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 SUMMARY 


For decades, prostate cancer (PC) has been ranked amongst the most frequent occurring 
 cancers affecting men, especially in the western world1. Despites 5-year survival rates 
 exceeding 90 % and climbing, it remains one of the most mortal cancers2,3. The PC has a 
 heterogeneous nature which is exceedingly hard to predict. At one end, PCs can present as 
 small, well-differentiated tumors which will remain indolent throughout life. One the other 
 side are the progressing, aggressive cancers resulting in metastatic disease and death. Great 
 efforts have been made throughout the years to develop additional prognostic markers that 
 can aid decisions of treatment strategies and thus reduce unnecessary invasive procedures. 


Yet, the challenge of separating indolent from aggressive disease withstands and 


overtreatment remains a challenge4. That PC depends on androgens to develop and progress 
 has been acknowledged for over 60 years5,6. Androgens are, in addition to estrogen and 
 progesterone, sex steroid hormones, belonging to a large family of steroid hormones. These 
 hormones exert their effects by binding and stimulating their cognate steroid hormone 
 receptor (SHR)7. The previous paradigm of androgens being the “male” hormone and 


estrogen and progesterone a “female” hormone has shifted due to advances in several research 
 fields. It is now appreciated that sex steroid hormones are vital for numerous physiological 
 functions in both sexes and that their receptors are expressed in various tissues throughout the 
 human body8. We sought to examine the tissue distribution of a selection of steroid hormone 
 related biomarkers and their association with the clinical endpoints: biochemical failure (BF), 
 clinical failure (CF) and PC death (PCD). The included biomarkers where the progesterone 
 receptor (PGR) (Paper I) and its isoforms (PGRA, PGRB) (Paper III), in addition to the 
 estrogen receptor (ER) a, ERb and aromatase (Paper II), the enzyme converting androgens 
 to estrogen. These markers were investigated in both tumor cells and the tumor 


microenvironment (TME) of prostate adenocarcinomas. This was achieved by constructing 
tissue microarrays from 535 prostatectomy specimens. The material was retrospectively 
collected from patients initially treated with radical prostatectomy for their cancer, and who 
were naïve to hormonal and radiation therapy. Patient follow up time was initially 7.4 years 
(Paper I), and after a patient update it was extended to 12.4 years (Paper II and II). A 
significant and independent prognostic value was observed for all investigated markers. ERa 
(Paper II) and PGRA (Paper III) expression was mainly restricted to tumor associated 
stroma (TS), while the remaining markers where expressed in both TS and tumor epithelial 
(TE) tissue compartments. In TS, ERa was a positive prognostic factor regarding CF and 
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PCD and aromatase with regards to BF, while ERb was a negative prognosticator for BF 
 (Paper II). In TE, aromatase (Paper II) and pan-PGR (Paper I) expression were associated 
 with CF. Aromatase as a positive prognosticator and pan-PGR as a negative. When 


investigating the PGR isoforms separately (Paper III), PGRB in TE remained a negative 
prognosticator for CF, while PGRA expression in TE was absent. Indicating that the initial 
negative effect observed for pan-PGR was effectuated by the PGRB isoform. Based on these 
observations, we suggest a role of these sex-SHRs in the pathogenesis of PC and propose a 
prognostic and possibly therapeutic potential.  
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 1  INTRODUCTION 


1.1  Prostate cancer 
 1.1.1  Epidemiology 


Globally, PC accounts for an estimated 1.600 000 new cases and 366 000 deaths annually. 


This made PC the most frequently occurring cancer in men worldwide in 20151. A regional 
 difference in PC incidence is observed, and the highest rates occur in the developed countries 
 of the western world. The odds of developing PC by the age of 79 can be as high as 1/6 in 
 highly developed countries, like the U.S. and the Nordic countries, and as low as 1/47 in 
 developing countries1. In the U.S., 161 360 new cases of PC are expected in 2017, accounting 
 for 19 % of new cancer cases in males3. In Norway, PC was the most common cancer in 2016 
 with 5118 new cases (Figure 1). This accounts for 29 % of all new cancer cases in males in 
 2016 and places Norway amongst the European countries with highest incidence rates2. PC is 
 more prevalent in older men, and the diagnosis is most frequent in the age group 65-74. In 
 Norway, the cumulative risk of developing PC by the age of 75 is 13,4 %2. 


Figure 1 – PC incidence, mortality and survival rates (national standard) in Norway. Cancer Registry 
 of Norway, Cancer in Norway 2016©2  


1.1.2  Trends in incidence-, survival- and mortality rates  


A drastic rise in PC incidence was observed in the beginning of the 1990´s, especially 
amongst younger men (< 70 years) and in highly developed countries2,3,9. Additionally, a 
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stage migration towards a greater extent of less aggressive PCs at initial diagnosis was 
 observed10. In Norway, this increase has persisted since then, but seems to have stabilized in 
 recent years with an age-standardized, world standard population, incidence rate of 107 per 
 100.000 person years in the time period 2012 – 16 (Figure 1)9. In the U.S., a gradual decline 
 following the major peak in the 1990´s has been observed with a reduction in PC incidence of 
 approximately 10% annually in the period 2010 to 2013. Besides increased life expectancy, 
 these changes conceivably reflect the prostate specific antigen (PSA)-test application patterns 
 for the detection of asymptomatic PC3.  


