GEC-ESTRO handbook  A Practical Guide to Quality 
Control of Brachytherapy Equipment  edited by Venselaar and Calatayud  (  2004  ) . 

 Similar to LDR treatment planning, several technical approaches exist for HDR 
prostate. With a preplanning method, a treatment plan is generated and implant 
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 needles are inserted “virtually” in the TPS. The 3D plan is generated using either 
 computed tomography (CT)-based images or transrectal ultrasound (TRUS) data sets. 
An important issue that must be considered is the possibility of organ shift or rotation 
and organ deformation during the implant process. In particular changes of the pros-
tate shape after insertion of implant needles should be adapted in the planning proce-
dure. In addition to US- and CT-based treatment planning, MRI-based planning is also 
possible; a study has been reported in the literature for a cohort of ten patients using 
MRI data in conjunction with inverse treatment planning (Citrin et al.  2005  ) . 

 The number of implant needles varies from patient to patient and is dependent on 
the technique employed; fewer needles are required, typically 8–12, for techniques 
where needles are implanted in the periphery of the prostate and more, typically 
10–15, when the aim is to encompass the whole prostate with the prescription dose 
(Kovács et al.  2005  ) . In contrast to LDR methods, there are two parameters avail-
able for optimization during the planning process: the dwell position and the dwell 
time, thus allowing a high  fl exibility in creating an optimal dose distribution. Despite 
this, the needle placement is still of great importance. If the applicators are not 
implanted in an appropriate geometry, this cannot be adjusted by varying the dwell 
times resulting in a suboptimal dose distribution. If on the other hand the needle 
positions are adequate, a very conformal dose distribution can be reached. For the 
preplanning technique, the patient must be set up on the day of the implant in the 
same way as when planned such that the planned needle geometry is reproduced as 
closely as possible. Alternatively, the treatment plan must be adapted to match the 
situation at the implant day.  

    11.2   Ultrasound Real-Time Planning 

 In ultrasound-based real-time planning, implant needles are implanted under ultra-
sound guidance (Kini et al. 1999  ) . Often the prostate is “ fi xed” by the  fi rst two nee-
dles placed on the right and left side of the gland. These needles are then followed 
by the anterior catheters. The reason for this is twofold:  fi rst, pubic arch interference 
can be detected earlier; second, the US image quality is not signi fi cantly reduced 
due to shadowing effects behind the already implanted needles. Using transverse 
and sagittal viewing planes, the needles can be inserted in the prostate gland. 
Transverse ultrasound images are acquired through the use of a stepping device 
which enables the ultrasound probe to be retracted from the rectum in equidistant 

   Table 11.1    Overview of target volume de fi nitions, fractionation, and prescription doses for HDR 
prostate boost techniques   

 Center  EBRT  # BT fx  Gy/fx  Target vol 

 Borghede et al.  Göteborg  50  2  10  Tumor volume 
 Dinges et al.  Berlin  45  2  10  Prostate capsule 
 Kovács et al.  Kiel  40/50  2  15  Peripheral zone 
 Martinez et al.  Royal Oak  45  3  5.5–10.5  Prostate capsule 
 Mate et al.  Seattle  50.4  4  3–4  Prostate capsule 

  Kovács et al.  (  2005  )   
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steps (e.g., 5 or 2.5 mm). These images form the basis for the 3D treatment planning 
process. Moreover, the implant needles can be reconstructed in real-time mode. In a 
phantom study, accuracies better than 1 mm for the needle tip de fi nition were found 
(Siebert et al.  2009  ) . After delineating the prostate gland, rectal wall, and the ure-
thra, the planning process can start. The impact of patient movement as well as 
anatomic alterations has been studied and an average needle displacement of 1 mm 
and of 0.57 mm of the prostate has been shown (Milickovic et al.  2011  ) . These dis-
placements were considered to result in acceptable dosimetric results. 

 In forward planning, the dwell times are manually adjusted until the result is 
satisfactory. Afterloading dwell positions are typically de fi ned in 5 mm steps for 
each catheter. There are different software tools available within the TPS which 
allow the user to easily change the dwell times of the dwell positions. An alternative 
is the use of dose-shaping tools whereby isodose lines can be dragged to the desired 
positions using the computer mouse and the dwell times are automatically calcu-
lated accordingly. The dwell times should always be manually inspected following 
the use of dose-shaping tools to avoid unwanted hot or cold spots. Figure  11.1  shows 

  Fig. 11.1    Screenshot of an ultrasound-based HDR real-time plan. A dose of 15 Gy ( green isodose 
line ) is prescribed to the periphery of the prostate gland. Upper right dwell times for the  fi rst two 
channels are shown. The  fi rst dwell position is at 130 cm       
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an example of a typical isodose distribution for an HDR prostate treatment plan 
using the prostate gland as CTV1 and the peripheral zone as CTV2.  

 Geometrical optimization uses a least square algorithm to compute dwell times 
of the dwell positioning. Although this is a very fast technique, it is only based on 
the distances of the dwell positions and thus the contours of the organs are not taken 
into account. As a result, this method requires further manual re fi nement by the user 
after calculation. 

 Maximum doses for organs at risk can also be implemented within a template 
for inverse planning. Similar to inverse LDR treatment planning, dose con-
straints and weighting factors must be de fi ned. Using this method, an adequate 
dose distribution can often be achieved; however, a manual inspection after the 
calculation process should be carried out as further manual optimization is often 
required.  

    11.3   CT-Based Treatment Planning 

 The treatment planning process is similar when using CT image sets. These typi-
cally consist of 5 mm CT slices (Hoskin et al.  2003  ) . There exist within the TPS 
several different options for needle reconstruction. In the TPS, implanted needles 
can be de fi ned either by one point, assuming a parallel needle geometry, by two 
points, or slice by slice. When these catheter reconstruction techniques were com-
pared, it was found that the straight or slice-by-slice reconstruction should be used 
for treatment planning due to the needles being often implanted nonparallel (Fung 
and Zaider  2000  ) . It should be mentioned that the effect of needle displacement is 
dependent on the type of needle used. Figure  11.2  shows an HDR prostate case 
planned on a CT dataset.  

  Fig. 11.2    On the left side, a transversal CT slice, on the right a sagittal CT view, both displaying 
implanted catheters. Fraction dose is 15 Gy as illustrated by the  red isodose line        
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 Catheter  fi xation is especially important for CT-based planning because the 
patient is moved from the CT suite to the treatment couch. Any movements of the 
needles must be avoided or minimized. Where changes do occur, it is important 
that these are taken into account. In one study, inter-fraction changes over 36 h 
were observed (Hoskin et al.  2003  ) . Without adaption of the actual catheter posi-
tion, the mean D90 of the prostate dropped from 99.5 % at the  fi rst fraction to 
63.4 % at the second fraction. With correction, a mean D90 of 96.4 % could be 
reached. Pieters et al.  (  2006  )  presented results obtained using self-anchoring and 
self-expanding catheters that can be  fi xed in the prostate for use in pulsed-dose rate 
(PDR) brachytherapy of the prostate. A mean displacement of 1.2 mm was reported 
during a 3-day treatment. 

 MRI will give better de fi nition of the prostate anatomy but catheter tracking may 
be less predice. In some centers, fused CT/MR images may be used for de fi nition of 
the CTV taking advantage of the better soft tissue imaging on CT while still using 
CT for the catheter tracking and dosimetry calculations.  

    11.4   Dose Calculation 

 For both TRUS- and CT-based HDR treatment planning approaches, the 
 state-of-the-art dose calculation method is the TG-43 formalism (Rivard et al. 
 2004  ) . This method allows fast calculation of dose distributions and is thus well 
suited for real-time planning techniques. However, it is commonly known that 
the TG-43 algorithm does not take into account tissue inhomogeneities and 
attenuation effects of the applicators themselves, and there is a low sensitivity 
for HDR catheters (Rivard et al.  2009  ) . This means that modern TPS algorithms 
which better model attenuation, shielding, and scattering, such as Monte-Carlo 
methods or model-based dose calculation algorithms, are not expected to lead to 
large changes in the absorbed dose for HDR brachytherapy of the prostate when 
compared to TG-43-based calculations. 

 As described previously, different planning approaches can be used to reach an 
adequate dose distribution. Different geometrical optimization methods with an 
inverse-planning simulated annealing (IPSA) algorithm have been compared 
(Lachange et al.  2002  ) . The study involved 34 HDR prostate boost patients with a 
dose of 18 or 19.5 Gy delivered in three fractions. It was found that the mean pros-
tate volume receiving 100 % of the prescription dose (V100) was 96.3 and 94.5 % 
(depending on the applied single dose) for the inverse algorithm (IPSA) and between 
92.1 and 88.8 % for different methods of geometrical optimization. 

 In a similar study with a cohort of 20 patients, two fractions of 9.5 Gy HDR boost 
were administered (Jacob et al.  2008  ) . The authors compared anatomy-based optimi-
zation (IPSA), geometric optimization, and dose point optimization. They found that 
anatomy-based optimization resulted in the best target coverage. The mean V100 of 
the prostate was 92.5 % for IPSA, 93.7 % for dose point optimization, and 84.2 % for 
geometric optimization. For the V125 of the urethra, they reported ranges of 0.01–
0.62 cm 3  for IPSA, 0.13–1.86 cm 3  for dose point optimization, and 0.00–1.26 cm 3  for 
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geometric optimization. Figure  11.3  illustrates the DVHs of an inverse-planned HDR 
prostate treatment plan.       
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          12.1   Introduction 

 Permanent prostate brachytherapy has become a well-established treatment option 
for localized prostate cancer (Stock et al.  1998 ; Beyer and Brachman  2000 ; Blasko 
et al.  2002 ; Battermann et al.  2004 ; Hinnen et al.  2009  ) . The techniques are gener-
ally based on the transperineal implantation technique guided by transrectal ultra-
sound imaging (Holm et al.  1983  ) . In the past decade, several innovations have been 
introduced like intraoperative planning, inverse planning, seeds in strand 
con fi gurations, an afterloader for automatic seed delivery, and various types of 
iodine seeds and strands (Nag et al.  2001,   2008 ; Anagnostopoulos et al.  2002 ; 
Kaplan et al.  2004 ; Van Gellekom et al.  2004 ; Rivard et al.  2005,   2007 ; Wei et al. 
 2005 ; Lessard et al.  2006 ; McLaughlin et al.  2006 ; Lin et al.  2007 ; Al-Qaisieh et al. 
 2007 ; Radford Evans et al.  2007 ; Zelefsky et al.  2007  ) . However, despite these inno-
vations, authors describe deviations between the actual and planned dose distribu-
tions due to errors in needle localization, errors in seed delivery, prostate deformation 
between needle insertion and retraction, individual edema resolution dynamics, and 
seed migration (Nag et al.  2008 ; McLaughlin et al.  2006 ; Waterman et al.  1998 ; 
Taschereau et al.  2000 ; Van Gellekom et al.  2002 ; Yue et al.  2002 ; McNeely et al. 
 2004 ; Lagerburg et al.  2005 ; Wang et al.  2006 ; Reed et al.  2007 ; Chen et al.  2008  ) . 
Therefore, the international organizations recommend postimplant dosimetry as a 
valuable tool in a permanent prostate brachytherapy program to control and assure 
the quality of the implants and to establish accurate dose–response relationships 
(Ash et al.  2000 ; Nag et al.  2001 ; Salembier et al.  2007  ) . This chapter describes the 
various aspects of postimplant dosimetry.  
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    12.2   Timing of Postimplant Dosimetry 

 Several authors have investigated postimplant prostate volume changes and how 
they in fl uence the dose that is actually administered to the prostate. In the short 
term, the prostate swells due to edema caused by piercing the prostate with needles 
(Moerland et al.  1997 ; Moerland  1998 ; Waterman et al.  1998  ) ; a long-term effect 
may be radiation-induced shrinkage of the prostate (Dale et al.  1994  ) . A study of 
serial CT scans on ten patients who received either I-125 or Pd-103 seed implants 
found that edema was present in all of the implanted prostates (Waterman et al. 
 1998  ) . The magnitude of the edema, de fi ned as the ratio of the post- to pre-implant 
volume, ranged from 1.33 to 1.96 (mean: 1.52). This resolved exponentially in time 
with an edema half-life which varied from 4 to 25 days (mean: 9.3 days). Willins 
and Wallner  (  1998  )  acquired pre- and postimplant CT scans from 11 patients and 
found that the prostate returned to the pre-implant size within 2 months of the pro-
cedure. Moerland et al.  (  1997  )  acquired serial MRI scans on 21 patients and found 
that postimplant prostate edema increased volume by 1.3 ± 0.2. Tanaka et al.  (  2007  )  
performed TRUS-based preplanning and CT/MRI fusion-based postimplant dosim-
etry on 74 patients. Prostatic edema was largest on day 1 postimplant (mean prostate 
volume 36 % larger than preplan volume) and thereafter decreased over time with 
mean prostate volume 9 % larger on day 30 postimplant. Crook et al.  (  2004  )  per-
formed TRUS-based preplanning and CT/MRI fusion-based postimplant dosimetry 
on 241 patients. In 12 % of patients, residual edema at 1 month was observed: mean 
pre-implant volume was 34.8 cc and 1-month volume was 46.1 cc. Steggerda et al. 
 (  2007  )  acquired combined TRUS-CT scans of 13 patients 1 day, 1 month, and 
3½ months after seed implantation and observed 7 % prostate volume increase at 
day 1 compared to pre-implant prostate volume. Prostate volume returned to base-
line value at 1 month postimplant. Sloboda et al.  (  2010  )  acquired MRI scans on days 
−1, 0, 14, and 28. The average relative volume was 1.18 ± 0.14 (one standard devia-
tion) on day 0 and resolved linearly in time to 0 % at 1 month. Prostate dimension 
changes due to edema were anisotropic, about 10 % in each of the anteroposterior 
and superior-inferior directions and about 0 % in the left-right direction. 

 Accurate estimation of a patient’s individual edema resolution dynamics would 
require multiple postimplant evaluations to calculate the cumulative dose to the 
prostate and the critical organs. For practical reasons, postimplant dosimetry is gen-
erally based on just one evaluation moment, and therefore, it is important to deter-
mine the optimal time of acquiring the images for postimplant dosimetry. 

 Before this time, when the implant is expanded due to swelling, an underestima-
tion of the dose to the prostate will be calculated and, after the optimal time, when 
the implant has shrunk again, the dose will be overestimated. If edema is ignored, 
the calculated physical total dose is not a good representation of the real dose in the 
prostate    (Yue et al.  1999a,   b ; Chen et al.  2000  ) . Several groups have performed 
simulation studies to determine the optimal timing of postimplant dosimetry on the 
basis of edema resolution dynamics as described above. Moerland  (  1998  )  calculated 
the effect of edema on the cumulative prostate dose and the effect of timing on the 
outcome of the implant quality assessment. Prostate edema was modelled as 
increased prostate volume at day 0 that resolves exponentially over time  postimplant. 
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For a typical prostate volume increase of 30 % with a half-life of 9 days, the cumu-
lative dose was found to be 2 % smaller than the dose of an ideal implant without 
edema. Errors in quality assessment were larger (underestimation up to 20 % at day 
0) depending upon the magnitude and half-life of prostate edema. The simulation 
study showed that the optimal timing is about 4 weeks after the implantation with 
errors generally smaller than 5 % for clinical ranges of prostate edema magnitudes 
and half-lives. Yue et al.  (  1999a,   b  )  developed a dynamic biomathematical model for 
the estimation of the optimum timing of a CT scan for dose evaluation of a perma-
nent implant. For different combinations of edema magnitude and half-life, which 
were based on the study of Waterman et al.  (  1998  ) , optimum time windows for 
postimplant dosimetry were identi fi ed for I-125 and Pd-103 implants. Errors were 
generally less than 5 % if dosimetry was performed 4–10 weeks after the implanta-
tion for an I-125 implant and 2–4 weeks for a Pd-103 implant. Steggerda et al. 
 (  2007  )  acquired combined TRUS-CT scans of 13 patients 1 day, 1 month, and 
3½ months after seed implantation and calculated geometry corrected dose distribu-
tions. Postimplant dosimetry based on the day 1 scan underestimated V150 of the 
prostate (18 ± 10 %) and V120 of the urethra (47 ± 32 %). The dose to the bladder 
wall (D2cc) was overestimated (31 ± 35 %). Dose parameters based on scans 
1 month or later after the implantation were within 5 % of the geometry corrected 
values. Whereas most authors regarded the physical dose to  fi nd the optimal timing 
for postimplant dosimetry, Van Gellekom et al.  (  2002  )  calculated the biologically 
effective dose (BED) for a range of radiobiologic and edema parameters and found 
that the optimal timing of BED evaluation for I-125 seed implants is 25 days after 
implantation. 

 In conclusion, measurement of the patient’s individual edema resolution dynam-
ics would require multiple postimplant evaluations for an accurate calculation of the 
cumulative dose to the prostate and the critical organs. For practical reasons, post-
implant dosimetry is generally based on just one evaluation. The optimal timing for 
I-125 implants is estimated to be around 1 month postimplant. This is also re fl ected 
in the ESTRO/EAU/EORTC recommendations on permanent seed implantation for 
localized prostate cancer (Ash et al.  2000 ; Salembier et al.  2007  ) .  

    12.3   Imaging for Postimplant Dosimetry 

 First attempts to perform postimplant dosimetry originate from the 1980s and were 
based on radiograph images (Amols and Rosen  1981 ; Altschuler et al.  1983 ; Biggs 
and Kelley  1983 ; Siddon and Chin  1985  ) . Although radiographs do not show the 
relationship with the prostate, these methods gave some idea of the implanted vol-
ume, the geometry of the implant, and the dose distribution. Seed localization rela-
tive to the prostate can be gained by US, CT, or MRI examinations (Moerland et al. 
 1997 ; Narayana et al.  1997 ; Willins and Wallner  1997 ; Vicini et al.  1999 ; Polo et al. 
 2004 ; Villeirs et al.  2005  ) . On US the seeds cause artifacts, which hamper evalua-
tion of the prostate and the seed distribution, especially in the ventral region of the 
prostate away from the US probe in the rectum. Since seed localization is cumber-
some on transrectal ultrasound (TRUS), several authors developed methods of 
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 registration of TRUS anatomy images with other imaging modalities like  fl uoroscopy, 
cone-beam CT, or CT (Westendorp et al.  2007 ; Fallavollita et al.  2010  ) . A CT-based 
method for postimplant dosimetry was described by Roy et al.  (  1993  ) . Seed posi-
tions and prostate contours were digitized on axial CT slices with 3 mm thickness 
and 3 mm scan spacing. Since then, various authors improved the technique by 
using thinner CT slices and automated seed localization (Brinkmann and Kline 
 1998 ; Bice et al.  1999 ; Holupka et al.  2004  ) . Although the soft tissue contrast of CT 
is poor, many postimplant dosimetry studies are based on CT as the imaging modal-
ity. The prostate at the base and the apex are especially dif fi cult to delineate (Dubois 
et al.  1998 ; McLaughlin et al.  2010  ) . In CT-based postimplant dosimetry studies, 
there is a risk that the presence of the seeds reduces prostate delineation to “circling 
the seeds” resulting in overestimation of the prostate dose especially at the base 
of the prostate, which is more dif fi cult to cover with seeds (McLaughlin et al.  2006 ; 
Moerland et al.  2009  ) . MRI has excellent soft tissue contrast and several authors 
indicate that MRI is superior in de fi ning the prostate and the periprostatic area 
(Villeirs et al.  2005  ) . Therefore, MRI should be the imaging modality of choice for 
accurate postimplant dosimetry (Salembier et al.  2007  ) . MRI for postimplant dosim-
etry is mostly registered with CT for seed localization (Polo et al.  2004 ; Moerland 
et al.  2009  ) , although methods to identify seeds on MRI also have been investigated 
(Dubois et al.  1997  ) . 

 In the following, the postimplant dosimetry technique at the University Medical 
Center Utrecht is described. MRI/CT-based postimplant dosimetry was imple-
mented as a routine part of our prostate brachytherapy program since the end of 
2003. Postimplant dosimetry is performed 4 weeks after the implantation procedure 
to get on average the best estimate of cumulative dose in the prostate taking into 
account prostate edema resolution dynamics (Moerland  1998 ; Waterman et al.  1998 ; 
Yue et al.  1999a,   b ; Van Gellekom et al.  2002  ) . CT images are used for accurate seed 
localization and MR images for accurate prostate delineation (see Fig.  12.1 ). The 
MR images are acquired with a 1.5 T or 3 T MR scanner (Philips Medical Systems, 
the Netherlands) and the protocol consists of T1-weighted axial spin-echo (SE) 
images (1 × 1 × 4 mm 3  resolution), T2-weighted axial turbo spin-echo (TSE) images 
(1 × 1 × 4 mm 3  resolution), and a balanced steady-state free precession (bSSFP) 3D 
acquisition (0.7 × 0.7 × 1 mm 3  resolution). Prostate and other structures are delin-
eated on the T2-weighted images, whereas the 3D bSSFP images are used for reg-
istration with the CT images. The CT datasets are acquired with 120 kV and 80 mA, 
spiral scanning, matrix = 512 2 ,  fi eld of view (FOV) up to 30 cm, slice thickness 
1 mm (was 3 mm up to 2011), and no gap (Philips Medical Systems, the Netherlands). 
The postimplant number of seeds was counted on plain radiography images until 
2011, and since then directly on the maximum intensity projection (MIP) images 
which are reconstructed from the CT images with 1 mm slice thickness. MR and CT 
datasets are imported in the Sonographic Planning of Oncology Treatment (SPOT) 
system (Nucletron, the Netherlands). Seed locations are automatically detected in 
the CT images using the automatic seed  fi nder module of the SPOT system. 
Registration between CT-based seed localizations and MRI-based prostate delinea-
tion is done with the SPOT image module for manual fusion of the high-intensity 
seed signals on CT and the seed signal voids on MRI. The seeds are clearly visible 
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as signal voids on the 3D bSSFP images and as small voids on the T2-weighted 
images, and therefore do not hamper delineation. The postimplant dose distribu-
tions are calculated according to equation 11 of the general 1D formalism of the 
AAPM TG 43 update report and taking into account strength and characteristics of 
the seed type (Rivard et al.  2004  ) .   

    12.4   Reporting of Postimplant Dosimetry 

 Several organizations have published recommendations on reporting in permanent 
prostate brachytherapy (Ash et al.  2000 ; Nag et al.  2000 ; Salembier et al.  2007  ) . In 
2000, ESTRO/EAU/EORTC recommended the following indices for all patients:

Contouring

3D bSSFP

T2 TSE
transversal

Fusion of 3D bSSFP and CT

Copy contours to CT

Find seeds on CT

Calculate dose distribution

  Fig. 12.1    Flow map of 
postimplant dosimetry at the 
University Medical Center 
Utrecht. Step 1: contouring on 
T2-weighted TSE and 3D bSSFP 
images; step 2: fusion of 3D 
bSSFP and CT images; step 3: 
copy the contours to CT; step 4: 
 fi nd the seeds on CT; step 5: 
calculate the dose distribution       
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    1.    The volume implanted  
    2.    The number of seeds  
    3.    The number of needles used  
    4.    The total activity implanted  
    5.    The prescribed dose  
    6.    The D90, that is, the dose that covers 90 % of the prostate volume as de fi ned 

from postimplant imaging  
    7.    The V100, that is, the percentage of the prostate volume that has received the 

prescribed dose  
    8.    V150, the volume that has received 50 % more than the prescribed dose     

 According to ESTRO/EAU/EORTC, at that time there was insuf fi cient informa-
tion to recommend dose and volume indices for rectum and urethra. In the same 
year, the American Brachytherapy Society (ABS) recommended that the following 
has to be reported to allow adequate evaluation of postimplant dosimetry and to 
allow correlation with clinical outcome:
    1.    The values of D100, D90, and D80 (the dose that covers 100, 90, and 80 % of the 

prostate, respectively)  
    2.    The values of V200, V150, V100, V90, and V80 (the fractional volume of the pros-

tate that receives 200, 150, 100, 90, and 80 % of the prescribed dose, respectively)  
    3.    The total volume of the prostate (in cc) obtained from postimplant dosimetry  
    4.    The number of days between implantation and the date of the imaging study used 

for dosimetric reconstruction  
    5.    The urethral and rectal doses     

 Salembier et al.  (  2007  )  supplemented the ESTRO/EAU/EORTC recommenda-
tions to develop consistency in target and volume de fi nition for permanent seed 
prostate brachytherapy and to de fi ne two categories of dose parameters, the pri-
mary and the secondary parameters. They de fi ned the CTV-P (clinical target vol-
ume-prostate) as the postimplant contour of the prostatic gland de fi ned by the 
capsule on radiological examination and the CTV-PM (clinical target volume- 
prostate margin) as the postimplant contour of the prostatic gland de fi ned by the 
capsule with a three-dimensional expansion of 3 mm. The primary parameters – 
D90, V100, and V150 – should always be reported for both CTV-P and CTV-PM. 
Secondary parameters – V200, D100, natural dose rate (NDR), homogeneity index 
(HI), and conformal index (CI) – may also be reported although their value in rela-
tion to outcome is not proven and should be a focus for further research. Concerning 
organs at risk, D2cc for the rectum and D10 for the urethra are the primary 
 parameters. Secondary parameters, D0.1cc and V100 for rectum and D0.1cc, D30, 
and D5 for urethra, may also be reported. No parameters can be given at present 
regarding penile bulb and neurovascular bundles. Further details regarding con-
touring of prostate, urethra, and rectum can be found in Salembier et al.  (  2007  ) .  

