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ABSTRACT

Prostate cancer is the second most common cancer worldwide and the most
common cancer in Finland among men. While the prognosis of low-risk
localised prostate cancer is excellent, a substantial proportion of prostate
cancer patients experience disease progression after first-line treatment. This
doctoral dissertation includes four studies that focused on active treatment
options for prostate cancer patients with adverse pathologic features or risk
factors associated with increased disease recurrence and/or mortality.

Epidermal growth factor receptor (EGFR) overexpression is associated with
poor prognosis in prostate cancer and resistance to radiotherapy in several
solid tumours. In the first two non-randomised trials, the objective was to
evaluate the safety and efficacy of 250 mg once daily gefitinib, an orally
active EGFR inhibitor, in prostate cancer patients. In the first (phase I/1I)
trial, 42 patients with nonmetastatic prostate cancer received gefitinib in
combination with radical radiotherapy as the first-line treatment. In the
second (phase II) trial, 30 patients with biochemical recurrence following
radical treatment received gefitinib monotherapy.

The third study was a retrospective patient series of 46 patients
with previously untreated metastatic prostate cancer—a diagnosis that
continues to have poor overall survival. This study evaluated the safety and
efficacy of multimodal treatment, including androgen deprivation and
radical radiotherapy. In addition, the patients received various individually
planned treatments.

The fourth study was a multicentre trial that randomised 250
radical prostatectomy-treated patients into an adjuvant radiation (126
patients) or observation (124 patients) group. All patients had positive
surgical margins or extracapsular extension, both of which have been
associated with increased prostate cancer progression; however, it was
unclear whether these patients benefit from adjuvant radiation after surgery.

While most of the adverse events in the first study were mild to moderate,
the toxicity of gefitinib in combination with radiation was unacceptable,
considering that most patients had low-risk prostate cancer with a favourable
prognosis even without any active treatments. In studies II-1V, the toxicity
was acceptable.

The efficacy of gefitinib in prostate cancer patients was modest,
both in combination with radical radiotherapy and as a monotherapy. The
multimodal treatment approach in metastatic prostate cancer was promising
but requires further confirmation in randomised trials. Adjuvant
radiotherapy following radical prostatectomy resulted in significant
improvement in patients’ biochemical recurrence-free survival when
compared to surgery alone. However, salvage radiation upon biochemical
recurrence following surgery appeared equally effective in terms of overall
survival.



Prostate cancer patients with adverse pathologic features or risk factors form
a heterogeneous group of patients with different prognoses. To balance the
subjective experience of treatment toxicity and the treatment’s expected
efficacy on survival, the patient must be adequately informed about the
toxicity profiles of the treatments available as well as the risk for later disease
progression. The aims of future research include more accurate risk-profiling
for each prostate cancer patient, a better understanding of individual disease
characteristics, and, thus, the identification of optimal treatments.



TIVISTELMA (ABSTRACT IN FINNISH)

Eturauhassyopd on miesten toiseksi yleisin syopd maailmassa ja yleisin
syopa Suomessa. Vaikka paikallisena todetun matalan riskin
eturauhassyovdn ennuste on nykyidan erinomainen, huomattavalla osalla
eturauhassyopapotilaista tauti uusiutuu ensilinjan hoidosta huolimatta.
Tama  vaitoskirja koostuu neljastd osatyostd, jotka keskittyivat
aktiivihoitoihin  eturauhassyopapotilailla, joilla oli todettu syovan
uusiutumiseen ja/tai syopakuolleisuuteen liittyvid epasuotuisia patologisia
piirteita tai riskitekijoita.

Epidermaalisen kasvutekijain reseptorin (EGFR) poikkeavan runsas
esiintyminen on yhdistetty eturauhassyopapotilaiden huonoon ennusteeseen
sekd sddehoitoresistenssiin  monissa kiinteissd kasvaimissa. Kahden
ensimmadisen satunnaistamattoman tutkimuksen tavoitteena oli arvioida
suun kautta otettavan EGFR:n estdjian, gefitinibin, turvallisuutta ja tehoa
eturauhassyopapotilailla annoksella 250 mg kerran paivassa. Ensimmaisessa
(vaiheen I/II) tutkimuksessa, 42 potilasta, joilla oli metastasoimaton
eturauhassyopa, sai gefitinibi-hoidon ja radikaalin sidehoidon ensilinjan
yhdistelméhoitona. Toisessa (vaiheen II) tutkimuksessa, 30 potilasta, joilla
oli radikaalihoidon jilkeen todettu eturauhassyévin biokemiallinen
uusiutuminen, sai gefitinibi-hoidon monoterapiana.

Kolmas tutkimus oli retrospektiivinen potilassarja 46 miehests,
joilla oli vastikdaan todettu metastaattinen eturauhassyopa—diagnoosi, jonka
elinajanodote on edelleen huono. Kaikki potilaat saivat multimodaalihoidon,
johon sisiltyi antiandrogeeni-hoito ja radikaali sddehoito. Lisdksi potilaat
saivat useita yksilollisesti suunniteltuja hoitoja.

Neljas tutkimus oli monikeskustutkimus, jossa satunnaistettiin
250 radikaalilla prostatektomialla hoidettua potilasta liitinnaissadehoitoon
(126 potilasta) tai seurantaan (124 potilasta). Potilailla oli todettu
positiivinen leikkausmarginaali tai eturauhaskapselin ldpi tunkeutuva tauti,
joihin liittyy kohonnut eturauhassyovan uusiutumisriski. Oli kuitenkin
epaselvai, hyotyisivaitko nama potilaat liitinnaissiddehoidosta leikkauksen
yhteydessa.

Vaikka suurin osa ensimmaisen tutkimuksen haittavaikutuksista oli mietoja
tai kohtalaisia, gefitinibin ja sidehoidon haittavaikutusprofiilia ei voitu pitaa
hyvaksyttavana, kun otetaan huomioon, ettd suurimmalla osalla potilaista oli
matalan riskin hyvaennusteinen tauti ilman aktiivista hoitoakin.
Tutkimuksissa II-IV  annettujen hoitojen haittavaikutusprofiili oli
hyvaksyttava.

Gefitinibin tehokkuus eturauhassyovan hoidossa oli vaatimaton
sekd yhdistelmdhoitona radikaalin sidehoidon kanssa ettd monoterapiana.
Multimodaalihoito metastaattisessa eturauhassyovassa vaikutti lupaavalta,
mutta tdman tuloksen vahvistamiseksi tarvitaan satunnaistettuja
tutkimuksia. Liitinnaissddehoito radikaalin prostatektomian jilkeen paransi
merkittavasti biokemiallista uusiutumisvapaata elinaikaa verrattuna



pelkkaan kirurgiseen hoitoon. Kun katsotaan kokonaiselinaikaa, leikkauksen
jalkeen biokemiallisesti uusiutuneeseen tautiin annettu toisen linjan
(salvage) sadehoito vaikutti kuitenkin yhta tehokkaalta hoidolta.

Eturauhassyopapotilaat, joilla on epidsuotuisia patologisia piirteitd tai
riskitekijoitd, muodostavat heterogeenisen ryhmin potilaita, joiden
ennusteet poikkeavat toisistaan. Tasapainottaakseen subjektiivisen
kokemuksensa hoidon haitoista ja hoidon odotettavissa olevasta
vaikutuksesta elinaikaan, potilaan on saatava riittavasti tietoa seka saatavilla
olevien hoitojen haittavaikutusprofiileista ettd taudin etenemisriskista.
Tulevaisuuden tutkimustavoitteita ovat yksittdisen eturauhassyopapotilaan
riskien tarkempi profilointi, eturauhassyovan yksilollisten ominaisuuksien
parempi ymmartdminen ja siten optimaalisten hoitojen tunnistaminen.
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1 INTRODUCTION

1.1 BACKGROUND

Worldwide, prostate cancer is the second most common cancer and the fifth
most common cause of cancer mortality among men (1). Specifically, in
Finland, an annual 5,500 new diagnoses and 900 prostate cancer deaths
make prostate cancer the most common cancer and the second most
common cause of cancer mortality among Finnish men (2).

Due to advancements in diagnostics and treatment, increased
awareness, and early detection, the prognosis of localised prostate cancer has
improved significantly during the past decades (3). Active definitive
treatment options for clinically localised prostate cancer are radical
radiotherapy and radical prostatectomy, with a 10-year cancer-specific
survival rate commonly approaching 100% (4). Other emerging treatment
options include cryotherapy and high-intensity focused ultrasound (5, 6).
However, therapy with curative intent fails to achieve long-term disease-free
survival in some cases, especially in patients with high-risk features (7, 8).
For patients with locally advanced prostate cancer, there is a lack of evidence
on optimal treatment options. Furthermore, there is no consensus on how to
manage patients with disease recurrence following definitive treatment.

In diagnostics and treatment planning, it is equally essential to
identify high-risk patients often requiring a combination of treatments to
achieve cure, as well as low-risk patients to avoid overtreatment and thus
treatment-related long-term adverse effects. Currently, the risk stratification
for prostate cancer patients varies in different guidelines and studies. Three
established prognostic factors—tumour, node, metastasis (TNM) stage,
Gleason score/International Society of Urological Pathology (ISUP) grade
group, and initial prostate-specific antigen (PSA)—remain, while several
other risk features and nomograms have been investigated to identify
patients at an increased risk for disease recurrence, with varying results (9,
10). In addition, it is necessary to recognize active treatment options for
these patients, including mono- and multimodal therapies, aiming at
maximal long-term survival with an acceptable adverse effect profile.

With regard to newly diagnosed metastatic prostate cancer,
there has been a significant shift toward more active treatment in the past
decade due to the discovery of several novel treatment options (11). Despite
improved survival rates, the overall survival of metastatic prostate cancer
remains poor, ranging from 34 to 62 months (12—15). Clearly, the metastatic
cancer requires the identification of new, active treatment options and their
combinations to achieve better cancer control and improved survival.
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1.2 FOCUS OF THE DISSERTATION AND
DEFINITION OF ACTIVE TREATMENT

The patients included in the studies of this dissertation had adverse
pathologic features or risk factors associated with prostate cancer recurrence
and/or mortality. These include epidermal growth factor receptor (EGFR)
expression, positive surgical margins (following radical prostatectomy), an
extracapsular extension of the cancer, and metastatic prostate cancer. The
active treatment options studied included 1) gefitinib alone and in
combination with radical radiotherapy in nonmetastatic prostate cancer; 2)
multimodal treatment in metastatic prostate cancer; and 3) adjuvant
radiotherapy following radical prostatectomy in nonmetastatic prostate
cancer. The original studies presented in this dissertation include prostate
cancer patients with localised, locally advanced, or metastatic prostate
cancer, and patients with biochemical recurrence following therapy with
curative intent. In this dissertation, the concept of active treatment rules out
watchful waiting, active surveillance, and palliative care. Thus, this paper
emphasizes active treatment, with the aim to cure (in nonmetastatic prostate
cancer) or achieve disease remission (in metastatic prostate cancer).
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2 REVIEW OF THE LITERATURE

2.1 RISK STRATIFICATION

Most guidelines classify prostate cancer into risk groups based on three
established prognostic factors: 1) clinical/pathological TNM staging, 2)
histologic Gleason score/ISUP grade group, and 3) PSA at the time of
diagnosis (16—18). The aim of classification is to group patients with similar
prognostic impacts and then recommend treatment options depending on
their risk group (19, 20). Imaging, genomic profile, and/or molecular
analysis can provide additional information regarding risk evaluation;
however, they are not routinely recommended.

2.1.1 STAGING

TNM staging describes the expansion of the original tumour (T), cancer’s
possible dissemination to the regional lymph nodes (N), and metastatic
status (M).

The clinical T-stage (cT) is commonly based on digital rectal
examination, pathologic findings from prostate biopsies, and, in some cases,
imaging. However, some guidelines base the cT-stage on digital rectal
examination alone (16). The pathologic T-stage (pT), on the other hand, is
based on pathologic findings of the removed prostate identified via radical
prostatectomy, providing a more accurate evaluation of the cancer’s
expansion compared to the cT.

2.1.2 LOCALISED AND LOCALLY ADVANCED
PROSTATE CANCER

Generally, clinically localised (cT1-2) prostate cancer is a low-risk disease
with 10-year cancer-specific mortality ranging between 1 to 3% (21, 22).
However, when classified as a high-risk disease, the risk of cancer recurrence
increases, and the 10-year cancer-specific mortality rises to 7% (8, 22—24).
Extracapsular extension (T3-4) is an independent risk factor of
biochemical recurrence, metastatic cancer, and prostate cancer death (25,
26). Further invasion into the seminal vesicles is strongly associated with an
increased risk of biochemical recurrence and prostate cancer mortality (27).
A locally advanced prostate cancer generally refers to
nonmetastatic T3-4 prostate cancer. However, some studies even consider
T1-2 cancer as locally advanced if the patient has other high-risk features,
such as PSA > 20 ug/l or a Gleason score of 8 to 10, indicating possible
disease progression through the prostate (23, 28). For locally advanced
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prostate cancer, the 10-year cancer-specific mortality is between 14 to 22%
(29).

2.1.3 POSITIVE SURGICAL MARGINS

Cancer cell expansion to the border of a surgically removed prostate gland
indicates positive surgical margins. In a meta-analysis of 141,222 radical
prostatectomy-treated patients, positive surgical margins significantly
decreased biochemical recurrence-free, cancer-specific, and overall survival
compared to patients with negative margins (30). In the same meta-analysis,
patients with positive margins had a significantly higher risk for cancer-
specific and overall mortality (30).

Although positive margins are associated with an increased risk
of biochemical recurrence, in some patients, the risk seems to be relatively
low (20, 31—33). Positive margins appear to predict prostate cancer mortality
in some studies, particularly in pT3 disease, yet these findings are
inconsistent (27, 34). In a population-based study of 13,198 patients, positive
surgical margins appeared as an independent predictor of secondary
treatment (indicating biochemical recurrence) and palliative radiotherapy
(35). However, there was no significant association between positive margins
and prostate cancer mortality (35). The risk for palliative radiotherapy and
cancer-specific mortality was highest among patients with pT3b and a
Gleason score of 9 to 10, while, for patients with pT2 and a low Gleason
score, the risk for palliative radiotherapy appeared low (35).

In the ProtecT trial, patients who experienced disease
progression following radical prostatectomy were more likely to have positive
surgical margins as well as higher Gleason score, pathological staging, larger
tumours, and positive lymph nodes compared to patients without
progression (36). Marchetti et al. reported significantly higher Gleason
scores, higher pT-stages, higher PSA values, and smaller prostates in pT2-3
patients with positive surgical margins compared to patients with negative
margins (37).

Thus, positive surgical margins appear to predict poor outcomes,
especially in patients with high-risk features, whereas, in patients with low-
risk features the importance of positive margins seems controversial.
Altogether, the role of positive surgical margins as an independent risk
factor, especially in pT2 patients, continues to be unestablished.

2.1.4 LYMPH NODE INVASION AND METASTATIC
PROSTATE CANCER

Generally, patients with intermediate/high-risk features require imaging to
detect possible lymph node invasion and metastases. The mainstays of
conventional imaging are bone scan and computed tomography (CT),
although research shows promising results for magnetic resonance imaging
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(MRI), choline positron emission tomography (PET)/CT, and prostate-
specific membrane antigen (PSMA) PET/CT imaging as well (14, 15, 38—41).

The number of positive lymph nodes and the lymph node density
are prognostic factors in prostate cancer (42, 43). The presence of two or
more positive lymph nodes, lymph node diameter > 10 mm, and a lymph
node density > 20 to 30% decreases cancer-specific survival (43—45).

Prostate cancer primarily metastasizes to the bone. Regardless of
its poor survival rate, metastatic prostate cancer includes a heterogeneous
group of patients with different disease loads (12, 15, 46). In the SWOG trial,
PSA after seven months of androgen deprivation therapy turned out to be as
a strong independent predictor of survival in patients with newly diagnosed
metastatic prostate cancer (47). The CHARTEED trial defined high-volume
metastatic disease as “the presence of visceral metastases or at least four
bone lesions with at least one beyond the vertebral bodies and pelvis” (46).
In the LATITUDE trial, high-risk features of metastatic disease included a
Gleason score of 8, at least three bone metastases, and/or visceral metastasis
(48). Nevertheless, there are no established prognostic factors for survival in
newly diagnosed metastatic prostate cancer.

2.1.5 PSA

Initial PSA (taken before treatment)is a significant prognostic factor in
prostate cancer (49—51). The common threshold for a high-risk disease is
PSA > 20 pg/l (52). A high initial PSA increases the risk for biochemical
recurrence, metastatic disease, and cancer-specific mortality (53, 54).

2.1.6 GLEASON SCORE/ISUP GRADE GROUP

The Gleason score, defined using prostate biopsy samples, describes prostate
cancer cell differentiation of a higher grade as indicating poor differentiation
and a more aggressive disease. It is the sum of the most predominant
histologic pattern and the second most common pattern in the prostate
biopsy. The original Gleason grading from 1966 used scores from 2 to 10;
however, it has since undergone several modifications (55). The latest ISUP
consensus from 2014 recommends five grade groups: 1) group 1 (Gleason
score < 3+3), 2) group 2 (Gleason score 3+4), 3) group 3 (Gleason score
4+3), 4) group 4 (Gleason score 4+4, 3+5, and 5+3), and 5) group 5 (Gleason
score 9 to 10) (56). The ISUP grade groups correlate better with survival
rates compared to the traditional Gleason scores and reduce overtreatment
and unnecessary concern in low-risk, Gleason score < 6 disease (57—59).

2.1.7 EGFR EXPRESSION

EGFR, also known as ErbB1 or HER1, is a transmembrane glycoprotein with
an intracellular tyrosine kinase domain. It was the first discovered member
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of the ErbB (erythroblastic viral leukaemia oncogene) receptor tyrosine
kinase family, the signalling pathways of which contribute significantly to cell
survival and proliferation in various normal tissues and body fluids. The
overexpression of EGFR, on the other hand, is one of the distinct features of
several solid tumours including prostate cancer. EGFR overexpression is
associated with tumour growth, the inhibition of apoptosis, the promotion of
angiogenesis, and metastatic disease, although its complete pathophysiology
remains unsolved (60, 61).

In prostate cancer, EGFR overexpression is strongly associated
with biochemical relapse, castration-resistant prostate cancer, and metastatic
disease (60—63). In addition, patients with metastatic prostate cancer appear
to have EGFR expression in their circulating tumour cells (61). However,
EGFR expression is not a strong prognostic factor in prostate cancer (60).

The association between EGFR overexpression and the
established prognostic factors of prostate cancer is controversial. In a study
by Shah et al., there was no association between EGFR expression and
prognostic factors such as Gleason score, seminal vesicle invasion, or
preoperative PSA (62). Schlomm et al.,, however, found a significant
association between EGFR expression and high Gleason scores, advanced
pT-stage, and preoperative PSA (60). Yet, in both studies, EGFR expression
was not an independent predictor of biochemical recurrence (60, 62).

In a study of 2,497 patients, Schlomm et al. detected 18% EGFR
expression in radical prostatectomy specimens mostly from localised or
locally advanced prostate cancer (60). In different studies, EGFR expression
appears lower in localised, hormone-naive prostate cancer and increased in
castration-resistant and metastatic cancer (60, 64, 65). Di Lorenzo et al.
detected 41% EGFR expression in hormone-naive radical prostatectomy-
treated patients, 76% in patients who received hormonal therapy prior
radical prostatectomy, and 100% in patients with castration-resistant
metastatic cancer (66). These results indicated that EGFR expression
increases as the cancer progresses and finally converts into difficult-to-treat
castration-resistant prostate cancer (62, 66, 67). In addition, EGFR
overexpression is associated with resistance to radiotherapy and
chemotherapy (68—71). In preclinical and clinical studies, the inhibition of
EGFR in a combination with radiotherapy appears to result in better tumour
control and survival compared to irradiation alone (72, 73).