An increase in survival rates has been observed parallel with the increased incidence rates in 
 the 1990´s (Figure 1)2,9. The 5-year relative survival rate of PC was 93.6 % in Norway in the 
 time period 2012 – 16, compared 91.7% in 2007 – 11 and 85.1 % in 2002 - 062. Despite this, 
 PC remains one of the cancers taking most lives annually. Today, it ranges as the 3rd leading 
 cause of cancer related death amongst men in both the U.S. and Norway. In the U.S. nearly 
 27.000 cases of death due to PC is expected in 2017 and the median age of death is around 80 
 years3. In Norway 1045 men died of PC in 20152. It is important to remember that PC 


development is variable, and it can take decades from cancer development to manifestation of 
 clinical cancer. This is demonstrated by the high incidence rates combined with the high 5-
 years survival rates. Fortunately, survival data indicates that the mortality rates are 


declining2,3. After a steady increase in PC mortality rates towards the early-mid 1990´s, a 
 continued decrease in mortality rates has been observed since, especially amongst younger 
 men (< 70 years)2,3,9 (Figure 1). In Norway, a steady decline in mortality rates with annual 
 declines ranging from 1.9 – 2.7 % has been observed from the mid- to late-1990s9. In 2015, 
 the age-standardized mortality in Norway was 51.1 per 100 000 person-years, compared to 
 61.9 per 100.000 between 1980 – 19842,9. This is comparable to the U.S. where mortality 
 rates have decreased by approximately 3 % annually since 19993. However, this change is 
 small compared to the aforementioned increase observed within incidence- and survival rates. 


Additionally, for the past decade, survival of patients with distant metastatic disease has 
 remained unchanged at approximately at 36.5 % in Norway2. The increase in incidence rates 
 and the subsequent decline in mortality rates can indicate improved PC management, 


including earlier diagnosis, new treatment options and enhanced awareness amongst patients. 


However, it also raises the question of overdiagnosing patients and even worse, over-treating. 
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 1.1.3  Etiology and risk factors  


Although PC accounts for one of the leading causes of cancer and cancer related death, the 
 cause of PC is not as evident as for other major cancer types, such as lung cancer. An 


unbalanced distribution globally with much higher incidence rates in the western world1 could 
 indicate environmental- or life style factors as a major contributor to cancer development. 


However, it is important to consider the PSA-test as a probable confounder to this difference. 


Since the use of PSA-test is applied more extensively in the western world, it could in turn 
 increase incidence rates. Nevertheless, there are several known factors associated with PC 
 risk. These are age, ethnicity, genetics and possibly diet and life-style factors. 


1.1.3.1  Age 


There is a strong correlation between age and development of PC. The majority of PCs are 
 diagnosed in the older population. Only 1 % of PCs are clinically detected in men < 50 years 
 of age and the majority of patients have reached 60 years before the diagnosis, whit a peak in 
 the age group 65 – 691. In Norway, the median age at diagnosis is 69 years old, a few years 
 younger than in the previous decades, and the diagnosis is rarely given before the age of 50 
 (Figure 2). Similarly, in the U.S. the risk of developing PC evolves from 1.9 % (1/52) in the 
 age group 50 – 59 to 9.1 % (1/11) for those > 703. A plausible explanation for an observed 
 decline in incidence after the age of 70 (Figure 2) could be that fewer men are being 
 examined for possible PC in this age group. Several autopsy studies support this age 


correlation by confirming an increasing frequency of latent PC with age demonstrating occult 
cancer in as much as 40 – 73 %  of the patients in the age group 81 – 90 years11.  
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Figure 2 - Depicting the number of prostate cancers (n) diagnosed by age-group in Norway 2016. The 
 table is based on numbers from The Norwegian Cancer Association´s annual cancer statistics. Figure: 


Thea Grindstad 


1.1.3.2  Ethnicity  


The risk of PC and PC mortality rates are markedly elevated in black males of West-African 
 ancestry12. In the U.S. the risk of developing PC is 74 % higher in African-American males 
 compared to Caucasians and Hispanics3. Additionally, African-American males appear to 
 have an earlier disease onset13 and more aggressive disease14. Such differences are also 
 evident in African males from Sub-Sahara, the Caribbean and United Kingdom12. The reason 
 for these differences is not fully understood but is likely complex and multifactorial. 


Confounding factors such as differences in received health care or disease literacy have been 
 implicated as the major reason for the observed difference15,16. However, emerging evidence 
 also indicates genetic variations as the underlying cause17,18.  