    12.5   Outcomes of Postimplant Dosimetry 

 As mentioned in the introduction of this chapter, several authors have described 
deviations between the realized and planned dose distributions due to errors in 
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 needle localization, errors in seed delivery, prostate deformation between needle 
insertion and retraction, individual edema resolution dynamics, and seed migration 
(Waterman et al.  1998 ; Taschereau et al.  2000 ; Van Gellekom et al.  2002 ; Yue et al. 
 2002 ; McNeely et al.  2004 ; Lagerburg et al.  2005 ; McLaughlin et al.  2006 ; Wang 
et al.  2006 ; Reed et al.  2007 ; Chen et al.  2008 ; Nag et al.  2008  ) . Therefore, the 
international organizations recommend postimplant dosimetry as a valuable tool in 
a permanent prostate brachytherapy program to control and assure implant quality 
and to establish accurate dose–response relationships (Ash et al.  2000 ; Nag et al. 
 2001 ; Salembier et al.  2007  ) . 

 Al-Qaisieh et al.  (  2009  )  showed in a study on 445 patients a strong correlation 
between transrectal US-based pre-implant and CT-based postimplant dosimetry, but 
the planned D90 was not achieved. The mean (±standard deviation) planned D90 
was 183.4 (±12.1) Gy, while the D90 that was achieved was 145.5 (±20.4) Gy. 
A postimplant D90 of 145 Gy seems suf fi cient for biochemical control (Stock et al. 
 1998 ; Potters et al.  2001 ; Hinnen et al.  2009  )  and could be achieved by aiming for a 
D90 of around 180 Gy in the preplan. However, they also caution for excessive 
toxicities if a D90 of 180 Gy is actually achieved. 

 Intraoperative planning is expected to be more predictive than preplanning. Stone 
et al.  (  2003  )  applied intraoperative TRUS-based planning and demonstrated a dif-
ference in D90 of only 3.4 % with postimplant CT-based dosimetry in a study on 77 
patients. The mean dose to 30 % of the urethra was 120 % of prescription in the 
intraoperative plan and 138 % on CT-based dosimetry. 

 Nag et al.  (  2008  )  reported on 82 implants in which the dosimetry was updated 
intraoperatively and CT-based dosimetry was performed a few hours later. They 
found mean relative differences of 16 and 10 % between intraoperative and postim-
plant D90 and V100 values and concluded that intraoperative US-based planning 
provides valuable real-time information, but postimplant dosimetry should remain 
the standard of care until studies have determined whether intraoperative or postim-
plant dosimetry better predicts patient outcomes. 

 Literature on intraoperative planning is ambiguous regarding predictive value and 
ability to make postimplant dosimetry super fl uous. Moerland et al.  (  2009  )  evaluated 
389 patients implanted in the period 2005–2007 by analysis of intraoperative plans 
(based on US scan after needle insertion) and 4-week MRI-based postplans. 
Intraoperative prostate dose parameters (mean ± standard deviation) amounted to 
D90 = 183 ± 13 Gy, VT100 = 98 ± 2 %, VT150 = 71 ± 8 %, and VT200 = 30 ± 7 %. 
Postimplant prostate dose parameters amounted to D90 = 161 ± 30 Gy, VT100 = 93 ± 7 %, 
VT150 = 70 ± 12 %, and VT200 = 38 ± 12 %. Figure  12.2  shows that the D90 values as 
derived from CT/MRI-based postimplant dosimetry ranged from 51 to 241 Gy. The 
challenge of prostate brachytherapy is to achieve adequate dose coverage for each 
individual patient. The mean of realized D90 values should be as close to the planned 
mean D90, and the standard deviation of the distribution of postimplant D90 values 
should be as narrow as possible. Postimplant dosimetry is a tool to  fi nd error sources 
in seed placement and to explain discrepancies between postimplant and intraopera-
tive prostate dose distributions. We found higher postimplant D90 values for loose 
seed implants compared to stranded seed implants. However, the literature comparing 
loose seed and stranded seed implants is ambiguous regarding postimplant dosimetry 
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results. Fagundes et al.  (  2004  )  concluded from a retrospective study of 473 patients 
that D90 values were superior in stranded seed patients compared to loose seed 
patients, and in a study of 80 patients subsequently treated with loose seeds and suture 
embedded seeds, Lin et al.  (  2007  )  reported that D90 improved from 143 to 155 Gy. 
Van Gellekom et al.  (  2004  )  analyzed nine patients who received a loose seed implant 
in the right half and a stranded seed implant in the left half of the prostate and found 
higher D90 values in the loose seeds part compared to the stranded seeds part (130 ± 21 
vs. 110 ± 21 Gy).  

 Discussions on the use of loose seeds vs. stranded seeds are ongoing. It is hypoth-
esized that strands if placed partially inferior to the prostate apex anchor in the sur-
rounding tissue and are redrawn from the prostate after implantation, e.g., when the 
prostate is released from the locking needles or afterwards by muscle contractions 
(Moerland et al.  2009  ) . This phenomenon is not likely to occur if loose seeds have 
been implanted. Similar  fi ndings were reported by McLaughlin et al.  (  2006  )  who 
observed in 11 of 28 patients that a shift of stranded seeds vs. prostate had a greater 
impact on  fi nal dosimetry than did prostate swelling. They adapted the technique to 
avoid placement of stranded seeds inferior to the prostate apex, which is a nice 
example how postimplant dosimetry is used to improve implant program quality. 

 Acher et al.  (  2010  )  analyzed the implants of 49 patients and found that the mean 
D90 difference between intraoperative and 4 weeks postoperative assessments 
ranged from 11 Gy to 20 Gy for 2 observers and depending on postoperative imag-
ing (CT, CT/MR fusion, or combined X-ray and MR) with wide 95 % con fi dence 
limits. The worst agreement was for the CT estimations (95 % limits −34 to 63 Gy) 
of observer 2. The study by Acher et al. implied that the intraoperative dose assess-
ment D90 of 170 Gy overestimated the postoperative D90 outcome in the order of 
11–20 Gy and was only accurate enough to predict a postoperative D90 between 
110 and 200 Gy. Again, the challenge of prostate brachytherapy is to achieve 
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  Fig. 12.2    Intraoperative and postimplant D90 values of 389 permanent prostate implants at the 
University Medical Center Utrecht in the period 2005–2007. The  red vertical lines  indicate the 
prescription dose of 145 Gy       
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 adequate dose coverage for each individual patient. Igidbashian et al.  (  2008  )  ana-
lyzed 127 patients who underwent prostate permanent seed brachytherapy using 
intraoperative planning. Implant quality was evaluated on CT at 28 days postim-
plant. 72.4 % of patients had a V100 ³  and 74.8 % had a D90  ³  140 Gy. From analy-
sis of area under the receiver operating characteristics for different models, they 
concluded that intraoperative TRUS-based dosimetry was not accurate enough to 
predict for postimplant CT-based dosimetry. 

 Results of comparisons between intraoperative and postimplant dosimetry should 
be interpreted with caution for a number of reasons. First, there may be errors in 
seed localization in both intraoperative US and postimplant CT or MRI (Dubois 
et al.  2001 ; Al-Qaisieh et al.  2007 ; Siebert et al.  2007 ; Ishiyama et al.  2008  ) . Second, 
there may be errors in delineation of prostate and organs at risk on both intraopera-
tive US and postimplant CT or MRI (Narayana et al.  1997 ; Dubois et al.  1998 ; 
Al-Qaisieh et al.  2002 ; Crook et al.  2002 ; Polo et al.  2004 ; Acher et al.  2008 ; Maletz 
et al.  2012  ) . Third, the patient’s individual edema resolution dynamics would require 
multiple postimplant evaluation moments for an accurate calculation of the cumula-
tive dose to the prostate and the critical organs (see Sect.   13.2    ). 

 Nevertheless, postimplant dosimetry remains the standard of care in permanent 
prostate brachytherapy, preferably based on MRI acquired 4 weeks postimplant.      
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          13.1   Introduction 

 In radiation oncology, it is intuitive that higher doses of radiation could result in an 
increase in cell kill and consequently in higher relapse-free survival rates with 
higher overall survival rates. Unfortunately, it is not always the case: the doses nec-
essary to locally eradicate some tumors are sometimes not compatible with the tol-
erance of some particularly radiosensitive surrounding tissues; in other cases, the 
prognosis is essentially linked to distant metastases, so that an improved local con-
trol will not actually improve overall survival. 

 When it comes to prostate cancer, recent data have however strongly sug-
gested that there is a dose–response relationship with external beam radiation 
therapy (EBRT). The last update of the MD Anderson Cancer Center randomized 
trial of dose escalation documented an improvement in freedom from biochemi-
cal failure when increasing dose: 78 % for the 78 Gy arm versus only 59 % for 
the 70 Gy arm ( p  = 0.004) (Kuban et al.  2008  ) . In the last update of the Boston 
trial comparing a conventional dose of 70.2 Gy delivered with photons, and an 
escalated dose of 79.2 Gy delivered by a combination of photons and protons, 
men receiving high-dose radiation therapy were signi fi cantly less likely to have 
local failures, with a hazard ratio of 0.57. In this study, the 10-year American 
Society for Therapeutic Radiology and Oncology (ASTRO) biochemical  failure 
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rates were 32.4 % in the conventional-dose arm and 16.7 % with high-dose radia-
tion therapy ( p  < 0.0001) (Zietman et al.  2010  ) . The New York Memorial Sloan-
Kettering Cancer Center (MSKCC) reported an improved 5-year relapse-free 
survival (RFS) with increasing radiation doses: 5-year RFS was 71, 66, 61, and 
40 % for doses of 86.4, 81, 75.6, and <70.2 Gy, respectively (Zelefsky et al. 
 2008  ) . In the British Medical Research Council (MRC) randomized trial RT01, 
patients were randomized between 74 Gy in 37 fractions and 64 Gy in 32 frac-
tions: biochemical progression-free survival was 71 % (108 cumulative events) 
and 60 % (149 cumulative events) at 5 years in the escalated and the standard 
group, respectively (Dearnaley et al.  2007  ) . 

 Furthermore, a multi-institutional study (pooling nine series) has shown that 
patients receiving doses greater than or equal to 72 Gy had a PSA disease-free sur-
vival of 69 % versus 63 % for doses less than 72 Gy (Kupelian et al.  2005  ) . Finally 
Viani et al.  (  2009  )  published a meta-analysis of seven randomized trials with a total 
patient population of 2,812. Pooled results from these trials showed a signi fi cant 
reduction in the incidence of biochemical failure in prostate cancer patients treated 
with high-dose external irradiation (HDRT) ( p  < 0.0001). In the subgroup analysis, 
patients classi fi ed as being at low ( p  = 0.007), intermediate ( p  < 0.0001), and high 
risk ( p  < 0.0001) of biochemical failure all showed a bene fi t from HDRT. The meta-
regression analysis also detected a linear correlation between the total dose of radio-
therapy and biochemical failure (BC = −67.3 + [1.8 × radiotherapy total dose in Gy]; 
 p  = 0.04). The authors conclude that their meta-analysis showed that HDRT is supe-
rior to conventional-dose radiotherapy in preventing biochemical failure in low-, 
intermediate-, and high-risk prostate cancer patients. 

 With such data available for EBRT, it is tempting to extrapolate to prostate can-
cer brachytherapy and to anticipate that there also should be a strong dose–response 
relationship with permanent implant prostate brachytherapy. However, it is not that 
simple, since dose speci fi cation is very different between EBRT and brachytherapy. 
In EBRT, dose can be speci fi ed either to the isocenter or, most often, to an isodose 
line that covers the prostate with a margin. This is signi fi cantly different from the 
way the dose is described in prostate brachytherapy, where the most commonly used 
dosimetric parameter is the D90, the dose delivered to 90 % of the gland from a 
dosimetric analysis of the postimplant computed tomography (CT) (Stock  2010 ; 
Kovács et al.  2005 ; Salembier et al.  2007  ) .  

    13.2   Evidence for a Dose–Response Relationship 
in Permanent Implant Prostate Brachytherapy 

 When transperineal ultrasound-guided prostate brachytherapy began to be imple-
mented in the late 1980s, very few data were available to guide physicians in de fi ning 
the appropriate dose prescription with Iodine-125 seed implants (Stock  2010  ) . Most 
authors used the empirically derived dose of 160 Gy used in the original paper by 
Hilaris from the New York MSKCC (Hilaris et al.  1974  ) . This dose was felt to be 
equivalent to a 70 Gy EBRT delivered with conventional fractionation, based on 
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the time-factor calculations accepted at that time. This equivalence is probably not 
 correct if we base our calculations on the currently used BED (biologically equiva-
lent dose) formula (Stock et al.  2006  ) . Moreover, we now know that this traditional 
dose of 70 Gy leads to suboptimal results compared to present EBRT dose standards 
with a dose escalation up to about 78–80 Gy offering better results in terms of 
disease-free survival. 

 The New York Mount Sinaï group clearly showed that when patients were bro-
ken up into two groups, those with D90 values less than 140 Gy and those with a 
D90 greater than or equal to 140 Gy, there was a large difference in biochemical 
control rates (68 % versus 92 % at 4 years,  p  < 0.02) (Stock et al.  1998  ) . This study 
is often considered a landmark study, with most authors trying since to achieve 
D90’s greater than 140–145 Gy. A remarkable feature of this pioneer series is that, 
initially, a large proportion of patients had rather low D90 values. Stock et al. 
reported that in the 1990–1992 period, 69 % of their patients had a D90 below 
120 Gy. Subsequently, this percentage rapidly decreased to reach 0 % after 1998. 
This means that the authors had a series of patients with large variations in D90 
available. As can be intuitively expected, those patients with a very low D90 expe-
rienced more relapses, and dose clearly emerged as the most signi fi cant predictor of 
outcome in the multivariate analysis of this milestone series (Stock et al.  1998  ) . 
Thereafter, the Mount Sinaï group published a long series of papers con fi rming the 
dose–response relationship found in their  fi rst study, and a number of other investi-
gators seemed to subsequently validate their  fi ndings. 

 Potters  (  2001  )  reported that prostate implants with a D90 < 90 % of the prescribed 
dose had an 80.4 % 4-year PSA-RFS (relapse-free survival), while those with a 
D90  ³  90 % of the prescribed dose had a 92.4 % 4-year PSA-RFS ( p  = 0.001). Of 
note, no cutoff value was found for the V100 and D100. Wallner, in 2003 (Wallner 
et al.  2003  ) , reported that the 3-year biochemical freedom-from-failure rate for 
patients with a D90 < 100 % of the prescription dose was 82 % versus 97 % for 
patients with a D90  ³  100 % of the prescription dose ( p  = 0.01). In 2007, Zelefsky 
published one of the rare multi-institutional studies on permanent implant prostate 
brachytherapy (Zelefsky et al.  2007  ) . Eleven institutions combined their data on 
2,693 patients treated with permanent interstitial brachytherapy as monotherapy 
for T1–T2 prostate cancers. The median follow-up was 63 months. In this series, 
among patients where the postimplantation I-125 dose to 90 % of the prostate (D90) 
was  ³ 130 Gy, the 8-year PSA relapse-free survival (PSA-RFS) was 93 %, compared 
with 76 % for those with lower D90 dose levels ( p  < 0.001). When restricted to 
patients with available postimplantation dosimetric information, D90 still emerged 
as a signi fi cant predictor of biochemical outcome ( p  = 0.01). 

 At that time, rather than using the conventional D90, some authors turned to 
BED (biologically effective dose). This was supposed to allow the comparison 
of different isotopes, different prescription doses, and protocols adding EBRT to 
brachytherapy. In 2006, the Mount Sinaï group analyzed their data using BED equa-
tions (Stock et al.  2006  ) . In their series, the 10-year FFPF for BED < 100, >100–120, 
>120–140, >140–160, >160–180, >180–200, and >200 were 46, 68, 81, 85.5, 90, 
90, and 92 %, respectively ( p  < 0.0001). BED and Gleason score had the greatest 
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effect, with a  p -value <0.0001 in multivariate analysis. The positive biopsy rates 
for BED  £  100, >100–120, >120–140, >140–160, >160–180, >180–200, and >200 
were 24 % (8/33), 15 % (3/20), 6 % (2/33), 6 % (3/52), 7 % (6/82), 1 % (1/72), and 
3 % (4/131), respectively ( p  < 0.0001). BED was the most signi fi cant predictor of 
biopsy outcome in multivariate analysis ( p  = 0.006). 

 Other authors, using BED, con fi rmed those  fi ndings. In their series, Miles  (  2010  )  
found that the BED, D90, and V100 were all highly correlated, and all were strongly 
correlated with biochemical relapse-free survival (bRFS). They identi fi ed the fol-
lowing cutoffs for predicting freedom from biochemical failure: D90  ³  110 Gy, 
V100  ³  74 %, and BED  ³  115 Gy. However, none of the covariates signi fi cantly 
predicted overall survival. Stone  (  2007  )  reported on the outcomes from a multi-
institutional (six centers and 3,928 patients) dataset. Patients were divided in three 
dose groups: low dose (<140 BED), intermediate dose (140–200 BED), and high 
dose (>200 BED). Using the ASTRO de fi nition of PSA failure, the 10-year PSA 
disease-free survival rates for low-risk patients were 69.8, 86, and 88.1 % in the low-, 
intermediate-, and high-dose groups, respectively ( p  < 0.0001). For intermediate-risk 
patients, rates were 52.9, 74, and 94.3 % ( p  < 0.0001); for high-risk patients, rates 
were 19.2, 61.8, and 90 %, respectively, for the three BED groups ( p  < 0.0001). A 
subsequent paper by Taira found approximately the same results, with a BED cutoff 
at 116 Gy ( p  < 0.003 for low-risk patients and <0.006 for intermediate-risk patients) 
(Taira et al.  2010  ) . A Spanish group also found a cutoff D90 value of 147 Gy (obtained 
on postimplantation day 0) with a trend toward a signi fi cant correlation with bRFS 
when the standard ASTRO and nadir + 2 de fi nitions were used (Garrán et al.  2010  ) . 

 With such a series of papers, most of which are summarized in the recent review 
by Stock (Stock  2010  ) , one would think that the situation is clear and that the D90 
(or BED) was unequivocally the most signi fi cant dosimetric parameter, with a very 
clear correlation between dose and clinical response. However, other recent data 
have shown that things are not quite as simple  

    13.3   Evidence Against a Dose–Response Relationship 
in Permanent Implant Prostate Brachytherapy 

 While a number of series have shown a seemingly unequivocal dose–response rela-
tionship in permanent implant prostate brachytherapy, some other recent studies 
reported different results. 

 One of the  fi rst reports in partial disagreement is in a paper published in 2006, 
and analyzing the data on 667 patients treated in Leeds between 1995 and 2001, Ash 
 (  2006  )  reported no signi fi cant correlation between D90 and outcome for the whole 
population, when comparing between patients who received greater versus less than 
140 Gy ( p  = 0.43); there was also no difference for those receiving more or less than 
130 Gy ( p  = 0.14). Subgroup analysis by risk group, however, showed that for  low-
risk patients  there was a signi fi cant correlation between D90 and PSA control 
( p  < 0.01). No signi fi cant dose–response relationship was found between D90 and 
PSA in the intermediate- and high-risk population of patients. 
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 In 2009, Morris  (  2009  )  reported on a series of 1,006 patients. In this series, with 
a median follow-up of 54 months, the actuarial 5-year rate of freedom from bio-
chemical recurrence was 95.6 % +/− 1.6 %. Dosimetric values were not found to be 
predictive of biochemical recurrence on univariate or multivariate analysis. Analysis 
of dosimetric values by number of implants performed showed a statistically 
signi fi cant increase in all values with time (D90, V100, V150, and V200;  p  < 0.001), 
but this did not translate into improved bNED (biochemical nonevidence of dis-
ease). The authors conclude: “In contrast to some previous studies, dosimetric out-
comes did not correlate with biochemical recurrence in the  fi rst 1,006 patients 
treated with I-125 prostate brachytherapy at the British Columbia Cancer Agency.” 

 Recently, Bittner  (  2010  )  used a different approach. Nineteen biochemically failed 
brachytherapy patients were matched to 74 dosimetric and clinically equivalent 
non-failures using a de fi nition of biochemical progression-free survival (bPFS) as 
a prostate-speci fi c antigen level of 0.40 ng/mL or less after nadir. A 5 mm annulus 
was constructed around the perimeter of each prostate. D90 and V100 at the ante-
rior, posterior, superior, inferior, right lateral, and left lateral aspects of the annu-
lus were evaluated for patients with biochemically controlled and failed disease. 
D90 and V100 parameters were compared between the controlled and failed groups 
using logistic regression. No statistically signi fi cant differences in prostate-speci fi c 
antigen level, Gleason score, percent positive biopsies, or intraprostatic dosimetry 
were observed between the controlled and failed patients. Interestingly, the D90 and 
V100 at the anterior, posterior, superior, inferior, right lateral, and left lateral aspects 
of the annulus were not statistically different between biochemically controlled and 
failed groups. The authors concluded that in this study, there was no relationship 
observed between annular dosimetry and biochemical control. 

 Reporting on the results of the  fi rst 1,044 patients treated by the Paris group with 
a 6.7-year follow-up, Wakil  (  2010  )  showed no signi fi cant difference between 
patients receiving a D90 of more or less than 180 Gy ( p  = 0.47).  

    13.4   Reasons for the Discrepancies 

 There are a number of reasons to explain why some authors found a signi fi cant 
dose–response relationship in permanent implant prostate brachytherapy and why 
others did not. Those reasons have been well explained in a few recent papers, par-
ticularly the one already mentioned by Ash et al.  (  2006  ) , and the reviews by Morris 
and Stock (Morris et al.  2010 ; Stock  2010  ) . 

 Ash et al.  (  2006  )  insisted on several points:
    1.    Oedema is constant after permanent implant prostate brachytherapy: such an 

oedema will temporarily—in the weeks following the implantation—increase 
the prostate volume. Therefore, if a dosimetric analysis is performed too soon, 
when oedema is still present, it will systematically  fi nd a D90  lower  than the one 
obtained during the implantation, and also  lower  than the D90 calculated later 
on, at a time when the oedema has disappeared. Consequently, authors calculat-
ing their D90 at, for example, 3 weeks postimplant, are expected to obtain D90 
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values systematically lower than authors performing their postimplant dosimetry 
at 2 months. Such differences in the timing of postimplant dosimetry may there-
fore explain at least part of the discrepancies.  

    2.    The possibility that the underdosed area could be situated where it is unlikely to 
have tumor. The “pure” D90 value alone does not give any insight about the 
prostate area that could be underdosed. A D90 of 145 Gy, with a V100 of 90 %, 
could be quite suf fi cient if the “well-irradiated” volume corresponds to the tumor 
area. In contrast, a plan with a D90 of 180 Gy with a V100 of 95 %, that leaves 
the tumor in the “5 %” underdosed volume, could lead to a local relapse. Not all 
prostate areas are equally at risk of relapse, and it has to be stressed that the D90 
does not take this fact into account. It is well known that most tumors emerge in 
the prostatic peripheral zone and that the risk of  fi nding a prostatic tumor is much 
smaller in the “adenoma” zone. The analysis of prostatectomy specimens has 
clearly demonstrated this usual distribution of tumor. As an additional example, 
a systematic resection of the median lobe in a recent series of 22 patients, before 
brachytherapy, did not show a single case of tumor involvement at that level 
(Cosset et al.  2011  ) . These data therefore suggest that a limited underdosing 
located at the prostate base, in the adenoma zone (anterosuperior quadrant), is 
probably “acceptable” especially if biopsies were shown to be negative at that 
level, while the same underdosing—even limited—of the apex especially if biop-
sies were found to be positive at that level is de fi nitively unacceptable, despite 
having the same D90.  