2.1.8 CLASSIFICATION AND STAGING

The D’Amico classification, first presented in 1998, is probably the most well-
known approach to categorizing patients with similar risk for PSA failure
following radical radiotherapy or radical prostatectomy (Table 1) (18, 74).
The classification is confined to localised disease alone, and it is based on the
clinical tumour stage (TNM), biopsy Gleason score, and pretreatment PSA,
and, consequently, classifies patients into low-, intermediate-, and high-risk
groups (74). However, due to earlier detection of the cancer, improved
diagnostics and cancer treatments over the past decades, the number of low-
risk prostate cancer cases is pronounced and the related outcomes have
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improved (75). Hence, the relevance of the D’Amico classification seems to
be decreasing, although, it still significantly predicts biochemical recurrence-
free survival among patients with localised prostate cancer (75).

Table 1. Risk stratification according to the D’Amico classification (74).

Risk group
Low Intermediate High
TNM stage Tic-2a T2b >Tac
Gleason score <6 7 >8
PSA <10 pg/l 10—20 pg/1 > 20 ug/l

PSA = prostate-specific antigen, TNM = tumour, node, metastasis.

Different prognostic models aim to identify patients of different
risk group in terms of disease recurrence or survival. In addition to the
D’Amico classification, other well-known models include: 1) the Cambridge
Prognostic Groups, and 2) the University of California San Francisco (UCSF)
Cancer of the Prostate Risk Assessment (CAPRA) Score (9). The Cambridge
Prognostic Groups criteria is based on T-stage, ISUP grade group, and PSA,
and it stratifies patients into five risk groups predicting their cancer-specific
mortality (76). The UCSF-CAPRA score is based on T-stage, Gleason score,
PSA, percentage of positive biopsies, and age (77). It gives the patient a score
from 0 to 10, with a higher score indicating a higher disease recurrence rate.
However, critics of these models emphasize their inability to take into
account non-cancer mortality and treatment effects (9).

As the prognosis of localised, low-risk prostate cancer continues
to be excellent, research is more focused on identifying patients with
localised or locally advanced yet not metastasized cancer with risk features
predicting an increased risk of disease progression. Currently, the definition
of high-risk prostate cancer varies among different studies. Generally,
however, the features of high-risk disease include ¢/pT > 3, Gleason score >
7, and PSA > 20 ug/l (78, 79). Patients who experience disease progression
following treatment with curative intent have more likely intermediate/high-
risk than low-risk prostate cancer at baseline (36).

Currently, the European Association of Urology (EAU) classifies
localised and locally advanced prostate cancer into three risk groups—low-,
intermediate-, and high-risk—according to the cTN-stage, Gleason
score/ISUP grade group, and PSA (16). The National Comprehensive Cancer
Network (NCCN), on the other hand, uses five risk groups for clinically
localised prostate cancer—very low-, low-, intermediate-, high-, and very
high-risk—according to cT-stage, Gleason score/ISUP grade group,
number/percentage of positive biopsy cores, and PSA (17).
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2.1.9 BIOCHEMICAL RECURRENCE

A persistently rising PSA following initial prostate cancer treatment is
commonly treated as a biochemical recurrence (80). As the natural history of
prostate cancer is prolonged, a rising PSA may represent the only detectable
manifestation of prostate cancer progression—even several years before
clinical relapse (81—83). When the studies included in this dissertation were
initiated, the PSA threshold for biochemical recurrence was higher
(commonly PSA > 0.4 ug/1), but then it decreased over time due to improved
laboratory techniques. While the exact definition of biochemical recurrence
varies, currently, the common threshold is PSA > 0.2 ug/1 (84).

Generally, biochemical recurrence precedes local progression,
metastatic disease, and, eventually, prostate cancer death, usually within five
years after initial treatment (81, 85). However, not all patients with
biochemical recurrence experience the further progression of the disease
(82). A rapid increase of PSA and PSArelapse shortly after definitive
treatment is associated with an increased risk of metastases and cancer death
(24, 86). PSA doubling time less than one year and a Gleason score between
8 to 10 appear to be strong predictors of clinical relapse following
biochemical recurrence (86).

The progression from biochemical recurrence to clinically
evident relapse, which is usually detected through imaging, can occur even
20 years after diagnosis (81). Yet, approximately only one third of patients
with biochemical recurrence experience clinically evident disease progression
(87, 88).

In prostate cancer research, biochemical recurrence is one of the
most used endpoints to evaluate treatment outcomes. Of patients with low-
risk, localised cancer, a minority with biochemical recurrence experience
clinically evident disease progression. Thus, other endpoints, such as cancer-
specific or overall survival might have higher relevance as an outcome
measure. However, biochemical recurrence continues to be an independent
risk factor for metastatic disease and prostate cancer death (86). Especially
in patients with several risk features and locally advanced or high-risk
disease, the relevance of biochemical recurrence as a prognostic factor is
pronounced, indicating further disease progression and the need for active
treatment.
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2.2 ACTIVE TREATMENT OPTIONS IN
PROSTATE CANCER

2.2.1 LOCALISED AND LOCALLY ADVANCED
PROSTATE CANCER

2.2.1.1 LOCAL TREATMENTS WITH CURATIVE INTENT

Radical prostatectomy includes the surgical removal of the entire prostate
gland. Generally, it is also accompanied by the removal of seminal vesicles
and, depending on the risk features of the cancer, lymph node dissection.

The concept of radical radiotherapy covers external beam
radiotherapy and brachytherapy. Intensity-modulated radiation therapy
(IMRT) provides high doses of radiation delivered within the treatment field
from a limited number of beam angles. In addition, external beam
radiotherapy can be delivered with volumetric modulated arc therapy
(VMAT) through a linear accelerator that rotates continuously around the
patient in contrast to fixed beam IMRT. Compared to IMRT, VMAT provides
higher doses in shorter treatment durations.

In low-dose-rate brachytherapy, the patient receives permanent
radioactive seed implants directly to his prostate. In high-dose-rate
brachytherapy, the prostate is internally radiated as well but in the form of
radioactive sources through implant catheters placed into the prostate gland
through the perineum.

2.2.1.2 COMPARISON OF RADICAL RADIOTHERAPY,
RADICAL PROSTATECTOMY, AND ACTIVE SURVEILLANCE

Radical radiotherapy and radical prostatectomy are well-established active
treatment options for clinically localised prostate cancer (4, 89, 90). When
comparing long-term results in non-randomised studies, radical
prostatectomy often appears superior to radical radiotherapy (91). However,
many of these studies seem to have a selection bias in favour of surgery with
men who are physically more fit and have lower risk disease among
prostatectomy-treated patients compared to radiation-treated patients (18,
92).

While the focus of this dissertation is on active treatment
options, it is equally important to acknowledge the role of active surveillance
as an alternative to local treatments in newly diagnosed prostate cancer.
When taking into account the various and potentially long-term adverse
events of local treatments, active surveillance appears to be a well-
established option, especially in patients with low-risk prostate cancer.

The randomised PIVOT trial, which had a follow-up of 19.5 years
(median 12.7 years), compared radical prostatectomy and observation in
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localised prostate cancer and showed similar survival between the treatments
among patients with low-risk disease (90). Intermediate- and high-risk
patients seemed to benefit a bit more from radical treatment in terms of all-
cause mortality (intermediate-risk) and disease progression (high-risk),
albeit these findings were statistically insignificant (90). Furthermore,
regardless of the risk group, there was no statistically significant difference in
prostate cancer-specific survival or overall survival between the treatments
(90).

The SPCG-4 trial, which had a follow-up of 29 years (median
23.6 years), randomised patients with localised disease to radical
prostatectomy or watchful waiting (93). It showed significantly improved
prostate cancer-specific survival, overall survival, and metastatic survival
among surgery-treated patients when compared to watchful waiting (93).
Risk of death from prostate cancer started to increase from Gleason score
3+4 (93). When compared to patients with a Gleason score < 6, patients with
a Gleason score of 3+4 had similar risk of death from prostate cancer, while
for patients with a Gleason score of 4+3 the risk was five times higher (93).

In the randomised ProtecT-trial, which compared external beam
radiotherapy in combination with androgen deprivation, radical
prostatectomy, and active monitoring, the local treatments appeared more
effective in terms of clinical progression and cancer-specific mortality (4).
Out of the 545 patients who were assigned to active monitoring, 25%
received radical treatments within three years, and, more than 50% within 10
years following their initial assignment (4). There were no statistical
differences between the treatments regarding prostate cancer-specific or
overall survival (4). Considering that most of the patients enrolled in the
ProtecT-trial had a low-risk disease and the number of events was low, a
survival longer than the median 10 years would be needed to draw
conclusions about the efficacy of local treatments (94).

PIVOT, SPCG-4, and ProtecT all included high-risk patients (4,
90, 93). According to current knowledge, high-risk prostate cancer
represents an aggressive disease and, thus, active surveillance is not
recommended for these patients. Consequently, today, enrolment of high-
risk patients in the observation group would be unethical. In addition,
inclusion of high-risk disease may have increased the number of events in all
three trials, especially in the active surveillance groups, which may have
favoured radical treatments over active surveillance (4, 90, 93).

In a randomised study by Giberti et al.,, the biochemical
recurrence-free survival between radical prostatectomy and brachytherapy
was similar but did not have statistical significance in low-risk prostate
cancer patients (95).

In a Cochrane meta-analysis that compared transrectal
ultrasonography-guided prostate biopsies to multiparametric MRI-targeted
biopsies, the latter showed more favourable diagnostic accuracy in terms of
sensitivity and specificity in the detection of Gleason score > 7 prostate
cancer (96). Thus, since the accuracy of MRI-targeted biopsy in clinically
significant prostate cancer is excellent, active surveillance can be considered
as a safe option even for patients with Gleason score 6 disease when MRI-
targeted biopsy is available (96).
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For patients with low-risk localised prostate cancer, active
surveillance appears equally effective when compared to radical treatments.
With regard to radical treatments, there is still a lack of randomised trials
with long-term follow-up comparing the efficacy of radical prostatectomy
and radical radiotherapy.

2.2.1.3 RADICAL RADIOTHERAPY IN HIGH-RISK LOCALISED
AND LOCALLY ADVANCED PROSTATE CANCER

Traditionally, hormonal therapy or radiotherapy alone was the standard of
care for locally advanced prostate cancer. Later, in the late 2000s, several
randomised trials proved the superiority of radiotherapy and hormonal
therapy given in combination, which made the treatment of these patients
into more active mode and improved their prognosis significantly (28, 29,
97). Currently, the recommendations for locally advanced prostate cancer
emphasize multimodal therapies including radical prostatectomy (16, 17). As
high-risk localised and locally advanced prostate cancer cases have similar
prognostic profiles, the same treatment recommendations commonly apply
for both (98).

Based on several randomised trials, external beam radiation
therapy in combination with long-term androgen suppression was found
superior to radiation alone in high-risk localised and locally advanced
prostate cancer in terms of disease progression, cancer-specific survival, and
overall survival (23, 28, 29, 97, 99, 100). In the ASCENDE-RT trial, the
addition of brachytherapy to external beam radiation and androgen
deprivation therapy resulted in even better biochemical-free survival
compared to combination treatment without brachytherapy (101). Docetaxel,
on the other hand, failed to improve the biochemical disease-free survival
when given after radiation for intermediate- and high-risk prostate cancer
patients when compared to radical radiotherapy alone in the SPCG-13 trial
(102).

2.2.1.4 RADICAL PROSTATECTOMY

2.2.1.4.1 POSITIVE SURGICAL MARGINS FOLLOWING RADICAL
PROSTATECTOMY

The incidence of positive margins is associated with surgical experience,
although the impact of experience on cancer-control is controversial (103). In
a multinational study of 22,393 patients, Sooriakumaran et al. reported a
positive surgical margin rate of 14% in robotic, 16% in laparoscopic, and 23%
in open surgery (104). After the stratification of the risk groups, however,
there seemed to be no difference between open and robotic surgery in the
low- and intermediate-risk patients, whereas, in the high-risk patients, the
robotic surgery significantly decreased the risk of positive margins (105).
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In a study by Keller et al., 23% of < pT2 and 54% of > pT3 radical
prostatectomy-treated patients had positive surgical margins (106). Usually,
as nerve-sparing surgery is associated with an increased risk of positive
margins, it is not recommended for high-risk patients with an increased risk
of disease progression (107). Due to the increased use of preoperative MRI
and, thus, optimized nerve-sparing, and improved surgical techniques,
including the increased use of robotic surgery, the rate of positive surgical
margins seems to be decreasing (108).

2.2.1.4.2 ORGAN CONFINED PROSTATE CANCER AND
EXTRACAPSULAR EXTENSION

A common approach to identifying radical prostatectomy patients with
different outcomes is to distinguish between organ-confined and non-organ-
confined prostate cancer, as the former has significantly better outcomes.
However, non-organ-confined cancer includes a heterogeneous group of
patients whose prognosis is not uniformly poor. Thus, it would be
advantageous to identify patients at an increased risk of cancer-specific
mortality in this group.

In a study of 11,521 prostatectomy-treated patients, Eggener et
al. reported a 15-year prostate cancer-specific mortality of 0.8 to 1.5% among
organ-confined patients, 3 to 10% among extracapsular extension patients,
15 to 27% among seminal vesicle invasion patients, and 22 to 30% among
patients with lymph node metastases (27). For patients with a Gleason score
between 8 to 10, the 15-year prostate cancer-specific mortality was 26 to
37%. Only the primary and secondary Gleason score, seminal vesicle
invasion, and year of surgery were significantly associated with prostate
cancer-specific mortality (27).

Out of high-risk radical prostatectomy-treated patients, 25 to
37% have a specimen-confined cancer (109, 110). For these patients, radical
prostatectomy appears to be an excellent treatment providing long-term
cancer control compared to high-risk patients with non-specimen-confined
cancer (109, 110). As for patients with locally advanced prostate cancer,
especially in the presence of other high-risk features, the risk of cancer-
specific mortality increases, and, thus, adjuvant therapies and a multimodal
approach could provide better outcomes compared to radical prostatectomy
alone.

2.2.1.4.3 RADICAL PROSTATECTOMY AND PELVIC LYMPH NODE
DISSECTION

Pelvic lymph node dissection is commonly recommended upon radical
prostatectomy for intermediate- and high-risk prostate cancer patients,
although there is no evidence of its survival benefit (111). In addition, pelvic
lymph node dissection associates with higher morbidity and exposes patients
to a higher risk of operative complications when compared to surgery
without pelvic lymph node dissection (111). A common justification for pelvic
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lymph node dissection is its superior accuracy in prostate cancer staging
(111). However, both MRI and PSMA PET/CT have appeared as promising
staging tools in the detection of lymph node metastases (112, 113). Compared
to MRI, PSMA PET/CT seems to have a slightly better accuracy, especially in
terms of sensitivity (41, 114). In the future, an MRI or PSMA PET/CT that
shows no lymph node metastases could spare patients from pelvic lymph
node dissection and its potential complications without compromising the
therapeutic effect of the primary treatment. Yet, as the extended pelvic lymph
node dissection continues to represent the most accurate modality in
detecting lymph node metastases among high-risk prostate cancer patients,
pelvic lymph node dissection could be reserved for patients with high-risk
features/high risk of lymph node metastases (115, 116).

2.2.1.4.4 RADICAL PROSTATECTOMY AND ADJUVANT THERAPIES

Before study IV, there were three previous randomised studies that
compared adjuvant radiotherapy to observation in radical prostatectomy-
treated patients: the Southwest Oncology Group (SWOG 8794), the
European Organization for Research and Treatment of Cancer (EORTC
22911), and the German Cancer Society (ARO 96-02/AUO AP 09/95) (117-
119). All three trials included pT3 patients with or without positive margins.
In addition, the EORTC included pT2 patients with positive margins, and the
ARO included pT4 patients. While all trials detected a significant
improvement in biochemical progression-free survival in the adjuvant
radiotherapy-group, only the SWOG found significant improvements in the
metastasis-free and overall survival (117-119). Of note, in the SWOG, the
majority of events in the metastasis-free and overall survival analyses were
unrelated to prostate cancer (117).

Out of the 1,005 EORTC patients, 163 (16%) had pT2 prostate
cancer with positive surgical margins. In the first EORTC publication (2005),
which had a median follow-up of five years, the researchers detected a
statistically significant benefit from adjuvant radiation in patients without
extracapsular extension and without seminal vesicle invasion (120).
However, in the latest EORTC publication, which had a median follow-up of
10.6 years, corresponding results are not mentioned (118). In a subgroup
analysis, positive surgical margins and age < 70 years were associated with
greater adjuvant radiotherapy benefits (118). Similarly, in the ARO, patients
with positive margins benefitted the most from adjuvant radiotherapy (119).
The SWOG reported no subgroups that benefitted from adjuvant
radiotherapy (117, 121).

Still, it remains unclear which radical prostatectomy-treated
patients benefit from adjuvant radiotherapy following surgery. Out of the
patients with seminal vesicle invasion, 80-86% suffer from biochemical
recurrence and, thus, they commonly receive adjuvant radiotherapy
following radical prostatectomy (122, 123). In patients with positive margins
or extracapsular extension following radical prostatectomy, there is a lack of
consensus regarding the optimal treatment. For these patients, the latest
guidelines recommend adjuvant radiotherapy or observation (16, 17). With
regard to high-risk cancer, recent studies promote radical prostatectomy
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combined with adjuvant treatment over radical radiotherapy alone as well as
a multimodal treatment approach (10, 124). Postoperative nomograms aim
to identify patients who benefit the most from adjuvant radiotherapy (10).
These studies underline the impact of adjuvant radiotherapy following
radical prostatectomy in patients with high-risk disease and adverse
pathologic features (124).

For radical prostatectomy-treated patients with biochemical
recurrence, salvage radiation is the standard of care. The question is whether
radical prostatectomy-treated patients with an increased risk for disease
progression should receive irradiation in the form of routine adjuvant
radiotherapy following surgery or in the form of salvage radiotherapy not
given until the possible biochemical recurrence occurs. Retrospective studies
suggest that early salvage radiation given at low PSA (< 0.5 ug/l) levels
results in similar survival rates as adjuvant radiation, proposing that
radiation-related toxicity and overtreatment could be minimized by only
treating only patients with progressing cancer (125, 126). However, in other
studies, adjuvant radiotherapy is associated with longer freedom from
biochemical recurrence, fewer cases of distant metastases, and better overall
survival compared to salvage radiation (127, 128). Results from several
ongoing randomised trials comparing adjuvant and salvage radiotherapy
(RADICALS, RAVES, GETUG-17) are awaited.

In a prospective randomised RTOG 9601 trial, the addition of
antiandrogen therapy and bicalutamide to salvage radiation following radical
prostatectomy significantly improved overall and metastasis-free survival
compared to salvage radiation with a placebo (26). In this trial, the patients
received bicalutamide 150 mg once daily for 24 months from the beginning
of radiation (26). In another randomised trial, GETUG-AFU 16, combining
androgen suppression with salvage radiation significantly improved the
progression-free survival compared to salvage radiation alone in radical
prostatectomy-treated patients (129).

In a randomised SPCG-12 trial of high-risk localised and locally
advanced prostate cancer by Ahlgren et al., docetaxel given after radical
prostatectomy showed no significant effect on biochemical disease
progression compared to surveillance (130).

2.2.1.5 COMPARISON OF LOCAL TREATMENTS IN
HIGH-RISK LOCALISED AND LOCALLY ADVANCED
PROSTATE CANCER

Regarding the treatment of locally advanced prostate cancer, there are no
randomised controlled trials on radical prostatectomy. Observational studies
comparing radical radiotherapy to radical prostatectomy in high-risk
localised or locally advanced prostate cancer at diagnosis have resulted in
similar outcomes between the treatments or they support for radical
prostatectomy over radiation (131—134). When compared to the combination
of radiotherapy and androgen suppression, radical prostatectomy alone
appears equally effective (134—137). However, the quality of evidence from
retrospective studies is low and they tend to have a selection bias of younger
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prostatectomy-treated patients with lower tumour load (98). The results
from the SPCG-15, a randomised trial comparing radical prostatectomy with
the combination of radiation and androgen suppression, are awaited (138).