1.1.3.3  Inheritance 


The risk of PC is increased 2.5-times when a single first-degree relative is affected, and with 
 two or more affected first-degree relatives the risk is increased 5-fold19. Presumably, the 
 majority of PCs are a result of spontaneous acquired (somatic) mutations, this is, however, 
 strongly indicative of inheritable risk factors for PC as well. Presently, several inherited 
 (germline) genetic factors associated with PC have been identified. This includes rare, but 
 high-risk germline mutations, in addition to more frequent, low-risk genetic factors identified 
 through genome-wide association studies (GWAS)20. 
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One acknowledged rare, but high-risk germline mutation in PC is BRCA2a mutation. BRCA2a
 is a DNA repair gene with an acknowledged association with familiar PC, in addition to the 
 more familiar association with breast- and ovarian cancer risk. This mutation can be inherited 
 from both parents, and PC on the father’s side is not necessary for the risk to be increased in 
 the mutation carrier. The relative risk of developing PC by the age of 65 is estimated to be 2 – 
 7 times higher for BRCA2a mutation carriers compared to those without the mutation21. 
 BRCA2a mutation is also associated with earlier disease onset and a more aggressive 


phenotype22,23. Another predisposition gene identified is the homeobox gene (HOXB13)b. In a 
 large scale study on populations with mostly European descent, men with HOXB13b


mutations (G84E variant) has significantly higher odds for developing PC and the mutation 
 was associated familial PC and earlier disease onset24. Lynch syndromec is the most frequent 
 cause of hereditary colorectal cancer and is associated with malignancies in several other 
 organs in both genders. An increased predisposition for PC has been proposed due to 
 observed increase in life time risk amongst men with Lynch syndrome compared to the 
 general population25. However, a benefit of increased screening in this patient group is not 
 confirmed. Other extensively studied candidate susceptibility genes in hereditary PC are the 
 inflammatory and infection response genes RNASEL, ELAC2 and MSR1, but their impact on 
 prostate carcinogenesis remains uncertain20. Several GWAS studies have identified a great 
 number of single nucleotide polymorphismsd (SNP´s) associated with familial PC. Due to 
 substantial heterogeneity throughout the population, so far, no single gene variant has been 
 associated with a larger proportion of familial PC. Nor can a single gene variant distinguish 
 between indolent and more aggressive phenotypes20. There is, however, emerging evidence 
 indicating that accumulation of specific SNP´s can increase PC risk exponentially26.   


      


a BRACA1/ 2: Tumor suppressor genes located on human chromosome 13 at locus 13q12.3. Encodes protein 
 essential for DNA repair pathways, suppressing formation of chromosomal rearrangements. Mutations are 
 associated with several cancers and is inherited in an autosomal dominant pattern  


b HOXB13: Transcription factor encoding gene that belongs to the homeobox gene superfamily. Regulates 
 various gene transcripts essential for embryonic development and tissue differentiation, including the prostate.


cLynch syndrome: An autosomal dominant disorder that is caused by a germline mutation in one of several 
 DNA mismatch repair (MMR) genes (MLH1, MSH2, MSH6, and PMS2)


d SNP: Single nucleotide polymorphism - a variation in a single nucleotide at a single position in a DNA stretch 
between members of a species or paired chromosomes in an individual, creating different alleles 
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 1.1.3.4  Other risk factors  


The effect of obesity on PC incidence is not fully determined. There is, however, evidence 
 indicating that obese men are more likely to develop an aggressive PC compared to those with 
 normal body mass index27. This observation that is supported in a recent “umbrella” review of 
 risk factors and PC28. Cellular damage and a persistent inflammatory milieu are associated 
 with cancer development29. Numerous environmental carcinogens that could cause damage 
 and inflammation to prostatic cells have been investigated and several potential candidates 
 have emerged, e.g. red meat, dairy products and diets high in calcium. Several protective 
 candidates are proposed, e.g. omega-3-rich foods and certain vegetables, including tomato. In 
 the aforementioned review, the majority of dietary factors investigated yielded only moderate 
 to weak evidence of an association with PC28. So far, there is not sufficient evidence available 
 to advocate specific nutritional supplements to prevent PC. Other environmental carcinogens, 
 such as tobacco use, is associated with a minor increased risk of PC death amongst those with 
 established disease30. 


1.2  Anatomy and histopathology of the prostate 
 1.2.1  Normal prostate 


The prostate is an exocrine gland unique to males. This firm, elastic structure, approximately 
 the size of a walnut after puberty31. However, in the aging male the prostate enlarges32. The 
 prostate is located at the base of the urinary bladder, anterior to the rectum (Figure 3). A 
 section of the urethra courses through the prostate and merges with the ejaculatory duct where 
 secretions from the prostatic glands, vas deferens and seminal vesicles empty together, 


contributing to the composition of semen31.  
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Figure 3  – Anatomical illustration of the male reproductive system. Reprinted with permission from 
 the Canadian Cancer Society © (http://www.cancer.ca/en/cancer-information/cancer-


type/prostate/prostate-cancer/the-prostate/?region=on) 


The prostate gland is divided into four general zones. These zones differ in their histological 
composition and are predilection sites for specific prostatic diseases are discussed in the 
sections below33 (Figure 4) 
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1)  Peripheral zone – Constitutes the majority of the gland (approximately 70 %)    
 a.  Forms the mid and the apex of the prostate 


b.  The easiest accessible area when performing digital rectal examination (DRE) 
 2)  Central zone – The area surrounding the ejaculatory ducts (20 %) 


3)  Transition zone – Makes up approximately 5 % of the gland and is the area around 
 the proximal prostatic urethra  


4)  The anterior fibromuscular stroma  


a.  Composed of collagen and smooth muscle cells 


         


       
 Figure 4 – The zonal anatomy of the prostate 


The anatomical zones of the prostate. Reprinted with permission from Nature© Nature Reviews 
 Cancer34, 2007. The drawing is adapted from an image on Understanding PC website 


(http://studentweb.usq.edu.au/home/q9210374/site/index.html).  