    3.    The fact that biochemical control does not equate to local control because some 
patients fail outside the prostate, particularly in the intermediate- and high-risk 
group. According to Ash  (  2006  ) , this is probably the reason why in their series 
D90 was found to be a good discriminator for low-risk patients only, where fail-
ure to achieve local control is likely to be the dominant cause of PSA failure.     
 Morris  (  2010  )  notes that the percentage of patients receiving androgen depriva-

tion therapy (ADT) varies greatly from one center to another; he mentions, for 
example, that in their series (BCCA; British Columbia Cancer Agency), patients 
were more than twice as likely to receive ADT than those from the Mount Sinaï 
group (65 % versus 31 %). However, ADT was found in their series to contribute a 
less than 2 % improvement in the 5-year bNED, and therefore is unlikely to explain 
the apparent discrepancies. More relevant is probably the fact that an implant tech-
nique based exclusively on intraprostatic seed placement may require a higher D90 
to deliver the same extraprostatic dose. This constitutes a signi fi cant difference 
between the Mount Sinai approach (intraprostatic loose seeds) and the BCCA tech-
nique, where many of the stranded seeds are deliberately placed outside the pros-
tate: 20–80 % of the seeds in the BCCA experience (Morris et al.  2010  ) . Morris 
 (  2010  )  also comments on the large uncertainties associated with the parameters 
used to calculate the BED, uncertainties in tumor repopulation, uncertainties due to 
the highly nonuniform dose distribution in brachytherapy (Ling et al.  1994  ) , and 
uncertainties linked to the alpha/beta ratio (Lindsay et al.  2003  ) , among others. 

 While clearly supporting the dose–response relationship in permanent pros-
tate implant brachytherapy, Stock  (  2010  )  also recognizes that some other reasons 
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could explain the apparent discrepancies in the literature. The  fi rst reason could 
be an inadequate follow-up: any study with a short follow-up may not have the 
power to discern differences in local control from dose escalation. The second 
reason is that most centers with experience are now reporting large series of 
patients, with suf fi cient follow-up and with a narrow range in delivered dose 
values; that is to say, fortunately most patients treated today are receiving “good 
quality” implantations, with very limited variations in D90. In such a situation, 
and considering all the uncertainties mentioned above, it is quite understandable 
that no role for D90 emerges in those modern series, while this role was obvi-
ous in the pioneer series where a number of patients received D90 of less than 
120 Gy (see Chap.   2    ). 

 A last point, probably insuf fi ciently emphasized, is the problem of the reproduc-
ibility of the prostate contours from one observer to another. Morris  (  2010  )  honestly 
reported that the D90 values of patients in a same institution have at least a 10 % 
variation when calculated from contours generated by multiple observers who are 
blinded to patient identity and the contours of other observers. It is well known that 
such large variations may occur (Crook et al.  2002 ; Xue et al.  2006  ) . 

 Available data strongly suggest that there is a dose–response relationship in per-
manent implant brachytherapy for prostate cancer. However, one cannot expect this 
relationship to be a very close one, because a large number of reasons may blur, or 
even totally hide, the relationship between dose and clinical outcome. The main 
reasons, which may be responsible for such a blurring of the results, are the 
following:

   Variations in the prostate contours drawn by different radiation oncologists.  • 
  Timing of the postimplant CT: too “early” CTs may be performed at a time when • 
oedema is still present, thus leading to an underestimation of the D90.  
  The underdosed area: if the underdosed area is located where no tumor is present • 
(as is often the case for the anterosuperior zones and/or the median lobes), a 
“low” D90 will not translate into a lower RFS.  
  Results are reported in terms of biochemical control which depends on local • 
control (expected to be related to dose) and also on “distant” control (especially 
in high-risk patients), which has no relation to local dose.  
  The percentage of patients receiving ADT (androgen deprivation therapy). Large • 
variations from one series to another may introduce a bias in biochemical control 
in some instances.  
  The speci fi c implantation technique: techniques implanting exclusively intrapro-• 
static seeds lead in most cases to a higher D90 than techniques that involve 
implanting a large percentage of seeds (usually stranded) extraprostatically.  
  The uncertainties associated with most parameters used to calculate BED (bio-• 
logically equivalent dose), when this approach is utilized.  
  The follow-up, which may be inadequate in some series.  • 
  The narrow range in D90 in most of the modern series.    • 
 In spite of these limitations, it is important to continue calculating D90. Such an 

evaluation of the dose appears to be particularly useful when starting the technique 
and remains useful thereafter to allow comparison between centers. 

http://dx.doi.org/10.1007/978-3-642-36499-0_2
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 In conclusion, nowadays, D90 remains a valid parameter, but one should be 
aware of its limitations. It clearly still needs to be calculated, but its value should not 
be overestimated.      
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          14.1   Introduction 

 LDR seed brachytherapy is well established as an effective treatment for low-risk 
prostate cancer and increasingly recognised as effective in immediate-risk disease; 
biochemical relapse survival rates are equivalent to any other treatment modality in 
these settings, and the toxicity pro fi le is well established with acute urinary distur-
bance and thereafter a low incidence of moderate or severe toxicity which will be 
predominately either urethral stricture or rectal bleeding. Erectile dysfunction like-
lihood is considered lower than other treatment modalities in patients who are potent 
at the time of implant. 

 HDR brachytherapy has been shown to be an ef fi cient means of dose escalation 
when used as a boost with external beam radiotherapy.    Biochemical relapse-free 
survival rates are equivalent to those achieved with high-dose intensity-modulated 
radiotherapy (IMRT) with the potential for lower rates of late toxicity. HDR used 
alone as monotherapy in the same way as LDR seeds is still relatively new with only 
a small number of groups reporting early results. Thus, true comparison between 
LDR and HDR is dif fi cult since the comparison at a clinical level is currently 
between low-risk prostate patients treated with LDR monotherapy and intermedi-
ate- and high-risk patients treated with combined external beam and HDR. There is 
a smaller literature on the combination of LDR seeds with external beam radio-
therapy and similarly on HDR monotherapy. 

 It is however possible to make theoretical comparison between the two modali-
ties and draw some conclusions from the available clinical literature.  
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    14.2   Radiobiological Considerations 

 The radiobiology of low-dose-rate radiation delivery is fundamentally different to 
that of high-dose rate. Whilst there are models which attempt to compare LDR with 
HDR delivery using data from both external beam and brachytherapy, these are 
based on assumptions which may have some uncertainty. 

    14.2.1   Relative Biological Equivalence (RBE) 

 The RBE of LDR brachytherapy is considered by some to be higher than HDR with 
an RBE of 1.2 quoted. This is by no means certain and others have suggested there 
is no signi fi cant difference in RBE between LDR and HDR.  

    14.2.2   Alpha/Beta ( a / b ) Effect 

 Much has been made of the alpha/beta effect in prostate cancer. Most authors agree 
that it is lower than expected some suggesting values down to 1.2 or 1.5, whilst a 
more acceptable average would seem to be between 3 and 3.5 and a general consen-
sus that with the exception of data from one paper that all estimates point to a value 
well below  fi ve. The implication of this is that there will be a signi fi cant fraction 
size effect when delivering radiation to a prostate cancer cell, with the most ef fi cient 
cell kill being achieved by high doses per fraction as shown in Fig.  14.1 . This imme-
diately gives HDR brachytherapy a substantial advantage over any other form of 
radiation delivery. The geometric advantage of HDR brachytherapy based on the 
inverse square law means that very high fraction sizes of 10–20 Gy or more can be 
safely delivered within the limits of normal tissue tolerance and simple BED dose 
calculations show that doses well in excess of 100 Gy (2 Gy equivalent) can be 
achieved.  
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  Fig. 14.1    Dose response 
curve for low and high alpha/
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 In contrast LDR brachytherapy is relatively inef fi cient even for a slowly prolifer-
ating tumour such as prostate where repopulation may not be a signi fi cant problem. 
   Radiobiological data suggests a 2 Gy equivalent dose of 145 Gy LDR I-125 
brachytherapy is 70–75 Gy. Thus, if the ability to deliver very high doses of radia-
tion within the limits of normal tissue tolerance to the prostate is considered an 
advantage, then HDR brachytherapy is clearly ahead of LDR seeds. This may not be 
relevant for the management of low-risk prostate cancer, but where dose escalation 
is required for more bulky and high-grade tumours, then HDR has theoretical 
advantages.   

    14.3   Physical Implant Properties 

 LDR seeds are effective because they are retained within the prostate gland. Outside 
the prostate gland is a large venous plexus and above the prostate gland is the blad-
der. Seeds placed in these areas may not be retained, will not deliver reliable dosim-
etry and may embolise to distant sites. In general, therefore, an LDR implant is 
constrained to deliver dose to disease within the capsule of the prostate gland. 

 In contrast HDR catheters can be placed widely within the pelvic tissues around 
the prostate. Implantation of the periprostatic region can be readily achieved as can 
implantation of the seminal vesicles, shown in Fig.  14.2 . HDR brachytherapy is 

  Fig. 14.2    HDR implant with extracapsular and seminal vesicle cover       
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therefore more likely to adequately treat intermediate- and high-risk disease where 
there is a signi fi cant risk of extracapsular extension and seminal vesicle 
involvement.  

    14.3.1   Dosimetry and Dose Delivery 

 The procedures for LDR and HDR brachytherapy, whilst both using transrectal 
ultrasound-guided transperineal implant techniques, are different in terms of their 
planning and veri fi cation procedures. The classical method of LDR seed implanta-
tion uses a two-stage technique in which a transrectal ultrasound volume study is 
performed from which a plan is derived of the seed distribution, and then as a sec-
ond stage, seed implantation occurs with the hope and expectation that the setup 
used for the volume study can be reproduced for the implant procedure. It is recog-
nised that this approach has many shortcomings, and therefore, most centres have 
moved to some form of interactive seed implantation in which the volume study 
and seed deposition are undertaken in the same procedure and seeds are tracked for 
their real position after delivery so that dosimetry can be updated and adjusted dur-
ing the procedure. In the best centres, this provides very satisfactory implants, but 
there have been notorious examples of errors and incidents where seed deposition 
has been less than satisfaction. Clearly LDR seed brachytherapy is technically 
demanding requiring meticulous interaction between physicist and physician, not-
withstanding which, once a seed or strand of seeds has been deposited in a particu-
lar position, the situation becomes irreversible and has to be accepted and included 
in the dose plan. There is therefore much less  fl exibility and room for manoeuvre. 
The only veri fi cation that can be undertaken other than real-time ultrasound plot-
ting of the seed positions after deposition is post-plan dosimetry. This provides 
post hoc information on the quality of the implant, and there is a signi fi cant body 
of evidence, which suggests that dosimetric parameters in post-plan dosimetry can 
be related to biochemical relapse-free survival. What is not clear is how to address 
the problem of a bad implant once it has been completed and the patient 
discharged.  

 In contrast HDR brachytherapy incorporates careful dosimetric analysis of the 
implant before treatment delivery. All the available techniques whether ultrasound 
based or CT/MRI based reconstruct the implant once the applicators are in place, 
de fi ne dwell positions and can verify the applicator position both by measurement 
of the skin position and apposition of the template and applicators and by imaging 
to verify soft tissue relationships before treatment is delivered. Thus, a more accu-
rate and tailored dose distribution can be achieved with greater reliability than with 
LDR techniques. 

 One study has compared the dosimetric parameters achieved using HDR 
brachytherapy and an LDR post-plan for the same patients. These results, shown in 
Table  14.1 , demonstrated consistent advantages for the HDR plan for all parameters 
related to both tumour and normal tissue dose.    
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    14.4   Clinical Ef fi cacy 

    14.4.1   Tumour Control 

 There is now a substantial literature demonstrating the ef fi cacy of LDR brachyther-
apy for low-risk patients with 5- and 10-year biochemical relapse-free survivals of 
85–90 %. There is greater controversy with regard to the role of this modality in 
intermediate- and high-risk patients although the results published suggest that it is 
no less effective in these groups than other treatments such as high-dose external 
beam radiotherapy. 

 The HDR literature is less mature and less extensive. However, when HDR 
brachytherapy is used as a boost with external beam radiotherapy typically after a 
dose of around 45 Gy, published data shows that it also achieves good results with 
low-, intermediate- and high-risk patients, which are again very similar to those 
achieved with LDR brachytherapy or high-dose IMRT. When the results of HDR 
brachytherapy with external beam are compared with those of LDR boosts after 
external beam, again no difference is clearly seen when comparing different series. 
There is of course no randomised data to evaluate this more rigorously. 

 HDR monotherapy is a newer approach with less mature data. The evidence avail-
able again suggests biochemical control rates at least as good as those achieved with 
LDR in low-risk patients and similar control rates to those with combined external 
beam and brachytherapy in intermediate- and high-risk patients    (Table  14.2 ).   

    14.4.2   Toxicity 

 Given that ef fi cacy rates seem very similar, it is important to consider toxicity 
pro fi les between the two modalities. When used in combination with external beam 
radiotherapy, no clear difference emerges. There is however a different pro fi le of 
toxicity when LDR or HDR is used alone. The most striking toxicity with LDR 
brachytherapy is an acute prostatitis with associated dysuria, urgency and frequency. 
In addition 8–10 % of patients will require catheterisation in the immediate post-
implant period which may be retained for some months. HDR brachytherapy pro-
duces a more acute disturbance which is seen within the  fi rst 2–4 weeks after 

   Table 14.1    Dosimetry 
parameters post-implant I-125 
and HDR   

 LDR post-plan  HDR 

 PTV D90  86.7 %  111.5 % 
 PTV V100  82.0 %  97.2 % 
 Urethral max  207.0 %  127.2 % 
 Rectal max  180.7 %  100.5 % 
 Conformity index  0.53  0.69 

  From Wang et al.  2006   
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treatment and settles in 4–6 weeks thereafter as shown in Fig.  14.3 . A case-control 
study from one large centre has suggested that the acute toxicity of grade 3 or more 
severity which is seen with HDR brachytherapy in terms of dysuria, frequency, 
urgency and rectal pain is less than that seen with LDR brachytherapy, and similarly 
late toxicity in terms of dysuria, frequency, urgency and impotence is lower. 
Certainly a different pro fi le of acute toxicity seems to be seen between the two 
modalities with LDR brachytherapy producing a more prolonged period of urinary 
dysfunction within the  fi rst few months post-implant. However, other late toxicities 
between the two modalities appear similar with a 5–10 % incidence of urethral stric-
ture and rectal bleeding seen.  

   Table 14.2    Biochemical 
relapse-free survival for 
different modalities   

 MSKCC risk category 

 Low (%)  Intermediate (%)  High (%) 
 8-year bRFS 
(ASTRO 1995 
de fi nition) 
 IMRT 86 Gy a   98  85  70 
 LDR monotherapy b   88  77  58 
 HDR boost c   92  88  65 
 HDR monotherapy d   95  93  75 

   a Cahlon et al.  2007  
  b Henry et al.  2010  
  c Demanes et al.  2009  
  d Yoshioka et al.  2011   
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  Fig. 14.3    IPSS scores after LDR and HDR prostate brachytherapy       
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    14.5   Economic Comparison 

 The equipment required for LDR brachytherapy and HDR brachytherapy is similar 
both employing the same technique of transrectal ultrasound-guided transperineal 
implantation and both requiring anaesthesia, either general or regional, for the 
implant procedure. Employing a similar technique, the environment, whether inpa-
tient or day-case outpatient is also comparable. Similar levels of physician and 
physics support are also required. The principal difference then lies in the radiation 
source which for LDR brachytherapy is a permanent implant used on a single occa-
sion for each patient, and therefore has a signi fi cant cost implication amounting on 
average to around €3,500 per patient. In contrast the HDR afterloader uses a single 
iridium source replaced every 3 months and which is used not only for prostate 
cancer but also for many other brachytherapy applications. There is however a capi-
tal cost for purchase and maintenance of the afterloader and the bunker within which 
it will have to sit. Based on an afterloader for which prostate accounts for 30 % of 
the workload, treating 50 patients per year, estimates suggest that the cost per patient 
is around €450 per patient.   

   Conclusions 
 LDR seed brachytherapy is a reliable and cost-effective alternative to radical 
prostatectomy or external beam radiotherapy in the management of early low-
risk prostate cancer. It may also have an important role in intermediate- and 
higher-risk patients also. There is a large literature in which the experience of 
several thousand patients has now been reported from many centres across the 
world with remarkable consistency. It provides a very convenient treatment for 
the patient with a relatively low level of side effects, but in some circumstances, 
marked acute urinary dysfunction. 

 HDR brachytherapy has theoretical radiobiological advantages based on the 
low alpha/beta ratio of prostate cancer achieving signi fi cant dose escalation 
where this is considered important. It is also more  fl exible in enabling implanta-
tion of larger volumes particularly in the extracapsular region and seminal vesi-
cles. Used in conjunction with external beam radiotherapy, it has been shown to 
be an effective means of dose escalation improving the therapeutic ratio with 
less toxicity. There is however less evidence to support the comparison between 
LDR seed brachytherapy alone and HDR brachytherapy alone. 

 HDR brachytherapy is more cost-effective in situations where there is 
suf fi cient volume of patients to justify the investment in an afterloader and bun-
ker, together with the appropriate imaging equipment.      
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          15.1   Introduction 

 In the past 30 years, there has been a signi fi cant improvement in the assessment of 
patients with prostate cancer. After earlier dismal results implanting I-125 seeds 
in the prostate through an abdominal route (Fuks et al.  1991  ) , Holm published the 
 fi rst experience with a perineal technique for permanent prostate brachytherapy 
(PPB) using ultrasonography guidance in the placing of needles (Holm et al.  1983  ) . 
Promising results were published with this image-guided technique (Blasko et al. 
 1996 ; Battermann et al.  2004  ) . Other improvements included staging by PSA, 
pathology using the Gleason score, imaging by ultrasonography and MRI and 3D 
planning systems. It should be stated that the Gleason score is based on whole sec-
tion slices of prostatectomy material. For scores of 1–3, it is very hard for a patholo-
gist to give an exact Gleason sum between 2 and 6, due to the small tissue samples. 
MRI is considered nowadays as the most accurate method of staging of localised 
prostate cancer. These improvements resulted in better dosimetry parameters and 
clinical outcome. Hence, the state-of-the-art PPB includes the use of modern imag-
ing techniques for staging and for guidance of the needle placing into the prostate 
and 3D intraoperative planning. Because of screening programmes for early detec-
tion of prostate cancer in many western countries, there is an increase in number of 
prostate cancer patients but at the same time a decrease in mortality from prostate 
cancer. By now there are several papers with long-term experience of ten and more 
years (Zelefsky et al.  2007 ; Morris et al.  2009 ; Hinnen et al.  2010a,   b ; Henry et al. 
 2010 ; Taira et al.  2010  ) . Since the natural history of prostate cancer is slow in the 
majority of patients, outcome is often stated as biochemical disease-free interval 
(bDFS). PSA decrease is slow after PPB and may take 5 years or more to reach PSA 
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nadir values lower than 0.1 ng/ml (Grimm et al.  2001  ) . Overall survival (OS) is not 
a good end point because many men will die of cardiovascular disease and not of 
prostate cancer (Bittner et al.  2008  ) .  

    15.2   Result in Low-Risk Patients 

 According to a combination of PSA value, Gleason score and sum and T stage, 
patients can be categorised in three risk groups: low, intermediate and high risk. The 
GEC-ESTRO staging is depicted in Table  15.1 . Different systems are in use in 
Europe and the USA. Especially in the intermediate group, some include T2b and 
T2c tumours, while others only include T2b. But also the de fi nition of T2c is vague, 
where centres call T2c as positive biopsies in both lobes without palpable or visible 
tumours and others classify these patients as T1c (Table  15.2 ). In general only low- 
and intermediate-risk patients are considered candidates for PPB. Apart from the 
clinical relevance of risk categories, also the functional outcome needs attention as 
found in Table  15.3 . In low-risk patients, de fi ned as T1c–2c, PSA <10 ng/ml, 
Gleason sum  £ 7, results are excellent from single institution or from combined data 
from several centres. Outcomes after more than 5 and 10 years show percentages of 
82 % till 89 % for biochemical control (bNED) and approximately 95 % for disease-
speci fi c survival (see Table  15.4 ). Beyer and Brachman mention 85 % bNED in 128 
low-risk patients with a median follow-up of 84 months (Beyer and Brachman 
 2000  ) . Battermann presented data from 114 patients with bNED of 90 % at 4 years 
(Battermann et al.  2004  ) . Hinnen from the same centre presented 72-month results 
from 232 patients with 88 % bNED (Hinnen et al.  2010a,   b  ) . Henry from Leeds 
reported 88 % bNED in 575 patients at median follow-up of 57 months. Crook 
described the 10-year experience in Toronto from 776 patients with an actuarial 
7-year disease-free survival rate of 95 %. In 27 failures, 8 local relapses were 
con fi rmed (Crook et al.  2011  ) . Several authors have presented data of PPB com-
pared with surgery and/or EBRT, showing similar results of all three modalities 
(Kupelian et al.  2004 ; Potters et al.  2005 ; Sharkey et al.  2005 ; Tward et al.  2006 ; 

   Table 15.1    Factors in fl uencing 
clinical outcome   

 Factor  Well  Fair  Poor 

 iPSA  <10  10–20  >20 
 Gleason sum  <7  =7  >7 
 Stage  T1c–2a  T2b,c  T3 

  Henry et al.  (  2010  )   

   Table 15.2    Factors in fl uencing 
functional outcome   

 Factor  Well  Fair  Poor 

 Volume  40  40–60  >60 
 IPSS  0–8  9–20  >20 
 TURP  No  No  Yes 

  Ash et al.  (  2000  )   
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Colberg et al.  2007  ) , although these data are never compared in randomised studies. 
Only in the Kupelian series, EBRT with insuf fi cient dose <72 Gy ended with a 
signi fi cant lower bNED. Jabbari also included data from patients with a proton 
boost after EBRT and found at least comparable 5-year bNED results with a greater 
proportion of men achieving lower PSA nadirs with PPB compared with EBRT and 
proton boost (Jabbari et al.  2010  ) .      