In a non-randomised study of Gleason score 9—10 prostate
cancer comparing a combination of radical prostatectomy, adjuvant
radiotherapy, and androgen suppression with a combination of external
beam radiotherapy, brachytherapy, and androgen suppression, the outcomes
between these two multimodal treatments were similar (139). In another
retrospective study of Gleason 9—10 disease, patients who received external
beam radiation, brachytherapy boost, and androgen suppression had
significantly lower prostate-cancer mortality and longer metastatic-free
survival compared to patients receiving radiation together with androgen
suppression or radical prostatectomy alone (140).

2.2.1.6 TOXICITY OF LOCAL PROSTATE CANCER
TREATMENTS

2.2.1.6.1. TOXICITY OF RADICAL RADIOTHERAPY

Bowel dysfunction, commonly reported as bloody stools, bowel urgency and
incontinence, is more common among prostate cancer patients who receive
radical radiation than those who undergo surgery (141—144). However, the
rate of bowel dysfunction after radiation is generally low and remains so
several years following initial treatment (141, 143, 145). With regard to
urinary symptoms, several non-randomised studies have reported lower
rates of urinary incontinence but higher rates of urinary irritation symptoms
in radical radiotherapy-treated patients compared to those who undergo
surgery (144—146). The randomised ProtecT-trial reported similar results
regarding urinary incontinence between local treatments; however, urinary
irritation was higher six months following initial treatment in the patients
receiving radiation, after which the rates between the treatments became
similar and remained so for several years (142). Although most of the
patients receiving radical radiotherapy experienced erectile dysfunction in
the ProtecT-trial, the potency rate was significantly lower among radical
prostatectomy-treated patients six months and six years after the initial
treatment (141).

2.2.1.6.2 TOXICITY OF RADICAL PROSTATECTOMY

Radical prostatectomy-treated patients have significantly more sexual
dysfunction and urinary incontinence compared to radical radiation-treated
patients six months as well as several years after initial treatment (142, 145,
147, 148). However, regarding hormone and bowel function as well as health-
related quality of life, the treatment outcomes appear similar (145). With
regard to high-risk patients, the radical treatment is often more aggressive,
requiring more extensive surgical resection with a risk of nerve damage,
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while nerve-sparing surgery is associated with better outcomes in terms of
sexual function and quality of life (144). When stratified to risk groups, low-
and intermediate-risk prostatectomy-treated patients seem to have more
sexual dysfunction compared to radiotherapy-treated patients (148). Yet, for
high-risk patients, sexual function appears similar between prostatectomy
and radiotherapy groups three years after treatment (148).

2.2.1.7 HORMONAL THERAPY

2.2.1.7.1 TYPES OF HORMONAL THERAPIES

Prostate cancer is an androgen-dependent disease. Thus, hormonal
treatments are initially highly effective by decreasing the androgen levels in
prostate cancer patients. However, the duration of their response is variable
and eventually lost, leading to currently incurable castration-resistant
prostate cancer. The previous conception was that castration-resistant
cancer, which progresses regardless of androgen deprivation therapy and the
castration levels of serum testosterone, is an androgen-independent or
hormone-refractory disease. Later, several studies overruled this
misconception and proved the significance of androgen-receptor signalling in
castration-resistant cancer as well (149-151).

The use of hormonal treatments at different stages of prostate
cancer is common. Today, hormonal treatments play a significant role in the
treatment of high-risk and locally advanced cancer, in biochemical
recurrence following local therapy, and in metastatic cancer. While their use
as a monotherapy was common in the past decades, at present, their use as a
part of combination treatments is increasing (13, 97).

Androgen deprivation therapy refers to surgical castration
through orchiectomy or to chemical castration through luteinising hormone-
releasing hormone (LHRH) agonists or antagonists. LHRH agonists,
including leuprolide and goserelin, are long-acting, which is why their
clinical use is often preferred over short-acting LHRH antagonists, such as
degarelix. LHRH agonists bind to specific pituitary receptors, causing the
continuous production of luteinising hormone, which stimulates the testicles
to release androgens. This can cause a transient surge in serum testosterone
levels, leading to a flare phenomenon at the beginning of treatment (152).
Although there has been questioning over the linear relationship between
clinical flare and prostate cancer growth, LHRH agonists are often
accompanied by first-generation antiandrogens to prevent the flare
symptoms including bone pain, spinal cord compression, and urinary
obstruction (153). Following the continuous presence of LHRH agonists, the
pituitary gland ceases to produce luteinising hormone leading to decreased
stimulation of the testicles and, thus, the castration levels of serum
testosterone. LHRH antagonists, on the other hand, bind directly to the
LHRH receptors, causing an immediate decrease in luteinising hormone,
follicle-stimulating hormone, and testosterone levels without the flare.
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First-generation  antiandrogens, including non-steroidal
bicalutamide, flutamide, and nilutamide, bind to androgen receptors,
blocking the activity of androgens and thus inhibiting the tumour growth.
Bicalutamide is well-tolerated, the most investigated, and widely used first-
generation antiandrogen (154). The current use of antiandrogens is primarily
at the beginning of LHRH agonist-treatment to prevent the flare symptoms,
and in combination with LHRH agonists or antagonists to achieve complete
androgen blockade (155).

Compared to bicalutamide, the novel second-generation non-
steroidal antiandrogens, enzalutamide, darolutamide, and apalutamide, have
higher binding affinity to androgen receptors and inhibit the nuclear
translocation of the androgen receptors (156—159). In addition, enzalutamide
and apalutamide inhibit the binding of the androgen receptor to
deoxyribonucleic acid (DNA). Abiraterone, also a non-steroidal second-
generation antiandrogen, prevents intracellular androgen biosynthesis
through the inhibition of the cytochrome P450 17a-hydroxy/17,20-lyase
enzyme (CYP17) (160).

2.2.1.7.2 TOXICITY OF HORMONAL THERAPY

Hormonal treatments can cause various detrimental short- and long-term
side effects depending on the treatment used. Typical acute adverse events
related to LHRH agonists are fatigue, hot flushes, decreased libido, erectile
dysfunction, gynecomastia, skin disorders, and headache (161, 162). Other
adverse events, such as reduced muscle mass and decreased bone density,
which expose patients to later bone fractures, develop slowly (162). LHRH
agonists and antagonists have rather similar safety profiles; however, in
studies comparing LHRH agonists and degarelix (an LHRH antagonist), the
latter caused more injection-site reactions and less back pain, urinary tract
infections, and arthralgia (163, 164). The long-term use of LHRH agonists
results in hypogonadism, leading to metabolic side effects, such as metabolic
syndrome, increasing the risk of cardiovascular diseases (165). It remains
unclear whether there is an association between cardiovascular disease and
LHRH antagonists, although studies generally suggest the better
cardiovascular profile of degarelix compared to that of LHRH agonists (166,
167).

The main adverse events related to bicalutamide are
gynecomastia and breast pain (168). Compared to LHRH agonists and other
first-generation non-steroidal antiandrogens, bicalutamide has a more
favourable toxicity profile (154). Also, unlike LHRH agonists, bicalutamide
has a protective effect on bone (169).

In the PREVAIL trial, the most clinically relevant enzalutamide-
related adverse events were fatigue and hypertension (170). Other commonly
reported adverse events are hot flushes and diarrhoea (150). Enzalutamide
exposes patients to seizures due to its ability to penetrate through the blood-
brain barrier; thus, researchers recommend caution with to patients with a
high-risk for seizures, although the incidence of convulsions is low (150).
Adverse events related to mineralocorticoid excess (i.e., hypertension,
hypokalaemia, fluid retention) and liver enzyme increase occur more often

30



among patients receiving abiraterone compared to placebo (171).
Apalutamide-treated patients experience more rash, hypothyroidism, and
fractures, while darolutamide-treated patients have been shown to
experience more fatigue when compared to a placebo (159, 172).

Multiple prostate cancer treatments, especially those with the
addition of androgen deprivation therapy, expose patients to a higher risk of
long-term adverse events when compared to a single curative treatment
(173). Thus, patients receiving multimodal treatment have an increased risk
for poor functional outcomes regarding sexual, urinary, and bowel function

(173).

2.2.1.8 GEFITINIB

2.2.1.8.1 GEFITINIB AND PROSTATE CANCER

The tyrosine kinase domain of EGFR is a target for several EGFR tyrosine
kinase inhibitors such as orally active gefitinib (174). In advanced non-small-
cell lung cancer, gefitinib given as second- or third-line treatment improves
progression-free survival and relieves symptoms (175—177). In some studies,
gefitinib has shown improved overall survival in subgroups of non-smokers
and patients of Asian origin (176, 178). In addition, compared to
chemotherapy, gefitinib prolongs progression-free survival as a first-line
treatment in non-small-cell cancer patients with EGFR mutations (179). It is
generally well-tolerated, with the most common adverse events including
skin rash, diarrhoea, and changes in the liver transaminases (175).
Consequently, gefitinib is an approved treatment option in advanced non-
small-cell lung cancer.

Based on promising results from preclinical studies, gefitinib has
appeared to be an attractive treatment option for prostate cancer as well
(180). However, the results from randomised trials are more or less
disappointing. In a randomised trial of 40 patients with castration-resistant
prostate cancer by Canil et al., gefitinib showed no effect in terms of
PSA response or objectively measurable disease (181). In another phase II
trial of 58 patients with castration-resistant prostate cancer receiving
gefitinib, Small et al. detected no PSA response (182). In a phase II study by
Pezaro et al., one out of 51 patients with castration-resistant cancer
experienced a confirmed PSA response following gefitinib treatment (183).
Given together with antiandrogen and a luteinizing-hormone-releasing
hormone analogue, gefitinib showed no PSAresponse or objectively
measurable response in castration-resistant prostate cancer in a study by
Curigliano et al. (184). Gefitinib given in combination with prednisone in
castration-resistant prostate cancer showed small activity in terms of
PSA response; however, there was no benefit in terms of survival or time to
progression when compared to a placebo and prednisone (185).
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2.2.1.8.2 EGFR MUTATIONS

In non-small-cell lung cancer, the presence of mutations in the kinase
domain of EGFR predicts the efficacy of the tyrosine kinase inhibitors (176,
186). Thus, EGFR-targeted agents, including gefitinib, are the approved first-
line treatment for non-small-cell lung cancer patients with an EGFR
mutation. In prostate cancer, however, similar findings have been
unconfirmed. In a study of 23 patients with castration-resistant prostate
cancer receiving gefitinib, Curigliano et al. detected no EGFR mutations
concluding that tyrosine kinase inhibitors are unlikely to be effective in these
patients (184). Later, researchers detected EGFR mutations in prostate
cancer, similar to those in non-small-cell lung cancer, although the
prevalence of mutations in prostate cancer seems to be lower (63). In a small
study by Peraldo-Naia et al., there was no correlation between EGFR
mutations and EGFR overexpression nor between EGFR mutations and time
to biochemical relapse. In another study by Cho et al.,, there was no
correlation between EGFR mutations and hormone-sensitive or castration-
resistant status (187). However, the time to progression from hormone-
sensitive to castration-resistant prostate cancer was significantly shorter in
patients with EGFR mutations (187).

2.2.1.8.3 EGFR EXPRESSION AND RESISTANCE TO CHEMO- AND
RADIOTHERAPY

Docetaxel fails to achieve any response in a substantial proportion of
metastatic prostate cancer patients, and patients who primarily show a
response, will ultimately develop resistance to docetaxel (188, 189).
Furthermore, as EGFR overexpression is associated with resistance to
chemotherapy, one can assume that the inhibition of EGFR kinase activity
together with docetaxel could present an effective treatment option (70). In
phase I-II trials, this combination treatment has acceptable tolerability;
however, its efficacy in prostate cancer has been modest (71, 190-192). In
addition, the neoadjuvant combination of gefitinib and docetaxel followed by
radical prostatectomy showed no efficacy in a phase II trial (193).

EGFR is associated with resistance to radiotherapy as well, and
the inhibition of EGFR activity seems to have a radiosensitizing effect when
given together with radiotherapy (194). However, in several clinical trials,
gefitinib in combination with radiation showed no significant efficacy in
different solid tumours (195-199). In non-small-cell lung cancer, the results
have been promising, although, given the lack of strong evidence, this
combination continues to be experimental (199, 200).
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2.2.2 METASTATIC PROSTATE CANCER

2.2.2.1 TREATMENT OF NEWLY DIAGNOSED METASTATICT
PROSTATE CANCER

Androgen deprivation therapy was the standard treatment for castration-
naive newly diagnosed metastatic prostate cancer for decades (11). While
hormonal therapy is efficient in the majority of patients at the beginning of
treatment, its effect is eventually lost, which leads to castration-resistant
prostate cancer (i.e., disease recurrence after first-line androgen deprivation
ceases to work). Until the beginning of the 215t century, docetaxel was the
only treatment proven to improve overall survival in metastatic castration-
resistant prostate cancer and, thus, the only recommended treatment option
for these patients (201—203).

Not until recently, following the GETUG-AFU 15, CHARTEED,
and STAMPEDE trials, did docetaxel in combination with androgen
depression become the recommended first-line treatment option for
physically fit patients with newly diagnosed metastatic prostate cancer (13,
46, 204). All trials showed improved progression-free survival with the
addition of docetaxel to androgen deprivation compared to androgen
deprivation alone. CHARTEED and STAMPEDE showed significantly
improved overall survival as well (13, 46). At present, the median survival of
newly diagnosed metastatic cancer ranges between 34 to 62 months (14, 15).

After the emergence of several new treatments, docetaxel no
longer represents the only relevant therapeutic option for metastatic
castration-resistant prostate cancer. Two oral androgen-receptor axis
targeted agents, abiraterone and enzalutamide; an autologous vaccine,
sipuleucel-T; a bone-targeting radiopharmaceutical, radium-223; and a
taxane, cabazitaxel, all showed improved survival in metastatic castration-
resistant disease (150, 151, 170, 171, 189, 205—207). Currently, regardless of
the wide use of these promising treatments for metastatic castration-
resistant prostate cancer, its median survival remains to be 14 to 35 months
(151, 206).

Following good results in metastatic castration-resistant
prostate cancer, abiraterone proved its efficacy in newly diagnosed
castration-naive metastatic disease as well (208). In the LATITUDE and
STAMPEDE trials, abiraterone given in combination with androgen
deprivation therapy improved overall survival in a newly diagnosed
metastatic setting (48, 209). Later, enzalutamide as well as apalutamide in
combination with androgen depression showed improved overall survival in
metastatic castration-naive prostate cancer (210, 211).

With regard to nonmetastatic castration-resistant prostate
cancer, enzalutamide, apalutamide, and darolutamide all showed improved
metastatic-free survival when compared with a placebo in randomised trials
(159, 172, 212). Later, these trials proved an overall survival benefit in
patients receiving enzalutamide (PROSPER), apalutamide (SPARTAN), or
darolutamide (ARAMIS) (213—215).
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2.2.2.2 LOCAL THERAPIES IN METASTATIC PROSTATE
CANCER

Traditionally, there has been a strong preference for systemic therapies over
local treatments in the metastatic setting, and the role of radiotherapy has
been one of palliative treatment for local disease progression and distant
metastases. However, observational data supports local therapies as a
primary treatment for newly diagnosed metastatic prostate cancer, and, in
subgroup analyses, patients with low-risk metastatic disease appear to
benefit the most from local therapies (115, 216, 217). Not until recently did
the randomised HORRAD and STAMPEDE trials compare radiotherapy to
the prostate in combination with androgen depression to androgen
depression alone in metastatic castration-naive prostate cancer (38, 218). In
favour of radiotherapy, HORRAD detected a statistically significant
difference in PSA progression, and STAMPEDE in failure-free survival (38,
218). Even though HORRAD detected no significant difference regarding
overall survival between the treatments, it hypothesized that patients with
low tumour burden would benefit the most from radiotherapy (218).
STAMPEDE reported no significant difference between the treatments in
unselected patients; however, in a prespecified subgroup of patients with low
tumour burden, radiotherapy significantly improved overall survival (38).
Consequently, both the NCCN and EAU suggested radiotherapy to the
prostate in low-volume metastatic cancer (16, 17).

Although there are no randomised trials of radical prostatectomy
in the metastatic setting, observational data supports surgery as a local
therapy when compared to non-local therapies as well as surgery over
radiation (219—221). Regardless of the promising outcomes, radical
prostatectomy in the metastatic setting appears controversial and there is a
clear need for prospective randomised trials (217).

2.2.2.3 TREATMENT OF BONE METASTASES

Bone metastases are a significant cause of morbidity among patients with
metastatic prostate cancer (222). Prostate cancer metastasizes primarily the
bone, which can cause bone pain, pathological fractures, and spinal cord
compression (222). Also, androgen suppression exposes patients to
secondary osteoporosis and, thus, skeletal-related complications. Zoledronic
acid, a third-generation bisphosphonate, reduces skeletal-related
complications in castration-resistant metastatic prostate cancer; however, no
trials have reported survival benefits caused by bisphosphonates (223). In a
randomised trial by Fizazi et. al, denosumab, a human monoclonal antibody
that inhibits receptor activator of nuclear kappa-B ligand, prolonged the time
to the first skeletal-related event compared to zoledronic acid in metastatic
castration-resistant prostate cancer (224). Nevertheless, neither denosumab
nor zoledronic acid showed a significant effect on survival (224). Radium-
223, on the other hand, is a radioactive isotope that significantly delays
symptomatic skeletal events, and prolongs overall survival when compared
with a placebo in metastatic castration-resistant prostate cancer (206).
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3 AIMS

The aims of this doctoral dissertation are listed according to the original
publications:

I

II

11X

To evaluate the safety (phase I) and feasibility (phase II) of gefitinib
250 mg once daily in combination with radical radiotherapy in
nonmetastatic prostate cancer.

To evaluate the activity of gefitinib 250 mg once daily in prostate cancer
patients with biochemical recurrence following radical prostatectomy or
radiotherapy with curative intent.

To evaluate the safety and efficacy of multimodal primary treatment,
including radical radiotherapy and androgen deprivation in patients
with newly diagnosed metastatic prostate cancer.

To compare adjuvant radiotherapy following radical prostatectomy with

prostatectomy alone in patients with positive margins or extracapsular
extension.
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4 MATERIAL AND METHODS

4.1 STUDY PROTOCOLS AND DESIGN

4.1.1 ETCHICS

All studies adhered to the principles of the Declaration of Helsinki. The
Surgical Ethics Committee of the Hospital District of Helsinki and Uusimaa
approved the trial protocols and informed consent forms for studies I, II, and
IV. The Finnish National Institute for Health and Welfare, Data Protection
Ombudsman, and the Population Register Centre authorized study number
III.

4.1.2 STUDY DESIGN AND CENTERS

Studies I and II are open-label and non-randomised trials. All patients
received study treatment at Helsinki University Central Hospital. Study I is a
phase I/II trial, and study II is a phase II trial.

Study III is a non-randomised, retrospective patient series. This
study is based on retrospectively analysed patient records from the Docrates
Cancer Center (Helsinki, Finland), where all study patients received cancer
treatment and/or were followed.

Study IV is a randomised, open-label, parallel-group,
multicentre trial including eight Finnish hospitals (Helsinki University
Hospital, Kuopio University Hospital, Mikkeli Central Hospital, North
Carelia Central Hospital, Oulu University Hospital, Paijait-Hime Central
Hospital, Tampere University Hospital, and Turku University Hospital). The
trial was a collaboration between FinnProstate Group, a Finnish urologist-
run group that promotes prostate cancer research, and the Finnish Radiation
Oncology Group, a group of Finnish radiation oncologists.
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4.2 STUDY |

4.2.1 INCLUSION AND EXCLUSION CRITERIA

The inclusion criteria of study I consisted of written informed consent as well
as histologically confirmed localised (c¢T2) or locally advanced (cT3), lymph
node-negative, and nonmetastatic (no metastases in radioisotope bone scan
nor in computed tomography) prostate cancer in addition to PSA < 20 nug/l,
good performance status (World Health Organization 0-1), and age 18 years
or older.