The prostate is made up of branched tubular-acinar glands (30 – 50) forming a convoluted 
pattern which is surrounded by stroma (Figure 5). These glands drain directly into the urethra 
through several ducts35. The architecture of the glands is simpler in the transition zone and 
peripheral zone compared to the central zone, which contains large, irregular acini33. The 
stroma consists mainly of collagenous fibrous tissue and smooth muscle fibers and 
extracellular matrix (ECM). The transition and central and zones have more compacted 
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stroma and denser muscle bundles. Fibrous septa separate the gland into lobules. Columnar 
 secretory cells, typically with a prominent, round basal nucleus and pale cytoplasm, constitute 
 the main epithelial cell type in the glands. In addition, small, flat basal cells are located at the 
 base of the gland and are in contact with the basement membrane. The basal cells harbor the 
 function as stem cells and can become distinct in cases of benign prostatic hyperplasia (BPH). 


A capsule comprised of condensed fibromuscular layer of the stroma encloses the posterior 
 and lateral parts of the prostate, while the anterior and apical are restricted by the anterior 
 fibromuscular stroma which solely consists of muscle fibers and collagenous stroma35. 


Outside the prostatic capsule and fibromuscular layer lies neurovascular bundles necessary for 
 the penile erectile function31.  


Figure 5 – Normal prostate histology 


Detailed picture of prostate gland histology marking off basal cells (B), supporting stroma (SS), 
 glandular epithelial cells (G) and lumen of a prostatic gland (GL). Figure: Thea Grindstad  


1.2.2  Benign Prostate hyperplasia (BPH) 


BPH is a benign prostatic enlargement and not considered a risk factor for PC36. Although 
extensively investigated, the pathogenesis of remains not fully comprehended. The incidence 
of BPH increases with age32, and symptoms of BPH include those referred to as lower urinary 
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tract symptomse (LUTS). BPH is primarily a disease of the stroma and develops 


predominantly in the central- and transitional zone of the prostate (Figure 5)37. This is in 
 contrast to PC which originates from epithelial cells and has the peripheral zone as a 
 predilection site38. The typical histological traits of BPH are hyperplastic nodules with an 
 increased stroma to epithelium ratio and an intact, continuous basal cell layer. The glands can 
 be cystic and dilated, crowded and small, or a combination. Additionally, the glandular 


architecture can appear more complex with luminal foldings and papillary branches37. Typical 
 traits of BPH are depicted in Figure 6 below. 


1.2.3  Precancerous lesions  


There are four main entities associated with precancerous lesions in the prostate. The major 
 being prostatic intraepithelial neoplasia (PIN). The remaining are atypical small acinar 
 proliferation (ASAP)39, adenomatous hyperplasia (AAH) (also referred to as adenosis)40 and 
 proliferative atrophic lesions41. The pathological term ASAP is applied when one identifies a 
 lesion suspicious of, but not diagnostic of carcinoma. The cancerous potential in AAH and 
 atrophy, on the other, hand is undetermined. PIN is discussed in detail below. In addition, a 
 fifth lesion referred to as intraductal carcinoma of the prostate (IDCP) has recently been 
 defined42. Detailed morphological description and classification for precursor and invasive 
 lesions was recently published in an updated version by the World health organization 
 (WHO)43. 


1.2.3.1  Prostate intraepithelial neoplasia 


PIN is a histologic diagnosis that can only be made by microscopic examination of prostatic 
 tissue. The epithelial cells in PIN contain morphological changes and characteristics similar 
 with that of malignant lesions and inhabit many similarities regarding distribution and 


localization in the prostatic tissue (Figure 6)44. However, in PIN the neoplastic epithelial cells 
 are confined to the prostatic ducts and do not form a tumor mass. Additionally, tissue 


architecture remains more or less intact45. PIN is commonly divided into low-grade (LGPIN) 
 and high-grade lesions (HGPIN). PIN, especially HGPIN, has the potential of malignant 
 transformation. Over time, progression to invasive cancer can occur, but there is no guarantee 
       


e LUTS: Includes symptoms related to the enlarge prostate and the potential obstruction it can cause on the 
urethra. E.g. problems with emptying the bladder, frequency, nocturia, hesitant urination and decreases force in 
urine flow  
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of this transformation. The discovery of HGPIN also is prevalent in proximity to cancerous 
 lesions45. Because of this, active treatment of PIN is not considered beneficial, but re-biopsies 
 or close monitoring is necessary when HGPIN is discovered. Repeat biopsies reveal cancer 
 after initial isolated HGPIN in as many as 25 % - 39 % of investigated cases46,47.  


1.2.3.2  Intraductal carcinoma of the prostate  


This lesion is defined as large acinar ducts filled with malignant epithelial cells and can be 
 difficult to distinguish from high grade PIN42,43. In contrast to PIN, IDCP is in the majority of 
 cases associated with invasive adenocarcinoma. When IDCP is detected on prostate biopsies 
 it warrants active treatment.  