    15.3   Results in Intermediate-Risk Patients 

 In intermediate-risk patients (T1c–2c, Gleason 7, PSA 10–20 ng/ml), good results 
are also described by different authors (Datolli et al.  2007 ; Morris et al.  2009 ; Munro 
et al.  2010  )  (Table  15.5 ). Hinnen showed an improvement in outcome for intermedi-
ate-risk patients in the past decade compared with earlier experience (Hinnen et al. 
 2010a,   b  ) . However, for low-risk patients, he did not  fi nd an improvement, probably 
because the results already are very favourable. De fi nitions of intermediate-risk cases 
and selection criteria are different from series to series, and PPB may be combined 
with external beam radiotherapy (Datolli et al.  2007  )  and/or androgen deprivation 
therapy (ADT) (Morris et al.  2009 ; Munro et al.  2010  )  although neither the combi-
nation of EBRT plus seeds nor the use of seeds plus ADT has proven to be better 
than PPB alone. In four randomised trials regarding the role of ADT on local con-
trol in combination with EBRT, distant metastases, disease-free survival and overall 

   Table 15.3    Risk groups according to different de fi nitions   

 Centre  Low  Intermediate  High 

 Seattle  PSA  £ 10 and GS 2–6
and T1c–T2b 

 PSA >10 or GS  ³ 7 or T2b  2 or 3 factors 

 M. Sinai  PSA  £ 10 and GS 2–6
and T1c–T2a 

 PSA 10–20 or GS =7 
or T2b 

 2 or 3 factors, and/or
PSA > 20, or GS 8–10,  ³ T2c 

 Boston  PSA  £ 10 and GS 2–6
and T1c–T2a 

 PSA 10–20 and/or GS =7
and/or T2b 

 2 or 3 factors, and/or
PSA > 20, or GS 8–10,  ³ T2c 

   Table 15.4    Results of low-risk patients   

 Author     Number of patients  Median follow-up (months)  % bNED 

 Beyer  2000   128  84  85 
 Grimm  2001   125  81  87 
 Battermann  2004   114  48  91 
 Sharkey  2005   528  72  87 
 Potters  2005   481  82  89 
 Zelefsky  2007   63  82 
 Hinnen  2010   232  72  88 
 Henry  2010   575  57  86 
 Taira  2011   575  148  98, 6 
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survival, local control was better. For metastases one was positive (RTOG 8531), 
two were similar (RTOG 8610) and one (EORTC) was not conclusive. Disease-free 
survival was better in three (both RTOG studies and EORTC), but overall survival 
was only improved in the EORTC study. The American Brachytherapy Society 
(ABS) concluded: “ABS is currently unable to provide  fi rm conclusions on the use 
of androgen deprivation in combination with PPB” (Potters  2000  ) . Androgen depri-
vation had a negative effect on overall and cancer-speci fi c survival, according to 
Beyer et al. ( 2005  ) . Zelefsky found that high-dose EBRT (>72 Gy) has no advantage 
from adding androgen deprivation (Zelefsky et al.  1998 ; Kupelian et al.  2000  ) . Also 
in combination with surgery, Bianco reported a similar cancer-speci fi c survival with 
or without neoadjuvant hormonal therapy plus  prostatectomy  (Bianco  2005  ) . There 
are con fl icting data in the literature concerning the results in Gleason 3+4 and 4+3 
for all treatment modalities. Wright looked at prostate cancer-speci fi c mortality for 
Gleason 3+4 and 4+3 after surgery and radiotherapy and found an increased risk of 
recurrence or progression and speci fi c mortality in those with Gleason 4+3 versus 
3+4 (Wright et al.  2009  ) . Merrick described a series of 530 patients with Gleason 
3+4 (300) or 4+3 (230). At 10 years primary Gleason score did not impact survival, 
while death from cardiovascular disease or second malignancies was 9.6 times more 
common than death from prostate cancer (Merrick et al.  2007  ) .   

    15.4   Results of Combined Therapy with External Beam and PPB 

 Combined treatment using EBRT plus PPB is given to widen the margin around the 
prostate, including the lymph nodes, and might be better for intermediate- and high-
risk patients (Blasko et al.  2000  ) . However, the EBRT dose is too low to kill even 
small tumour deposits. The majority of extracapsular extension is within 2 mm from 
the capsule (Teh et al.  2003  ) . With seeds alone, a very high dose is given on both the 
prostate and a margin of 5 mm around the gland. Critz mentioned good results for 
combined treatment, but the results are not better than those of seeds alone (Critz 
and Levinson  2004  ) . Sylvester et al. reported on 15-year data of combined treatment 
from the Seattle group. The authors found an 88 % bNED for low risk, 80 % for 
intermediate and 53 % for high-risk patients (Sylvester et al.  2007  ) . However, sev-
eral series show no difference in outcome with or without EBRT (Potters et al.  1999 ; 
Blasko et al.  2000 ; Kupelian et al.  2004  ) . Combined therapy will be more expensive 

   Table 15.5    Results of intermediate-risk patients   

 Author  Number of patients  ADT %  Median follow-up (months)  % bNED 

 Beyer  2000   345  0  84  66 
 Cosset  2008   276  68  43  94 
 Morris  2009   419  100  54  96 
 Taira  2010   144  0  74  96 
 Hinnen  2010   369  18  69  61 
 Henry  2010   430  57  86 
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and may result in more side effects such as erectile dysfunction. Blasko found that 
combined therapy perhaps can more homogenise the total dose to the prostate, an 
advantage for centres with limited experience (Blasko et al.  2000  ) .  

    15.5   Results and Dose Parameters 

 Dose escalation is well accepted in EBRT for prostate cancer. Zelefsky et al. reported 
on the dose escalation study at the MSKCC and found a signi fi cant improvement 
with 86.4 Gy versus standard 66 Gy in bNED and distant metastases-free survival 
in intermediate- and high-risk patients (Zelefsky et al.  2008  ) . Also the studies from 
Kuban and Viani showed an improvement in clinical outcome with higher doses 
(Kuban et al.  2008 ; Viani et al.  2009  ) . Viani found in his meta-analysis of ran-
domised trials on higher-than-standard radiation doses a response curve after EBRT 
for all risk groups. 

 A relationship has also been found in PPB between D90 (dose that is received by 
90 % of the target volume) and clinical outcome. Stock demonstrated a signi fi cant 
improvement in bNED with a D90 higher than 140 Gy versus lower D90 (92 % 
versus 68 % at 4 years). It should be mentioned that in the early years at the Mount 
Sinai Hospital, more than half of the patients received D90s less than 120 Gy that 
decreased to zero several years later (Stock et al.  1998  ) . Zelefsky described results 
of 2,693 patients from a multicentre study and showed a signi fi cant 8-year bNED 
survival in patients treated with a D90 higher than 130 Gy (Zelefsky et al.  2007  ) . 
Also Stone reported better clinical outcome with higher D90s (Stone et al.  2010  ) . 
However, in more recent studies, the authors did not  fi nd a correlation between D90 
and failure from relapse (Ash et al.  2006 ; Morris et al.  2009  ) . Ash found similar 
results in patients with D90s higher or lower than 140 Gy in a cohort of 667 patients. 
Morris came to the same conclusion after evaluation of 1,006 patients. Piña found 
in 129 patients with D90s greater than 180 Gy not more urinary and gastrointestinal 
symptoms than in patients treated with D90s less than 180 Gy (Piña et al.  2010  ) . It 
is advised to do post-implant dosimetry at 1 month. At that time oedema is resolved. 
Further volume reduction as the result of irradiation will give even higher D90s. 
The treatment technique is also of in fl uence in dose parameters as was shown by 
Moerland as mentioned earlier (Moerland et al.  2009 ). When seeds are placed out-
side the prostate target area, D90s will be lower than in situations with all seeds 
within the prostate.  

    15.6   Results in Younger Patients 

 Data in the literature show that results after PPB in patients under 60 years of age 
are at least as good as in older patients (Merrick et al.  2006 ; Shapiro et al.  2009 ; 
Burri et al.  2010  ) . Shapiro found that freedom from progression at 10 years after 
PPB, presenting with low, intermediate and high risk, was 91.3, 80.0 and 70.2 % 
compared to 91.8, 83.4 and 72.1 %, respectively, for men before 60 years versus 
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men of 60 years or older. Interestingly, Merrick described high rates of cause-
speci fi c and biochemical progression-free survival after PPB in 145 consecutive 
men over 74 years of age. Overall survival and noncancer deaths were best pre-
dicted by tobacco status (Merrick et al.  2008  ) .  

    15.7   Results in High-Risk Patients 

 A signi fi cant lower cure rate is found in high-risk ( ³ T3; Gleason >7; PSA > 20 ng/
ml) patients after all treatment options. This may be due to the fact that a substantial 
number of them will have microscopic metastases before prostate cancer is detected. 
In the treatment of these patients without traceable metastases, brachytherapy can 
be used, either alone or in combination with EBRT and/or ADT. Stone published 
good results in high-risk patients with D90s over 200 Gy (Stone  2010 ). However, 
patient selection must have played a role to achieve these good results. Many of 
these combined treatments are performed successfully using HDR brachytherapy, 
especially in high-risk patients (Martinez et al.  2003  ) .  

    15.8   Second Primary Tumours 

 It is well known that radiation may induce cancer, but con fl icting data are presented, 
either showing an increase in secondary primary cancers (SPCs) after EBRT of the 
prostate (Baxter et al.  2005  )  or not showing an increase (Bhojani et al.  2010  ) . In 
Utrecht, we recently assessed the risk of SPCs after I-125 prostate brachytherapy 
compared to prostatectomy in a cohort of 1,888 patients treated with brachytherapy 
(63 %) or prostatectomy (37 %). Two hundred and twenty-three patients were diag-
nosed with a SPC, 136 (11.5 %) in the brachytherapy group and 87 (12.4 %) in the 
prostatectomy group. Patients  £ 60 years had a signi fi cant increased risk of bladder 
cancer (Hinnen et al.  2011  ) . This also was found earlier by Singh from the SEER 
registry in patients after surgery and/or EBRT (Singh et al.  2010  ) . The Commission 
on Radiological Protection considers the risk of SPCs after PPB negligible (Cosset 
et al.  2004  ) .  

    15.9   Discussion 

 Although the outcome of treatment is not substantially different between the estab-
lished treatment options prostatectomy, EBRT and PPB, still more patients with 
low- and intermediate-risk prostate cancer are treated by surgery. Of course, results 
of EBRT or brachytherapy cannot be better than surgery, but in experienced hands 
toxicity after brachytherapy is much lower than after surgery. There is no indication 
that robot-assisted or laparoscopic prostatectomy will ensure a higher cure rate than 
open surgery nor will it lower the complication rate (Ficarra et al.  2009  ) , although 
in an update of his article, better results with robot-assisted and laparoscopic pros-



19315 Results of Permanent Prostate Brachytherapy

tatectomy were reported in terms of decreased blood loss, higher continence and 
potency rates (Coelho et al.  2010  ) . Quality of life 6 years after PPB was similar to 
baseline, (Roeloffzen et al.  2010  ) . Malcolm compared quality of life after open or 
robotic prostatectomy, cryoablation and brachytherapy. Brachytherapy was associ-
ated with higher urinary function, bother scores and sexual function compared to 
open and da Vinci prostatectomy (Malcolm et al.  2010  ) . With PPB as in surgery, 
new developments have resulted in better outcomes, both in disease-free survival 
and in toxicity. The introduction of stranded seeds gave us more homogeneity in 
dose distribution and less seed loss, but comparative studies have not yet shown a 
difference between strands and loose seeds. However, with the use of an after load-
ing technique with loose seeds, not only the dose distribution was better than with 
strands (Moerland et al.  2009  )  but also the biochemical outcome was better (Hinnen 
et al.  2010a,   b  ) . MRI gives the opportunity to better visualise tumour areas in the 
prostate, especially with dynamic contrast enhancement. This can be used to select 
patients for focal brachytherapy and hence further reduce side effects. For focal 
therapy, only low-risk patients with one de fi ned tumour might be candidates. In a 
pilot study with patients after previous radiotherapy to the prostate, patients with 
focal brachytherapy had signi fi cant lower complications compared with patients 
who had been retreated on the whole gland (Moman et al.  2010  ) . On the other hand, 
Isban studied 243 men with low-risk localised prostate cancer after RP. Despite uni-
lateral stage at biopsy, bilateral or even nonorgan-con fi ned cancer was reported in 
64 % of all patients. The authors state that this alarming  fi nding questions the safety 
and validity of hemi-ablative therapy (Isban et al.  2010  ) . But if focal therapy is to be 
used, brachytherapy is the most appropriate technique in these situations.  

   Conclusions 
 It is clear that PPB is at least equal to surgery and therefore should be part of the 
armamentarium for low- and intermediate-risk prostate cancer patients. Excellent 
long-term biochemical disease-free survival for low- and intermediate-risk 
patients is mentioned in many series worldwide. Combined treatment with EBRT 
and brachytherapy boost does not result in a higher cure rate than seeds alone. 
Patients younger than 60 have equally good prospects for cure as older patients 
and should not be excluded from brachytherapy. Second primary tumours after 
seed implant are no reason for exclusion. Quality of life after PPB is, also after 
6 years, not compromised.      
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 There are only a few phase III studies in the literature reporting on prostate HDR 
brachytherapy; most of the publications deal with retrospective monoinstitutional 
results or with the statistical analysis of multi-institutional data pools. Although 
results of prospective nonrandomized studies or retrospective data analysis may be 
in fl uenced by potential selection bias and inconsistent data analysis, careful presen-
tation can help to understand basic and meaningful trends within the specialty. Due 
to the fact that initial PSA level, Gleason score, and tumor stage each can affect 
results independently, the in fl uence of these factors can change reported results if 
they are not equally distributed in the compared cohorts. Vicini et al.  (  2000  )  inves-
tigated the in fl uence of prede fi ned prognostic categories in the outcome following 
various forms of treatment from multiple institutions and stated that 5-year PSA 
results were similar for patients in low-risk and intermediate-risk groups, regardless 
of the form of therapy. However, different rates of 5-year bNED (biochemical no 
evidence of disease) were observed for the same form of the treatment at the same 
institution, depending on the number of prognostic factors to de fi ne speci fi c prog-
nostic groups. Also, signi fi cant in fl uence of reported follow-up intervals on the out-
come data was observed. Additionally, Lu demonstrated erroneous (15–30 %) 
interpretations of bNED data related to differences in follow-up (Lu  2000  ) . 
Furthermore, de fi nition of risk categories is different in different institutions 
(Table  16.1 ). It is also important to notice that postimplant, the course of PSA can 
decrease over a long time period – Deger et al. observed up to 5 years reaching 
values under 1.0 ng/ml (Deger et al.  2005  ) .  

 Furthermore, there are also different PSA failure de fi nitions presented in the lit-
erature. As prostate cancer treatment failure de fi nition, PSA nadir plus 2 ng/ml or 
twice PSA    raise >0.5 ng/ml has the best correlation with long-term clinical outcome 

    G.   Kovács   
     Interdisciplinary Brachytherapy Unit ,  University of Lübeck , 
  Ratzeburger Allee 160 ,  D-23562 Lübeck ,  Germany    
e-mail:  kovacsluebeck@gmail.com   

  16      Results of HDR Prostate 
Brachytherapy Treatments       

         György   Kovács                



198 G. Kovács

(Demanes et al.  2005  ) . Last but not least, the involvement of brachytherapy in the 
treatment schedule of localized prostate cancer seems to lead to a lower risk of 
 second malignancies following prostate radiotherapy (Huang et al.  2011  ) . 

 High-dose-rate brachytherapy can be used for prostate cancer as:
    1.    Local dose escalation (boost) complementary to external beam radiation  
    2.    HDR monotherapy  
    3.    Salvage treatment     

    16.1   HDR Brachytherapy as Local Dose Escalation (Boost) 
Complementary to External Beam Radiation 

 When brachytherapy is administered complementary to external beam radiation, local 
dose escalation can be performed with less normal tissue involved in low-dose areas, 
and this is of interest in modern radiotherapy schedules (Tubiana  2005  ) . Additionally, 
if brachytherapy is incorporated in the time schedule of external beam radiotherapy 
(Kovacs et al.  1999  ) , overall treatment time of dose-escalated treatments can be short-
ened. Although some authors have suggested no strong clinical relevance of total 
treatment time in prostate cancer radiotherapy outcome (Lai et al.  1991  ) , others have 
stated that overall treatment time and dose are signi fi cant determinants of the outcome 
of radiotherapy in low- and intermediate-risk patients treated to 70 Gy or higher 
(Thames et al.  2010  ) . The authors also suggest that meaningful improvements in out-
come may be reached by modest increases of total dose and decreases in overall treat-
ment time. 

 HDR brachytherapy boost complementary to external beam was introduced in 
clinical practice at the end of the 1980s – shortly after the successful use of transrec-
tal ultrasound (TRUS) in prostate seed implants (Brindle et al.  1989 ; Bertermann 
and Brix  1990 ; Kovacs et al.  1995  ) . The advantage of the use of HDR brachytherapy 
boost compared to external beam local dose escalation is proven in a phase III trial 
(Corner et al.  2008  ) , and many other groups have found favorable outcomes in ret-
rospective investigations of large cohorts (Stromberg et al.  1997 ; Galalae et al.  2004 ; 
Pellizzon et al.  2003 ; Aström et al.  2005 ; Deger et al.  2005 ; Demanes et al.  2005  ) . 

 Institution  Low risk 
 Intermediate 
risk  High risk 

 Seattle  PSA  £  10  PSA > 10  2  or  3 factors 

  and  GS 2–6   or  GS  ³  7 
  and  T1c–T2b   or   ³  T2b 

 Mount Sinai  PSA  £  10  PSA 10–20  2 or 3 factors 

  and  GS 2–6   or  GS = 7   and/or  
PSA > 20 

  and  T1a–T2a   or  T2b   and/or  GS 8–10 

  and/or   ³  T2c 
 Boston  Idem  Idem,  and/or   Idem 

   Table 16.1    Different risk    
group speci fi cations in 
different institutions   
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 There is evidence in the literature indicating no relevant in fl uence of <6 months 
anti-androgen treatment (ADT) combined with radiotherapy when an HDR boost 
was used (Martinez et al.  2005  )  and no effect on the dose dependence of outcome in 
different risk groups (Galalae et al.  2006  ) . 

 The question whether additional pelvic lymph node radiation in patients who 
have a >15 % chance for positive lymph nodes improves the outcome is still contro-
versial (Kovacs and Galalae  2003 ; Hong et al.  2006  ) . 

 From the clinical results, HDR brachytherapy combined with external beam 
radiation offers the best possible outcome for localized high-risk prostate cancer 
patients; however, there is no investigation in the literature comparing HDR boost 
with planned surgical resection and complementary adjuvant external beam radio-
therapy. Patients in the low- or intermediate-risk groups may not be disadvantaged 
by brachytherapy as monotherapy; however, careful selection in the intermediate-
risk group is advisory (Grimm et al.  2012  ) . Experienced teams report 5-year bio-
chemical relapse-free rates (bNED) about 70, 80, and 90 % in the high-, intermediate-, 
and low-risk groups (Kovacs et al.  1995 ; Martinez et al.  2001 ; Pellizzon et al.  2008 ; 
Demanes et al.  2011 ; Deger et al.  2005 ; Zwahlen et al.  2010  ) . 

 Common signi fi cant acute toxicities (G2+) are small bowel (15–20 %), bladder 
reactions (40–50 %), and rectal discharge (35–40 %). Transient hematuria can be 
observed in 10–17 %. 

 Most frequent late severe toxicities are urethral stricture (4–8 %), gastrointesti-
nal (2–7 %), and erectile dysfunction (20–60 % at 2 years); however, because erec-
tile function is only one component of sexual function, it is necessary to assess 
sexual desire, satisfaction, intercourse frequency, and other factors when evaluating 
sexual function (Incrocci et al.  2002  ) . 

 A relationship between irradiated volume and urethral toxicity has been demon-
strated (Akimoto et al.  2005  ) , and there is an increase in risk with increasing fol-
low-up time (Aström et al.  2005  ) . Transurethral prostate resection (TURP) should 
not be performed following brachytherapy to avoid frequent incontinence. 

    A signi fi cant difference in the overall quality of life in favor of the brachytherapy 
arm is seen at 12 weeks after treatment in randomized study comparing external 
beam with brachytherapy boost (Hoskin et al.  2007  ) .  

    16.2   HDR Monotherapy 

 HDR monotherapy was  fi rst reported by the group from Osaka (Yoshioka et al. 
 2000  ) . In recent years, different clinical trials were performed to prove the feasibil-
ity and outcome of HDR monotherapy in low-risk prostate cancer (Martinez et al. 
 2001 ; Martin et al.  2004 ; Corner et al.  2008  ) . Some authors suggest potential advan-
tages for HDR monotherapy over seed implants (Wang et al.  2006  ) . 

 Hypofractionation in the treatment of prostate carcinoma is now established. 
HDR brachytherapy offers the most elegant and economical local irradiation method 
for this entity; however, no consensus exists in the literature regarding dose, frac-
tionation, technique, and normal tissue constrains. Common schedules include 
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31.5–54 Gy total dose delivered in three to nine fractions of 8.5–10.5 Gy (one or 
two implantations) where total treatment time varies between 2 and 5 days (Martinez 
et al.  2001 ; Martin et al.  2004 ; Corner et al.  2008 ; Yoshioka et al.  2010 ; Demanes 
et al.  2011  ) . 

 Five-year PSA failure rates are presented in the literature as 79–93 % with grade 
2 or higher toxicity rates of 10–14 %. 

 The only matched-pair comparison of seed versus HDR monotherapy suggested an 
advantage for HDR in terms of both acute and late toxicity (Grills et al.  2004  )  which 
has subsequently been challenged (Stock  2006 ; Sylvester  2006  ) . There is a relative 
lack of comparative and prospective clinical investigations – therefore, longer follow-
up and prospective studies are needed to have more consistent data on this  fi eld.  

    16.3   HDR Brachytherapy as a Salvage Treatment 

 Published data for PSA failure after salvage radiotherapy report bNED survival 
rates of 10–77 % at up to 5-year follow-up. Analyzed patient cohorts are usually 
very inhomogeneous, and there is usually a lack of differentiation between micro-
scopic and macroscopic recurrent disease. There is less experience with HDR 
brachytherapy as a salvage method in the literature and a lack of prospective inves-
tigations. In general, HDR technology is ideal for a high-quality treatment of local 
recurrences since the steep dose falloff of the source is the best prevention of normal 
tissue toxicity. 

 There are different salvage situations in the clinical practice; however, the majority 
deals only with case descriptions or small cohort feasibility series:
   (a)       Local recurrences following previous radiotherapy with external beam or 

brachytherapy:  
 Early publications state the feasibility of salvage HDR brachytherapy. Since 
recent papers deal with fewer than ten patients, it is hard to judge the results 
(Lee et al.  2007 ; Tarp et al.  2008  ) . Ongoing clinical trials like the NCT00604526 
trial will offer more information in the near future.  

   (b)      Local recurrences following previous radical prostatectomy:  
 Macroscopic local recurrences require higher doses compared with microscopic 
disease. Therefore, local recurrences following radical prostatectomy need local 
dose escalation if macroscopic tumor is detectable. There is early experience in 
the literature showing the feasibility and favorable outcome of fractionated sal-
vage HDR brachytherapy alone or complementary to external beam radiation in 
this setting (Niehoff et al.  2005  ) .          
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          17.1   Introduction 

 Pulsed-dose-rate (PDR) brachytherapy has been introduced for the treatment of 
intermediate-/high-risk prostate cancer. A dose of 28–35 Gy PDR brachytherapy is 
given as a boost to external beam radiotherapy of 46–50 Gy. The reported 5-year 
biochemical-free survival is 85.6–89.5 %. The incidence of grade 2–3 rectal com-
plications is limited (12–15 %). The incidence of grade 2–3 urinary toxicity is 
15–26.9 %. The  fi gures on biochemical control and late toxicity are similar to HDR 
experience. PDR for prostate brachytherapy can be considered as an alternative to 
HDR brachytherapy.  

    17.2   Indication 

 The AMC has a long tradition of I-125 implants for low-risk prostate cancer (Blank 
et al.  2000  ) . In accordance with the GEC/ESTRO-EAU recommendations, I-125 
implants are not considered a treatment option for high-risk disease, e.g., T3 or 
poorly differentiated tumors (Kovács et al.  2005  ) . The reason that these patients do 
relatively poorly with an I-125 implant only is because there is an increased risk of 
extracapsular invasion and (micro)metastases. To cover the presumed extracapsular 
invasion for this category of patients in the Academic Medical Center (AMC) in 
Amsterdam, a protocol was started in 2002 of brachytherapy in addition to external 
beam radiotherapy (EBRT). For brachytherapy a single-source modality was chosen 
for optimization of the dose distribution, and because of the excellent results 
obtained with low-dose rate I-125 implants and continued debate around the  a / b  
ratio for prostate cancer, PDR was considered the optimal solution.  
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    17.3   Target Volume and Dose 

 The target volume for external beam radiotherapy was considered in the lower pel-
vis with the cranial border at the lower end of the sacroiliac joints. In 2009 the elec-
tive external beam portals were adapted to treat only the prostate and seminal 
vesicles with a 1 cm margin. This modi fi cation was introduced because of the lack 
of evidence from the literature that pelvic radiotherapy was of bene fi t in improving 
overall survival in prostate cancer treatment. 

 In the period of 2002–2007, 106 patients with prostate cancer were treated with 
the combination of EBRT and PDR brachytherapy boost. The majority of the 
patients were classi fi ed as intermediate- ( N  = 38) or high-risk ( N  = 66) disease in 
accordance to the National Cancer Comprehensive Network criteria. Nineteen 
patients of this cohort have used hormonal therapy. However, only ten of them have 
used hormonal therapy for a longer period than 6 months. 