The exclusion criteria consisted of Gleason score 2 to 4 localised
(cT2) prostate cancer, known hypersensitivity to gefitinib, chronic toxicity
greater than grade 2 (according to Common Toxicity Criteria version 2.0)
from previous cancer therapy, prostatectomy, severe skin disorders,
significant ocular abnormality, evidence of severe systemic disease, evidence
of clinically active interstitial lung disease, and malignancies other than
prostate cancer diagnosed within the previous five years (225). The use of
LHRH analogus, antiandrogens, phenytoin, carbamazepine, barbiturates,
rifampicin, or St. John’s wort was forbidden. Furthermore, the exclusion
criteria included the following laboratory results: absolute neutrophil count
less than 1.5 x 109/L, platelet count less than 120 x 109/L, serum bilirubin
above the upper limit of normal (ULN), aspartate aminotransferase level
above 1.25 x ULN, alanine aminotransferase level above 1.25 x ULN, alkaline
phosphatase level above 1.25 x ULN, and serum creatinine level above 1.5 x
ULN.

4.2.2 TREATMENT SCHEDULE

Patients had at least one screening visit before gefitinib treatment and one
visit when the treatment began, after which visits occurred once weekly for
the first three months of the trial.

Patients received gefitinib 250 mg orally once daily from the first
day of the trial treatment until the end of radiation therapy. The trial
treatment duration was 60 days, including the first seven days of gefitinib as
a monotherapy, and from day eight of gefitinib administration in
combination with radiation therapy. The total radiation dose was 72.4 gray
(Gy), given in 39 fractions in approximately 53 days. First, the prostate
gland, tumour extensions outside the prostate, and the seminal vesicles
received irradiation with a total dose of 50.4 Gy (1.8 Gy/day) in 28 fractions
(5 days/week) with a 1 cm margin. Then, the prostate gland and tumour
extensions received a 22 Gy booster (2 Gy/day) in 11 fractions (11 days) with
a 1 cm margin, with the exception of a 0.6 cm margin toward the rectum.

In the case of patient withdrawal, loss to follow-up, death, or
protocol noncompliance, the trial treatment was discontinued. In addition, at
the discretion of the investigator, the trial treatment could be discontinued
due to an adverse event.
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PSA measurements occurred every four weeks, and other blood
tests (including absolute neutrophil, haemoglobin, platelet, and white blood
cell count as well as total bilirubin, aspartate aminotransferase, alanine
aminotransferase, alkaline phosphatase, creatinine, sodium, potassium, and
calcium content) were conducted weekly. The definition of PSA relapse was
PSA nadir + 2 ug/1(84).

After the end of follow-up, prostate cancer-free survival, PSA
relapse-free survival, salvage-free survival, and overall survival were
compared to data of 91 matched controls treated with radiotherapy alone at
Cleveland Clinic (226). These control patients received a slightly higher total
dose of 74 to 78 Gy given in 2 Gy fractions compared to patients who received
radiation in combination with gefitinib.

4.2.3 TOXICITY

At every trial visit, the oncologist recorded the patient’s adverse events,
graded them according to the Common Toxicity Criteria version 2.0, and
evaluated whether the adverse event was gefitinib-related (225).

The criteria for dose-limiting toxicity were: 1) gefitinib-related
grade 4 haematological toxicity, 2) gefitinib-related grade 3
nonhematological toxicity, 3) any serious adverse event, 4) treatment
interruption for longer than 14 days due to gefitinib-related toxicity, 5) more
than three interruptions of treatment (excluding technical failure in
delivering radiotherapy), or 6) death from any cause. The maximum
tolerated dose was to be exceeded if three or more patients experienced dose-
limiting toxicity.

4.2.4 EGFR ANALYSIS

EGFR expression analysis was performed immunohistochemically with the
monoclonal NCL-EGFR antibody (Novocastra Laboratories, Newcastle, UK),
which detects wild-type EGFR. Equal or higher staining intensity of the cell
membrane, compared with normal prostate epithelial tissue, defined EGFR
expression. Another immunohistochemical staining was done using the
monoclonal NCL-EGF-RT antibody (Novocastra Laboratories, Newcastle,
UK), which detects the EGFR variant III (227). Glioblastomas with known
EGFR variant III status were used as a positive control. The amplification of
EGFR was analysed with chromogenic in situ hybridisation (Zymed Inc.,
South San Francisco, CA, USA). The criteria for amplification were the same
as for HER-2/neu in a similar assay (228). EGFR activation analysis was
analysed immunohistochemically using a monoclonal antibody against
phosphorylated EGFR1 (Santa Cruz Biotechnology, Inc., CA, USA). This
antibody detects the tyrosine-phosphorylated (Tyr1173) form of EGFR in
paraffin sections.
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4.2.5 CYTOKINE ANALYSIS

Cytokine analysis was performed with a BD Cytometric Bead Array (CBA)
Human Soluble Protein Flex Set (Becton Dickinson, Franklin Lakes, NJ,
USA) according to the manufacturer's instructions. Patients' serum samples
were used for the measurements.

4.2.6 STATISTICS

Prostate cancer-free, biochemical recurrence-free, salvage therapy-free, and
overall survival were calculated using the Kaplan-Meier method (SPSS
version 15.0. software for Windows). Patients were censored at the time of
the defined event or their last follow-up. These survival analyses were
unplanned.

4.2.7 ENDPOINTS

The primary endpoint of phase I was the incidence of gefitinib-related dose-
limiting toxicities. The primary endpoints of phase II were: 1) the number,
nature, and severity of the adverse events; 2) the incidence of and reasons for
gefitinib interruptions, dose reductions, and withdrawals; and 3) gefitinib
exposure (duration of treatment), laboratory assessments, and physical
examination.

Secondary endpoints were EGFR expression and activation
status in both phases (I and II). In addition, the incidence of PSA relapse
defined the preliminary efficacy of gefitinib in combination with
radiotherapy.
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4.3 STUDY Il

4.3.1 INCLUSION AND EXCLUSION CRITERIA

The inclusion criteria were the biochemical recurrence of prostate cancer
after radical prostatectomy or radical radiotherapy with curative intent and
PSA below 10 pg/l. The definition of biochemical recurrence was two
(following radical prostatectomy) or three (following radical radiotherapy)
consecutively increasing PSA measurements at least four weeks apart. In
addition, the inclusion criteria included written informed consent as well as
lymph node-negative or unknown status (No, NX) assessed via magnetic
resonance imaging and computed tomography, nonmetastatic (Mo) disease
assessed via radioisotope bone scan, good performance status (World Health
Organization 0-1), and age 18 years or older.

The exclusion criteria consisted of hormonal treatment within
the previous six months; concomitant radiotherapy, surgery, and/or
chemotherapy or the use of phenytoin, carbamazepine, rifampicin,
barbiturates, or St. John’s Wort; previous participation in a gefitinib study;
treatment with a non-approved or investigational drug within previous 30
days; known hypersensitivity to gefitinib; other malignancies diagnosed
within five years (except basal cell carcinoma); any unresolved chronic
toxicity (except alopecia) greater than grade 2 (according to the Common
Toxicity Criteria version 2.0) from previous cancer therapy; and any evidence
of severe uncontrolled systemic disease or clinically active interstitial lung
disease (225).

4.3.2 TREATMENT SCHEDULE

Patients had at least one screening visit before gefitinib treatment and one
visit once the treatment began. Following the initiation of the gefitinib
treatment, visits occurred every four weeks or until withdrawal.

Gefitinib 250 mg once daily was to be administered for a
minimum of three months until PSA progression, detected metastases,
unacceptable toxicity, protocol non-compliance, or patient withdrawal. The
definition for PSA progression was the doubling of the PSA from its level
upon study entry.

At every trial visit, the oncologist recorded the patient’s adverse
events, graded them according to the Common Toxicity Criteria version 2.0,
and evaluated whether the adverse event was gefitinib-related (225). PSA
measurements and other blood tests (including absolute neutrophil,
haemoglobin, platelet, and white blood cell count as well as total bilirubin,
aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase,
creatinine, sodium, potassium, and calcium content) were taken on the first
day of gefitinib treatment and every four weeks thereafter.
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4.3.3 PSA RESPONSE AND PSA DOUBLING TIME

The definition of PSA response at study closure was the percentage of
patients experiencing PSA normalization or more than a 50% decrease
compared to their study entry levels sustained for three months (three
consecutive measurements). The definition of PSA normalization was a
PSA decrease to undetectable levels (< 0.05 ug/l or < 0.4 ug/l depending on
the laboratory) following radical prostatectomy or below 4.0 ng/1 following
radical radiotherapy. PSA measurement occurred at screening and every
month for a minimum of three months.

PSA doubling time was calculated using a nomogram provided
by Pound et al. (88). In study II, this nomogram included all PSA values
taken within 12 months prior (for PSA doubling time before gefitinib) and
within (for PSA doubling time during gefitinib) the gefitinib treatment. The
effect of treatment on the PSA doubling time was the number of patients
experiencing an increase in their doubling time, and the change (%) in the
PSA doubling time before and during gefitinib treatment.

4.3.4 TREATMENT FAILURE

The definition of time to treatment failure was the time between the first
study date and the first date of any additional or alternative therapy due to
PSA progression, metastases, or adverse events. The time from the first
documented PSA response to PSA progression, death, or final on-study
PSA measurement was defined as the duration of the PSA response. The time
from the first study date until patient death, PSA progression, or final in-
study PSA measurement defined the PSA progression-free survival.

4.3.5 TOXICITY

An oncologist reported all adverse events weekly for each patient during the
first three months of the gefitinib treatment and graded them according to
the Common Toxicity Criteria version 2.0 (225). In addition, the oncologist
evaluated the relationship between the gefitinib and each adverse event
(gefitinib-related vs. not gefitinib-related event).

4.3.6 SEQUENCE ANALYSES OF EGFR EXONS 18-21
AND KIRSTEN RAT SARCOMA VIRAL ONCOGENE
HOMOLOG (KRAS) EXON 1

When formalin-fixed paraffin-embedded tumour tissues were available,
sequence analyses were performed. DNA was extracted (GenElute
Mammalian Genomic DNA Miniprep Kit, Sigma, St. Louis, MO) and
amplified using the GeneomePlex Tissue WGA Kit (Sigma). Using standard
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methods, 50 to 100 ng of DNA was amplified with polymerase chain reaction.
The forward and reverse primers were used to amplify the exons of EGFR
(18-21) and KRAS (exon 1). The primers were as follows: EGFR ex18f:
CAAATGAGCTGGCAAGTGCCGTGTC; ex18r: GAGTTTCCCAAACACTCAGT
GAAAC; ex19f: GCAATATCAGCCTTAGGTGCGGCTC; ex19r: CATAGAAAGT
GAACATTTAGGATGTG; ex20f: CCATGAGTACGTATTTTGAAACTC; ex20r:
CATATCCCCATGGCAAACTCTTGC; ex21f: CTAACGTTCGCCAGCCATAAGT
CC; ex21r: GCTGCGAGCTCACCCAGAATGTCTGG; KRASf: AGGCCTGCTGA
AAATGACTG; and KRASr: TCAAAGAATGGTCCTGCACC. The polymerase
chain reactions were performed in a reaction volume of 50 ul with 35 cycles
consisting of denaturation at 94 °C for 45 s, annealing at 59 °C for 45 s and
elongation for two minutes at 72 °C for KRAS, and using a touchdown
program (from 63.2 °C to 58.2 °C) for EGFR. A DNA sample from an
anonymous blood donor was used as a control.

4.3.4 ENDPOINTS

The primary endpoint was the PSA response at study closure. The secondary
endpoints were the time to treatment failure, the duration of the
PSA response, PSA progression-free survival, the effect of the treatment on
the PSA doubling time, and adverse events.
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4.4 STUDY Il

4.4.1 PATIENTS SELECTION

All patients had histologically confirmed prostate cancer and bone
metastases with no previous prostate cancer treatment. The same oncologist
provided the multimodal treatment, which included the primary treatment
as well as radiotherapy planning and contouring, consecutively for all study
patients. Most of the patients were diagnosed with prostate cancer at the
Docrates Cancer Center. Patients who were diagnosed elsewhere, received
the same multimodal treatment following their diagnosis.

All patients underwent screening before prostate cancer
treatment. The screening included full-body CT and bone scintigraphy or
(from 2010) PET/CT with 8F-choline, 8F-fluoride, or (from October 2015) a
gallium-68-labelled prostate-specific membrane antigen (63Ga-PSMA). Most
of the patients underwent endorectal multiparametric MRI before their
diagnostic biopsies. When there was a clinical suspicion of metastatic
prostate cancer, MRI was done not only to achieve accurate staging but also
to enable radical radiation of the primary tumour with adequate margins
(229). All patients underwent biopsies once.

4.4.2 PROSTATE CANCER TREATMENTS

All patients received anti-androgen therapy as a primary treatment and
radiotherapy with radical doses. In addition, the patients received several,
individually chosen treatments, including targeted therapy, chemotherapy,
and radiopharmaceuticals, in order to facilitate maximal cancer cell death
(Table 2 in the original publication).

As a primary treatment, all patients received 1) luteinizing
hormone-releasing hormone (LHRH) analogues or a LHRH antagonist, and
2) 150 mg daily of bicalutamide following a single 12 Gy (6 to 9 MeV) fraction
for breasts in order to reduce and prevent bicalutamide-induced mastodynia
and gynecomastia.

If the PSA decrease stopped following the primary treatment, the
patient intravenously received docetaxel 75 mg/m2 every three weeks or 50
mg/m?2 every two weeks. Prior to 2010, docetaxel was the only chemotherapy
that had shown a survival benefit in metastatic castration-resistant prostate
cancer. Before 2010, selected patients in this study received an experimental
combination of gemcitabine 1000 mg/m2 and oxaliplatin 85 mg/m?2 every
two weeks. Following the approval of cabazitaxel in the treatment of
castration-resistant metastatic prostate cancer in 2010, it was used in this
study as a second-line chemotherapy with a dose of 25 mg/m2 every three
weeks.

After oral abiraterone (in 2011) and enzalutamide (in 2014)
became available in Finland, the study patients received these treatments as
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well. The dose for abiraterone was 1 g daily in combination with 10 mg oral
prednisolone, and, for enzalutamide, it was 160 mg daily.

Following the occurrence of PSA nadir, all patients received
radiation therapy with radical doses. The radiation therapy was comprised of
78 or 80 Gy (in 2 Gy fractions) external beam irradiation to the prostate.
Depending on the location and number of bone metastases, patients received
1.8 to 3.5 Gy single fractions, with a total dose ranging from 38.6 to 76.5 Gy
for the bone metastases. The radiotherapy technique used for concomitant
bone metastases is presented in detail by Kiljunen et al. (230). Regional and
retroperitoneal/para-aortic lymph nodes received 45 to 50 Gy irradiation,
and, if the metastases were PET/CT-active, they received an increased dose
of 59.4 to 76 Gy. The minimum total dose for the pelvic lymph nodes was 45
Gy in 25 fractions. Dose planning CT was registered with MRI, 8F-choline-,
18F-Fluoride-, or 8Ga-PSMA-PET/CT for contouring the prostate and organs
at risk. The radiation therapy technique used in this study was intensity-
modulated radiation therapy (IMRT) until the year 2009, after which the
patients received volumetric modulated arc therapy (VMAT, RapidArc).

Patients with relatively large and diffuse bone metastases
received radiopharmaceuticals as well (Table 3 in the original publication).
In this study, radium-223 (55 kBq/kg) replaced samarium-153 (1 mCi/kg) in
February 2013. Na8F-PET/CT-active bone metastases was a rationale for
early radium-223 therapy despite an immeasurable PSA.

Other therapies used included zoledronate, ibandronate,
denosumab, cyclophosphamide, doxorubicin, carboplatin in combination
with etoposide, cetuximab, vinblastine in combination with estramustine,
vinorelbine, and pembrolizumab (for one patient who participated in another
study). One patient received high-density rate brachytherapy (3 x 9 Gy) due
to local relapse.

4.4.3 TREATMENT SCHEDULE

Blood tests including PSA measurements occurred once a month and, later,
once every three or six months. In the case of increasing PSA or any new,
possibly cancer-related symptoms, the patient underwent PET/CT in order to
localise the possible new relapse. Following PET/CT, it was considered
whether the patient needed irradiation with VMAT RapidArec.

4.4.4 TOXICITY

During and one year after definitive radiotherapy, the clinician evaluated the
adverse events and graded them according to the Common Terminology
Criteria for Adverse Events version 4.03 (231).
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4.4.5 SURVIVAL ANALYSES

Overall survival and progression-free survival analyses were measured from
the date of the prostate cancer diagnosis and calculated using the Kaplan-
Meier method. The definition of disease progression was a consecutive
increase in the PSA or recurrent prostate cancer assessed via imaging.
Patients were censored at the time of the defined event or their last follow-

up.
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4.5 STUDY IV

4.5.1 INCLUSION AND EXCLUSION CRITERIA

The inclusion criteria included written informed consent, pT2NoMo with a
positive margin or pT3aNoMo with/without a positive margin prostate
cancer, a Gleason score of 2 to 10, preoperative PSA < 20 ug/l, postoperative
PSA < 0.5 ug/l, World Health Organization performance status o to 2, and a
life expectancy of at least three months.

The exclusion criteria included other simultaneous cancer
therapy, including systemic endocrine therapy; more than 12 weeks since
receiving radical prostatectomy; metastatic disease (N+ or Mz1); cancer
invasion to the seminal vesicles; any other previous malignancy within the
last five years, excluding basalioma or squamous cell carcinoma of the skin;
any contraindication to irradiation; and any physical or mental condition
that may interfere with the patient’s compliance with the scheduled study
visits.

4.5.2 TREATMENT SCHEDULE

The randomisation of the patients occurred following the radical
prostatectomy, in which open, laparoscopic, and robot-assisted laparoscopic
techniques were used. After the radical prostatectomy, the urologist screened
each patient for eligibility. Following the patient’s informed consent, the
urologist called the Finnish Cancer Registry (Helsinki, Finland). The Cancer
Registry stratified the patients into three groups based on their Gleason score
(Gleason scores 2 to 6, 7, and 8 to 10), conducted the randomisation, and
informed the urologist of the patient’s treatment group (adjuvant or
observation).

All patients visited their urologist/oncologist at randomisation
as well as three, six, and 15 months after randomisation, after which the
visits usually occurred annually. Patients receiving adjuvant radiotherapy
visited their oncologist for radiotherapy planning after randomisation,
during radiotherapy if acute reactions occurred, and once the radiotherapy
ended.

The PSA was measured every three months for five years after
which it was usually measured annually. The definition for biochemical
recurrence was 1) PSA > 0.4 pg/l in two consecutive measurements at least
four weeks apart, 2) metastatic prostate cancer, or 3) recurrent prostate
cancer in imaging. In the case of biochemical recurrence in the observation
group, the patient could be offered salvage radiotherapy.

If the urologists detected any symptoms or signs of clinical
progression during the patient visits, an imaging was performed to detect
metastases. The imaging approaches used to detect metastatic disease were a
bone scan, computed tomography (CT), or positron emission
tomography/CT. Castration-resistant prostate cancer was defined as
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consecutive increases in the PSA within two successive PSA measurements at
least four weeks apart, despite androgen deprivation therapy.

4.5.3 TOXICITY

Adverse events were scored from individual medical records using the
Common Terminology Criteria for Adverse Events version 4.03 (231). The
scoring of adverse events began at randomisation and ended when
progression occurred or at the end of the follow-up period if the patient was
free of biochemical recurrence. The relationship between the adverse event
and the trial treatment was not evaluated (all adverse events were scored).

At seven visits, which occurred between o to 51 months from the
radical prostatectomy, the patients filled out three questionnaires: 1) the
International Index of Erectile Function (IIEF-5), 2) the International
Prostate Symptom Score (IPSS), and 3) the Late Effects Normal Tissue Task
Force-Subjective, Objective, Management, Analytic (LENT-SOMA)
questionnaire, with intestinal and urinary questions from the subjective,
objective, and management sections of the LENT-SOMA parameters.
Incompletely filled out questionnaires were omitted from the analysis.

The IIEF-5 score defined the patient’s evaluation of his erectile
function. Erectile dysfunction was recorded as severe (IIEF-5 score 1 to 7),
mild-moderate (IIEF-5 score 8 to 21), or no erectile dysfunction (IIEF-5
score 22 to 25).