Figure 6 – Histopathology 


High resolution histopathological pictures (20x) providing examples of normal, benign and pre-
malignant lesions of the prostate. Figure: Thea Grindstad 
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 1.2.4  Malignant tumors 


1.2.4.1  Multifocality 


A majority of PC tumors (50 - 80 %) develops in a multifocal manner48–52. The term 
 multifocal implies tumor development in individual, separate lesions in the prostate, with 
 normal tissue in between (Figure 7). The multifocal lesions of PC frequently display 
 heterogeneity in their prognostic features such as Gleason score, tumor volume and 


extraprostatic extension48,50,51,53. Further, lesions containing BPH, normal stromal tissue or 
 PIN can usually be detected in the prostate simultaneously. When including the prostate 
 stromal tissue, this creates a cancer consisting of a complex mixture of different tissue types, 
 e.g. hyperplasia, LG- and HGPIN, normal tissue and tumor tissue (Figure 7). Given that 
 different tumor lesions within one gland can have different metastatic potential, this 
 heterogeneity further complicates the nature of the PC48,54,55. 


Figure 7 - Illustration of PC multifocality with different diagnostic histopathological areas within one 
gland. Reprinted with permission from Sage Journals ©, 200556. Abbreviations: PNI = Perineural 
infiltration
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 1.2.4.2  Adenocarcinoma 


Adenocarcinoma accounts for the majority (> 90 %) of PCs and is an invasive carcinoma 
 originating from the glandular epithelium in the prostate. The epithelial cells have a secretory 
 differentiation and are arranged in a variety of morphological patterns, conventional acinar 
 adenocarcinoma accounting for the vast majority (Figure 9)43. A limited number of 


adenocarcinomas of the prostate (5 - 10 %) will have rare histological features like ductal 
 carcinoma, mucinous (colloid) carcinoma, and signet ring cell carcinoma43. These subgroups 
 can be diagnostic challenging but are important to identify due to prognostic differences, with 
 the majority having a worse prognosis57. Typically, these histological variants are seen in 
 association with conventional acinar adenocarcinoma. The broad histologic spectrum of 
 adenocarcinomas of the prostate, in addition to the numerous pre-malignant lesions which can 
 occur in the prostate and resemble invasive cancer, frequently challenges the accuracy in the 
 diagnosing of PC. Other, less prevalent cancers that can affect the prostate ( < 5 %) are e.g. 


neuroendocrine tumors, carcinosarcomas, transitional cell carcinomas, basal cell carcinomas, 
 stromal sarcomas and lymphomas43.  


According to McNeal´s model, approximately 70 % of the prostate carcinomas are situated in 
 the prostate´s peripheral zone and the majority in the posterior/ posterolateral peripheral part 
 (Figure 5). Just below 10 % are solely located in the transition zone, and the remaining in 
 both zones or with an intermediary location. The cancer can exist both uni- or bilaterally. 


Tumors arise rarely in the central zone are, they are rather evolvement of tumors from the 
 aforementioned locations38.  


Disruption of the basal cell layer is an early event in PC pathogenesis, this was confirmed by 
 detecting a loss of “basal cell specific antibodies” in PC58. Other typical traits of prostatic 
 adenocarcinoma are architectural and cellular atypia (Figure 7). This includes infiltrating 
 glands of smaller character than those from benign tissue with irregular, enlarged, 


hyperchromatic nuclei and prominent nucleoli. The lumen is often rounder, and more oval 
 compared to the benign glands which are defined by branched lumen with papillary folding 
 inwards. Further, the less differentiated the tumors are, the more disorganized and 


asymmetrical the architecture of glands appear, until they are more or less lacking. 


Additionally, when visualized using hematoxylin and eosin (H&E) staining, the cytoplasm of 
adenocarcinomas often appears darker than the corresponding benign epithelium. Less 
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specific, but also common traits of PC are intraluminal crystalloids. These are dense, 


eosinophilic crystal-like structures in various geometrical shapes. Intraluminal bluely colored 
mucin is also an indicator, but not specific to PC. The same accounts for pink amorphous 
luminal secretions59,60. Three histopathological features are considered pathognomonic of PC 
(Figure 8)43: Mucinous fibroplasia (collagenous micronodules), glandular glomerulations and 
perineural infiltration (PNI). Mucinous fibroplasia is loose fibrous tissue with fibroblast 
ingrowth. Glomerulations are tissue areas with architecture resembling a nephron’s glomeruli 
due to the cribriform formations attached to the gland. PNI is defined as tumor cells tracing or 
encircling a nerve61. 
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Figure 8 - Picture displaying different histological characteristics typical of adenocarcinoma of the 
 prostate  


A) Small atypical glands, with round or oval lumens, infiltrating between larger, benign glands. Basal 
 cells are also lacking B) PC with small glands, round or oval lumen, lack of basal cell layer, nuclear 
 enlargement, hyperchromasia, prominent nucleoli and intraluminal blue mucin. C) Perineural 
 infiltration D) Atypical glands with intraluminal eosinophilic crystalloids E) Numerous collagenous 
 micronodules in a focus of PC F) Foci of PC with glomerulations, including loss of basal cells. 