 The EBRT dose was 46 Gy in 2 Gy daily fractions. At the start of the protocol, a 
PDR boost dose of 24 pulses of 1.04 Gy with 2.2 h interval was prescribed. The 
prescription was at the periphery of the prostate resulting in a clinical target volume 
(CTV) V100 of 95 %. Because at that time there was no experience with PDR 
brachytherapy for prostate cancer, the chosen dose was rather low. The EQD2 for an 
 a / b  ratio of 3 Gy or 1.5 Gy was 71.5 and 71.8 Gy, respectively. The brachytherapy 
dose was later increased to 24 times 1.1 Gy with a 2 h interval and  fi nally to 1.2 Gy 
per pulse when more experience was gained with this treatment modality, and the 
dose-escalation treatment results of EBRT trials became available. In the latter 
schedule, the EQD2 for an  a / b  ratio of 3 and 1.5 Gy was 78.5 and 80.0 Gy, 
respectively.  

    17.4   Outcome 

 At a median follow-up time of 34.6 months, the 3- and 5-year biochemical relapse-
free survival was 92.8 and 89.5 %, respectively (Fig.  17.1 ) (Pieters et al.  2011  ) . Two 
patients died because of a second malignancy resulting in an overall survival at 3 
and 5 years of 99 and 96 %, respectively (Fig.  17.2 ). These results are similar to 
patients with intermediate- and high-risk disease treated with EBRT combined with 
high-dose rate (HDR) brachytherapy (Åström et al.  2005 ; Kälkner et al.  2007 ; Phan 
et al.  2007 ; Vargas et al.  2006  ) .   

 Acute toxicity was well tolerated. The International Prostate Symptom Score 
(IPSS) increased from a mean baseline value of 7 to a mean of 18 at 3 weeks after 
brachytherapy. By 6–12 weeks after treatment, the IPSS returned to baseline values. 

 PDR prostate brachytherapy resulted in a low incidence of late gastrointestinal 
(GI) toxicity in the treated cohort (Pieters et al.  2011  ) . No late GI grade 3 or more 
events were observed. Late GI grade 2 toxicity at 3 and 5 years was 5.3 and 12.0 %, 
respectively. The most frequent GI complaints were fecal incontinence and rectal 
bleeding. Late genitourinary (GU) toxicity was more common. The 3- and 5-year 
incidence of late GU grade 2 or higher toxicity was 18.7 and 26.9 %, respectively. 
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The most frequent GU toxicity was increased voiding frequency, although urethral 
stricture was also observed in two patients. These results are comparable to the 
experience with HDR boost (Åström et al.  2005 ; Phan et al.  2007 ; Vargas et al. 
 2006  ) . Erectile function was preserved in 83 % of men that have not used hormonal 
therapy as part of their initial therapy. 

 With longer observation, it is obvious that toxicity can resolve with time, either 
spontaneously or after medical intervention. After 36 months of follow-up, no grade 
3 GU toxicity was observed anymore (Pieters et al.  2010  ) . The most severe sequelae 
were urethra strictures which were successfully treated with bladder neck incision 
or transurethral resection of the prostate. Erectile function can be improved with the 
use of phosphodiesterase type 5 inhibitors, and in the long-term a trend for an 
increase in impotency rate was observed. 

 At the university hospitals of Erlangen, 130 patients have been treated by an 
external beam radiotherapy (50.4 Gy) and a PDR brachytherapy boost. The PDR 
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brachytherapy boost dose was escalated from 25 to 35 Gy. The 5-year biochemical 
nonevidence of disease was 85.6 %. Only one patient developed a grade 3 proctitis 
(Lettmaier et al.  2012  ) . There were no cases of grade 3 urinary toxicity. 

 At Erlangen they have also gained experience in PDR brachytherapy as mono-
therapy for low-risk prostate cancer. The dose used was 65–70 Gy in 0.65–0.7 Gy/
pulse. In a short median follow-up of 8 months, no severe grade 3–4 toxicity was 
seen (Geiger et al.  2008  ) . 

 From the experience in Amsterdam and Erlangen, it has been found that an exter-
nal beam radiotherapy and a PDR brachytherapy boost can result in a high dose to the 
prostate gland. The results for biochemical recurrence and overall survival were shown 
to be good and comparable to the results found in HDR boost studies. As expected the 
toxicity rate was acceptable with more GU toxicity observed than GI toxicity. PDR 
boost for prostate cancer has proven to be a good alternative to HDR boost.      
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     18.1   Introduction 

 Recent improvements    in radioactive seed implantation techniques have established 
prostate brachytherapy as a highly effective treatment modality for localized pros-
tate cancer, with long-term local and biochemical control similar to outcomes 
observed after radical prostatectomy and external beam radiation therapy (Grimm 
et al.  2012  ) . 

 Nevertheless the patient undergoing this procedure and the provider offering this 
therapy have to be aware of the incidence and the prognostic factors for these 
complications. 

 Complications can be divided into acute and late events. These can occur in the uri-
nary or gastrointestinal tract. Several prognostic factors have been identi fi ed in the recent 
past so that the knowledge about these factors may help to avoid these side effects. 

 The advantages of prostate brachytherapy compared with radical prostatectomy 
and external beam radiation therapy include lower rates of incontinence and sexual 
dysfunction and both early and late radiation proctitis (Machtens et al.  2006a ,  b  ) .  

    18.2   Acute Rectal Side Effects 

 Acute radiation proctitis typically occurs in the  fi rst 6 months after implantation 
during which the majority of the radiation dose is delivered by the seeds. 

 It is characterized by intermittent rectal bleeding, diarrhea, mucous discharge, 
abdominal pain, and constipation. 
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 The most common symptom is diarrhea which can affect up to 75 % of patients 
but normally resolves shortly after onset. The physiological changes seen on sig-
moidoscopy include in fl ammation, edema, and vulnerable rectal mucosa. 

 Conservative measures to improve these symptoms are described in a later chapter 
of the book.  

    18.3   Chronic Rectal Side Effects 

 In contrast to acute radiation proctitis, chronic rectal side effects may take up to 
2 years to develop and are not associated with the occurrence of acute proctitis. 

 The typical time for manifestation of late or chronic radiation proctitis is between 
6 months and 2 years. The common symptoms of chronic radiation proctitis are 
rectal bleeding, rectal urgency, rectal incontinence, pain, strictures, and mucous dis-
charge. Severe complications in form of rectal  fi stulas and perforations are rare. 

 Chronic radiation proctitis is distinguished from acute radiation proctitis by 
changes including telangiectasias and small vasculopathy in the submucosa. These 
changes reduce bowel vascularization resulting in increased risk of mucosal ulcer-
ation and submucosal  fi brosis. Biopsies taken from this altered rectal area can 
induce the development of rectal  fi stulas and have to be avoided during colonoscopy 
which are often undertaken to investigate rectal bleeding. 

 Late rectal adverse events can either be classi fi ed by the scoring criteria of the 
Radiation Therapy Oncology Group (RTOG) or by the National Cancer Institute 
Common Terminology Criteria for Adverse Events (version 3.0) (CTCAE). 

 Most commonly the RTOG scoring criteria are applied, as shown in Table  18.1 .   

    18.4   Incidence of Rectal Side Effects 

 In general rectal outcomes have improved over the last years as experience with 
brachytherapy has grown worldwide. The use of ultrasound and intraoperative 
dynamic planning systems has improved seed placement and dosimetry. There is 
suf fi cient evidence that the probability of developing radiation proctitis increases 

   Table 18.1    Modi fi ed Radiation Therapy Oncology Group rectal toxicity scale   

 Characterization  Symptoms 

 Grade 1  Mild and self-
limiting 

 Minimal, infrequent bleeding or clear mucous discharge, 
rectal discomfort not requiring analgesics, loose stools not 
requiring medications 

 Grade 2  Managed conserva-
tively, lifestyle not 
affected 

 Intermittent rectal bleeding not requiring regular use of 
pads, erythema of rectal lining on proctoscopy, diarrhea 
requiring medications 

 Grade 3  Severe, alters patient 
lifestyle 

 Rectal bleeding requiring regular use of pads and minor 
surgical intervention, rectal pain requiring narcotics, rectal 
ulceration 

 Grade 4  Life-threatening and 
disabling 

 Bowel obstruction,  fi stula formation, bleeding requiring 
hospitalization, surgical intervention required 
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with higher radiation dose to the rectal wall. The goal of improving tumor control 
must therefore be balanced against the increased risk of complications. The know-
ledge of non-brachytherapists in managing rectal side effects has improved. 

 In early experiences, the late rectal morbidity was relatively high and the rate of 
rectal ulceration was described as up to 10 %. In subsequent series, this side effect 
is seen in approximately 1 % of all patients. 

 The incidence of rectal  fi stulas in early series varied from 1 to 7 %, whereas in 
more contemporary series, the rates have been between 0 and 1 %. 

 The incidence of  fi stula or ulcer formation is higher in patients undergoing a rectal 
biopsy or a rectal coagulation in the diagnostic or therapeutic work-up of rectal bleed-
ing. Therefore these procedures have to be regarded as contraindicated after a perma-
nent interstitial brachytherapy (Gelblum et al.  2000 ; Theodorescu et al.  2000  ) . 

 Improvements in brachytherapy techniques have also lowered the incidence of less 
severe side effects. Whereas rectal side effects that could be managed with conservative 
therapy (grade 2) ranged from 6 to 21 % in early reports, these rates have dropped to an 
average of 3.7–18 % in contemporary series (Beyer et al.  1997 ; Zeitlin et al.  1998  ) . 

 Rectal bleeding accounted for the majority of late gastrointestinal complications, 
and approximately 80 % of all episodes occurred in the  fi rst 2 years after 
implantation. 

 The incidence of chronic radiation proctitis requiring medical management 
ranges between 3.7 and 10.4 %, and the incidence of chronic radiation proctitis 
requiring endoscopic treatment is <1 %.  

    18.5   Prognostic Factors for Radiation Proctitis 

 Several studies have identi fi ed prognostic factors for the development of radiation 
proctitis. There is suf fi cient evidence for a correlation between implant technique 
and the incidence of radiation proctitis. According to this evidence, the new ABS 
guidelines recommend to limit the intraoperative dose applied to <1 cc of the rec-
tum to 100 % of the prescription dose (RV 

100
  < 1 cc). On postimplant dosimetry typi-

cally performed 30 days after the implant, this dose should not cover more than 
1.3 cc of the rectum (RV 

100
  < 1.3 cc) (Davis et al.  2012  ) . 

 Recent publications have demonstrated that prolonged catheterization and larger 
prostate size were associated with a higher rate of any acute rectal toxicity. Late 
rectal toxicity RTOG  ³  2 was associated with higher rectal dose, acute rectal toxic-
ity, and effects of the learning curve. Severe late rectal toxicity (RTOG  ³  3) was rare 
(0.9–0.2 %) (Keyes et al.  2012  ) . 

 There are also  fi ndings which implicate the possibility of intrinsic radiosensitiv-
ity, where genetic predisposition and different pathways of DNA repair mechanisms 
may contribute to enhanced toxicity in some patients. The mutation of the ataxia 
telangiectasia gene (ATM) was associated with a higher incidence of rectal bleeding. 
Presence of the ATM gene was the only independent predictor for rectal bleeding. 

 As the development of a rectal  fi stula is the most severe complication described, 
it is of special importance to place the most posterior row of the seeds far enough 
away from the rectum to keep the VR 

100
  as low as possible. 
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 The correlation between the distances of the most posterior seeds in relation to 
the edge of the rectum has been well described, demonstrating a 25 % rise in the 
maximum dose applied to the anterior rectal wall if the dose margin for seeds being 
placed 3 mm away from the rectum is decreased to 1–3 mm, raising the incidence 
of late rectal toxicity from 1 to 3 % (Waterman et al.  2003  ) . 

 Other rectal dosimetric quanti fi ers were described as predictive for late rectal 
toxicities like %V25 > 25 % (25 % of the volume of the rectal wall receives more 
than 25 % of the prescription dose) and %V10 > 40 % (10 % volume of the rectal 
wall receives more than 40 % of the prescription dose) (Shah and Ennis  2006  ) . 

 The in fl uence of hormonal treatment on the development of late rectal toxicity 
after a permanent implant is controversial. Whereas some authors do not describe 
bene fi cial effects of hormonal deprivation on the avoidance of late rectal complica-
tions, others do (Gelblum et al.  2000 ; Shah and Ennis  2006  ) .  

    18.6   Acute Urinary Morbidity 

 The acute urinary morbidity is either caused by the radiation itself or by the trauma 
due to needle insertion. Both can result in swelling of the prostate gland, or the 
needle insertion might induce a perineal hematoma or in most severe cases a blad-
der tamponade. Complete urinary retention is described with incidences between 5 
and 22 % after LDR monotherapy and 5–14, 5 % after combined modality 
approaches (Benoit et al.  2000 ; Terk et al.  1998  ) . 

 The probability of complete urinary retention correlates with the size of the pros-
tate and the pretreatment International Prostate Symptom Score (IPSS). It develops 
in the  fi rst few days after the primary implant in most cases (Gelblum et al.  1999 ; 
Merrick et al.  2000  ) . 

 The majority of patients demonstrate acute urinary morbidity in the form of dys-
uria, increased frequency, urge symptoms, and a reduced urinary  fl ow (Arterbery 
et al.  1993 ; Kleinberg et al.  1994  ) . 

 These symptoms typically return to baseline in 90 % of the treated men in the 
 fi rst year after treatment (Gelblum et al.  1999 ; Merrick et al.  2000  ) . 

 The need for a transurethral resection (TUR-P) in cases of prolonged obstructive 
symptoms is described in between 0 and 8.7 % (Storey et al.  1999 ; Wallner et al. 
 1996  ) . 

 The incidence of de novo urinary incontinence after an implant is described in 
between 0 and 19 % and increases in combination with a TUR-P up to 22 % 
(Bottomley et al.  2007 ; Nag et al.  1995 ; Wallner et al.  1997  ) .  

    18.7   Chronic Urinary Morbidity 

 Chronic urinary morbidity can occur in the form of prolonged irritative or obstruc-
tive symptoms. Denovo urinary incontinence is rarely observed. The prevalent form 
appears to be an urge incontinence. Grade III urinary symptoms classi fi ed by RTOG 
criteria are reported in 1–3 % after permanent implants and were usually caused by 
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excessive irradiation of the bladder neck or by prolonged irradiation-induced 
in fl ammation of the prostatic urethra (Brown et al.  2000 ; Zelefsky et al.  1999  ) . 

 Operative intervention such as TUR-P before or after permanent implants can 
predispose to urethral strictures which are described in 12 % of treated patients 
(Ragde et al.  1997  ) .  

    18.8   Erectile Dysfunction 

 Erectile function is the reason for many men to undergo a permanent interstitial 
brachytherapy for the treatment of prostate cancer as the chances to preserve a phys-
iological erection in the time span between 1 and 6 years after an implant are 
between 49 and 94 % (Merrick et al.  2002a ; Stember et al.  2012 ; Stock et al.  2001 ; 
Zelefsky et al.  1999  ) . 

 The rate of erectile function preservation correlates most signi fi cantly with the 
preimplant erectile status. 

 Whereas 70 % of men who demonstrated an unaltered erectile function before the 
implant still showed a physiological erectile status 6 years after the implant, this rate 
dropped to 34 % in patients with already abnormal preimplant erectile function (Kao 
et al.  2000  ) . 

 Recent data shows a correlation between the radiation dose delivered to the 
penile bulb and postimplant erectile function. Limiting the dose to the crus penis 
was able to protect the erectile function in one study but other authors could not 
con fi rm these  fi ndings (Merrick et al.  2002b  ) . 

 The combination of permanent interstitial brachytherapy with external beam 
radiation therapy and/or hormonal deprivation reduces the probability of erectile 
function preservation (Potters et al.  2001  ) . 

 The response rate to oral PDE inhibitors appears to be signi fi cantly higher than 
after alternative therapies (Merrick et al.  1999  ) .  

   Conclusion 
 There is little doubt that modern prostate brachytherapy is convenient in relation 
to other alternatives with a short hospital stay or even the opportunity to perform 
the implant as a day-case procedure compared with 6–8 weeks of daily radiother-
apy and 3–10 days in hospital plus several weeks of convalescence after surgery. 

 More than 20 years experience with modern transperineal prostate brachyther-
apy has proven the ef fi cacy of this approach. 

 The biochemical relapse-free survival for similar-stage-risk patients is at least 
as good for brachytherapy as the alternatives, and the reported side effects and 
complications con fi rm the low risk of acute and long-term morbidity.      
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     19.1   Introduction 

 Although patient selection and radiation delivery have improved over the past years, 
treatment may not always be successful because of inadequate coverage, poor treat-
ment planning, low dose delivery and non-localized disease. Better staging modali-
ties, improved biopsy protocols and strict follow-up can attribute to earlier and 
better detection of recurrences. Local recurrence after external beam radiotherapy 
or brachytherapy occurs in approximately 30 % of patients treated for localized 
prostate cancer (Baumert  2010  ) . Twelve-year ASTRO-Kattan biochemical freedom 
from recurrence using risk strati fi cation following permanent prostate brachyther-
apy in 1,449 patients with clinically localized prostate cancer was 89, 78 and 63 % 
in patients at low, intermediate and high risk, respectively (Potters et al.  2005  ) . 

 Causes for local failure after brachytherapy are speculative but might include 
dif fi culties in achieving a geometrically appropriate distribution of seeds to achieve 
a satisfactory dose distribution within the prostate or inappropriate patient selection 
for the procedure in a monotherapy management plan (Kollmeier et al.  2003  ) . 
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    19.1.1   PSA Evaluation and Relapse 

 Biochemical failure rate following brachytherapy is dif fi cult to de fi ne. In contrast to 
undetectable PSA after radical prostatectomy, in patients who have radiation ther-
apy, there is still PSA production by the remaining normal glandular prostatic tissue 
and the PSA drop is gradual. Following radical retropubic prostatectomy, two con-
secutive values of 0.2 ng/mL or greater appear to represent an international consen-
sus de fi nition for recurrent cancer (Boccon-Gibod et al.  2004 ; Moul  2000  ) . After 
radiotherapy, the PSA level falls slowly and the optimal cut-off value for a favour-
able PSA nadir after radiotherapy is somewhat controversial. Achieving a PSA 
nadir of less than 0.5 ng/mL seems to be associated with a favourable outcome 
(Verhagen et al.  2006  ) . The interval before reaching the nadir PSA may be very long 
and can sometimes take up to 3 years or more. 

 Multiple clinical characteristics have been described to de fi ne failure after radio-
therapy: ASTRO (American Society for Radiation Oncology) criteria, Phoenix/
Houston criteria, PSA doubling time and serum PSA only. Brachytherapy relapses 
are not described separately. The ASTRO designed a de fi nition in 1996 for a bio-
chemical failure after EBRT based on three consecutive PSA rises following a nadir 
with the date of failure to the point midway between the posttreatment PSA nadir 
and the  fi rst increase. This concept is known as backdating. 

 A new de fi nition of radiation failure was established with the main aim to estab-
lish a better correlation between the de fi nition and clinical outcome, which is known 
as the Phoenix/Houston criteria. The revised criteria in 2005 are the most frequently 
used nowadays and are considered the standard de fi nition for biochemical failure 
after radiotherapy. It de fi nes a biochemical failure as a PSA rise by 2 ng/mL or more 
above the nadir regardless of whether or not a patient received androgen deprivation 
therapy. 

 Any continuously rising PSA following a nadir after radiation therapy is an indi-
cator of local recurrence, systemic metastatic spread or a combination of both. 
So-called PSA bounces (rise and decline), unrelated to recurrence, can occur after 
brachytherapy and high-dose external beam radiation therapy and can be discon-
certing to both clinician and patient (Fig.  19.1 ). Approximately 30–50 % of patients 
treated with prostate brachytherapy experience a PSA bounce (Patel et al.  2004  ) . 
The PSA bounce may mimic biochemical failure and may lead to the unnecessary 
administration of salvage therapy. Due to this phenomenon, the biochemical failure 
de fi nition of a PSA rise by 2 ng/mL or more above the nadir is used. After 
 radiotherapy, a late and slowly rising PSA is a sign of local failure. The timing and 
mode of treatment of PSA-only recurrence after primary therapy remains controver-
sial. It has been shown that biochemical failure precedes clinical disease by 
6–48 months (Lange et al.  1989  ) .  

 PSA doubling time (PSADT) is a valuable prognostic factor in assessing the 
need for second- or even third-line treatment in men with biochemical progression 
of prostate cancer. PSADT has been signi fi cantly shorter in patients who developed 
metastases than in those who did not develop metastatic disease. Patients with local 
recurrence had a PSA doubling time of 13 months compared to 3 months for those 
with distant failure (Hancock et al.  1995  ) . It should be based on at least three values 
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separated by at least 3 months each and is best calculated with a mathematical log-
slope method (  www.normograms.mskcc.org/Prostate/PsaDoublingTime.aspx    ). 

 Patients should be followed up closely during the  fi rst years after primary cura-
tive treatment when the risk of failure is highest. PSA measurements are recom-
mended at the following intervals: 3, 6 and 12 months posttreatment; every 6 months 
thereafter until 3years; and then annually until 10 years. The Phoenix/Houston bio-
chemical relapse de fi nition is considered the standard de fi nition for biochemical 
failure after all radiotherapy modalities. Local failure after radiotherapy is docu-
mented by a positive prostatic biopsy and negative imaging studies. Prostate biopsy 
after radiotherapy is necessary only if local subsequent procedures (e.g. salvage 
prostatectomy) are indicated in the individual patient. Prior to extensive diagnostic 
workup in patients with PSA relapse following local treatment, men must be 
strati fi ed into patients who are candidates for salvage therapy and those who are not. 
Patients must then be further strati fi ed into candidates for local salvage treatment 
and those who might need systemic therapy. All diagnostic procedures should only 
be performed if these are likely to have therapeutic consequences.  

    19.1.2   Investigation for PSA Recurrence 

    19.1.2.1   Physical Examination 
 In case of a PSA-only relapse, a physical examination, and especially a digital rec-
tal examination (DRE), is usually not helpful in determining the site of relapse. Due 
to the radiation, the prostate has undergone changes and it can be dif fi cult to inter-
pret the  fi ndings. A newly detectable nodule should raise the suspicion of local 
disease recurrence. Only in the case of a high-risk patient and a very early PSA 
relapse or in the case of local symptoms will a local progression can be identi fi ed 
by DRE.  
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  Fig. 19.1    PSA bounce following brachytherapy       
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    19.1.2.2   Transrectal Ultrasound (TRUS) and Biopsy 
 TRUS cannot stand alone as a diagnostic tool in case of biochemical recurrence, but 
must usually be combined with biopsies to establish the presence of local disease 
recurrence. TRUS-guided biopsy is indicated for histological con fi rmation with 
proven biochemical recurrence if a salvage procedure is being considered. Biopsies 
should be performed at least 18 months after the radiation since the histological 
regression of tumour cells after RT may be prolonged (Cox et al.  1999  ) . TRUS can-
not reliably  identify the areas in the prostate with recurrent/resistant tumour, and 
therefore, new developments such as Doppler sonography, contrast-enhanced TRUS 
(CE-TRUS) and elastography are being explored in order to possibly enhance the 
value of TRUS. CE-TRUS detected prostate cancer signi fi cantly better compared to 
TRUS alone with a modest sensitivity and a high PPV in a selected patient cohort 
(Seitz et al.  2011  ) . Contrast-enhanced advanced dynamic  fl ow Doppler allows more 
reliable differentiation of prostate cancer and normal prostate tissue with a high 
sensitivity in patients with previous negative biopsy and fewer artefacts than power 
Doppler images, thus providing a good basis for targeted prostate biopsy instead of 
systematic biopsy (Taymoorian et al.  2007  ) . However, the role of these new imaging 
modalities in relapsing patients following radiation therapy remains to be 
established.  

    19.1.2.3   Magnetic Resonance Imaging (MRI) 
 Another local imaging technique in detecting local recurrence is the T2-weighted 
MRI. The reported sensitivities (26–44 %) and speci fi cities (64–86 %) in the detec-
tion of tumour recurrence have been rather low due to the morphologic changes 
after irradiation including in fl ammation, glandular atrophy,  fi brosis and prostate 
shrinkage. These changes can cause dif fi culty in differentiating recurrence from 
irradiated normal tissue (Coakley et al.  2001 ; Haider et al.  2008  ) . Additional MR 
spectroscopy and dynamic contrast-enhanced MRI are advised and have shown 
promise in increasing overall imaging performance in the detection of local recur-
rence (De Visschere et al.  2010  ) . The functional imaging techniques provide spatial 
information on the physiological tumour characteristics (Engelbrecht et al.  2010  ) . 
Dynamic contrast-enhanced MRI (DCE-MRI) aims to analyze the extravasation to 
the interstitial space and the subsequent clearance of gadolinium-DTPA, a low-
molecular weight paramagnetic contrast agent, after intravenous bolus injection. It 
is a non-invasive imaging tool providing both anatomical and physiological infor-
mation on the tumour. The ‘wash-in’ is the speed of contrast uptake and suggested 
being the most accurate discriminator between malignant and benign prostatic tis-
sue (Isebaert et al.  2011  ) .  