The IPSS score defined the patient’s evaluation of his urinary
symptoms and his quality of life as affected by these urinary symptoms.
Urinary symptoms were recorded as mild (IPSS score 0 to 7), moderate
(IPSS score 8 to 19), or severe (IPSS score 20 to 35). Quality of life was
recorded as delighted, pleased, mostly satisfied (IPSS quality of life score o
to 2), mixed (IPSS quality of life score 3), or mostly dissatisfied, unhappy,
terrible (IPSS quality of life score 4 to 6).

The LENT-SOMA toxicities were graded from o to 4 (grade o for
no toxicity, grade 4 for the most severe toxicity). For one LENT-SOMA
question regarding the management of dysuria, the answer option for
surgical intervention (grade 4 toxicity) was unavailable, therefore, the
answers for this question were graded from 1 to 3. In addition, the kidney-
related toxicity was based on two questions: answering “yes” to “Do you
suffer from tiredness and headache?” resulted in grade 3, while answering
“yes” to “Are you passing less urine than you usually do/are your feet
swollen?” resulted in grade 4 toxicity.

4.5.4 ADJUVANT RADIOTHERAPY

The total dose of adjuvant radiation was 66.6 Gy given in 37 fractions of 1.8
Gy per day five days per week. Patients received three-dimensional
conformal radiation therapy (with linear accelerator > 10 MV) without pelvic
lymph node irradiation. The clinical target volume (CTV) included the caudal
wall of the bladder (cranial border), posterior edge of the symphysis (anterior
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border), and anterior margin of the rectum (posterior border). The lower
border was assessed indirectly in relation to the bulbus of the penis identified
via computed tomography. CTV + 1 cm formed the planning target volume
and after a total dose of 50.4 Gy the posterior marginal was reduced to CTV +
6 mm. The maximal dose was 50 Gy for both the posterior rectal wall and the
femoral heads. Radiation was set to begin within 12 weeks from the radical
prostatectomy.

4.5.5 STATISTICS

The study hypothesis was that two-year progression-free survival would be
80% in the adjuvant group and 60% in the observation group, with a power
of > 80% and a significance level of 5%. The required sample size, calculated
using Fisher’s exact test for two independent groups, was 90 patients/group.
However, to avoid a loss of power due to possible loss to follow-up, the
sample size was increased to 125 patients/group, resulting in the
randomisation of 250 patients in total with a ratio of 1:1.

Ten-year survival analyses were calculated using the Kaplan-
Meier method. Survival differences between the adjuvant and observation
group, including hazard ratios with 95% confidence intervals and p-values,
were calculated using the Cox proportional hazard regression analysis. The
association between biochemical recurrence and treatment group was tested
after adjusting for preoperative PSA, Gleason score (Gleason scores 5—6, 7,
and 8—9), and pT stage (pT2, pT3) using the Cox multivariable regression. In
addition, the interaction between the preoperative PSA and the treatment
groups in terms of biochemical recurrence was tested using the Cox
multivariable regression. In all analyses, patients were censored at the time
of the defined event or their last follow-up. The program used for the
statistical analyses was SPSS (IBM SPSS Statistics for Windows, version
25.0; IBM Corp., Armonk, NY, USA).

A generalised linear mixed model (GLMM) with a Imer function
was used for the comparison of treatment groups in terms of the number of
patients experiencing adverse events. In this model, a binary response (any
adverse event regardless of the grade vs. no adverse event) was used for the
adverse events. Similarly, GLMM was used for the comparison of the
treatment groups in terms of the total number of adverse events, modelled as
Poisson distribution. In both models, all adverse events were modelled
regardless of the grade, the groups were modelled as a fixed effect; and the
patients were modelled as a random effect (232).

The GLMM was used to compare the treatment groups in terms
of 1) severe erectile dysfunction, 2) severe urinary symptoms, 3) LENT-
SOMA urinary symptoms, and 4) LENT-SOMA intestinal toxicities.
Respectively, a binary response was used in the aforementioned models as 1)
ITEF-5 scores 1 to 7 vs. 8 to 25, 2) IPSS scores 20 to 35 vs. 0 to 19, 3) grade 3
to 4 vs. 1 to 2, and 4) grade 3 to 4 vs. 1 to 2. In all models, the explanatory
variables (group and time in months) were modelled as fixed effects, and
patient-specific effects were modelled as a random effect. Time was a
continuous variable. The GLMM was applied using the R statistical software
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package (version 3.5.2, Ime4 function, R Core Team [2018]. R: A language
and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/).

4.5.6 ENDPOINTS

The primary endpoint was biochemical recurrence-free survival. The
secondary endpoints were overall survival, cancer-specific survival, local
recurrence, and adverse events. Additional, unplanned analyses included
metastatic and castration-resistant survival. All survival analyses and follow-
ups were measured from the date of the radical prostatectomy.
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5 RESULTS

5.1 STUDY |

5.1.1 PATIENTS

This study enrolled a total of 42 patients diagnosed with T2-3NoMo, Gleason
score 4—8 prostate cancer (Table 1 in the original publication). As the
maximum tolerated dose was not exceeded during phase I (12 patients), the
study enrolled 30 additional patients for phase II (Figure 1). The mean
PSA before gefitinib was 8.4 pg/l (range 1.6—18.8 pg/1). The median time on
trial was 154 days (range 19—197 days), and the median time on gefitinib was
55 days (range 19—71 days). Thirty (71.4%) patients experienced toxicity that
caused at least one gefitinib interruption. One or more radiation
interruptions occurred in 39 patients. Generally, there were one or two dose
interruptions per patient, which were due to public holidays or machine
malfunctions in most of the cases and due to toxicity in four cases.

5.1.2 WITHDRAWALS AND AND SERIOUS ADVERSE
EVENTS

Thirty (71.4%) patients completed the trial, while 12 (28.6%) withdrew due to
an adverse event (Figure 1). Out of the 12 discontinued patients, three
experienced one or more serious adverse events (Table 2 in the original
publication). One patient potentially suffered from gefitinib-related
cardiomegaly, cardiac failure, and myocarditis, which led to patient’s death.
In addition, the same patient suffered from other serious adverse events,
including gastroenteritis with fever, and renal insufficiency, both of which
were possibly related to gefitinib. One patient suffered from bladder pain and
pollakiuria, and one from ureteric stones, all of which were possibly gefitinib-
related serious adverse events. For the remaining nine patients who
withdrew from the trial, the reason for their withdrawal was grade 1—4
alanine transaminase alone (in two patients) or in combination with grade
2—4 aspartate transaminase increase (in seven patients). The maximum
tolerated dose was not exceeded.

5.1.3 TOXICITY

All patients experienced one or more adverse events (Tables 2 and 3 in the
original publication). These were most commonly gastrointestinal (40
[95.2%] patients), renal/urinary (36 [85.7%] patients), and
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skin/subcutaneous tissue-related (34 [81.0%] patients). The most common
adverse events were proctitis (31 [73.8%] patients), pollakiuria (30 [71.4%]
patients), diarrhoea (27 [64.3%] patients), and dysuria (24 [57.1%] patients).

Fourteen patients experienced grade 3—4 adverse events, of
which alanine (7 [16.7%] patients) and aspartate (6 [14.3%] patients)
transaminase increases were the most common (both gefitinib-related).
Transaminase increase caused frequently treatment interruptions as well.
Among patients with higher transaminase levels, there was a tendency for a
more notable PSA decrease during the gefitinib treatment; however, since
the PSA decreased rapidly in all patients, no reliable conclusions could be
drawn.

Figure 1. Flowchart of study |. G. Hackman et al., modified from figure 1 of
the original publication.

53 screened patients

11 excluded patients

A
42 patients with T2-3NoMo prostate cancer

4

250 mg daily gefitinib + radical radiotherapy to the prostate
and seminal vesicles (total dose 72.4 Gy)

12 patients enrolled in phase I

5 patients experienced dose-limiting toxicities

e 9 patients completed the trial
e 3 patients discontinued prematurely due to an adverse event

\4
30 patients enrolled in phase I1

11 patients experienced dose-limiting toxicities

e 21 patients completed the trial
e 9 discontinued prematurely due to an adverse event
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5.1.4 DOSE-LIMITING TOXICITIES

A total of 16 (38.1%) patients suffered from dose-limiting toxicities, of which
the most common were alanine and aspartate transaminase increases in nine
patients (grade 3—4, gefitinib-related). The median time from the treatment
initiation to the transaminase increase was 42 days (range 26—64 days). One
patient suffered from urticaria as well as alanine and aspartate transaminase
increases (all grade 3, gefitinib-related); one suffered from subdural
hematoma (grade 4, gefitinib-related), and two suffered from pollakiuria
(grade 3, gefitinib-related). The remaining three patients experienced the
following serious adverse events: 1) cardiomegaly, cardiac failure, and
myocarditis (grade 4, gefitinib-related); 2) bladder pain and pollakiuria
(grade 3, gefitinib-related); and 3) ureteric stones (grade 3, gefitinib-related).

5.1.5 EGFR EXPRESSION

Immunohistochemistry testing detected high EGFR expression (in 100% of
the cells) in 17 (40.5%) patients, elevated EGFR expression (in 50-80% of the
cells) in 12 (28.6%) patients, and no EGFR expression in one patient (Table 4
in the original publication). Data regarding EGFR expression was unavailable
for 12 (28.6%) patients. None of the samples showed EGFR amplifications,
EGFR variant III or phosphorylated EGFR. The analyses were controlled
with glioma specimens positive for EGFR variant III, and head and neck
cancer specimens featuring phosphorylated EGFR. Chromogenic in situ
hybridisation was internally controlled by the presence of normal signals in
each sample.

5.1.6 CYTOKINE ANALYSES

Due to frequently seen transaminase increases among study I patients, the
cytokines were tested, as these have been hypothesized to underlie under
liver toxicity (233, 234). However, cytokine levels were low, and there was no
correlation between the serum cytokines (tumour necrosis factor, interleukin
1 alpha, interleukin 6) and alanine transaminase increases.

5.1.7 SURVIVAL ANALYSES

After five years (median 36.4 months) of follow-up, the cumulative
recurrence-free survival was 100% in the patients treated with gefitinib in
combination with radiotherapy compared to 96% in the patients treated with
radiotherapy alone (p = 0.27). Respectively, in terms of cumulative PSA-
relapse-free survival, the values were 97% compared to 79 % (p = 0.06), and,
for cumulative salvage therapy-free survival, 61% compared to 89 % (p =
0.93). After five years of follow-up, 2/42 of the patients treated with gefitinib
in combination with radiotherapy received salvage therapy (both
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bicalutamide) compared to 17/91 matched controls. As for cumulative overall
survival, the percentages were the same (87%) in both groups (p = 0.57). For
comparison of baseline characteristics between the groups, see Table 2, and
of survival analyses, see Figure 2 in the original publication.

Table 2. Patient characteristics at baseline. G Hackman et al. unpublished
data.

Gefitinib + radical Radical radiation
radiation alone
(matched controls)
number of patients (%) number of patients (%)
gg:ia(: I:ltlslmber of 42 (100%) 91 (100%)
radiation 72.4 Gy 74-78 Gy
T-stage
T2 37 (88%) 83 (91%)
T3 5 (12%) 8 (9%)
Gleason score
4-5 6 (14%) 11 (12%)
6 17 (40%) 42 (46%)
7 17 (40%) 32 (35%)
8 2 (5%) 6 (7%)
PSA ggige) 8.4 ug/1 (1.6-18.8 ug/l) | 8.6 ug/l (1.0-18.8 ug/l)

Gy = Gray, PSA = Prostate-specific antigen, T = tumour.
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5.2 STUDY I

5.2.1 PATIENTS

This study included 30 patients, of whom 19 wunderwent radical
prostatectomy and 11 radical radiotherapy before trial enrolment (Figure 1 in
this paper and Supplementary Table 1 in the original publication). One
patient, who primarily underwent radical prostatectomy, also received
radiotherapy with a radical dose three months after radical prostatectomy.
For surgically treated patients, the range for initial PSA was 0.2 to 4.5 pg/],
and, for radiation treated patients, it was 1.1 to 8.5 pg/l.

5.2.2 TREATMENT

The median time spent on gefitinib treatment was 145.5 days (range 33—600
days). A total of 12 (40.0%) patients had one or more interruptions in their
gefitinib treatment. The interruptions occurred due to transaminase
increases in 11 (36.7%) patients and a lapse of memory in one (3.3%) patient.

5.2.3 TREATMENT FAILURES

Three months after the initiation of gefitinib, seven (23.3%) patients had
discontinued the treatment, while 23 (76.7%) were free of treatment failure
(Figure 2 in this paper and Supplementary Figure 1 in the original
publication). Reasons for treatment failure included PSA progression (five
patients, 16.7%) and adverse events (two patients, 6.7%). These adverse
events included grade 2 nausea and a grade 2 ocular adverse event (flashing
lights).

5.2.4 TOXICITY

During the three months of gefitinib treatment, 28 (93.3%) patients suffered
from grade 1-3 adverse events potentially related to gefitinib
(Supplementary Table 2 in the original publication). Of these patients, only
three experienced grade 3 gefitinib-related adverse events. No grade 4-5
adverse events occurred.

The most common events were gastrointestinal disorders (23
[76.7%] patients), skin/subcutaneous tissue-related disorders (22 [73.3%]
patients), and infections (12 [40%] patients). Acne (19 [63.3%] patients) and
diarrhoea (15 [50.0%] patients) were the most common individually reported
adverse events and considered to be gefitinib-related.

A total of four (13.3%) patients suffered from a grade 3 adverse
event during the three months of gefitinib treatment. Out of these patients,
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three experienced potentially gefitinib-related (two alanine transaminase
increases, one alanine and aspartate transaminase increase) events and one
experienced a non-gefitinib-related (syncope) grade 3 adverse event. One
adverse event (urinary calculus) was first recorded as serious due to the
hospitalisation of the patient. However, the final grade of this event, which
was unrelated to gefitinib, was 1, and the patient continued normally in the
trial.

Figure 2. Flowchart of study Il. Three months of gefitinib treatment. G
Hackman et al. unpublished data.

19 radical prostatectomy-treated 11 radical radiotherapy-treated
patients patients

30 patients with biochemical recurrence
following treatment with curative intent

A

250 mg daily gefitinib

12 patients had treatment interruptions
| ¢ 11 due to transaminase increase
¢ 1due to lapse of memory

\4 v

23 patients free from 7 patients experienced treatment failure
treatment failure e 5 due to PSA progression
e 1due to grade 2 nausea

e 1due to grade 2 ocular adverse event
(flashing lights)

PSA = prostate-specific antigen.
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5.2.5 EFFICACY

No PSA responses occurred among study II patients. During three months of
gefitinib-treatment, seven (23.3%) patients experienced PSA progression,
with a median time of 60 days (range 27-90 days) to that progression
(Supplementary Table 3 and Figure 1 in the original publication). Hence, 23
(76.7%) patients were progression-free, out of which 20 continued with the
gefitinib and two withdrew due to an adverse event.

The change in the PSA doubling time was unavailable for three
patients, since they had only one PSA measurement during the gefitinib
treatment. Out of the 27 patients, the PSA doubling time decreased in 10
patients during gefitinib when compared to the PSA doubling time before the
gefitinib treatment; however, in eight of these patients, the decrease was less
than 50% (Supplementary Figure 2 in the original publication). Seventeen
patients experienced an increase in the PSA doubling time during
gefitinib, and, in six of these patients, this increase was 100% or more.

5.2.6 GENE MUTATION ANALYSES

Four patients’ samples were available for gene mutation analyses. Single
nucleotide polymorphisms were found in two patients’ samples: 1) in EGFR
exon 20: substitution of guanine for adenine in Gln787; and 2) in EGFR exon
21: substitution of adenine for guanine in Thr854. However, neither one of
these polymorphisms changed the amino acids, and, thus, no activating
mutations were found.
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5.3 STUDY Il

5.3.1 PATIENTS

Study III was a patient series of 46 patients with newly diagnosed metastatic
prostate cancer treated consecutively with a multimodal approach from 2005
to 2016 (Figure 3). All patients had histologically confirmed prostate cancer
with bone metastases (Table 1 in the original publication). Other metastatic
sites included pelvic lymph nodes (in 24 patients) consisting of the obturator,
parailiac, and presacral lymph nodes. Other metastatic lymph nodes (in 17
patients) included the inguinal, retroperitoneal, mediastinal, and
supraclavicular lymph nodes. One patient had lung metastases. Additionally,
the patients had T1—4, No—1, M1 prostate cancer with a Gleason score of 7—
10 (median Gleason score of 9). The initial median PSA was 98.5 ug/1 (mean
658 pg/l, range 6.7—-15500 pg/l). One patient had T1 disease; however, his
initial PSA was 1000 pg/l, indicating an aggressive prostate cancer. PSA was
<1 g/l for 22 patients before prostate radiotherapy. The median age of the
patients at diagnosis was 63 years (range 39—86 years). The median follow-
up period was 4.38 years (mean 4.63 years, range 0.36—11.24 years).

5.3.2 RADIOTHERAPY

The patients received radiotherapy from June 2005 to July 2016 (Table 4 in
the original publication). All patients received a radical dose of radiation to
the prostate. The mean dose for the prostate was 78.2 Gy for 44 patients
(range 76—80 Gy). For two patients, the total dose of VMAT was 50 Gy, after
which they received a high-dose-rate brachytherapy booster of 2 x 10 Gy.
Two patients received IMRT, and 44 patients received VMAT.

All patients received radiation to the seminal vesicles (at least 50
Gy in 2 Gy fractions). The mean dose for the seminal vesicles was 52.2 Gy
(range 50.0—80 Gy). All patients also received radiation to the regional
lymph nodes, with a mean dose of 45.4 Gy (range 45-50.4 Gy).

Out of the 46 study patients, 23 received radiation to their bone
metastases (mean dose 29.0 Gy, range 38.6—77.4 Gy), four to their lymph
node metastases (mean dose 67.2 Gy, range 59.4—76 Gy), and 11 for their
retroperitoneal/para-aortic lymph node metastases (mean dose

47.9 Gy, range 45-50.4 Gy).
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Figure 3. Algorithm for screening and multimodal treatment of newly
diagnosed metastatic prostate cancer used in study Ill. All patients
received primary treatment (androgen deprivation) and radical radiotherapy.
G Hackman et al., modified from Figure 4 of the original publication.

Screening:
e Endorectal multiparametric MRI (before biopsies)
e Diagnostic biopsies, laboratory tests (PSA)
e Whole body CT + bone scintigraphy or
PET-CT using 3F-choline/*8F-fluoride/*8Ga-PSMA

A
46 patients with newly diagnosed metastatic prostate cancer

Primary treatment:
1) LHRH analog/antagonist
2) Single fraction of 12 Gy radiation for breasts +
daily 150mg bicalutamide

Additional treatments (including
docetaxel, abiraterone, enzalutamide,
radium-223) in case PSA decrease
ceased

v

External beam radiation therapy (IMRT or VMAT) at

PSA nadir:
radical doses to the prostate + pelvic radiation (seminal vesicles,
regional lymph nodes)

+/- radiation of bone metastases, lymph node metastases
+/- radiopharmaceuticals (in cases of large and diffuse bone
metastases)

CT = computed tomography, IMRT = intensity-modulated radiation therapy, LHRH =
luteinising hormone-releasing hormone, MRI = magnetic resonance imaging, PET = positron
emission tomography, PSA = prostate-specific antigen, PSMA = prostate-specific membrane
antigen, VMAT = volumetric modulated arc therapy.
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5.3.3 TOXICITY

Adverse events were recorded for all patients during radiotherapy and, for 42
patients one year after radiotherapy (four patients had follow-up periods less
than one year). Most adverse events were grade 1 and transient (Table 5 in
the original publication). Grade 3 adverse events consisted of urinary and
intestinal adverse events. Three grade 3 urinary retention events, one grade 3
urinary incontinence event, and one grade 3 diarrhoea event occurred during
radiotherapy. One year after radiotherapy, one patient experienced grade 3
urinary incontinence, and no grade 3 intestinal adverse events were reported.
There were no grade 4—5 adverse events. Since all patients underwent
castration and experienced erectile dysfunction, this adverse event was
unreported. All adverse events related to the treatment of metastases were
grade 1.