Reprinted with permission from WebPathology.com©, pictures by Dr. Dharam Ramnani. 
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Acinar adenocarcinoma of the prostate has various growth patterns leading to different 
 architectural arrangements of the tissue. These patterns are associated with the cancer´s 
 aggressiveness and form the basis for the Gleason grading system and the new Gleason grade 
 groups62,63. Such growth patterns can include: 


•  Fused glands: Groups of glands no longer entirely separated by stroma 


•  Cribriform glands: A proliferation of glands with characteristic lumina  


•  Poorly defined glands: A cluster of glands with absent or deformed lumina  


•  Glomeruloid glands: Dilated glands with a cribriform proliferation attached to one 
 side of the gland, resembling a glomerulus as described above.  


1.3  Metastatic prostate cancer 


As for many other cancer types, PC initially develops and grows locally in the gland. The first 
 invasive step is usually the disruption of the capsule, followed by growth into surrounding fat 
 tissue and nearby structures. This usually includes the vesiculae seminales and also the 
 urethra and bladder. Distant metastatic spread of the cancerous cells can occur both 


lymphatically, this entails cancerous cells infiltrating lymphatic vessels which allows spread 
 first to regional and further to distant lymph nodes, and hematogenously, which is when the 
 cancerous cells are transported through blood vessels64. The regional lymph nodes are nodules 
 of true pelvis below the bifurcation of common iliac arteries and the distant lymph nodules lie 
 outside the true pelvis. Red hematopoietic bone marrow (spine, humerus, femur, pelvis, ribs, 
 sternum) is a predilection site for distant metastasis. Other metastatic sites includes internal 
 organs, commonly the lungs and liver64. Replacement of hematopoietic bone marrow with 
 cancerous cells causes anemia and renders the patient at increased risk of infection. Further, 
 an increased osteoblastic activityf in the bone metastasis creates painful osteosclerotic 
 lesionsg. These lesions change the bone architecture65 and increase the risk of fracture, 
 hypercalcemia and spinal cord compression66,67. Death from PC is frequently secondary to 
 such complications following bone metastasis66,68.  


      


f Osteoblastic activity: Bone forming activity 


g Osteosclerotic lesions: Bone metastases characterized by increased osteoblastic activity 
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 1.4  Diagnosis 


In general practice, the presence of risk factors, positive family history or symptoms 


suspicious of PC usually leads to a DRE and PSA testing. Suspicious findings further initiate 
 referral to secondary care for transrectal ultrasound (TRUS) and biopsy of the prostate69.  


1.4.1  Symptoms 


Early stage PC gives few, or no symptoms. As a consequence, many cancers are detected due 
 to opportunistic PSA-testing or an abnormal DRE70. If tumors grow to exert pressure on the 
 urethra, LUTS develops as described for BPH. However, these symptoms are not PC specific 
 and are often a result of concomitant BPH. Impotence is another unspecific PC symptom. If 
 the cancer becomes locally invasive, symptoms like pain, hematuria and hydroureter/ 


hydronephrosis can occur due to bladder- neck or base infiltration. These symptoms are, 
 however, rare. Hematospermia is another rare symptom69. Metastatic disease to the bone is 
 painful and can lead to neurologic symptoms due to spinal cord compression66,67. Weight loss 
 is an additional symptom of advanced disease69.   


1.4.2  Digital rectal examination 


On DRE, nodules, indurations, and asymmetry are suggestive of PC. DRE can detect tumors 
 in the posterior and lateral parts (peripheral zone) of the prostate and an abnormal DRE, even 
 with PSA levels below cut-off, has a strong association with PC71,72. TNM-Stage T1 cancers 
 and the cancers situated in other parts of the prostate (25 – 35 %) are not distinguishable using 
 DRE73.  


1.4.3  Prostate specific antigen  


PSA, also known as kallikrein-3 (KLK3), is a serine protease and a member of the kallikrein-
 related peptidase family/ human tissue kallikrein gene family. It is produced by the epithelial 
 cells of the prostate gland and secreted into the lumen where it merges with the seminal fluid, 
 and its enzymatic activity contributes to semen lubrication74,75. Upon discovery, PSA was 
 considered highly specific of the prostate, but later studies have revealed extra-prostatic 
 production of the protease in both genders, however, without influencing serum PSA 


levels76,77. In healthy men, marginal levels of PSA enter the bloodstream. However, malignant 
epithelial cells also produce PSA and destruction of the basement membrane of prostate 
epithelial cells and capillaries can result in excessive leakage of PSA into the circulation. 