    19.1.2.4   CT Scan, Bone Scan and PET Scan 
 Imaging studies including bone scan and CT scan have a limited role in the detection 
of local recurrence with early biochemical recurrence after brachytherapy. Metastasis 
may be detected by pelvic CT scan or bone scan, and a search for bone metastases or 
pelvic recurrence is only advised in men with a serum PSA of  ³ 10 ng/mL ( ³ 5 ng/mL 
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if prior ADT was administered), an increase of PSA >2 ng/mL per month or a PSA 
doubling time less than 6 months (Dotan et al.  2005  ) . The role of PET imaging in 
prostate cancer is gradually evolving but still remains investigational. Different 
radiotracers (e.g. anti-3- 18 F-FACBC,  111 In-capromab pendetide, ( 11 C)-choline and 
 18 F-choline) using PET/CT are being evaluated and may enhance the detection rate 
and the differentiation of prostatic from extraprostatic disease (Schuster et al.  2011  ) . 

 In conclusion, evaluation in a patient with a PSA relapse after primary radiation 
therapy who might be candidate for secondary local salvage therapy should consist 
of a positive prostatic biopsy at least 18 months after the procedure and imaging 
studies preferably an endorectal MRI and exclusion of distant disease with isotope 
bone scan.   

    19.1.3   Timing of Salvage Treatment 

 There are signi fi cant challenges in counselling patients for treatment of local pros-
tate carcinoma recurrence. The treatment of asymptomatic patients with recurrent 
disease in patients with associated comorbidity remains controversial. For patients 
with a biochemical recurrence following radical prostatectomy, it took 96 months to 
develop M+ disease without any further treatment, and median time to death was 
then 60 months. So a total of 13 years was observed between biochemical recur-
rence and death. The desire to intervene quickly after the formal de fi nition of PSA 
failure can be tempered by some evidence that PSA rise, even with a positive local 
biopsy, does not inevitably lead to progressive clinical disease (Smathers et al. 
 2001  ) . Patients that are nowadays selected for salvage therapy may differ from 
selected patients in the near future, since some older patients may have been treated 
with a treatment modality that was suboptimal possibly due to comorbidity. 
Therefore, the chance of local recurrence can be higher.  

    19.1.4   Patient Selection 

 Local salvage curative therapy may be considered in a patient with a good perfor-
mance status if a local recurrence is documented by prostate biopsy, with no evi-
dence of disseminated disease and a life expectancy >10 years. The morbidity for 
the therapeutic salvage options can be signi fi cant, and patients have to accept the 
possible side effects of second-line treatment. No consensus exists on optimal tim-
ing of salvage therapy for those recurrences thought con fi ned to the prostate 
(Grossfeld et al.  1998  ) . A suggestion has been made to initiate the treatment with a 
relatively low PSA level for which, however, further evaluation is needed. 

 As is true for most treatment modalities for prostate cancer with curative intent, 
no randomized trials comparing the different salvage treatments are available, and 
judgment on which treatment to start and at what time point is based on observa-
tional studies.   
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    19.2   Treatment Options in Recurrence After Brachytherapy 

    19.2.1   Salvage Surgery 

    19.2.1.1   Salvage Open Radical Prostatectomy 
 Historically, salvage RP (SRP) for men with biopsy-proven local recurrence after 
RT has rarely been performed because of concerns regarding lack of ef fi cacy and 
high morbidity. However, it remains a feasible option and improvements in surgical 
experience have led to improved functional outcomes with less side effects. 
Candidates for salvage radical prostatectomy must have an organ-con fi ned recur-
rence with a good performance status, a life expectancy >10 years and a low post-
implant PSA level (<10 ng/mL). 

 SRP is performed in a similar technique as the standard retropubic or perineal 
approach, with modi fi cations in the surgical technique dependent on the extent of 
intrapelvic  fi brosis, pelvic adhesions and scarring. These are the major challenges 
in the irradiated prostate and can make nerve sparing dif fi cult in case the patient is 
still potent. However, nerve sparing is sometimes performed in very well-selected 
cases with preoperatively normal potency. 

 Salvage radical cystoprostatectomy may be necessary in case of bladder neck 
in fi ltration and can be considered in patients with severe urinary problems follow-
ing radiation treatment, e.g. radiation-induced cystitis with severe haematuria and/
or a contracted bladder. 

 Despite the willingness of most surgeons to consider post-radiation salvage sur-
gery, the collective published experience is relatively small and relates more 
speci fi cally to failures after EBRT than brachytherapy. The available data is limited 
to retrospective cohort studies, mostly single centre, and restricted by the small 
sample size and short follow-up. Brachytherapy is in most cases not described sepa-
rately. The largest series was a recent retrospective, international, multi-institutional 
cohort analysis with a median follow-up of 4.4 years, 10 years after SRP was per-
formed on 404 patients with radiation-recurrent PCa (Chade et al.  2011  ) . 

 A summary of oncological and functional results after SRP in large series on 
SRP can be found in Tables  19.1  and  19.2 .   

      Oncological Outcome 
 At a median follow-up of 35 months after surgery, biochemical disease-free survival 
is described in 75 % of patients ( n  = 32) (Leonardo et al.  2009  ) . At 5 years 47 % of 
patients were progression-free without androgen deprivation therapy. Among patients 
with pT2 disease, 100 % were progression-free at 5 years, compared with 35 % of 
patients with pT3N0 disease or higher and 0 % of patients with node-positive disease 
(Sanderson et al.  2006  ) . At 6.9 years, the biochemical disease-free survival rate is 
reported to be 55 %, while overall and cancer-speci fi c survival was 91 % (Darras 
et al.  2006  ) . Ten-year BCR-free survival, metastasis-free survival and cancer-speci fi c 
survival rates are 37, 77 and 83 %, respectively (Heidenreich et al.  2010  ) . 

 Patients with lower pre-SRP PSA levels and lower post-radiation prostate biopsy 
Gleason score have the highest probability of cure from SRP (Heidenreich et al. 



22119 Salvage    Treatment for Recurrent Prostate Cancer Following Brachytherapy

 2010  ) . Previous low-dose brachytherapy, <50 % positive biopsy cores and a PSA 
doubling time >12 months are predictors of organ-con fi ned disease and to select 
patients who are most suitable for SRP (Heidenreich et al.  2010  ) . A serum PSA of 
5.0 ng/mL or less can best predict long-term recurrence-free survival preoperatively 
(van der Poel et al.  2007  ) .  

      Surgical Outcome 
 Surgery is mostly dif fi cult but no major intraoperative complications have been 
described recently, probably due to improved surgical techniques. Mean operative 
time in different series ranged between 119 and 122 min, and mean blood loss was 
between 360 and 550 mL (Gotto et al.  2010 ; Nuñez-Mora et al.  2009 ; Ahallal et al. 
 2011  ) . There was no signi fi cant difference in median operative time, blood loss or 
transfusion rate when comparing open radical to salvage prostatectomy with 21 % 
of the patients having prior brachytherapy (Gotto et al.  2010  ) . Hospital stay and 

   Table 19.1    Salvage    prostatectomy after radiotherapy   

 No. of 
pts 

 Mean 
age 

 Median 
FU (year) 

 Median 
pre-SRP 
PSA 

 PSA 
< 10 (%)   £ pT2b 

 BCR-free 
5 year (%) 

 CSS 5 year 
(%) 

 Chade  ( 2011   )   404  65  4.4  4.5  NR  65  48  92 
 Leonardo 
 ( 2009   )  

 32  63  2.9  13  NR  78  75 % 
(2.9 year) 

 100 
(2.9 year) 

 Sanderson 
 ( 2006   )  

 51  65  7.2  8  64  25  (47 % PFS)  NR 

 Darres 
 ( 2006   )  

 11  60.5  6.9  5.2  100  100  55 % 
(6.9 year) 

 91 % 
(6.9 year) 

 Heidenreich 
 ( 2010   )  

 55  65.3  5.6  7.8  81.8  80  74.5 
(5.6 year) 

 NR 

 Gotto  ( 2010   )   98  NR  2.9  NR  NR  NR  NR  NR 
 van der Poel 
 ( 2007   )  

 27  64  3.6  8.6  NR  41  31 %  89 % 

 Bianco et al. 
 ( 2005   )  

 100  65  5  5.9  70  91  55 %  NR 

   Table 19.2    Salvage prostatectomy after radiotherapy   

 Year 
 No. of 
pts  BNS (%) 

 Rectal injury 
(%) 

 Continency 
(%) 

 Potency 
(%) 

 Chade  ( 2011   )   1985–2009  404  NR  NR  NR  NR 
 Leonardo  ( 2009   )   2001–2004  32  12.5  0  21.9  9.3 
 Sanderson  ( 2006   )   1983–2002  51  41  2  73  22–25 
 Darres  ( 2006   )   1989–2004  11  18  0  81 (<2 pads)  0 
 Heidenreich  ( 2010   )   2004–2008  55  10.9  3.6  80 (<2 pads)  26.7 
 Gotto  ( 2010   )   1999–2007  98  26  9  30  25 
 van der Poel  ( 2007   )   1997–2005  27  3.7  3.7  37 (no pads)  7 
 Bianco  ( 2005   )   1984–2003  100  NR  NR  NR  NR 
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catheterization time were 5 and 12 days, respectively (Gotto et al.  2010  ) . There 
were no signi fi cant differences between the type of RT and surgical outcome. 
Scarring and  fi brosis was less in the EBRT group compared with the EBRT/contem-
porary brachytherapy and permanent brachytherapy group (Ahallal et al.  2011  ) .  

      Complications 
 There is a higher probability of medical and surgical complications, including uri-
nary tract infection, bladder neck contracture, urinary retention, urinary  fi stula, 
abscesses and rectal injury. In 53 % minor complications and 7 % major complica-
tions are described (Jamal et al.  2008  ) . Bladder neck stricture is the most common 
postoperative complication after SRP in radiorecurrent disease and described in 
11–41 % patients (van der Poel et al.  2007 ; Nuñez-Mora et al.  2009 ; Ahallal et al. 
 2011  ) . The brachytherapy group seems to have comparable complications to the 
EBRT group, but it is suggested that less postoperative bladder neck contracture and 
urine retention are seen (Jamal et al.  2008  ) . Another series showed no correlation in 
the development of a bladder neck contracture and the type of RT (van der Poel 
et al.  2007  ) . 

 Early complications following open salvage therapy are described in 27.3 %, e.g. 
UTI, epididymitis, super fi cial wound infection, prolonged transurethral catheter 
drainage, blood transfusion and rectal lesions. Late complications are described in 
30.9 % of patients: urinary incontinence, bladder neck contracture and urethral 
stricture. The major late complication was rectourethral  fi stula in 1.8–2 % of 
patients. Anastomotic strictures could be treated with urethrotomy or with urethral 
dilation and temporary catheterization (Gotto et al.  2010 ; van der Poel et al.  2007 ; 
Ahallal et al.  2011  ) .  

      Functional Results 
 Continence rates are worse than in primary radical prostatectomy. Complete con-
tinence and acceptable and stress incontinence rates are described in 22–80, 36 
and 18 % of patients, respectively (Gotto et al.  2010 ; Nuñez-Mora et al.  2009 ; 
Ahallal et al.  2011  ) . Improvement of continence strongly correlates with the type 
of previous RT: continence is restored in 9.5 % of patients following seed implan-
tation. Incontinence remained in 21.1 % following EBRT and 33 % patients after 
EBRT plus brachytherapy. The median time to regain continence was 7.9 months 
(Ahallal et al.  2011  ) . In patients requiring an arti fi cial urinary sphincter, self-
reported functional outcomes following prosthesis implantation were excellent. 
The impact of salvage surgery on QoL parameters can be greatly ameliorated in 
case of urinary incontinence with the use of prosthetic devices (van der Poel et al. 
 2007  ) . 

 Full potency is described in only 0–9 % of patients; sparing bilateral bundles 
resulted in 25–26.7 % potency in men with unimpaired preoperative erections 
(Nuñez-Mora et al.  2009 ; Jamal et al.  2008  ) . Ten to 40 % of patients achieved erec-
tions suf fi cient for sexual intercourse with the use of PDE5 inhibitors. In case of 
impotence, patients could be treated with either intracavernous self-injection of 
vasodilating agents or a penile implant (Gotto et al.  2010 ; Ahallal et al.  2011  ) . 
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 Data on the perineal surgical approach to the prostate as a salvage therapy after 
radiotherapy is limited. In 27 patients who underwent a perineal SRP after external 
beam or brachy-radiotherapy, 5-year biochemical recurrence-free survival was 
31 %. Perioperative morbidity consisted of prolonged anastomotic leakage, urosep-
sis, prolonged haematuria and urinary and rectal perforation. Thirty-seven and 7 % 
of patients reported normal continence and erectile function, at least 1 year after 
perineal surgery, respectively (van der Poel et al.  2007  ) .    

    19.2.2   Salvage Laparoscopic-Assisted Prostatectomy 

 The available data are limited to retrospective single-centre cohort studies and 
restricted by the small sample size and short follow-up. Brachytherapy is not 
described separately.    In the patients treated no conversion to an open procedure was 
necessary. 

 In a series of nine patients (4 XRT, 5 BT), the positive surgical margin rate was 
22.2 % (Nuñez-Mora et al.  2009  ) . In a pilot study of 15 patients within an 8-month 
median follow-up, 11 patients were disease-free and 3 had persistent postoperative 
PSA elevation; the remaining patient experienced PSA recurrence after 21 months 
(Ahallal et al.  2011  ) . 

 Mean operative time in different series ranged between 170 and 235 min, mean 
blood loss of 250 mL, and no ureteral or rectal or postoperative injuries were 
reported. The dissection in the salvage procedure was more dif fi cult due to intense 
periprostatic  fi brosis following radiotherapy. Postoperative complications were 
described in two patients (22.2 %): gross haematuria and a left pelvic lymphocele 
(Chauhan et al.  2011 ; Eandi et al.  2010  ) . 

 At a minimum follow-up of 15 months in a series of nine patients, three 
(33.3 %) patients were pad-free. One of the  fi ve preoperatively potent patients 
achieved erections 16 months after the surgery (Chauhan et al.  2011  ) . In a series 
of 15 patients, 1 presented with a rectal injury and 1 had an anastomotic leak. 
Seven patients achieved continence by 8.4 months, 1 patient had severe inconti-
nence corrected by implanting an arti fi cial sphincter, and 7 patients with a 12.6-
month mean follow-up needed one or two pads per day. Erectile dysfunction was 
present in 5 patients before surgery and in 14 patients after surgery (Eandi et al. 
 2010  ) .  

    19.2.3   Salvage Robot-Assisted Radical Prostatectomy (sRARP) 

 The feasibility of performing salvage radical prostatectomies has been extended 
into laparoscopy and more recently into robotic-assisted techniques. Only a few 
cases have been described in the literature until now. It is a safe and technically 
feasible salvage treatment modality and an emerging area of interest for prostate 
cancer for which primary radiotherapy has failed (Jamal et al.  2008 ; Boris et al. 
 2009  ) . All sRARP cases were performed using a previously described six-port 
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transperitoneal technique and no conversions were described. Most of the oncologi-
cal and functional outcomes still need to be validated. 

 In a multi-institutional retrospective series of 15 patients with a median follow-
up of 4.6 months, 4 patients (28.6 %) presented with biochemical recurrence after 
sRARP (Chauhan et al.  2011  ) . In one series, 28 % had a positive surgical margin. 
The mean operative time ranged between 125 and 160 min, the mean blood loss was 
between 117 and 150 mL, and the mean hospital stay was 2–2.7 days (Stephenson 
and Eastham  2005 ; Eandi et al.  2010 ; Moman et al.  2010  ) . 

 Perioperative complications occurred in 7 patients (39 %) of which the most 
common was urine leakage. Another series described 20 % of patients with postop-
erative complications consisting of deep vein thrombosis, a wound infection and an 
anastomotic leak developing into an anastomotic stricture. Continence rate was 
71.4 % and none were potent after sRARP (Stephenson and Eastham  2005 ; Tharp 
et al.  2008  ) . In a series of four patients, no major complications were described. 
Three patients were continent (Kaouk et al.  2008  ) . 

 Salvage robot-assisted radical prostatectomy seems to be a safe procedure with 
no increase in perioperative morbidity and thus is an effective modality for salvag-
ing patients with localized prostate cancer recurrence after radiation. However, mor-
bidity remains high with this approach also. The bene fi ts of the robot’s improved 
three-dimensional vision and magni fi cation should potentially further decrease the 
morbidity associated with SRP once more experience has been obtained. 

 The RALP in primary treatment of prostate carcinoma showed signi fi cantly 
lower blood loss and transfusion rates compared to the open approach, but the avail-
able data were not suf fi cient to prove the superiority of any surgical approach in 
terms of functional and oncologic outcomes (Ficarra et al.  2009  ) . Further studies are 
warranted to validate the oncological and functional outcomes of SRP after radia-
tion and/or brachytherapy.   

    19.3   Summary of the Role of Salvage Surgery 

 During the last decade, morbidity of SRP has strongly decreased with a percentage 
of rectal and ureteral injury at 2 %. It can be a curative option with moderate disease 
control rates. Salvage RP may favourably alter the natural history of biochemical 
recurrence after radiation therapy, but it must be instituted early in the course of 
recurrent disease to be effective (Stephenson and Eastham  2005  ) . Nevertheless, the 
incidence of urinary incontinence and erectile dysfunction is an important factor in 
counselling the patient before deciding to start a salvage radical prostatectomy. 
Laparoscopic and robotic salvage prostatectomies seem to be interesting alterna-
tives but need further investigation. Although few reports of salvage robotic pros-
tatectomy have been published with limited long-term follow-up, initial oncologic 
results seem at least comparable to the salvage open prostatectomy series. sRALP 
should be performed by centres with a dedicated and well-experienced robotic uro-
logic oncology programme as is also the case for the other approaches. As with all 
techniques, further long-term follow-up is needed.  
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    19.4   Salvage Radiotherapy 

    19.4.1   Salvage External Beam Radiotherapy and Brachytherapy 

 Salvage radiotherapeutic treatments have not been widely used but are available and 
seem to have potential. Initial radiotherapeutic treatment may have been performed 
using an insuf fi cient dose and leaves room for new radiation treatment (Table  19.3 ). 
No data exist on salvage external beam radiotherapy in prostate carcinoma. In 
brachytherapy, dependent on the activity of the source, a distinction is made between 
continuous low-dosage radiation (LDR) which is 0.4–2.0 Gy an hour and fraction-
ated radiation with high dosage (HDR) which is >12 Gy an hour. HDR has been 
used for seed failure patients with doses varied at the discretion of the treating radia-
tion oncologist, ranging from 600 to 900 cGy per HDR fraction in two to four total 
fractions (Tharp et al.  2008  ) . The available data on brachytherapy is limited to ret-
rospective cohort studies, mostly single centre and restricted by the small sample 
size and short follow-up (Tables  19.3  and  19.4 ).   

 One series reported a 58-month median follow-up of salvage HDR brachyther-
apy after EBRT or permanent seed implantation and a 71 % disease-free survival 

   Table 19.3    Salvage radiotherapy after radiotherapy   

 No. of 
pts 

 Mean 
age 
(year) 

 Median 
FU (year) 

 Median 
PSA at 
SR Tx 

 Previous 
BT (%)  Type sBT 

 DFS 
(% at year) 

 Tharp  (  2008  )   7  71  4.8  9.5  0  125I  71 (4.8) 
 Moman  (  2010  )   31  69  9.0  11.4  36  125I  NR, BCR at 

5 year: 51 % 
 Burri  (  2010  )   37  70  7.2  5.6  14  103Pd or 

125I 
 NR, BCR at 
5 year: 96 % 

 Lee  (  2008  )   21  72  3.0  3.8  0  103Pd  NR, BCR at 
5 year: 38 % 

 Nguyen  (  2009  )   25  65  3.9  5.5  0  125I  NR 
 Allen  (  2007  )   12  NR  3.8  3.9  0  103Pd or 

125I 
 67 (4.0) 

 Grado et al. 
 (  1999  )  

 49  73  5.3  5.6  6  103Pd or 
125I 

 34 (5.0) 

 Wallner et al. 
 (  1990  )  

 13  NA  3.0  NA  NA  125I  51 (5.0) 

 Loening and 
Turner  (  1993  )  

 31  NA  1.9  NA  0  198Au  40 (5) 

 Beyer  (  2004b  )   30  NA  3.8  NA  0  103Pd or 
125I 

 25–67 (3) 

 Koutrouvelis 
et al.  (  2003  )  

 31  NA  2.5  NA  100  103Pd  NA, BCR at 
2.5 year: 
87 % 

 Wong et al. 
 (  2006  )  

 17  68  3.6  4.7  0  125I and 
103Pd 

 79 (4) 
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rate ( n  = 7) (Allen et al.  2007  ) . After salvage I-125 implantation for prostate cancer 
recurrences, the 5-year freedom from biochemical failure rate was 23 %, and the 
DSS rate was 74 % after primary EBRT or I-125 implantation ( n  = 31) (Moman 
et al.  2010  ) . Thirty-seven men with local failure after initial prostate radiotherapy 
(32 EBRT and 5 BT) received a median dose to 90 % of the prostate volume of 
122 Gy using either palladium-103 or I-125 seeds. The 10-year freedom from bio-
chemical failure and CSS were 54 and 96 %, respectively (Burri et al.  2010  ) . 
Twenty-one patients underwent salvage brachytherapy for local failure after EBRT. 
With a median follow-up of 36 months, the actuarial 3-year and 5-year overall sur-
vival rates were 81 and 81 %, and the biochemical failure-free survival rates were 
94 and 38 %, respectively. There was no signi fi cant difference in biochemical fail-
ure-free survival and OS for patients who had androgen ablation (Lee et al.  2008  ) . 
In 12 patients the median brachytherapy dose delivered was 97 Gy. At a median 
follow-up of 45-month post-salvage treatment in combination with 3-month ADT, 
the 4-year actuarial biochemical disease-free survival was 63 % and overall survival 
was 54 % (Allen et al.  2007  ) . 

 With I-125 or palladium-103 salvage brachytherapy, up to 98 % of recurrences 
after EBRT may be locally controlled, and 5-year freedom from second relapse is 
approximately 50 %. With careful case selection, relapse-free rates up to 83 % may 
be achieved (Beyer  2004a  ) . 

    19.4.1.1   Complications 
 After HDR brachytherapy in  fi ve patients (71 %), symptomatic urethral strictures 
developed. Salvage I-125 implantation after primary external beam radiotherapy had 
considerable genitourinary grade 3–4 rates of toxicity. Two of 7 patients with sal-
vage HDR brachytherapy (previous seed failures) developed incontinence with ure-
thral necrosis, followed by placement of an arti fi cial urinary sphincter prosthesis. 
Severe toxicity of the gastrointestinal and genitourinary tract occurred in 29 % of the 
patients, most often in the late phase. These results seem to be in favour of HDR 
brachytherapy. Because of the high toxicity rates, patients for LDR should be selected 
with great care, based on individual risk factors (Allen et al.  2007 ; Beyer  2004a  ) .  

    19.4.1.2   Functional Results 
 Results for lower urinary tract symptoms are usually described; however, inconti-
nence and potency are reported rarely. One month after implantation, the median 
IPSS increased by 15 points and subsequently declined to the pretreatment level at 
last follow-up. Grade 2 urinary incontinence was reported in 25 % (Lam and 
Belldegrun  2004  ) . After salvage I-125 implantation, 8 % grade 1 urinary symptoms 
and 46 % grade 2 toxicity are described. The latter complication required medica-
tions for symptom relief. Eight percent developed grade 3 toxicity such as obstruc-
tive uropathy requiring TURP or fulguration for gross haematuria. Grade 4 toxicity 
(prostatorectal  fi stula) was seen in 2.7 % (Nguyen et al.  2009  ) . After palladium-103 
salvage brachytherapy, 19 % of patients had grade 2 genitourinary adverse events, 
9.5 % of patients had grade 1 genitourinary adverse events, and 4.7 % of patients 
had a grade 2 gastrointestinal adverse event (Onik et al.  1993  ) . 
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 Although bowel and urinary symptoms were described at 3 or 15 months, they 
recovered and there were no signi fi cant differences between baseline and 27-month 
urinary or bowel scores. An interval to re-irradiation of less than 4.5 years and prior 
brachytherapy were each associated signi fi cantly with the largest decrements in 
bowel function (Nguyen et al.  2009  ) .  