5.3.4 SURVIVAL ANALYSES

Eleven study patients died from prostate cancer. Eight of these patients had a
last PSA > 1 pug/1 (median 3.2 ug/l, range 1.07-104 pg/1) before the beginning
of the definitive radiotherapy. One 90-year-old patient died from pneumonia
following a traumatic hip fracture. At the time of his death, the PSA was
immeasurable. The five-year progression-free survival rate was 21.6%
(Kaplan-Meier); the median progression-free survival was 3.03 years; the
five-year overall survival was 81.3% (Kaplan-Meier); and the median overall
survival was 8.35 years (Figures 2 and 3 in the original publication).
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5.4 STUDY IV

5.4.1 PATIENTS

Study enrolment occurred between April 2004 and October 2012, and the
follow-up ended in January 2017. A total of 250 patients were randomised
into two groups: 126 in the adjuvant group and 124 in the observation group
(Figure 4 in this paper and Table 1 in the original publication). Five patients
from the adjuvant group and two patients from the observation group
withdrew their consent shortly after the randomisation. The data is reported
on an intent-to-treat basis.

5.4.2 ADJUVANT RADIOTHERAPY

Adjuvant radiotherapy began a median of 117 weeks after radical
prostatectomy (range 7.6 before the beginning of definitive radiotherapy 30
weeks). A total of five patients had interruptions of their adjuvant irradiation
due to adverse events. One patient had grade 1—2 increased defecation
frequency, loose stools, pollakiuria, and nocturia; one patient had grade 2
viral flu with fever; one patient had grade 3 cholecystitis, and, for one
patient, the reason for interruption was unknown. These four patients
received the planned total dose of 66.6 Gy. One patient had grade 2 increased
defecation frequency, and his dose was limited to 63 Gy.

5.4.3 SURVIVAL ANALYSES

The median follow-up time in the adjuvant group was 8.95 years (range
0.61—12.60 years), and, in the observation group, 8.41 years (range 1.24—
12.07 years). For patients who were alive when the follow-up period ended,
the median follow-up time in the adjuvant group was 9.3 years (range 3.3—
12.6, interquartile range [IQR] 6.5—10.3) and it was 8.6 years (range 3.6—
12.1, IQR 6.4—10.4) in the observation group.

One patient in each group died of prostate cancer (Table 2 and
Figure 2 in the original publication). The 10-year overall survival was 91.6%
in the adjuvant group and 86.5% in the observation group (HR 0.69 [95% CI
0.29-1.60], p = 0.4). The 10-year prostate cancer-specific survival was 98.8%
in the adjuvant group and 98.9% in the observation group (HR 1.00 [95% CI
0.06-15.91], p = 1).

The prostate cancer metastasized in two patients in the adjuvant
group and in four patients in the observation group (Table 2 and Figure 2 in
the original publication). The 10-year metastatic-free survival was 97.7% in
the adjuvant group and 96.3% in the observation group (HR 0.49 [95% CI
0.09—2.68], p = 0.4). Imaging detected no local recurrence, and all patients
diagnosed with metastases experienced biochemical progression before the
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occurrence of metastatic disease. Thus, for all patients who had disease
progression, the first sign of this progression was biochemical recurrence.

Castration-resistant prostate cancer occurred in three patients in
the adjuvant group and in six patients in the observation group (Table 2 in
the original publication). The 10-year castration resistant-free survival was
06.1% in the adjuvant group and 92.4% in the observation group (HR 0.50
[905% CI 0.12—-1.88], p = 0.3).

5.4.4 BIOCHEMICAL RECURRENCE

Fifteen (11.9%) patients in the adjuvant group and 43 (34.7%) in the
observation group experienced biochemical recurrence as defined in the
protocol (Figure 4 in this paper, Table 2 and Figure 2 in the original
publication). The 10-year biochemical recurrence-free survival was 81.9 % in
the adjuvant group and 60.6% in the observation
group (HR 0.26 [95% CI 0.14—0.48], p < 0.001; and after adjusting for
preoperative PSA, Gleason score, and pT stage: HR 0.30 [95% CI 0.16—0.54],
p < 0.001). The number needed to treat was 4 (number of patients that need
to be treated to prevent one biochemical recurrence). For the biochemical
recurrence-free patients, the median follow-up time in the adjuvant group
was 8.6 years, and, in the observation group, it was 8.2 years.

The median preoperative PSA for the patients with biochemical
recurrence was 9.7 pg/l (IQR 0.1—-14) in the adjuvant group and 8.9 pg/l
(IQR 6.6—11) in the observation group. For the recurrence-free patients, the
median preoperative PSA was 6.9 ug/l (IQR 5.1—9.7) in the adjuvant group
and 6.9 pg/l (IQR5.3—-9.9) in the observation group. However, the
interaction between the treatment group and preoperative PSA was not
statistically significant (HR 0.95; 95% CI 0.88—-1.05, p = 0.34).

Out of the pT2 patients with positive surgical margins, 3/73 in
the adjuvant group compared to 21/63 in the observation group experienced
protocol-defined biochemical recurrence. As for the pT3 patients, 12/53 in
the adjuvant group versus 22/59 in the observation group experienced
protocol-defined biochemical recurrence. Out of the Gleason score 5-6
patients, 2/38 in the adjuvant group compared to 12/33 in the observation
group experienced protocol-defined recurrence. As for the Gleason score 7
patients, 11/81 in the adjuvant group versus 29/83 in the observation group
experienced protocol-defined recurrence.
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Figure 4. Flowchart of study IV. G. Hackman et al., modified from Figure

of the original publication.

250 radical prostatectomy-treated patients with

e pT2NoMo with positive margins or
e pT3NoMo with/without positive margins

v v
126 patients randomised to 124 patients randomised to
ADJUVANT RADIOTHERAPY || OBSERVATION

5 declined radiation and
were observed

e 2 cases of biochemical
recurrence + received
salvage radiotherapy

2 declined observation
and received adjuvant

radiotherapy
— e 1o biochemical
recurrence

121 received adjuvant
radiotherapy
e 15 biochemical recurrence
o 12 received androgen
deprivation
o 3 under active
surveillance

122 were observed
e 43 biochemical recurrence
o 37 received salvage
radiotherapy
o 6 under active
surveillance

A4

1 prostate cancer death
1 nonmetastatic CRPC
2 metastatic CRPC

1 prostate cancer death
2 nonmetastatic CRPC
4 metastatic CRPC

CRPC = castration-resistant prostate cancer.

Biochemical recurrence (defined in the protocol) = 1) PSA > 0.4 ug/l in two consecutive
measurements at least four weeks apart, 2) metastatic prostate cancer, or 3) recurrent
prostate cancer in imaging.
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5.4.5 TREATMENTS FOLLOWING BIOCHEMICAL
RECURRENCE

Following biochemical recurrence as defined in the protocol of study IV, 12
patients received androgen deprivation therapy (median PSA 1.40 png/l
[range 0.44—32.20 ug/l), and three were under active surveillance in the
adjuvant group (Figure 4). In the observation group, 37 received salvage
radiotherapy, within a median of 19.9 weeks (range 4.6—152.4 weeks)
measured from the date of the protocol-defined biochemical recurrence
(median PSA 0.70 pg/l [range 0.42—8.20 ug/l, IQR 0.57-0.83 ug/1]), and six
continued to be under active surveillance (Figure 4). The PSA was measured
at a median of 4.71 weeks (range 0.0—11.9 weeks) before the beginning of
radiation. Out of the 37 patients who received salvage radiotherapy, 28
achieved PSA remission, and nine required systemic therapies.

Ten patients with a median PSA of 0.40 pg/l (range 0.12—0.53
ug/1) received salvage radiotherapy for biochemical recurrence not defined in
the protocol (Figure 4). Nine of these patients were from the observation
group and one patient was from the adjuvant group. The latter declined
adjuvant radiotherapy shortly after randomisation and, consequently, had
undergone radical prostatectomy alone before the biochemical recurrence for
which this patient received salvage radiation. Five of these patients (one from
the adjuvant and four from the observation group) received salvage
radiotherapy at PSA < 0.4 pg/l. Out of the 10 patients who received salvage
radiotherapy for biochemical recurrence not defined in the protocol, all
except one from the observation group achieved PSA remission. In addition,
one patient in the observation group who had no biochemical recurrence or
metastases received hormonal therapies

5.4.6 TOXICITY

5.4.6.1 ADVERSE EVENTS FROM MEDICAL RECORDS

A total of 125 patients in the adjuvant group and 123 in the observation group
experienced adverse events (Table 3 in the original publication). Out of all
the adverse events in the study IV, 70.1% occurred in the adjuvant group and
29.9% in the observation group. Most of these were grade 1—2 and transient.
Erectile dysfunction and urinary incontinence were the most common grade
3 adverse events. In the adjuvant group, 37.3% of the patients experienced
grade 3 erectile dysfunction compared to 28.2% in the observation group.
For urinary incontinence, the numbers were 11.9% in the adjuvant group and
4.8% in the observation group. Twelve patients in the adjuvant group
suffered grade 3 urethral stricture compared to three patients in the
observation group. Moreover, grade 3 inguinal hernia occurred in eight
patients in the adjuvant group and nine in the observation group.

One grade 4 adverse event, a compartment syndrome, occurred
in the adjuvant group. The patient underwent a ventral hernia repair, after
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which he suffered from wurinary retention. The treatment for this
postoperative complication was a transurethral incision of the vesicourethral
anastomosis, which led to urinary incontinence. Nearly seven years after the
radical prostatectomy, the urinary incontinence was treated with a
cystectomy, which made the compartment syndrome as a postoperative
complication.

5.4.6.2 PATIENT-REPORTED TOXICITY

Depending on the time of visit (between 0—51 months from the radical
prostatectomy), a median of 86 (range 18-105) patients in the adjuvant
group and a median of 71 (range 28—94) patients in the observation group
filled out the LENT-SOMA questionnaire. Out of all the LENT-SOMA
toxicities reported in study IV, 59.3% occurred in the adjuvant group and
40.7% in the observation group (Figure 3 in the original publication). The
most common LENT-SOMA toxicities were urinary frequency (93.0% of
patients in the adjuvant radiotherapy group and 91.6% of patients in the
observation group who filled out the questionnaire), urinary incontinence
(69.6%, 62.2%), decreased urinary stream (60.9%, 55.5%), and rectal
tenesmus (63.5%, 42.0%). In the adjuvant group, 75 (65.2%) patients
experienced grade 3 LENT-SOMA toxicity versus 64 (53.8%) in the
observation group. For grade 4 LENT-SOMA toxicity, the numbers were 28
(22.2%) versus 20 (16.1%) patients. The most common grade 4 toxicities
were kidney-related toxicity (18 patients in the adjuvant group, 15 in the
observation group), urinary incontinence (seven and five patients) and
urinary frequency (five and two patients).

Depending on the time of visit (between 0—51 months from the
radical prostatectomy), a median of 93 (range 77-104) patients in the
adjuvant group and a median of 100 (range 73—110) patients in the
observation group filled out the IIEF-5 questionnaire. Patients most
commonly reported their erectile dysfunction as severe in both groups
throughout the follow-up period (Figure 3 in the original publication).

Depending on the time of visit (between 0—51 months from
radical prostatectomy), a median of 92 (range 80—106) patients in the
adjuvant group and a median of 99 (range 70-112) patients in the
observation group filled out the IPSS questionnaire. Most of the patients
reported their urinary symptoms as mild and their quality of life as affected
by these urinary symptoms as delighted, pleased, or mostly satisfied
throughout follow-up period (Figure 3 in the original publication).
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6 DISCUSSION

6.1 STUDY | AND I

6.1.1 SAFETY AND TOLERABILITY

As there were no previous clinical prostate cancer studies of gefitinib in
combination with radiotherapy at the time of the study initiation, the first
phase of study I was to evaluate the tolerability of this treatment. Naturally,
tolerability was one of the endpoints in the second phase as well. Study II
evaluated adverse events as the secondary endpoint.

The original publication of study I evaluated the toxicity of
gefitinib and radiation as acceptable. In study I, 88% of the patients had T2
and 55% had Gleason score < 6 prostate cancer indicating a low-risk disease.
At the initiation of this trial, the common treatment recommendation for
these patients was radical treatment. Thus, the original publication of this
trial compared the toxicity of gefitinib and radical radiation to the toxicity of
radiation alone. However, according to current knowledge, active
surveillance would be the standard of care for these patients. Even though
most of the adverse events in this study were grade 1-2, all patients
experienced at least one event and 33% experienced grade 3—4 event.
Consequently, taking into account that the majority of the study patients had
low-risk localised disease with an excellent prognosis even without the
radical treatment, the toxicity profile of gefitinib in combination with
radiation was unacceptable.

As expected, the combination of radiotherapy and gefitinib
caused more adverse events and changed the profile of the adverse events
when compared to gefitinib given as a monotherapy. In study I, the most
common events were gastrointestinal, renal and urinary, and skin and
subcutaneous tissue disorders, all of which are typical side effects of
radiation. During the trial, one patient died due to cardiovascular problems.
It was impossible to rule out the possible effect of gefitinib regarding the
death; however, the patient had a history of aortic stenosis, intermittent
calculation, and high blood pressure. The other serious adverse events were
grade 3 cystitis, a typical side effect of radiation, and ureteric stones, which
might have emerged by chance. However, both were considered to be as
possibly gefitinib-related.

Surprisingly, as many as 74% of the study I patients experienced
liver enzyme elevation, graded as 3 in six patients and 4 in one patient.
Sixteen patients (38%) experienced dose-limiting toxicity, the most common
of which were grade 3-4 transaminase increases in six patients. While an
increase in transaminase levels is not uncommon for EGFR inhibitors, this
occurs rarely if at all and is usually mild according to previous studies (181,
182). In a study by Maurel et al., one out of six pancreatic cancer patients
receiving gefitinib and radiation experienced grade 3 transaminitis (196). In
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another study by Ma et al., gefitinib and the radiation of brain metastases
from non-small-cell lung cancer resulted in grade 1 liver dysfunction in two
out of 21 patients (199). In a study of 16 head and neck cancer patients
Caponigro et al. reported three grade 1 and three grade 3 liver toxicities with
a 250 mg dose of gefitinib in combination with radiation (195). Chen et al.
reported only grade 1 elevated transaminases in a study of head and neck
cancer where patients received gefitinib in a combination with radiotherapy
or chemoradiation (235). In a study of Fu et al. one out 29 non-small-cell
lung cancer patients receiving gefitinib and radiation experienced grade 3
liver dysfunction (200).

The release of cytokines upon radiation might have explained the
unexpectedly high incidence of elevated transaminases in study I; however,
there was no correlation between the cytokine and alanine aminotransferase
levels. Moreover, all patients with liver enzyme elevation were asymptomatic
and suffered no long-term liver-related side effects. High-dose brachytherapy
might present one approach to shortening the duration of radiation, thus
potentially reducing liver-related toxicity caused by gefitinib. In addition,
since radiotherapy has improved significantly since the execution of study I,
with modern techniques, there could be less treatment-related toxicity.

In study II, the safety and tolerability of gefitinib were good, as
most of the adverse events were grade 1—2. The most common events were
acne and diarrhoea. Two patients experienced grade 3 elevated alanine
aminotransferase alone and one together with grade 3 elevated aspartate
aminotransferase, all of which were possibly gefitinib-related. In addition,
one patient suffered grade 3 syncope, which was considered to be non-
gefitinib-related. There was one serious adverse event due to the
hospitalization of one study II patient; however, this was eventually scored as
grade 1 urinary calculus and not related to the gefitinib. Study II recorded no
grade 4—5 adverse events.

6.1.2 EFFICACY

6.1.2.1 STUDY |

Primary local treatment with curative intent fails to achieve long-term cancer
control in a substantial proportion of patients, especially if high-risk features
are present. Currently, the standard of care for high-risk localised and locally
advanced prostate cancer is a combination of local treatment and adjuvant
therapy (28, 98). The most common adjuvant therapy used in these patients
is hormonal treatment, which causes significant morbidity and exposes
patients to long-term side-effects (165, 200).

While EGFR overexpression is associated with poor prognosis
and resistance to radiotherapy, it appears to be a good target for gefitinib,
which inhibits the tyrosine kinase activity of EGFR (194). In addition,
gefitinib is a well-tolerated and approved treatment option for non-small-cell
lung cancer (175). The hypothesis in study I was that gefitinib could improve
the progression-free as well as cancer-specific survival of newly diagnosed
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nonmetastatic prostate cancer with acceptable toxicity through the
radiosensitization and inhibition of the antiproliferative mechanisms of the
EGFR signalling pathways.

After four years of follow-up in study I, gefitinib in combination
with radiation resulted in an estimated PSA relapse-free survival (Kaplan-
Meier) of 97%, a salvage treatment-free survival of 91%, and an overall
survival of 87%, all of which only compared favourably with the matched
controls treated with radiation alone only at higher doses (biologically
effective dose of 72.4 Gy/1.8 Gy plus gefitinib compared to 74-78 Gy/2 Gy
radiation only). After five years of follow-up, the survival rates of gefitinib in
combination with radiation were equally favourable compared to the
matched controls, with the exception of salvage treatment-free survival,
which decreased from 91% to 61%. This was due to a small number of
patients and events (at four years one patient, and at five years two patients
received salvage treatment) and a short follow-up period (median 34
months). However, there was no statistical significance between the
treatments at four or at five years of follow-up.

After nearly 20 years of follow-up, the PIVOT-trial showed no
statistically significant difference between radical prostatectomy and
observation among localised prostate cancer patients, most of whom had
low-risk features (90). Taking into account that the majority of the study I
patients had low-risk localised disease and, due to increased knowledge, an
excellent prognosis even without any active treatment, detecting a significant
long-term efficacy seems unlikely regardless of the small survival differences
between patients who received gefitinib in combination with radiation and
patients who received radiation alone (matched controls).

6.1.2.2 STUDY Il

The standard active treatment for biochemical recurrence after local therapy
with curative intent is salvage radiation (following radical prostatectomy) or
hormonal therapy (following radical radiotherapy). Eventually, the efficacy of
hormonal therapy is lost, resulting in castration-resistant prostate cancer,
which significantly decreases the survival of these patients. Salvage radiation
generally provides good long-term cancer control in localised disease;
however, approximately 50% of patients treated with salvage irradiation
experience further disease progression, especially when they present with
high-risk features (236—238).

Gefitinib has improved the progression-free survival in non-
small-cell lung cancer (175). Meanwhile, in prostate cancer, EGFR
overexpression is strongly associated with biochemical relapse, castration-
resistant disease, and metastatic disease (60—63). Thus, the hypothesis of
study II was, that gefitinib would prolong the biochemical recurrence-free
survival in prostate cancer patients as well and, consequently, postpone the
initiation of possible later hormonal treatment or salvage radiation.

The primary endpoint and statistical target for study II was
PSA response in > 40% of the patients, which would have given a rationale to
proceed to a phase III randomised trial. However, this was not achieved.
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Following a protocol amendment, patients without a PSA response were able
to continue the trial for a further three months. Regardless, no
PSA responses occurred.

The study II protocol (written in 2005) defined biochemical
recurrence for radiotherapy-treated patients as three consecutively rising
PSA values within four weeks apart. Currently, the common PSA threshold
for biochemical recurrence following radical radiotherapy with curative
intent is PSA nadir + 2 pg/l (84). At the initiation of this trial the definition
was variable, and the current PSA threshold was not as well-established as it
is today. Considering the definition used in study II, there is a possibility that
the study enrolled patients who would have stayed PSA progression-free
regardless of the use of gefitinib. However, out of the radiation-treated
patients in study II, only two had initial PSA < 2 ug/1 (1.1 and 1.2 ug/l), and
after initiation of gefitinib, both had PSA increase above 2 nug/l. Also, the
median initial PSA among radiotherapy-treated patients was 4.35 ug/l1 (range
1.1-8.5 nug/1), commonly indicating biochemical recurrence following therapy
with curative intent.