(29)- 28 - 


Consequently, correlation has been demonstrated between increasing serum PSA-levels and 
 the risk of PC78,79. However, very importantly, serum – PSA levels are not PC specific. Other 
 benign conditions, such as BPH, infections in the prostate (prostatitis), can elevate the PSA 
 level80. The PSA-levels will also rise with age81, and biological variations in reference levels 
 between individuals are prevalent82. So are fluctuation in a healthy individual’s PSA-levels83. 
 PSA reference level is currently set to £ 4.0 ng/mL. The major disadvantage of the PSA test is 
 its lack of specificity and the low positive predictive value. In this case it means the lack of 
 ability to distinguish an innocent condition from an aggressive, potential lethal disease, 
 especially amongst men with PSA levels in the low-intermediate range70,84–86. Increasing the 
 reference level to £ 10.0 ng/mL, improves specificity markedly, but the risk of not detecting 
 clinically significant cancers increases concurrently. It must also be noted that PC can occur 
 despite PSA-levels below reference level (£ 4.0 ng/mL), also reducing the test’s sensitivity. In 
 the PC prevention trial, of the men with PSA below 4 ng/mL, PC was detected in 15 %, and 
 out of these 15 % had high-grade disease87. However, an elevated PSA level is usually the 
 first sign of a disease relapse and the test serves a purpose as a predictor for the recurrence of 
 PC after initial treatment attempt88,89.  


1.4.4  The question of prostate specific antigen screening 


After the development of the PSA test, it was quickly advocated as a cancer screening tool by 
 several expert associations in the early 1990s90. As described in the “Epidemiology” section, 
 this led to a vast increase in PC incidence, especially of clinically localized cancers, and 
 subsequently an increase in the application of aggressive treatment strategies10. However, a 
 subsequent fall in mortality rates was not observed. Since then, PC screening and PSA testing 
 have been a topic of controversy.  


Several comprehensive studies have attempted to clarify the effect of PSA-screening on PC 
 mortality. The large European Randomized Study of Screening for PC ERSPC91 produced 
 evidence of a reduction in PC mortality in the screening group, however with a modest effect. 


The absolute risk reduction of death from PC at 13 years follow-up was 0.11 per 1000 person-
years, equivalent to one PC death averted per 27 additional PCs detected. In the United States 
Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial86, with a median 
follow-up time of 14.8 years, no mortality reduction was observed between the screened 
group and the control group. In 2011, a Cochrane meta-analysis including five randomized 
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controlled trials (RCTs), with a total of 341,351 participants, investigated screening vs. non-
 screening for PC. Herein, no significant difference in PC mortality was observed between the 
 groups, but PC was diagnosed significantly more often in the screened group85. The ERSPC 
 and PLCO trials are large, comprehensive trials, however, several aspects of the trials have 
 been widely debated. The major concern remains that if screening does reduce mortality, 
 benefits of screening are outweighed by the harms of overdiagnosing and overtreatment. 


Thus, opportunistic screening or nationwide screening programs are not implemented today. 


This is in conjunction with the recommendations by European Association of Urology (EAU) 
 and US Preventive Services Task Force92. Notably, the current trends are pointing towards a 
 decrease in opportunistic PSA-testing and incidence of early stage PCs93.  


1.4.5  Biopsy 


Through prostate biopsies, prostate tissue is collected for pathological examination. This 
 allows for an assessment of the Gleason grade and other histopathological traits suspicious of 
 cancer. Biopsies of the prostate can be performed both transperineal and transrectal. Most 
 commonly today is transrectal biopsies with TRUS assistance94. The main concern with this 
 approach is bacterial contamination and septicemia. Today, a 12-needle biopsy strategy is 
 recommended to secure tissue which adequately represents the prostate. The samples should 
 be taken bilaterally and evenly distributed, with emphasis on the lateral aspects95. Magnetic 
 resonance imaging (MRI) are also available to aid targeted biopsies e.g. by making lesions 
 registered on MRI available for TRUS-guided biopsies. This is becoming increasingly 


accessible, although not applied routinely outside Norway96. A prostate biopsy is indicated in 
 men with a DRE that is suspicious for cancer, regardless of the serum PSA. An isolated PSA 
 elevation, however, is not necessarily sufficient for a referral to biopsy given the 


physiological fluctuations in PSA levels83. This decision is based the initial PSA level and/or 
 re-evaluation of PSA levels with a few weeks interval. Additionally, potential DRE findings, 
 symptoms and the patients age and general health are considered97.  


1.4.6  Immunohistochemistry 


Immunohistochemistry (IHC) can be a useful diagnostic tool in selected tissue samples where 
the diagnosis of invasive cancer is uncertain. The absence of expression of the basal cell 
markers, such as the high molecular weight cytokeratin 34BE12 and the nuclear protein p63 
which is present in basal cells of the prostate, is indicative of invasive cancer98. The 
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expression of the enzyme alpha-methylacyl-CoA racemase (AMACR/ P504S) on both mRNA 
 and protein level is another marker for prostatic adenocarcinoma99.  


1.4.7  Radiologic investigations 


Patients at high risk or with symptoms suspicious of aggressive disease are evaluated 
 radiologically. Today, this is a constantly evolving field in medicine. Currently, the clinical 
 utility of several improved imaging modalities is awaiting validation. When evaluating bone 
 metastasis, technetium-99m bone scintigraphy has been a frequently applied radiological 
 imaging technique. This can be supplemented with computed tomography (CT) or MRI of the 
 bone if necessary97. Positron emission tomography (PET)-CT has also emerged as a useful 
 method for detecting bone metastasis when conventional bone scans are insufficient, and this 
 technique continues to evolve and improve100. In addition to MRI guided biopsies, the 
 application of MRI in the detection, evaluation and staging of PC, is also a progressing 
 research field101.  