    19.4.1.3   Conclusion 
 Initial radiotherapeutic treatment may have been performed using an insuf fi cient 
dose and leaves room for new radiation treatment. No data exist on salvage external 
beam radiotherapy in recurrent prostate carcinoma. The disease control rates and 
complications of salvage brachytherapy treatment compare favourably with those 
reported using other modalities, and the salvage treatment is well tolerated. Effective 
salvage therapy can be achieved with a minimum of procedure-related morbidity 
and favourable long-term side effect pro fi les. It seems that prostate brachytherapy 
causes transient increases in urinary symptoms in the immediate posttreatment 
period that generally normalize on longer follow-up. Results seem to be in favour of 
HDR brachytherapy. Very limited data on salvage HDR or LDR brachytherapy are 
available and merit further investigation. Increased fractionation with lower doses 
of HDR could be considered as a method to reduce late toxicity. More research is 
needed to improve current patient selection procedures in the workup for salvage 
treatment, and functional results have to be prospectively evaluated.    

    19.5   Minimally Invasive Procedures 

    19.5.1   Salvage Cryotherapy 

    19.5.1.1   Technique 
 First-generation and second-generation cryosurgical systems utilized free-hand-
placed liquid nitrogen to create an ice ball, which lacked precise control and moni-
toring, resulting in a high complication rate. Today’s third-generation cryo units 
have transitioned to argon/helium-based systems using the Joule–Thomson    princi-
ple to create precisely controlled isotherms through ultrathin needles mostly placed 
using a perineal grid as used for brachytherapy. Argon and liquid nitrogen achieve 
adequate freezing temperatures (resp. −187 and −196 °C); supercooled liquid nitro-
gen actually has a lower temperature (−209 °C). Considerable improvement in 
recent years has been made with the introduction of the transperineal ultrasound-
guided implantation technique using thin needles, which has reduced toxicity and 
improved outcome for the treatment of primary diagnosed prostate cancer (Onik 
et al.  1993  ) . Salvage cryosurgery can be performed in the patient with recurrent 
disease following EBRT as well as interstitial prostate brachytherapy. Previously 
placed radioactive seeds can be visualized quite well under TRUS and may cause 
some confusion as their sonographic appearance is similar to the tip of the cry-
oneedles, especially in the transverse view. Placing the needles in the sagittal plane 
can overcome this dif fi culty, since the length of the cryoneedles can be easily fol-
lowed in this view (Lam and Belldegrun  2004 ; Finley and Belldegrun  2011  ) . 
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 Incorporating the routine use of multi-temperature sensing probes, double 
freeze–thaw cycles and urethral warming catheters has led to further improve-
ments. Percutaneous lethal freezing of primary prostate carcinoma under image 
guidance has been described as minimally invasive, causing minimum pain and 
discomfort, with quick recovery time and no radiation, and is repeatable in case of 
failure. The technique has now also been introduced for salvage procedures because 
of the theoretical advantage that no radiation is being used and the formation of the 
ice ball can be monitored accurately. Few contraindications for cryotherapy have 
been described: these include involvement of seminal vesicles and anorectal 
absence or signi fi cant pathology. Although a history of brachytherapy may compli-
cate needle placement, it is generally not considered to be a contraindication to 
salvage cryosurgical  ablation. A major concern with the use of less aggressive tis-
sue-preserving strategies is incomplete treatment of cancerous foci in remnant 
locations. 

 According to the 2008 American Urological Association (AUA) Best Practice 
Consensus Statement, ideal candidates for salvage cryoablation should have absence 
of seminal vesicle invasion, a PSA less than 10 ng/mL (preferably <4 ng/mL), a 
PSA doubling time of 16 months or more and at least a 10-year life expectancy. 

 The collective published experience is again relatively small and limited to retro-
spective cohort studies, single centre and restricted by the small sample size and 
short follow-up. It relates more speci fi cally to failures of EBRT than to 
brachytherapy.  

    19.5.1.2   Oncologic Results 
 The Cryo On-Line Data Registry data from 279 patients treated with argon or nitro-
gen salvage cryoablation, of which only 47 had a minimum of 5-year follow-up, 
reported 5-year actuarial biochemical disease-free rates of 58.9 % (ASTRO) and 
54.5 % (Phoenix), respectively (Pisters et al.  2008  ) . There is a question as to whether 
these criteria can be used for salvage treatments, because they have not been tested 
in these patient cohorts. In 59 patients, a 59–69 % biochemical disease-free survival 
was reported with a median follow-up of 6.9 years (Bahn et al.  2003  ) . In 176 patients 
undergoing salvage cryoablation with a mean follow-up of 7.46 years, overall DFS 
was 47, 39 and 39 % at 5, 8 and 10 years, respectively. In terms of prognostic fac-
tors, a PSA nadir above 1.0 ng/mL was signi fi cantly associated with poor prognosis 
(Williams et al.  2011  ) . Another series of 56 patients showed 21 % biochemical dis-
ease-free survival at 5 years after primary radiation therapy, which is inferior to the 
salvage radical prostatectomy of 61 % at 5 years. The salvage radical prostatectomy 
resulted in superior biochemical disease-free survival. There was no signi fi cant dif-
ference in disease speci fi c survival at 5 years for salvage cryotherapy (96 %) and 
salvage radical prostatectomy (98 %) (Pisters et al.  2009  ) . 

 PSA at the time of salvage cryoablation seems to be a predictive factor for bio-
chemical recurrence. Patients with pre-cryoablation PSA less than 4 ng/mL had a 
5- and 8-year biochemical recurrence-free survival at a mean follow-up of 39 months 
of 56 and 37 %, respectively. In contrast, patients with pre-cryoablation PSA of 
10 ng/mL or greater had a 5- and 8-year biochemical recurrence-free survival of 
only 1–7 %, respectively (Ng et al.  2007  ) .  
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    19.5.1.3   Complications 
 In the Cryo On-Line Data Registry, the rectal  fi stula rate was 1.2–3.2 % of patients 
that underwent transurethral prostate resection to remove sloughed tissue. Other 
complications included urethral stricture, urethral ulcer, urethrorectal  fi stulas in 
2 %, acute urinary retention in 21 %, perineal pain in 14 % and haematuria in 11 % 
of patients (Eisenberg and Shinohara  2008 ; Ng et al.  2007  ) .  

    19.5.1.4   Functional Results 
 Incontinence rate following salvage cryotherapy treatment was described in 4.4–
40 % of patients (Yin et al.  2010 ; Anastasiadis et al.  2003 ; Murat et al.  2009  )  and 
erectile dysfunction rate of 90 % (Berge et al.  2010  ) . 

      Focal Cryotherapy 
 To determine the ef fi cacy of partial cryoablation, a retrospective analysis on salvage 
partial cryoablation was conducted. Nineteen patients had a biochemical recurrence-
free survival rate of 89, 67 and 50 % at 1, 2 and 3 years, respectively (Uchida et al. 
 2011  ) . Overall 5- and 8-year survival rates were described in 97 and 92 %, respec-
tively (Murat et al.  2009  ) .   

    19.5.1.5   Conclusion 
 Salvage cryoablation may potentially be curative and is a viable treatment option 
for patients with prostate cancer in whom radiation therapy has failed. However, it 
is associated with signi fi cant morbidity causing urinary incontinence and 
impotence.   

    19.5.2   Salvage HIFU 

    19.5.2.1   Technique 
 HIFU is a relatively new technique combining an imaging and treatment modality 
using ultrasound. It destroys tissue with rapid heat elevation, which essentially 
‘cooks’ the tissue. Ultrasound energy is focused when the transrectal ultrasound 
is guided at a speci fi c location, and at that focal point, the temperature rises to 
90 °C in a matter of seconds. This technique is applied in some centres for the 
primary treatment of localized prostate cancer. Endorectal high-intensity focused 
ultrasound treatment is receiving increasing attention. Each shot consists of a 
burst of ultrasound waves, which entail 100 % acoustic power with a 5 s pulse of 
energy to create each discrete HIFU lesion, with a 5 s delay between the formation 
of each lesion. It has a very small focal volume which makes it possible to pre-
cisely de fi ne the lesion positioning and treatment delivery thus sparing surround-
ing tissue.  

    19.5.2.2   Available Data 
 The collective published experience is relatively small and relates more speci fi cally 
to failures of EBRT. It is limited to retrospective cohort studies, mostly single centre 
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and restricted by the small sample size and short follow-up. Brachytherapy is in 
most cases not described separately, because the interaction between heat formation 
and the seeds is unpredictable. HDR failures would therefore be more appropriate 
candidates for salvage HIFU. 

 Local cancer control in 194 salvage HIFU sessions for 167 patients was achieved 
with negative biopsy results in 73 %. The actuarial 5-year overall survival rate was 
84 %. The actuarial 3-year progression-free survival rate was signi fi cantly lower in 
three circumstances: worsening of the pre-EBRT stage, increase in the pre-sHIFU 
PSA and use of AD during management (Murat et al.  2009  ) . The biochemical dis-
ease-free survival rate in 22 patients at 5 years was 52 %. Rates of bDFS in low-, 
intermediate- and high-risk groups were 100, 86 and 14 %, respectively (Uchida 
et al.  2011  ) . After EBRT speci fi c survival in 72 patients was 94 % at 3 years and 
90 % at 5 years, and progression-free survival was 50 % at 3 years and 44 % at 5 
years (Poissonnier et al.  2008  ) . In 46 patients treated with sHIFU, 39.1 % were 
classi fi ed as failures, while another study with 31 patients showed 29 % with evi-
dence of recurrence after a mean follow-up of 7.4 months (Berge et al.  2010 ; 
Zacharakis et al.  2008  ) . 

 Urethrorectal  fi stula was described in 2–4.5 %, urethral stricture or intervention 
for necrotic tissue in 18–36 %, urinary tract infection or dysuria syndrome in 26 %, 
an epididymitis in 4.5 %, and 4.3 % of patients developed urethrocutaneous  fi stulae 
(Ahmed et al.  2009 ; Trachtenberg et al.  2007 ; Nathan et al.  2002  ) . Rectourethral 
 fi stula after salvage HIFU was higher after the failure of combined brachytherapy 
and EBRT. In another series, no rectal complications were observed (Zacharakis 
et al.  2008 ; Ahmed et al.  2009  ) . 

 The urinary incontinence rate is described in 7–44 % divided in grade 1 (12–
18 %) and grade 2/3 (17.3–32 %) (Ahmed et al.  2009 ; Shariat et al.  2005 ; 
Trachtenberg et al.  2007 ; Nathan et al.  2002  ) . Urinary incontinence after HIFU has 
been treated by urinary sphincter implantations (Zacharakis et al.  2008  ) . Erectile 
function suf fi cient for intercourse pre-HIFU was seen in 15.2 % of patients, and 
only two men (4.3 %) remained potent post-HIFU (Ahmed et al.  2009 ; Trachtenberg 
et al.  2007  ) .  

    19.5.2.3   Conclusion 
 The  fi rst results on sHIFU are encouraging and indicate that the procedure is a rea-
sonable treatment option, but better patient selection criteria are needed. Salvage 
HIFU appears most appropriate for those patients with histologically proven local 
recurrence only, with a life expectancy of at least 5 years and with some medical 
comorbidity contraindicating salvage prostatectomy. The side effects are not negli-
gible but it is well tolerated by patients and seems to have lower morbidity than 
salvage RP and cryoablation. Mild to severe incontinence remains a major concern. 
This is most probably related to the treatment of the complete prostate, including 
the apex. Contraindications include anorectal absence or signi fi cant pathology, 
widespread prostate calci fi cations and high prostate volume. The role of salvage 
HIFU after LDR brachytherapy seems to be small since interaction between metal 
seeds and HIFU-induced heating is dif fi cult to assess.   
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    19.5.3   Salvage RITA 

 Radiofrequency interstitial tumour ablation has been described and is executed by 
ultrasound (TRUS)-guided transrectal needle delivery of thermal energy. It is a 
treatment technique that uses high frequency alternating electrical current to destroy 
tissue cells by heating them. Procedures can be performed in the cystoscopy suite of 
the outpatient clinic under intravenous sedation. The treatment plan consists of 
manually raising the power in a stepwise manner until the temperature at each indi-
vidual hook reaches 100 °C (approximate duration, 2–3 min). The temperature is 
then maintained at 100 °C for 5 min. The urethra is cooled with normal saline 
through a 3-way Foley catheter placed just before the procedure. Cold saline is 
introduced within the rectum when the rectal thermocouple exceeds 41 °C. 

 The published experience is restricted to a pilot study in which 11 patients with 
biopsy-proven, hormone-naïve, clinically localized prostate cancer were enrolled in 
a prospective phase I/II trial. Eight patients had failed prior radiation therapy, and 3 
were not candidates for curative primary therapy. Serum PSA levels decreased after 
RITA >50 % in 90 % of patients, >70 % in 72 % of patients, and >80 % in 46 % of 
patients. At 12 months after RITA, 50 % of patients with suf fi cient follow-up had no 
residual cancer on repeat systematic 12-core biopsy, and 67 % were cancer-free in 
biopsy cores sampled from the RITA-treated areas. In the radiation failure group, 
PSADT after RITA was 127.1 % longer than that before RITA. The placement of 
1/4 lesions was aborted in two patients due to increasing rectal temperature. 
Complications included transient macrohaematuria (19 %), bladder spasms (9 %) 
and dysuria (9 %) (Shariat et al.  2005  ) . 

 RITA is a minimally invasive, rapid, user-friendly, of fi ce-based procedure that is 
well tolerated. The ef fi cacy of RITA is limited by the proper identi fi cation of can-
cerous prostatic lesions, and no patients with undetectable levels of PSA were 
described and only one patient had a sustained decrease in PSA of >80 %. This 
gives the impression that this technique is less effective than other minimally inva-
sive salvage therapies, but only a few patients have been described with short-term 
follow-up.  

    19.5.4   Salvage Photodynamic Therapy 

 Photodynamic therapy is based on the administration of an energy source in the 
form of light of a speci fi c wavelength, on a previously photosensitized tissue by a 
chemical compound, in the presence of oxygen, inducing the generation of free 
radicals and oxygen derivatives (hydroxyl compounds). Ultimately, these destruc-
tive reactions produce necrosis of the treated tissue and damage their blood supply. 
Improvements in technique during recent years have allowed its development as a 
therapeutic method for localized prostate cancer. It can be performed through trans-
perineally placed catheters for light delivery and light dosimetry. Treatment response 
is assessed primarily by a hypovascular lesion formation on contrast-enhanced 
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magnetic resonance imaging and transrectal ultrasound-guided biopsies targeting 
areas of lesion formation and secondarily by serum PSA changes. 

 The published experience is limited to a description of the technique and descrip-
tion of photosensitizers and the treatment is experimental. 

 Tookad, an intravascular photosensitizer, can be activated by 763 nm light 
wavelength. The light dose escalation demonstrated an increasing volume of 
effect with all six patients undergoing treatment responding at the highest light 
dose with lesions encompassing up to 70 % of the peripheral zone. There were no 
serious adverse events, and continence and potency were maintained (Trachtenberg 
et al.  2007  ) . In a therapeutic trial in 14 men, treatment was well tolerated. PSA 
decreased in 9 patients and 5 had no viable tumour on posttreatment biopsies. 
Imaging showed necrosis involving up to 91 % of the prostate cross section. In 4 
men stress incontinence developed which is slowly improving. Sexual potency 
was impaired in 4 of the 7 men able to have intercourse before photodynamic 
therapy. In one patient a urethrorectal  fi stula developed following a rectal biopsy 
shortly after therapy (Nathan et al.  2002  ) . In concussion early histological and 
magnetic resonance imaging responses highlight the clinical potential of vascu-
lar-targeted photodynamic therapy to manage radiorecurrent prostate cancer. 
Precise light dosimetry has to be further evaluated and merits further 
investigation.   

    19.6   Conservative Management 
with or Without Hormonal Therapy 

 Expectant management, without initial hormonal therapy, may be a reasonable 
option for selected patients with prostate cancer who present with biochemical fail-
ure without metastatic disease after brachytherapy. It can be offered to patients with 
a less than 10-year life expectancy and patients desiring to avoid the complications 
associated with aggressive salvage therapy. Patients experiencing PSA failures after 
de fi nitive radiotherapy who have a doubling time <3–6 months are at particularly 
high risk for developing distant metastases and experiencing prostate cancer-speci fi c 
mortality, so a greater emphasis on androgen deprivation rather than local treatment 
is warranted (Pinover et al.  2003  ) . 

 The start of early ADT results in improved OS but not improved prostate cancer-
speci fi c mortality and local failure in patients with prostate cancer who were not a 
candidate for curative treatment (Studer et al.  2006  ) . A randomized trial to de fi ne 
the optimal timing for salvage hormonal therapy is warranted in this group of 
patients with PSA recurrence after RT (Souhami et al.  2010  ) . In a prospective trial 
in 197 patients, the Swiss Group for Clinical Cancer Research (SAKK) was unable 
to show any major advantage of immediate compared with deferred hormonal treat-
ment regarding quality of life or overall survival. Disabling complications were 
prevented in the deferred-treatment arm by careful follow-up; 42 % of these patients 
never required any tumour-speci fi c treatment (Studer et al.  2004  ) .  
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   Conclusion 

 In patients with prostate carcinoma treated initially with brachytherapy who 
develop biochemical recurrence, evaluation should be performed to determine 
the extent of disease, and the patient should be informed about the different treat-
ment options. These patients should be discussed in a multidisciplinary setting. 
The decision should be taken after balancing treatment outcomes with life 
expectancy. 

 Salvage radical prostatectomy may be the preferred treatment for many 
patients with recurrent prostate carcinoma after radiotherapy. It is reserved for 
motivated patients with organ-con fi ned recurrence that accept the signi fi cant 
morbidity especially the chance on incontinence. Salvage brachytherapy seems 
to be a good alternative but merits further evaluation with focus on functional 
results. The minimally invasive treatment modalities can be used in patients with 
a wish for treatment, but these treatments should be considered investigational in 
this setting. Optimal timing of salvage hormone manipulation still has to be 
de fi ned but may result in improved OS. Patient selection and timing of salvage 
treatment is an in fl uencing factor in the choice of therapy. Longer follow-up and 
prospective trials are needed to evaluate the optimal patient selection and 
strategy.      
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          20.1   Introduction 

 Brachytherapy for prostate cancer is not a new idea. As soon as 1913, Pasteau and 
Degrais  (  1913  )  started to treat prostatic cancers with radium tubes or needles, and 
almost in parallel, “radon seeds” were developed as treatment approaches using tiny 
glass capsules containing the “emanation” progeny of radium, the radon gas. In the 
1970s, a few authors (Court and Chassagne  1977  )  proposed afterloading techniques 
based on the insertion of plastic tubes in or around the prostate, with a secondary 
loading of iridium wires, but apart from a few centers, the technique was abandoned. 
It were the problems of radiation protection associated with these techniques that 
played a signi fi cant role in their abandonment. 

 In current practice there are essentially two techniques used worldwide for pros-
tate cancer brachytherapy. The  fi rst is the low-dose-rate (LDR) technique based on 
the permanent implantation of radioactive iodine (or palladium) seeds (performed 
as early as 1970 at Memorial Sloan-Kettering Cancer Center (Hilaris et al.  1987  ) ). 
The second is the HDR technique, based on the temporary insertion through cathe-
ters, needles, or tubes, of a high-dose-rate miniaturized iridium (or more recently 
cobalt) radioactive source. 

 These two techniques have inherently different radiation protection issues and 
will be analyzed separately in speci fi c sections below. However, in terms of overall 
radiation protection, there are a number of common issues, and for over 10 years, 
the International Commission on Radiological Protection (ICRP) has been develop-
ing guidance on the topic. 

 In 2000, ICRP released its Publication 86, on “Prevention of accidental expo-
sures to patients undergoing radiation therapy” ( ICRP Publication 86.  Ann 
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ICRP 2000  ) . The document addressed all types of accidents in radiotherapy and 
includes speci fi c chapters devoted to brachytherapy. After a detailed analysis of the 
accidents which were reported worldwide prior to 2000, the task group charged 
with the writing of the document attempted to identify the causes and the factors 
contributing to accidental exposures in brachytherapy. 

 The document concentrated on the accidents occurring along the whole chain of 
procedures, with successive chapters on equipment problems, accidents linked to 
source ordering, delivery, calibration and acceptance, treatment planning, source 
preparation, treatment delivery, and source removal (with a number of accidents 
reported at this step associated with sources mistakenly remaining in the patient for 
various lengths of time); and also accidents involving public exposure and environ-
mental contamination. 

 A large number of accidents/incidents/mistakes/errors were analyzed, allowing 
the writing group to extract a few generic lessons. Actually, in most of the accidents 
reported, it was a combination of contributing factors which allowed an initial mis-
take (sometimes a minor one) to escalate into an accidental exposure. Often, the 
lack of general radiation protection and poor safety concern of management was the 
underlying root cause. 

 Among the main contributing factors to those accidents ICRP Publication 86 
listed were a lack of appropriate staff resources, insuf fi ciently quali fi ed or untrained 
staff, lack of an effective, systematic quality assurance program and procedures, and 
lack of effective communication procedures (as a number of accidents would have 
been avoided with improved communication between physician and physicists, 
physicists and technicians). 

 Having set the general principles for radioprotection in brachytherapy in ICRP 
Publication 86 in 2000, ICRP decided to more speci fi cally address the problems of 
radioprotection in HDR and LDR brachytherapy. This was accomplished with the 
publication in 2005 of the two documents, ICRP 97 ( ICRP Publication 97.  Ann 
ICRP  2005a  )  and ICRP 98 ( ICRP Publication 98.  Ann ICRP  2005b  ) . These two 
publications will serve as the core of the recommendations and suggestions in sub-
sequent sections, with updates taking advantage of more recent studies.  

    20.2   HDR Prostate Brachytherapy: Radiation Protection Issues 

    20.2.1   Introduction 

 HDR is increasingly used in prostate cancer brachytherapy. Initially, it was used 
as a “boost” in conjunction with external radiotherapy. This enables escalation of 
the localized dose given to patients with intermediate- and high-risk localized 
prostate cancers. A number of centers are also proposing and evaluating HDR 
prostate brachytherapy as the sole treatment for selected low-risk, localized pros-
tate cancers. 

 With an increasing number of patients expected to bene fi t from this technique, 
radioprotection problems are clearly to be kept in mind. 
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 With adequate radiation protection design for the room where the HDR 
 afterloader is operating, and with normal quality controlled operation, there should 
be minimal radiation protection problems for the patient (who should receive the 
 correct dose in a precisely planned manner) or for the staff (who should not receive 
excess radiation doses, as they are located outside of the treatment room). 

 However, along the long chain of procedures for HDR treatment including source 
packaging and travel, the source preparation, the treatment planning, and the treat-
ment delivery, a number of problems may (and actually unfortunately have) occurred. 
These events lead to more or less severe accidents depending on the speci fi c 
situations.  

    20.2.2   Lessons Learned from a Severe HDR Accident 

 What is usually considered as the worst accident in HDR brachytherapy occurred in 
1992 in the USA. It was not related to HDR brachytherapy for prostate cancer, but 
to treatment of an anorectal cancer. However, this accident is clearly a “model” (not 
to be reproduced!) for all types of HDR treatment. 

 What happened? (ICRP  Publication 97)  The source (HDR iridium-192) became 
detached from the drive mechanism at the moment of the planned retraction of the 
source (which therefore remained in the patient). Unfortunately, the physicians in 
charge had to deal with con fl icting signals as the area radiation monitor actually 
detected the radiation, but the equipment (afterloader) indicated that the source had 
been shielded. In addition, radiation monitor malfunctions in the months leading up 
to the accident encouraged misinterpretation and induced the staff not to trust the 
indicators. Consequently, the wrong indication (“source shielded”) of the equip-
ment was accepted, and the patient, clothes, and room were not subsequently even 
checked with another radiation monitor or survey instrument. 