In contrast to other studies on gefitinib and prostate cancer,
which enrolled patients with castration-resistant prostate cancer, study II
patients had a hormone-naive disease (181, 183—185). While castration-
resistant cancer progresses aggressively and has limited treatment options,
hormone-naive cancer has better survival outcomes and in addition to
hormonal therapy is potentially sensitive to other treatment options as well.
Therefore, one could assume, that study II patients’ cancer was an optimal
target for gefitinib monotherapy. However, by three months there were no
PSA responses, although 23 patients (77% out of all study patients) remained
PSA progression-free (free from treatment failure). As a possible sign of
efficacy of gefitinib monotherapy, 17 patients (63% out of the study patients
with PSA doubling time calculable) experienced a PSA doubling time
increase, which, in different studies, has been significantly associated with
prostate cancer mortality and overall survival (239—243).

6.1.3 SIGNIFICANCE OF EGFR EXPRESSION AND
MUTATIONS

EGFR expression was not a prerequisite for enrolment in either of the
studies. In the immunohistochemistry tests of study I, however, out of the 30
patients for whom the EGFR data was available, 29 showed EGFR
expression. Of these patients, 17 had high (in 100% of cells) and 12 elevated
(in 50-80% of cells) EGFR expression. In study II, the
immunohistochemistry data was unavailable, and the number of study
patients was small. Thus, there is a possibility that gefitinib was unlikely to
exhibit any efficacy in cases where the EGFR expression would have been
low.

In non-small-cell lung cancer, mutation in the kinase domain of
EGFR is a strong predictor of the efficacy of gefitinib (186). Data regarding
EGFR mutations was unavailable in studies I and II. It is conceivable, that
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the study patients had no EGFR mutations, which could explain the modest
activity of gefitinib. However, there is only one small study that has shown a
significant association between EGFR mutations and prostate cancer in
terms of the time to convert from hormone-sensitive to castration-resistant
disease (187). Consequently, there is a lack of strong evidence of the
importance of EGFR mutations in prostate cancer.
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6.2 STUDY Il

6.2.1 SAFETY

In study III, the combination of androgen deprivation therapy and radical
radiotherapy in newly diagnosed metastatic prostate cancer was well-
tolerated, as most of the adverse events during and one year after radiation
were grade 1—2 and transient. Although 28% of the patients received
docetaxel prior to radiation, which had the potential to cause the worsening
of the adverse events, the incidence of grade 3 events was low and there were
no grade 4—5 events. The tolerability of the androgen deprivation and radical
radiation was as expected, as this combination treatment is known from
several randomised trials on localised high-risk prostate cancer; yet, study III
tested the treatment in the metastatic setting as well (23, 28, 29, 97, 99).

Treatment-related bone marrow toxicity caused concern over the
possible damage it can cause to haematopoiesis, thus potentially limiting the
use of some study III treatments, such as chemotherapies and
radiopharmaceuticals. While 28% of the patients were > 70 years or older,
choosing the optimal multimodal treatment had to be done cautiously. The
most common chemotherapies used were docetaxel (65% of the patients) and
cabazitaxel (25% of the patients). In addition, the study patients received
other chemotherapies that were not routinely used in the treatment of
prostate cancer. Two patients were cytopenic at the time of their death, one
of which had grade 3 leukocytopenia, and the other had grade 4
leukocytopenia and thrombocytopenia. A prolonged treatment could have
caused these blood count changes; however, both had aggressive prostate
cancer progression into the bone marrow, which commonly causes cytopenia
as well. The survival of these patients was 7.1 and 8.1 years, respectively.

6.2.2 EFFICACY

The rationale behind the multimodal approach was to cause maximal cancer
cell death by treating newly diagnosed metastatic prostate cancer as actively
as possible from the very beginning of treatment. The cornerstone of this
multimodal treatment was the combination of radical radiotherapy and
androgen depression, which all patients received. In addition, the patients
received several other, individually planned treatments, including hormonal
therapy, chemotherapy, radiopharmaceuticals, and experimental
approaches. The strategy was to use these additional treatments following
androgen deprivation (primary treatment) to reach PSA nadir prior to
radiation therapy.

Before the release of the study III results, there were no
randomised trials regarding local therapies in metastatic prostate cancer.
However, observational data supported radiotherapy, and, later, randomised
HORRAD and STAMPEDE trials confirmed the effectiveness of radical
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radiotherapy in combination with androgen depression in metastatic disease
(38, 115, 217, 218).

While the median survival of newly diagnosed metastatic
prostate cancer is less than six years, patients can live more than 10 years
following diagnosis (14, 15, 244). However, when the response to castration
is lost as the castration-resistant disease emerges, the survival decreases
significantly. In aggressive disease, this can occur even within a couple of
months, as seen in 13 patients (28%) in study III. These patients received
docetaxel as their PSA started to increase or the decrease stopped following
androgen deprivation. Proving its significant survival benefit first in
castration-resistant metastatic prostate cancer in several randomised
trialsand later in newly diagnosed metastatic disease in the STAMPEDE and
CHARTEED trials, docetaxel is an established treatment for the early phase
of metastatic prostate cancer (201—203).

PSMA PET/CT appears to have superior diagnostic accuracy in
detection of prostate cancer and its metastases when compared to
conventional imaging (112). While PSMA is overexpressed in prostate cancer,
it is present in several benign processes as well (112). Activity of osteoblasts
leads to low to moderate PSMA expression seen in osteoarthritis,
degenerative changes, and fractures (112). Consequently, oligometastases
detected by PSMA PET/CT should be interpreted with caution. While study
IIT included prostate cancer patients with metastases detected by
PSMA PET/CT, a high initial PSA (median 98.5 ug/l, mean 658 pug/l) of the
study patients was considered as a strong indication of metastatic disease.
However, while high PSA significantly increases the risk of having an
advanced disease, there is no well-established PSA cut-off for metastatic
prostate cancer (245). Thus, there is a possibility that some of the study
patients had oligometastatic disease in favour of overall survival.
Nevertheless, the percentage of patients experiencing disease progression
was similar among patients with bone-only metastases (61%) compared to
patients with bone and lymph node metastases (65%, including one patient
who had lung metastases as well) at diagnosis.

When comparing baseline characteristics of the patients who
were alive at the end of the follow-up to those who died of prostate cancer,
the initial median PSA was 103.4 ug/1 versus 79 ug/l, respectively. Out of the
patients who were alive at the end of the follow-up, 21% had Gleason score 7
prostate cancer versus 0% out of the patients who died of prostate cancer.
For Gleason score 8, the percentages were 32% versus 18%, and, for Gleason
score 9 to 10, 47% versus 82%, respectively.

Previously, two randomised studies showed an increased risk of
Gleason score 8 to 10 prostate cancer among users of finasteride or
dutasteride compared to placebo (246—248). In study III, three patients
received these 5a-reductase inhibitors for benign prostatic hyperplasia.
While all three had metastatic disease with an extracapsular extension, one
patient had Gleason score 8 and two had Gleason score 9 cancer, and, thus,
there is a possibility that the prior use of 5a-reductase inhibitors could have
increased the Gleason score of these patients.

In addition to treating the primary tumour of metastatic prostate
cancer with radical doses of radiotherapy and, thus, prolonging the survival
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of patients with newly diagnosed metastatic disease, the hypothesis in study
IIT was to simultaneously reduce any possible later dissemination of the
cancer as well as to prevent possible later urinary retention and
complications due to local disease progression. In prostate cancer, the usual
cause of total urinary obstruction is the local progression of the castration-
resistant disease (249). Thus, traditionally, patients do not receive palliative
radiotherapy until this phase. In study III, the objective was to provide
radical radiotherapy at an earlier phase of metastatic cancer, aiming for the
beginning of remission, which was wusually achieved with androgen
deprivation alone.

The median follow-up time in study III was 4.38 years. The
overall survival at five years was 81.3%, and the median overall survival was
8.35 years. STAMPEDE reported a five-year survival of 50% with hormonal
therapy plus docetaxel group compared to 39% with hormonal therapy alone
group (median follow-up 43 months) (z3). In CHARTEED, the overall
survival was 58 months with the combination of androgen deprivation and
docetaxel compared to 47 months with androgen deprivation alone (median
follow-up 54 months) (15).

As stated in observational studies as well as in the randomised
STAMPEDE trial, radical radiotherapy with androgen deprivation appears to
improve survival in metastatic prostate cancer patients with low tumour load
(38, 115, 216). Although this combination failed to improve survival in high-
volume disease in STAMPEDE, it significantly improved the failure-free
survival of these patients as well as the biochemical progression-free survival
in unselected patients in HORRAD (38, 218). In contrast to these trials,
study III patients received even more aggressive therapy in the form of
additional treatments to achieve PSA nadir before the initiation of radical
radiotherapy and thus to facilitate more cancer cell death and a longer
survival. These treatments included docetaxel, abiraterone, enzalutamide,
cabazitaxel, and radium-223, all of which have significantly improved the
survival of newly diagnosed metastatic prostate cancer when given in
combination with androgen deprivation in randomised trials (15, 48, 189,
206, 209, 210). In addition, to decrease the possible further dissemination of
metastatic disease, study III patients received irradiation to lymph node
metastases and bone oligometastases as well as radiopharmaceuticals in
cases of widely disseminated bone metastases.

6.2.3 LIMITATIONS OF THE STUDY

Study III had several limitations. Firstly, it was a retrospective patient series.
Secondly, the patients received their treatment within a long follow-up
period and, thirdly, the total number of patients was small. Due to the above,
this study was prone to selection bias.

Fourthly, there was no centralised pathology review included in
the study, which generally increases the quality of a study by standardizing
the histopathologic evaluation of prostatic biopsies. Furthermore, as prostate
pathology is strongly associated with prostate cancer survival, consistent
pathologic accuracy has also a significant effect on treatment selection.
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Fifthly, many treatments used in study III were experimental
and exposed the patients to various adverse events in a nonrandomised
setting without certainty of any survival benefit. At the beginning of this
study, the only well-established treatment option for newly diagnosed
prostate cancer was androgen deprivation therapy. Also, the first promising
results of docetaxel in the treatment of metastatic prostate cancer emerged at
the end of the follow-up of study III. Thus, the rationale behind the
experimental approaches used in study III was the drastic need for new
treatment options for newly diagnosed hormone-sensitive metastatic
prostate cancer when taking into account its poor prognosis. Treating an 86-
year-old prostate cancer patient with radical radiation can be considered
experimental. However, all study patients were evaluated fit enough to
receive the given treatments and expected to benefit from them not only in
terms of survival but also in terms of their quality of life, as metastatic
disease is a source of significant morbidity. With regard to toxicity, the
multimodal treatment, including the experimental treatments, was as
expected and well-tolerated as stated above. Since the release of study III
results, there has been an emergence of several new treatment options for
newly diagnosed hormone-sensitive prostate cancer with a significant
survival benefit, albeit the prognosis of metastatic disease remains poor.

Seventhly, although all patients received androgen deprivation
therapy in combination with radical radiation, the confounding factor in this
study was the number of various other treatments the patients received.
Therefore, no reliable conclusions can be drawn regarding the study
outcomes. However, considering the excellent overall survival, an aggressive
treatment approach in newly diagnosed metastatic prostate cancer seems
appealing and deserves to be studied in a randomised setting.
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6.3 STUDY IV

6.3.1 EFFICACY

In study IV, adjuvant radiotherapy following radical prostatectomy
significantly prolonged the biochemical recurrence-free survival in pT2
patients with positive margins and in pT3 patients with or without positive
margins compared to surgery alone. This finding supports -earlier
randomised trials (117-119). In study IV, there was no difference between the
groups in terms of overall and metastatic-free survival. Out of these four
randomised trials, only SWOG found significant improvement in terms of
overall and metastatic-free survival in the adjuvant radiotherapy group.

Compared to study IV, the patients in the three previous
randomised studies had predominantly higher risk features. All three
included mainly > pT3 cancer patients as well as patients with seminal
vesicle invasion and postoperative PSA > 0.2 pg/l. In study IV, pT2NoMo
with positive margins or pT3NoMo (regardless of margins) prostate cancer
was an optimal subject for adjuvant radiotherapy, as the patients had some
adverse pathologic features (positive margins, extracapsular extension)
increasing the risk of disease progression, but not risk features commonly
treated as an ‘automatic’ indication for adjuvant radiotherapy. For example,
most of the patients with seminal vesicle invasion experience biochemical
recurrence following radical prostatectomy and therefore receive adjuvant
therapies (250).

In the case of detectable postoperative PSA (> 0.2 ug/l), the
primary radical treatment is generally deemed to be non-curative, and, thus,
radiation after surgery should be considered a salvage treatment. In study IV,
one of the inclusion criteria was postoperative PSA < 0.5 ug/l, as this was the
common threshold at the initiation of the trial, although, according to
current standards, the threshold should be < 0.2 pg/l. Nevertheless, in study
IV, 46% of the patients in the adjuvant group and 52% in the observation
group had preoperative PSA < 0.2 pg/l.

Instead of low-risk localised prostate cancer, for which surgery
or radiation are well-established as a monotherapy, the study IV patients had
a disease progressed to the border of the surgically removed prostate or
through the prostate gland yet not to the lymph nodes or further. Thus,
hypothetically, their cancer was still in an optimal phase to achieve cure with
the primary treatment. Compared to SWOG, EORTC, and ARO, most of the
patients’ prostate cancer in study IV was lower-risk; yet irradiation
significantly improved the biochemical recurrence-free survival—even in
patients with Gleason score < 7.
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6.3.2 ADJUVANT VERSUS SALVAGE
RADIOTHERAPY

While the results of randomised trials comparing adjuvant and salvage
radiation following radical prostatectomy (RADICALS, RAVES, GETUG-17)
are awaited, retrospective studies report controversial results. In some
studies, adjuvant radiotherapy appears superior to salvage radiation in terms
of biochemical relapse-free survival, freedom from distant metastases, and
overall survival (127, 128, 251). In other studies, adjuvant and salvage
radiation appear equally effective and, thus, these studies tend to support
salvage radiation due to the increased amount of adverse effects in adjuvant
radiation and a fear of overtreatment (125, 126, 252). In these retrospective
studies, patients had adverse pathologic features, such as > pT3, positive
margins, and seminal vesicle invasion (127, 128, 251).

The timing of salvage radiation is another matter of debate. In
observational data, early irradiation with PSAlevels < 0.5 pg/l appears
superior to late irradiation with PSA levels > 0.5 pg/1 (253). In patients with
more aggressive disease, early salvage radiation has resulted in better cancer
control when compared to patients with less adverse pathologic features
(254).

In study IV, 121 patients received adjuvant radiotherapy (five
declined radiation after randomisation), of which 106 remained progression-
free. In contrast, out of the 124 patients randomised in the observation
group, 37 received salvage radiation for protocol-defined progression, out of
which 28 achieved PSA remission. In addition, nine patients from the
observation group received salvage radiation for a progression not defined in
the protocol, with a median PSA of 0.4 pg/l (range 0.12—0.53 ng/l), after
which eight achieved PSA remission.

6.3.3 TOLERABILITY

As expected, in study IV, patients in the adjuvant group experienced
significantly more adverse events compared to patients in the observation
group. Although most of these were grade 1—2 and transient, 56% of the
patients in the adjuvant group experienced grade 3 events, compared to 40%
in the observation group. In addition, it is notable that grade 3 urethral
stricture was more than three times as common (12/126 vs. 3/124 patients),
and urinary incontinence more than twice (15/126 vs. 6/124) as common in
the adjuvant group compared to the observation group.

The findings were similar regarding patient-reported urinary
and intestinal toxicities (LENT-SOMA), although the patients reported more
grade 3-4 LENT-SOMA toxicities compared to CTCAE (Common
Terminology Criteria for Adverse Events version 4.03) events (231). When
comparing the toxicity gradings used in this study, LENT-SOMA showed a
pattern of higher grades compared to CTCAE. For instance, urinary
incontinence CTCAE grade 3 corresponds to LENT-SOMA grade 4, and
urinary frequency CTCAE grade 2 corresponds to LENT-SOMA grade 4. The

75



results are in line with previous studies, in which patient-reported outcomes
appear more severe when compared to adverse events recorded by physicians
and nurses (255). Of note, the delivery of radiotherapy has constantly
improved in its precision, allowing for speculation that, with modern
techniques, treatment-related toxicity would be even lower.
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Table 3. Study designs and main results of studies included in this
dissertation. The toxicity was unacceptable in study I, and acceptable
in studies II-IV.

Study | Study Adverse Stage of | Active Main
design pathologic | prostate | treatment | result
(number feature/ cancer | studied
of risk factor
patients) associated

with
prostate
cancer
recurrence
and/or
mortality

1 Phase I/1I EGFR cT2- Gefitinib in Modest
non- expression 3NoMo combination efficacy
randomised with radical (good PSA
trial (42) radiotherapy relapse-free

and overall
survival)

11 Phase II non- Biochemical Non- Gefitinib Modest
randomised recurrence metastatic | monotherapy | efficacy (in
trial (30) following radical | cancer terms of

prostatectomy increased
or radical PSA
radiotherapy, doubling
EGFR time)
expression

111 Retrospective | Metastatic Newly Multimodal Excellent
patient series prostate cancer | diagnosed | treatment overall
(46) metastatic | including survival

cancer androgen
deprivation
and radical
radiotherapy

IV Randomised Positive surgical | pT2NoMo | Adjuvant Significant
trial (250) margins or with radiotherapy improvement

extracapsular positive following in

extension margins or | radical biochemical
pT3NoMo | prostatectomy | recurrence-
with/ compared to free survival
without radical
positive prostatectomy
margins alone
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7 SUMMARY

7.1 RISK FACTORS IN STUDIES I-IV

Risk stratification varies between different studies and guidelines, although it
continues to be based on the three main established prognostic factors:
TNM-stage, Gleason score/ISUP grade group, and initial PSA. EGFR
overexpression (studies I and II) is associated with poor prognosis; however,
it is not an independent prognostic factor in prostate cancer (60). Metastatic
disease (study III), on the other hand, decreases the overall survival of newly
diagnosed patients significantly (12). Locally advanced prostate cancer
(extracapsular extension, study IV) is a significant risk factor for biochemical
recurrence, metastatic disease, and prostate cancer death (25, 26). Finally,
while decision-making should not be based solely on other adverse
pathologic features, such as positive margins (study IV), they can add
important value when choosing an optimal treatment.

7.2 CONCLUSIONS REGARDING ACTIVE
TREATMENT OPTIONS

Studies I and I

Regardless of the appealing concept behind EGFR tyrosine kinase
inhibition, promising results from preclinical prostate cancer studies,
and efficacy in non-small cell lung cancer, gefitinib showed only
modest efficacy as both a first-line treatment in combination with
radiotherapy (study I) and as a monotherapy upon biochemical
recurrence following local treatment (study II) in nonmetastatic
prostate cancer patients. Gefitinib had acceptable toxicity as a
monotherapy. In combination with radiation, the toxicity was
unacceptable when taking into account that most patients had low-
risk disease with an excellent prognosis even without any active
treatments, yet one third experienced grade 3-4 adverse event. To
date, study I appears to be the only clinical trial of gefitinib in
combination with radiotherapy in the context of prostate cancer, thus
providing notable insight into the safety and activity of this
combination. Potentially, in the future, a better understanding of the
complexity of the EGFR family, its pathophysiology, and the
downstream signalling pathways will also result in new treatment
combinations with gefitinib.
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Study ITI

In study III, all newly diagnosed metastatic prostate cancer patients
received androgen deprivation followed by radical radiotherapy. In
addition, several other, individually chosen treatments including
hormonal therapy, chemotherapy, radiopharmaceuticals, and
experimental approaches, complemented this active treatment
approach. The multimodal treatment strived for aggressive therapy
from the beginning of the diagnosis and led to good efficacy as well as
safety results. Despite being a retrospective patient series, the
excellent survival data encourages further research in the form of
randomised trials.