1.5  Staging, classification, and prognostication 
 1.5.1  Prostate cancer progression  


The risk evaluation and choice of therapeutic strategies for PC are currently largely based on 
 clinical and pathological observations, including TNM-stage, Gleason score, and serum PSA-
 levels, in addition to patient characteristics such as comorbidity and life expectancy73. The 
 application of PSA led to stage migration and shift in diagnostics, with more PCs being 
 diagnosed at lower stages10. Today, > 80 % of PC patients are diagnosed with a localized 
 disease for which the 5-year relative survival rate is close to 100%3, however, there are 
 evidence of an ongoing trend-shift with reductions in opportunistic PSA screening and 
 detection of early stage cancers93. When distant metastasis develops, however, the survival 
 rate is drastically reduced to approximately 36 % or less2,3.  


The predicament with PC is the heterogeneity in progression patterns, which makes the 
clinical outcome challenging to predict (Figure 9). PC is a slow growing disease, and decades 
can pass by form beginning of cancer development to manifestation of clinical cancer102,103. 
For a large portion of patients, the cancer will remain indolent throughout life, not affecting 
the patient’s life quality or survival. However, some tumors are aggressive and will progress 
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quickly to metastatic disease and result in significant morbidity and cancer related death. The 
 challenge lies in predicting the nature of the particular cancer in question4.  


In case of relapse after initial curative treatment, the progression pattern also varies. The first 
 sign of cancer relapse is usually an asymptomatic rise in PSA levels, referred to as 


biochemical failure (BF). The most appropriate definition of BF after radical prostatectomy is 
 a debated topic104,105. Currently, the consensus is two consecutive PSA values > 0.2 ng/mL 
 and rising106. Regarding radiation therapy, a PSA level 2 ng/mL above the post-radiation 
 nadir is considered evidence of BF107. Compared to radical prostatectomy, where PSA reaches 
 undetectable levels weeks after surgery, it take years before PSA levels reaches nadir after 
 radiation therapy107. BF can be followed by a clinical manifestation of the disease, referred to 
 as clinical failure (CF). The proportion of patients who experience BF within 10 years after 
 radical prostatectomy or radiation therapy with curative intent ranges from 27 – 53 %97, and 
 varies to a great extent in intermediate and high-risk patients108. Additionally, after BF, only a 
 fraction (6 – 40 %) of patients will progress to CF and PCD, and the time to progression is 
 usually protracted  and variable89,109–111. This time span can range from 15 years in patients 
 with low risk cancer to only one year in the highest risk groups, with a median time span of 8 
 – 10 years89,109–111. The risk of cancer progression and time to BF and CF can to some extent 
 be estimated based on the aforementioned clinical and pathological parameters, however 
 evidence from the SPCG-4 trial indicates that the prognostic value of the clinical parameters 
 alone is not adequate112.  


Figure 9 - The multistage process of PC development and tumor progression.  


Abbreviations: PCa = PC; BPH = benign prostate hyperplasia; PIN = Prostate intraepithelial neoplasia; LG = 
Low grade; HG = High grade: PCa = PC; CRPC = Castrate resistant PC. Figure: Thea Grindstad
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1.5.2  The Gleason grading system and Gleason Grade Groups 


The Gleason grading system was first described in 1966 by Dr. Donald Gleason and 
 colleagues113 and was initially based on a study of 270 patients from the Minneapolis 


Veterans Administration Hospital. Their investigations demonstrated a progressive increase in 
 cancer specific mortality with an increase in their scoring system113. It has since been 


modified several times, but the basic grading categories have remained unchanged. For the 
 past four decades, it has been the most commonly accepted PC grading system and it remains 
 the best available predictor for the pathological and clinical outcome of PC. Currently, the 
 applied Gleason scoring system is according to the 2014 international Society of Urological 
 Pathology Consensus Conference on Gleason Grading of Prostatic Carcinoma62. 


A great advantage with the Gleason scoring system is that it takes into calculation the 
 heterogenic growth pattern of PC. This is achieved by basing the scoring system on the 
 primary and secondary architectural growth pattern of the PC tumors, which is related to the 
 aggressiveness of the cancer (Figure 10). The two most dominant tumor patterns receive a 
 score, originally ranging from 1 to 5, reflecting the degree of differentiation114. In 


contemporary practice, only scores 3 to 5 are applied62. Finally, the scores are added (e.g. 3 + 
 3 / 3 + 4 / 4 + 3 etc.), with the first number in the calculation represent the most prevalent 
 pattern of the two, thus creating a combined score ranging from 6 (3 + 3) to 10 (5 + 5). If 
 there is only one grade present, that grade will be doubled114. 


In recent years, the International Society for Urologic Pathology (ISUP) and the World Health 
 Organization (WHO) has developed a revised Gleason grading system with updated 


histological criteria and included grade groups numbered 1 to 5 (Table 1). These grade groups 
are comparable to the different Gleason scores: Grade group 1 to Gleason score 6 (≤3 + 3), 
grade group 2 can be compared to Gleason score 7a (3 + 4) tumor, grade group 3 to Gleason 
score 7b (4 + 3) tumors, grade group 4 to Gleason score 8 tumors, and grade group 5 to 
Gleason score 9 and 10 tumors62.   
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