 The HDR source remained within the patient for 4 days, delivering a total dose 
of about 16,000 Gy (of note, the prescription was only for 18 Gy). The patient died 
on day 4. The catheter with the source went unrecognized, although it was removed 
from the patient along with necrotic tissues. This material was subsequently dis-
posed of in a waste container, without identi fi cation of the source at that time. The 
waste container was picked up by a commercial medical waste disposal company 5 
days later. It was then taken to an incinerator where the HDR radiation source was 
 fi nally detected, recognized, and appropriately shielded. During the days the source 
remained in the patient or in the waste container, it irradiated 94 persons to various 
external dose levels.  

    20.2.3   ICRP Publication 97 

 This publication analyzed all the HDR brachytherapy accidents and incidents 
reported through 2005. Overall, they found that very few problems were associated 
with prostate treatment at that time. This was probably because the technique was 
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still in its infancy in a number of countries or centers. However, the analysis of 
 similar events to those published in ICRP Publication 97 can be useful as the 
 lessons can clearly be extrapolated to prostate HDR brachytherapy. The “main 
points” from ICRP 97 are listed below:

   High-dose-rate (HDR) brachytherapy is a rapidly growing technique that has • 
been replacing low-dose-rate (LDR) procedures over the last years in both 
industrialized and developing countries. It is estimated (in 2005) that about 
500,000 procedures (treatment administrations) are performed by HDR units 
annually.  
  LDR equipment (for temporary implantation) has been discontinued by many • 
manufacturers over the last years, leaving HDR brachytherapy as the major 
alternative.  
  HDR techniques deliver a very high dose rate, of the order of 1.6–5.0 Gy/min, so • 
mistakes can lead to under- or overdosage with the potential for clinical adverse 
effects.  
  More than 500 HDR accidents/incidents including the death described above • 
have been reported along the entire chain of procedures from source packing to 
the delivery of dose. Human error has been the prime cause of radiation 
events.  
  Many accidents could have been prevented if staff had functional monitoring • 
equipment and paid attention to the results.  
  Since iridium-192 has a relatively short half-life, the HDR sources need to • 
be replaced approximately every 4 months. Over 10,000 HDR sources are 
 transported annually (as estimated in 2005), with the resultant potential for 
accidents.  
  A team of trained personnel following quality assurance (QA) procedures is • 
 necessary to prevent accidents. QA should include peer reviews of cases.  
  Accidents and incidents should be reported, and the lessons learned should be • 
shared with other users to prevent similar mistakes.     

    20.2.4   Recent Updates 

 Six additional years of experience have con fi rmed the validity of the “main points” 
of the ICRP 97 document. 

 Recently, several authors and societies have emphasized that there is only a very 
short time for avoiding catastrophic consequences in the case of a source sticking in 
the patient or in the tubes driving the mechanism, once such an event is recognized. 
It is estimated, due to the extremely high-dose rates, that in such a case, the staff 
must react to correct the problem within 1–2 min. This minimal opportunity for 
mitigation, by necessity, requires speci fi c organization and emergency response 
training. 

 In a paper published in  1999 , entitled “Emergency rescue in accidents with HDR 
afterloading units,” it is noted that there are occasional reported troubles with 
 afterloading units concerning the retraction of sources, which require immediate 
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action to limit possible damage. In such a situation, they stress that the quickest 
 possible rescue of a patient in an emergency demands clear de fi nition of 
 responsibilities. It is advised that (as the organizational structure of the clinic allows) 
the emergency physician should invariably be the physician who placed the 
 applicator. The authors conclude that “A well-practiced emergency management 
can be of life-saving importance for the patient.”   

    20.3   LDR Prostate Brachytherapy: Radiation Protection Issues 

    20.3.1   Introduction 

 Permanent LDR brachytherapy, with the implantation of iodine-125 (or palladium-
103) seeds, preceded HDR techniques to treat selected localized prostate cancers. 
We now have more than 25 years of experience with seed implantation for prostate 
cancer, with very satisfactory long-term results, both in terms of relapse-free sur-
vival, overall survival, and toxicity. 

 Due to the characteristics of the seeds (e.g., each one emitting low-energy X-rays, 
27 kV for iodine-125), even their loss does not represent a major external dose 
threat. That is the reason why the task group in charge of the writing of ICRP 
Publication 98 speci fi ed that, in 2005, “there was no report of accidents” with this 
brachytherapy technique [5]   . However, there existed a number of radiation protec-
tion issues that the task group did address (Sect.  20.3.3 ), and since that time, a major 
series of events has been reported in a hospital in Philadelphia, USA, which is 
widely considered the worst case reported to date.  

    20.3.2   Lessons Learned from a Series of Severe LDR Events 

 The problem occurring in Philadelphia was not a speci fi c “accident,” but rather a 
succession of events leading to the eventual reporting of 97 medical errors out of 
116 prostate cancer implants, performed over the course of 6 years, from 2002 to 
2008. However, due to the number of patients involved, and to the consequences 
which can be expected for those patients, it is quite understandable that such a major 
problem has been treated as an “accident.” 

 What happened? In February 2002, the Philadelphia Veterans Affairs Medical 
Center (PVAMC) initiated its prostate brachytherapy program. In February 2003, 
during a seed prostate implant, 40 out of 74 seeds were inappropriately implanted in 
the patient’s bladder. Those seeds were subsequently expelled and recovered. In 
October 2005, 45 out of 90 seeds were again mistakenly implanted into the patient’s 
bladder and recovered. 

 In May 2008, the Veterans Affairs National Health Physics Program (NHPP) 
noti fi ed the US Nuclear Regulatory Commission (USNRC) of a possible medical 
event involving a patient that received a dose less than 80 % of the prescribed 
dose. 
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 This triggered a detailed internal and external on-site inspection. Based on the 
initial results of these investigations, the PVAMC prostate brachytherapy program 
was suspended in June 2008. In October 2008, the prostate cancer brachytherapy 
programs were suspended in three other VA hospitals in Cincinnati, Jackson, and 
Washington. 

 The initial survey identi fi ed 92 “medical events.” Fifty-seven were due to a dose 
less than 80 % of the prescribed dose, and 35 were due to a dose to an organ or tissue 
outside the treatment site that exceeded 0.5 Sv (including overdoses of rectum, 
bladder wall, or tissues surrounding the prostate); of note, the overdose often con-
siderably exceeded 0.5 Sv. 

 The of fi cial reports on this “accident” included detailed dose reconstructions, 
clearly showing that in some cases, almost all the seeds were implanted  below  the 
prostate, which resulted in overdosing the penile bulb and the prostate surrounding 
tissues. In one example, the “administered dose” to the prostate was as low as 24 Gy, 
for a “prescribed dose” of 160 Gy. In other cases, a number of seeds were implanted 
above the prostate, with about half of them expelled in the urine after being implanted 
directly into the bladder. 

 Investigative reports attempted to identify the causes for such mistakes. They 
listed incorrect placement of seeds, inadequate procedures, poor management over-
sight of contractors, inadequate training of licensee staff, poor management oversight 
of brachytherapy program, no peer review, observed poor placement of seeds and no 
corrective action taken, as well as a lack of a safety culture.  

    20.3.3   ICRP Publication 98 

 As emphasized previously, at the time of writing this document, no adverse effects 
to medical staff or the patient’s family have been reported, as the events noted in 
Sect.  20.3.2  had not come to light. However, ICRP felt necessary to address a num-
ber of radiation protection issues associated with the LDR permanent seed implant 
brachytherapy procedure (ICRP 98  2005b  ) . The document included several chap-
ters that are summarized here. 

    20.3.3.1   Dose to People Approaching the Implanted Patients 
 When the task group began its work, there were surprisingly few precise data in the 
literature. The task group therefore initiated several complementary measurements 
in particular at Memorial Sloan-Kettering Cancer Center (USA), in Leeds (UK), 
and at the Institut Curie (France). Table  20.1  summarizes the direct measurements 
which were made in those centers.  

 The results of these direct measurements show that the doses to family and 
household members will remain very low, usually well below the 1 mSv limit for 
the public, and not even approach the constraint level of 5 mSv set for comforters 
and carers of such patients by the IAEA (  1996  ) . 

 For inclusion in the ICRP document, the Institut Curie group compared the 
 calculated and measured doses at contact and at 20 cm for 47 patients (Fig.  20.1 ); 
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there was a very good agreement between measured and calculated doses at 20 cm, 
much less agreement at points of contact, perhaps because it is more dif fi cult to 
measure a dose at a real skin “contact” location point.  

 Direct dose monitoring of family and household members has seldom been per-
formed. In one of the few studies available, dosimeters were given to the patient, 
spouse, children, and pets of 44 patients, and 4 rooms frequently occupied by the 
patient were monitored (Michalski et al.  2003  ) . He found very low levels of expo-
sure, for example, the calculated mean lifetime dose to a spouse was 0.1 mSv for a 
 125 I implant. 

 Based on such data, ICRP Publication 98 set simple recommendations:
   No routine precautions are necessary, since doses to family or others will be • 
below 1 mSv.  
  Children should not to sit on lap of patient for 2 months.  • 
  Avoid prolonged close contact with pregnant women.  • 
  If a partner is pregnant consider individual risk assessment with dose rate mea-• 
surements. (However, we will see below that these recommendations were sub-
sequently slightly re fi ned.)     

    20.3.3.2   Expelled Seeds 
 It is known that there is a slight risk that seeds may migrate after initial place-
ment. In the rare case where they migrate to the lungs, they are “lost” from the 
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  Fig. 20.1    Dose rate at abdomen surface ( squares ) and at 20 cm distance ( triangles ) for a series 
of 47 patients of Institut Curie for various patient thickness (the prostate depth was assumed to 
be half of the patient thickness) (Courtesy of Dr JC Rosenwald, reprinted from ICRP 98, with 
permission)       
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prostate, but do not pose any radiation protection problem. Seeds may also be 
expelled from the patient’s body in three ways: urine, semen, and gastrointestinal 
tract (this last case exceptional). Such migrations are usually considered to be 
more frequent with “free” individual seeds than with “stranded” seeds and appear 
to be correlated with lower levels of experience of the physician performing the 
implants. 

 In experienced teams, such migrations are now very rare (even with free seeds), 
but speci fi c recommendations should be given to the patients:

   Sieve the urine while in hospital and for 3 days after implant.  • 
  Wear condom for the  fi rst  fi ve ejaculations.  • 
  If seed “found,” do not touch. Put in protective container with spoon or tweezers • 
and return to the department.  
  If seed in lavatory bowl,  fl ush away.     • 

    20.3.3.3   Cremation 
 Cremation may pose serious problems. While it is relatively uncommon in a number 
of countries, it is frequent in others (e.g., China, India), is the rule in Japan (Satoh 
et al.  2012  ) , and is increasing in the USA (Dauer  2012  ) . 

 The cremation of a patient previously implanted with iodine-125 or palla-
dium-103 sources raises a number of issues related to the activity remaining in the 
patient’s ashes, potentially responsible for irradiation of the crematorium staff and 
members of the family, and the possibility of airborne activity, potentially respon-
sible for inhalation of radioactive particles by the crematorium staff and members of 
the public, and also for the triggering of some environmental monitors. 

 Only a few studies or reports focused on these issues (NCRP  1970 ; Yumoto et al. 
 2000 ; Que  2001  ) . This dearth of information explained why the governmental rec-
ommendations were found to vary signi fi cantly between countries varying from 1 
year or less (Japan, US, with precautions), to 2 years (Canada), and even 3 years 
(UK, France). 

 Finally, after evaluating and calculating the activity remaining in the patient’s 
ashes and the potential airborne release, the ICRP considered that cremation can be 
allowed if 12 months have elapsed since an implantation performed with  125 I (3 
months for  103 Pd). However, it must be kept in mind that some national authorities 
(UK, France), based on worse-case scenarios and using different types of calcula-
tions, are currently recommending much longer times (e.g., up to 3 years for  125 I). 

 In an excellent example of national veri fi cation of both the appropriateness and 
implementation of international radiological protection recommendations, deaths 
within 12 months after  125 I implantation for brachytherapy have been evaluated in an 
investigation of a unique radiation safety issue in Japan (Satoh et al.  2012  ) . This 
impressive study of 15,427 patients from 2003 to 2010 offers a unique approach to 
such national veri fi cation  fi nding that only 0.28 % of implanted patients died within 
the  fi rst 12 months and that the largest proportion of early deaths was due to cere-
brovascular or cardiovascular disease, followed by malignant tumor and respiratory 
disease or infection. In addition, they  fi nd that in the overwhelming majority of 
early death cases. The prostate seeds were retrieved together with the prostate gland 
at autopsy (as suggested by the international recommendations).  
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    20.3.3.4   Subsequent Pelvic or Abdominal Surgery 
 In rare cases, limited and careful transurethral resection (TURP) may be necessary 
after brachytherapy. This must be performed by an experienced surgeon, aware of 
the brachytherapy technique and necessary precautions. The removed seeds must be 
identi fi ed within the sieved prostate chips, put in a container using tweezers, and 
returned to the hospital in charge. Such an adapted TURP should not be performed 
sooner than 6 months after an  125 I implantation. 

 In case of subsequent abdominal or pelvic surgery, the surgeon has to be warned 
of the presence of the implant. To avoid potential problems, the patient should carry 
a card explaining that he had an implant and providing a hospital number for further 
clari fi cation if necessary (of note, a speci fi c appendix of ICRP 98 was devoted to the 
minimum information to be included on a “wallet card” to be given to the patient at 
hospital discharge).  

    20.3.3.5   Fathering of Children 
 Due to the reduction in volume and modi fi ed quality of the ejaculate, patients may 
think they are de fi nitively infertile. Actually, the dose from the implant may not 
reach the threshold for castration, and a few cases of fatherhood have been reported 
after permanent implants. An extensive review of the literature estimated a dose of 
only 20 cGy for the dose to the testis (Mydlo and Lebed  2004  ) . This strongly sug-
gests that the effects of prostate brachytherapy on spermatogenesis in prostate can-
cer patients are minimal. After discussion within ICRP, it was postulated that current 
estimates of the genetic risks from radiation [14] suggest that a paternal testicular 
dose of 1 Gy to a patient would result in an excess of around 1 case in 300 live-born 
offspring. This is a small percentage increase (~4 %) over the natural incidence of 
these genetic effects, and these  fi gures may serve to reassure patients on the rela-
tively low risk of genetic effects in their children.  

    20.3.3.6   Triggering of Radiation Detection Monitors 
 Some radiation detection monitors are set at a very low alarm level (i.e., 1.5–2 times 
the natural background level in given locations). Such monitors can be found at the 
entry and exit of nuclear plants, nuclear research centers, waste areas, scrap metal 
factories and yards, and increasingly at airports and border crossings (e.g., as a 
security action associated with the detection of nuclear terrorism). 

 In case the patient triggers such a radiation detection monitor, he should be able 
to show the personal “wallet card” given to him at discharge from hospital (see 
above). It must be explained to the patient that current detection instruments are 
extremely sensitive and are able to detect radiation at levels well below those that 
are of concern to health.  

    20.3.3.7   Secondary Cancers 
 With almost no cases reported and very limited data available in 2005 about the risk 
of secondary cancers after prostate brachytherapy, ICRP Publication 98 concluded 
that “the risk of a second radio-induced cancer (in the lifetime of a patient) after 
prostate brachytherapy appears to be either nil, or extremely low; it seems that the 
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bene fi ts of the technique clearly outweigh by far the potential risk of second 
malignancies.” 

 Prudently, the document noted that the follow-up was probably not long enough 
in some series to allow an unequivocal conclusion. However, more recent data 
con fi rm the 2005 position of the ICRP 98.  

    20.3.3.8   ICRP Publication 98 Appendices 
 A number of practical appendices appear in ICRP Publication 98:

   Appendix A: characteristics of the main permanently implanted radioactive • 
sources used for prostate cancer  
  Appendix B: dose measurement after an implantation of permanent sources for • 
prostate cancer brachytherapy  
  Appendix C: examples of minimum recommendations to be given to a patient • 
undergoing prostate brachytherapy with permanently implanted sources  
  Appendix D: personal identi fi cation card to be given to a patient undergoing • 
permanent seed implantation      

    20.3.4   Recent Updates 

    20.3.4.1   Dose Received from the Patients 
 A key paper was published in 2010 by the Memorial Sloan-Kettering Cancer Center 
(MSKCC) group (Dauer et al.  2010  )  who studied a large cohort of patients (1,279 
cases), for whom precise radiation exposure rate measurements have been obtained 
between 1995 and 2008. The  fi rst important message is that  no precaution  is neces-
sary for a large panel of persons approaching the patients after a prostate implanta-
tion. Such is certainly the case for all implantations with palladium-103. After a 
typical implantation with iodine-125, no precaution at all is required for coworkers 
and nonpregnant adults (even those sleeping with the patient). Only a pregnant adult 
sleeping with the patient and children can in some situations reach the “limits” (of 
note, the limits chosen in the paper are still “conservative,” since they were set at 
50 % of the current international guidelines). The second message is that the authors 
propose an algorithm enabling the determination of the precaution time for a given 
patient, based upon the precise exposure rate measured at 30 cm from the patient. 
As mentioned above, those calculations are only useful for the case of a pregnant 
adult sleeping with the patient or in the case of children in the house who might be 
held by the patient. The result is that it is now possible to customize the duration of 
precautions for each patient. For example, at a median exposure rate of 5  m Sv/h (0.5 
mR/h) at 30 cm (for iodine-125), the authors report that the patient should avoid 
sleeping “in contact” with a pregnant adult for 84 days and avoid holding children 
on the lap for long periods of time (more than 1–3 h) for 42 days. Direct measure-
ments on the patient and use of the algorithm now allow further re fi nements of the 
necessary precaution time. In the case of a very obese patient, with few seeds 
implanted, and with consequently a very low measured exposure rate, precaution 
times may be expected to be much shorter and even nil in some speci fi c cases. 
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In contrast, for a skinny patient with a large number of implanted seeds, with a 
higher exposure rate (the authors report a maximum level of 36  m Sv/h (3.6 mR/h)), 
the precaution time can be calculated to be signi fi cantly longer. These customized 
recommendations should serve to reassure both the patients and the authorities. In 
conclusion, in almost all cases, prostate brachytherapy patients should be consid-
ered as “normal people” (Cosset  2010  ) . 

 Also in 2010, a Japanese group (Kono et al.  2011  )  reported on the dose received 
from implanted patients. From a series of measurements at a distance of 20, 50, and 
100 cm, the authors conclude that the risk from the prostate brachytherapy patients 
to general public is quite low. Only in the case of close and prolonged contact with 
a pregnant woman or an infant should any risk be considered.  

    20.3.4.2   Secondary Cancers 
 Several papers addressing the risk of secondary cancers after brachytherapy have 
been published since the release of ICRP Publication 98. 

 In 2006, Moon et al.  (  2006  )  reported that patients who received external beam 
radiation therapy (EBRT) had signi fi cantly higher odds of developing second can-
cers both overall and in the areas that were exposed to radiation but that despite the 
higher doses of radiation delivered, patients who received radioactive implants had 
the lowest odds of developing second cancers. 

 Also in 2006, Liauw et al.  (  2006  )  found fewer second cancers after brachyther-
apy (1.6 %) than after EBRT (5.8 %), but the difference did not reach statistical 
signi fi cance ( p  = 0.06). They concluded that “there may be an increased but small 
risk of developing a second malignancy after radiation therapy for prostate 
cancer.” 

 Abdel-Wahab et al.  (  2008  )  found that the age-adjusted estimates of secondary 
primary cancers were greater with EBRT than with brachytherapy (2,178 vs. 1,901 
SPCs/100,000;  p  = 0.025) or with the no RT, no surgery group (1,971 SPCs/100,000; 
 p  <0.0001). However, this difference disappeared with time. 

 In 2009, Takam et al.  (  2009  )  reported that the average risk of developing second-
ary primary cancer was no greater than 0.6 % for all treatment techniques but was 
lower with either LDR or HDR brachytherapy alone compared with any EBRT 
technique. 

 In 2011, Huang et al.  (  2011  )  analyzed an RT cohort which consisted of 2120 
patients matched on a 1:1 basis with surgical patients according to age and fol-
low-up time. RT techniques consisted of conventional or two-dimensional RT 
(2DRT, 36 %), three-dimensional conformal RT and/or intensity modulated RT 
(3DCRT/IMRT, 29 %), brachytherapy (BT, 16 %), and a combination of 2DRT and 
BT (BT boost, 19 %). The authors found that of the different RT techniques, only 
2DRT was associated with a signi fi cantly higher risk (HR 1.76, 95 % CI 1.32–2.35), 
but not BT boost (HR 0.83, 95 % CI 0.50–1.38), 3DCRT/IMRT (HR 0.81, 95 % CI 
0.55–1.21), or BT (HR 0.53, 95 % CI 0.28–1.01). 

 Overall, the results obtained since the publication of ICRP Publication 98 sup-
port the conclusion reached in 2005 that the risk of a second malignancy linked to 
brachytherapy is at most very low and probably nil in most cases. This statement is 
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in keeping with the large study of De Gonzalez et al.  (  2011  )  on the US SEER 
 cancer registries, involving 647,672 cancer patients who were 5-year survivors 
and followed up for a mean of 12 years. The conclusion of this study, the larg-
est ever published, is that a relatively small proportion of second cancers are related 
to radiotherapy in adults, suggesting that most are due to other factors, such as 
 lifestyle or genetics.    

      Conclusions 
 The main concern in radiation protection in prostate cancer brachytherapy 
should be  fi rst to avoid accidents. Those accidents may involve the patients and 
also the medical staff and even members of the public in the case of loss of 
brachytherapy sources. This last risk cannot be neglected, when we keep in mind 
the number of sources involved (e.g., with about 10,000 HDR iridium-192 
sources that have to be replaced and therefore transported for sometimes long 
distances) every year worldwide. 

 Analysis of past accidents and incidents has shown that the risks appear to be 
higher when working with HDR sources. Moreover, it has been stressed that in 
case of a problem with an HDR source, the most common being sticking of the 
source somewhere in the drive mechanism or disconnection of the source from 
the cable, corrective actions have to take place in the  fi rst few minutes following 
the event and ideally within 1 or 2 min. This will only be possible with well-
trained and practiced staff, able to react rapidly, with a precise de fi nition of 
responsibilities and a speci fi c quality assurance program. The physician respon-
sible for the corrective action should optimally be the same who placed the 
applicator. 

 LDR sources appear to pose less frequent problems. The seeds used for pros-
tate cancer LDR brachytherapy are individually much less dangerous than their 
HDR counterparts, due to their lesser activity and to the low-energy X-rays emit-
ted. If lost as in the case of expelled seeds in the urine, or seeds lost during the 
implantation procedure, the seeds raise limited and generally easily solved radia-
tion protection problems; but prevention and corrective measures are necessary. 
The worst “accident” to date with implanted LDR seeds relates to a series of 
events in a US hospital, leading to a high percentage of patients receiving an 
inadequate dose from poor-quality implants. 

 Implanted seeds raise several other radiation protection issues that have been 
addressed by ICRP: the dose received from the patient is almost negligible and 
should not trigger any particular measure, except in the few cases where there 
may be contact with small children or pregnant women. Expelled seeds are now 
rarely seen by groups having a large experience with the technique. Simple rec-
ommendations should be given to the patient to adequately deal with the poten-
tial for seed expulsion. Cremation can raise problems of contamination or 
external irradiation of the incinerator staff and family if performed too soon fol-
lowing implantation. For iodine-125, ICRP set the minimum delay between 
brachytherapy and cremation at 1 year (while some countries set this delay at 3 
years). 
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 In all cases, the patient should receive oral and written information about 
these radioprotection issues and, for the months following the implantation, 
should carry a “wallet card” or a certi fi cate including all details about his 
brachytherapy procedure. 

 It is extremely important that there be immediate local reporting and analysis 
of all accidents, incidents, errors, mistakes, or even simple “precursor events.” 
This should be rapidly followed by the identi fi cation of causes, contributing 
 factors, and extent of conditions, all of which should result in corrective mea-
sures. Responses to such situations should be followed by rapid and widespread 
circulation of the relevant information, to avoid similar problems being 
 reproduced in another center. Adherence to clear regulations, as well as adequate 
quality assurance programs, should reduce the probability of most accidents. As 
such, an error prevention program should also minimize the risk that a small 
error, or mistake, escalates into a full-blown accident, with consequences to the 
patients, medical staff, and the public.      
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