Study IV

In study IV, adjuvant radiotherapy following radical prostatectomy
caused more adverse events compared to surgery alone; yet, it was
generally well-tolerated and significantly prolonged the biochemical
progression-free survival in pT2NoMo prostate cancer with positive
surgical margins and in pT3NoMo cancer regardless of margins. In
terms of overall survival, adjuvant and salvage radiation appeared
equally effective. While metastatic and castration-resistant disease
occurred more frequently in the observation group, there were no
statistically significant difference between the treatments.
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8 FUTURE PERSPECTIVES

All study patients in this dissertation received local therapies. To date, the
role of radical prostatectomy and radical radiotherapy as a cornerstone of
nonmetastatic prostate cancer treatment appears strong regardless of due to
the discovery of several novel systemic treatment options. In addition to
radical treatments, active surveillance appears to be a well-established
treatment option for localised prostate cancer, especially in low-risk cases (4,
93, 256). Patients who have intermediate- to high-risk yet nonmetastatic
disease benefit from local therapies, commonly complemented with adjuvant
treatments (28, 109). Not until recently, did local therapies also show
promising efficacy in metastatic prostate cancer (38, 218, 221).

One concern regarding local therapies is the several long-term
side effects they can cause. Also, patients have to be physically fit enough to
receive these treatments. While there has been an emergence of various new,
systemic prostate cancer treatments during the past decades, at the same
time, the development of local therapies has been constant. Modern
radiotherapy techniques allow for higher and more accurate radiation
volumes administered to tumours while simultaneously sparing the healthy
tissues from unnecessary irradiation. One example is the golden fiducial
markers placed in the prostate gland to ensure accurate targeting of the
tumour and thus minimize the radiation of surrounding tissues (257). With
regard to surgery techniques, robot-assisted radical prostatectomy appears to
provide the best outcome in terms of negative margins as well as decreased
toxicity compared to open or laparoscopic surgery (104, 258).

Due to the excellent survival rate of low-risk localised prostate
cancer, its current research focuses on reducing the toxicity of current
treatment options and finding new focal therapies in order to preserve good
cancer control with the minimised exposure of healthy tissues (259). At the
same time, research on metastatic prostate cancer concentrates on aggressive
therapies and multimodal treatments, with the aim of increasing the current
poor survival of these patients. What lies between low-risk localised and
metastatic prostate cancer is a heterogeneous group of prostate cancer
patients with varying risk-profiles and prognosis. These patients have
adverse pathologic features or risk factors that are associated with disease
progression and/or mortality. Consequently, there is often a lack of
consensus regarding optimal treatment as well.

One of the aims of future cancer research is to achieve accurate
risk-profiling of prostate cancer patients. Heredity and germline mutations
contribute to the aggressiveness of prostate cancer; thus, genomic profiling
can be recommended for patients with suspicious histology or family history,
or those with known high-risk germline mutations in the family (260-263).
The further genetic profiling of germline variants may enable more accurate
prognostic evaluation and guide treatment decisions in all prostate cancer
patients in the future (264, 265).

Increased understanding of genetic variations and their
signalling pathways in the progression of prostate cancer as well as the
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identification of new genetic mutations will help provide targets for novel
therapies (266). One of the most promising approaches to prostate cancer
treatment is immunotherapy; however, it appears to show efficacy only in a
proportion of patients (267). Enhancing knowledge of germline and somatic
alterations and their impact on the development of prostate cancer into a
lethal disease enables specific, treatment-dependent patient selection (266,
268). This kind of treatment planning, based on patient’s individual tumour
characteristics, aims to improved cancer control among those who are
expected to respond to the treatment and spares patients with no specified
genetic alterations from overtreatment (265). Although the association
between prostate cancer and EGFR mutations remains unclear, one example
of personalised treatment is EGFR-targeted therapies, which serve as a first-
line treatment option for non-small-cell lung cancer patients with detected
EGFR mutations (269).

In conclusion, future active prostate cancer treatment will
include local as well as systemic therapies, often complementing each other.
The development of response and surrogate biomarkers has the potential to
guide treatment decisions as well as post-treatment management (270—273).
In addition, increasing understanding of the molecular biology of prostate
cancer provides a pivotal platform for the ongoing development of novel
therapies. Consequently, future treatment planning will be able to be based
on individual disease characteristics and their known responsiveness to
available treatments. Finally, the constant development of active prostate
cancer treatment options enables decreasing treatment toxicity, better cancer
control, and, hopefully, more curative options—even for patients with high-
risk or advanced disease.
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Figure 5. Current status and future perspectives of prostate cancer
treatment. Simplified algorithm for choosing the treatment for newly
diagnosed prostate cancer based on current research, and future research
perspectives.

[ Newly diagnosed prostate cancer J

/ Risk stratification:
. e TNM stage
‘ I EEERIELE ] e Gleason score/ISUP gra

/ O\ « PSA

Low-risk / High-risk /
localised locally advanced

v v
Active External beam radiotherapy +
surveillance* androgen deprivation or

(R ) brachytherapy + androgen deprivation
External (OR)
beam -
radiotherapy Radical prostatectomy +
androgen deprivation or

<0R> external beam radiotherapy or
androgen deprivation + external beam radiothenapy

Brachytherapy
(OR ) ]
g Adverse [ Metastatic ]
Radical pathologic
prostatectomy features $
Androgen deprivation +
docetaxel or
/ N abiraterone + prednisone or
Future perspectives of apalutamide or
active treatment of prostate enzalutamide
cancer
e Multimodal therapies | (OR}
e Novel systemic therapies | External beam radiotherapy +
e Precision medicine androgen deprivation

o germline testing
o somatic tumour testing

o biomarkers + /- Treatment of
o individually tailored bone metastases:
therapies and zoledronic acid or
e denosumab or
management .
radium-223

*In the case of Gleason score < 6. Consider in the case of Gleason score 3+4 and < T2.

ISUP = The International Society of Urological Pathology; PSA = prostate-specific antigen;
TNM = tumour, node, metastasis

82



9 ACKNOWLEDGEMENTS

First and foremost, I want to express my humble gratitude to all the prostate
cancer patients who participated in the studies and made this research
possible. 1 also want to thank the Finnish Medical Foundation, Finnish
Cancer Organization, and Ida Montini Foundation for financially supporting
this research.

My deepest gratitude goes to my supervisor, Professor Akseli Hemminki.
During my first summer job as a med school student, you made a huge
impression on me as a passionate and humane researcher and a clinician.
After more than ten years, I'm still a fan of yours and won’t stop admiring
your enthusiasm for cancer research. Thank you for your patience, for always
responding to my e-mails promptly, and for your firm guidance throughout
this project. It has been such a privilege to grow academically with you as my
supervisor.

I am equally grateful to my second supervisor, Professor Kimmo
Taari. Since the day we met, I've looked up to your everlasting optimism and
wisdom. Thank you for providing me with the facilities to carry out this
research, enhancing my academic knowledge with your guidance, and always
asking how I've been doing.

I also want to express my gratitude to all my co-authors for your
expertise and comments, which raised the level of this research. My warmest
thanks go to Tiina Luukkaala, who gently guided me through the world of
biostatistics. I am deeply grateful for your invaluable help and constructive
comments. Docents Mauri Kouri and Mika Matikainen, thank you for your
valuable advice and support. Sari Pesonen, thank you for your kind guidance
with the statistics and figures in my first publications. I would also like to
extend my thanks to Arto Salonen for welcoming me to Kuopio and kindly
providing me with the facilities to finish the data collection.

I deeply appreciate all the research nurses involved in these
studies; without your contribution this research would have been impossible.
My sincerest thanks go to Arja Vilkko and Merja Rignell for always being
available and helping me when I was finding myself at a dead end.

Professor Per-Anders Abrahamsson, thank you for the
encouraging words and thoughts you have shared with me, it has been an
honour.

I am truly grateful for my reviewers, Docents Mika Raitanen and
Mikael Leppilahti, for your close reading and constructive comments, which
significantly improved the outcome of this dissertation.

Docent Timo Muhonen, I will be forever grateful for having you
as my opponent. Thank you for your open-mindedness and finding the time
for me. I feel deeply honoured to be a part of an academic community that
has people like you. Thank you!

83



To all my friends, I can’t express enough how grateful I am for you. Thank
you for accepting me as I am and waiting for the big party for all these years;
I'll make it up to you!

I also want to thank all members of the Hackman family for your
support and encouragement. Thank you for welcoming me with open arms—
life as a Hackman is good.

Dad, thank you for being the driving force of this research as well
as for many other cancer studies in the past and future. You're the pro!
Thank you for always answering me and always believing in me. Mom, thank
you for your endless love and for making me see joy in the smallest things.
Kaisa-mummo, thank you for always supporting me with love. Ruut, Matti,
little Freja, and Eerik, thank you for the laughter that makes everything else
disappear.

Above all, my deepest love goes to my talented husband, Mikko.
I'll never stop admiring the way you treat other people with kindness, your
bottomless knowledge on everything, and the way you inspire other people
on the football field and in life. With this little project of mine, you've been
my support system, voice of wisdom, statistician, and peer reviewer; thank
you from the bottom of my heart. Life is always better with you. Lastly, our
little man, Hugo, thank you for giving me some extra motivation to finish this
work. I can’t wait for our adventures with you to infinity and beyond. I love
you guys to bits!

Kuopio, April 2021

Greetta Hackman

84



10 REFERENCES

10.

11.

12,

F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre, A. Jemal.
Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA. Cancer J.
Clin. 68, 394—424 (2018).

J. Pitkaniemi, N. Malila, A. Virtanen, H. Degerlund, S. Heikkinen, K.
Seppa. Syopd 2018. Tilastoraportti Suomen syopdtilanteesta. Suomen
Syopdyhdistyksen julkaisuja nro 93. Suomen Syopdyhdistys, Helsinki
(2020).

K. D. Miller, L. Nogueira, A. B. Mariotto, J. H. Rowland, K. R. Yabroff,
C. M. Alfano, A. Jemal, J. L. Kramer, R. L. Siegel. Cancer treatment
and survivorship statistics, 2019. CA. Cancer J. Clin. 69, 363—385
(2019).

F. C. Hamdy, J. L. Donovan, J. A. Lane, M. Mason, C. Metcalfe, P.
Holding, M. Davis, T. J. Peters, E. L. Turner, R. M. Martin, J. Oxley, M.
Robinson, J. Staffurth, E. Walsh, P. Bollina, J. Catto, A. Doble, A.
Doherty, D. Gillatt, R. Kockelbergh, H. Kynaston, A. Paul, P. Powell, S.
Prescott, D. J. Rosario, E. Rowe, D. E. Neal. 10-Year Outcomes after
Monitoring, Surgery, or Radiotherapy for Localized Prostate Cancer. N.
Engl. J. Med. 375, 1415—1424 (2016).

J. Rees, B. Patel, R. Macdonagh, R. Persad. Cryosurgery for prostate
cancer. BJU Int. 93, 710—714 (2004).

E. R. Cordeiro, X. Cathelineau, S. Thiiroff, M. Marberger, S. Crouzet, J.
J. M. C. H. De La Rosette. High-intensity focused ultrasound (HIFU)
for definitive treatment of prostate cancer. BJU Int. 110, 1228—1242
(2012).

O. Yossepowitch, S. E. Eggener, A. M. Serio, B. S. Carver, F. J. Bianco,
P. T. Scardino, J. A. Eastham. Secondary Therapy, Metastatic
Progression, and Cancer-Specific Mortality in Men with Clinically
High-Risk Prostate Cancer Treated with Radical Prostatectomy. Eur.
Urol. 53, 950—959 (2008).

H. Hauswald, M. R. Kamrava, J. M. Fallon, P. C. Wang, S. J. Park, T.
Van, L. Borja, M. L. Steinberg, D. Jeffrey Demanes. High-dose-rate
monotherapy for localized prostate cancer: 10-year results. Int. J.
Radiat. Oncol. Biol. Phys. 94, 667—674 (2016).

D. Thurtle, S. H. Rossi, B. Berry, P. Pharoah, V. J. Gnanapragasam.
Models predicting survival to guide treatment decision-making in
newly diagnosed primary non-metastatic prostate cancer: A systematic
review. BMJ Open. 9 (2019)

R. M. Simon, J. K. Salama, S. J. Freedland. Radical prostatectomy
versus radiation therapy: can pretreatment nomograms be used to
select the appropriate prostate cancer treatment? Eur. Urol. 67, 210—
211 (2015).

O. Sartor, J. S. De Bono. Metastatic prostate cancer. N. Engl. J. Med.
378, 645—657 (2018).

N. D. James, M. R. Spears, N. W. Clarke, D. P. Dearnaley, J. S. De

85



13.

14.

15.

16.

17.

Bono, J. Gale, J. Hetherington, P. J. Hoskin, R. J. Jones, R. Laing, J. F.
Lester, D. McLaren, C. C. Parker, M. K. B. Parmar, A. W. S. Ritchie, J.
M. Russell, R. T. Strebel, G. N. Thalmann, M. D. Mason, M. R. Sydes.
Survival with newly diagnosed metastatic prostate cancer in the
docetaxel era: Data from 917 patients in the control arm of the
STAMPEDE Trial (MRC PR0o8, CRUK/06/019). Eur. Urol. 67, 1028—
1038 (2015).

N. D. James, M. R. Sydes, N. W. Clarke, M. D. Mason, D. P. Dearnaley,
M. R. Spears, A. W. S. Ritchie, C. C. Parker, J. M. Russell, G. Attard, J.
De Bono, W. Cross, R. J. Jones, G. Thalmann, C. Amos, D. Matheson,
R. Millman, M. Alzouebi, S. Beesley, A. J. Birtle, S. Brock, R.
Cathomas, P. Chakraborti, S. Chowdhury, A. Cook, T. Elliott, J. Gale, S.
Gibbs, J. D. Graham, J. Hetherington, R. Hughes, R. Laing, F.
McKinna, D. B. McLaren, J. M. O’Sullivan, O. Parikh, C. Peedell, A.
Protheroe, A. J. Robinson, N. Srihari, R. Srinivasan, J. Staffurth, S.
Sundar, S. Tolan, D. Tsang, J. Wagstaff, M. K. B. Parmar. Addition of
docetaxel, zoledronic acid, or both to first-line long-term hormone
therapy in prostate cancer (STAMPEDE): Survival results from an
adaptive, multiarm, multistage, platform randomised controlled trial.
Lancet. 387, 1163—1177 (2016).

G. Gravis, J. M. Boher, F. Joly, M. Soulié, L. Albiges, F. Priou, I
Latorzeff, R. Delva, I. Krakowski, B. Laguerre, F. Rolland, C. Théodore,
G. Deplanque, J. M. Ferrero, S. Culine, L. Mourey, P. Beuzeboc, M.
Habibian, S. Oudard, K. Fizazi. Androgen Deprivation Therapy (ADT)
Plus Docetaxel Versus ADT Alone in Metastatic Non castrate Prostate
Cancer: Impact of Metastatic Burden and Long-term Survival Analysis
of the Randomized Phase 3 GETUG-AFU15 Trial. Eur. Urol. 70, 256—
262 (2016).

C. E. Kyriakopoulos, Y. H. Chen, M. A. Carducci, G. Liu, D. F. Jarrard,
N. M. Hahn, D. H. Shevrin, R. Dreicer, M. Hussain, M. Eisenberger, M.
Kohli, E. R. Plimack, N. J. Vogelzang, J. Picus, M. M. Cooney, J. A.
Garcia, R. S. DiPaola, C. J. Sweeney. Chemohormonal therapy in
metastatic hormone-sensitive prostate cancer: long-term survival
analysis of the randomized phase III E3805 chaarted trial. J. Clin.
Oncol. 36,1080-1087 (2018).

N. Mottet, P. Cornford, R.C.N. van den Bergh, E. Briers, M. De Santis,
S. Fanti, S. Gillessen, J. Grummet, A.M. Henry, T.B. Lam, M.D. Mason,
T.H. van der Kwast, H.G. van der Poel, O. Rouviére, I.G. Schoots, D.
Tilki, T. Wiegel, T. Van den Broeck, M. Cumberbatch, N. Fossati, G.
Gandaglia, N. Grivas, M. Lardas, M. Liew, L. Moris, D.E. Oprea-Lager,
P-P.M. Willemse. “The European Association of Urology Prostate
Cancer Guidelines.” (2020).

D. Freedman-Cass, D. A. Shead, E. Schaeffer, E. S. Antonarakis, A. J.
Armstrong, J. E. Bekelman, H. Cheng, A. D. Victor, B. J. Davis, T.
Dorff, J. A. Eastham, T. A. Farrington, X. Gao, C. S. Higano, E. Mark
Horwitz, J. E. Ippolito, C. J. Kane, M. R. Kuettel, J. M. Lang, J.
McKenney, G. Netto, D. F. Penson, J. M. Pow-Sang, S. Richey, M.
Roach, S. Rosenfeld, A. Shabsigh, D. E. Spratt, B. A. Teply, J. Tward.
“National Comprehensive Cancer Network Clinical Practice Guidelines
in Oncology. Prostate Cancer. Version 2.2020.” (2020).

86



18.

19.

20.

21.

22,

23.

24.

25.

26.

A. V. D’Amico, R. Whittington, S. B. Malkowicz, D. Schultz, K. Blank,
G. A. Broderick, J. E. Tomaszewski, A. A. Renshaw, 1. Kaplan, C. J.
Beard, A. Wein, S. Bruce Malkowicz, D. Schultz, K. Blank, G. A.
Broderick, J. E. Tomaszewski, A. A. Renshaw, I. Kaplan, C. J. Beard, A.
Wein. Biochemical outcome after radical prostatectomy, external beam
radiation therapy, or interstitial radiation therapy for -clinically
localized prostate cancer. JAMA. 280, 969—974 (1998).

A. V. D’Amico, J. Moul, P. R. Carroll, L. Sun, D. Lubeck, M. H. Chen.
Cancer-specific mortality after surgery or radiation for patients with
clinically localized prostate cancer managed during the prostate-
specific antigen era. J. Clin. Oncol. 21, 2163—2172 (2003).

M. R. Cooperberg, J. F. Hilton, P. R. Carroll. The CAPRA-S score: A
straightforward tool for improved prediction of outcomes after radical
prostatectomy. Cancer. 117, 5039—5046 (2011).

A. S. Kibel, J. P. Ciezki, E. A. Klein, C. A. Reddy, J. D. Lubahn, J.
Haslag-Minoff, J. O. Deasy, J. M. Michalski, D. Kallogjeri, J. F.
Piccirillo, D. M. Rabah, C. Yu, M. W. Kattan, A. J. Stephenson. Survival
among men with clinically localized prostate cancer treated with
radical prostatectomy or radiation therapy in the prostate specific
antigen era. J. Urol. 187, 1250—1265 (2012).

N. Mendhiratta, T. Lee, V. Prabhu, E. Llukani, H. Lepor. 10-Year
Mortality after Radical Prostatectomy for Localized Prostate Cancer in
the Prostate-specific Antigen Screening Era. Urology. 86, 783-789
(2015).

M. D. Mason, W. R. Parulekar, M. R. Sydes, M. Brundage, P. Kirkbride,
M. Gospodarowicz, R. Cowan, E. C. Kostashuk, J. Anderson, G.
Swanson, M. K. B. Parmar, C. Hayter, G. Jovic, A. Hiltz, J.
Hetherington, J. Sathya, J. B. P. Barber, M. McKenzie, S. El-Sharkawi,
L. Souhami, P. D. J. Hardman, B. E. Chen, P. Warde. Final report of
the intergroup randomized study of combined androgen-deprivation
therapy plus radiotherapy versus androgen-deprivation therapy alone
in locally advanced prostate cancer. J. Clin. Oncol. 33, 2143—2150
(2015).

A. Martini, G. Gandaglia, R. J. Karnes, E. Zaffuto, M. Bianchi, P.
Gontero, P. Chlosta, C. Gratzke, M. Graefen, D. Tilki, V. Cucchiara, V.
Mirone, B. Kneitz, R. Sanchez Salas, H. Van Der Poel, B. Tombal, M.
Spahn, T. S. Joniau, F. Montorsi, A. Briganti. Defining the Most
Informative Intermediate Clinical Endpoints for Predicting Overall
Survival in Patients Treated with Radical Prostatectomy for High-risk
Prostate Cancer. Eur. Urol. Oncol. 2, 456—463 (2019).

N. Suardi, V. Ficarra, P. Willemsen, P. De Wil, A. Gallina, G. De
Naeyer, P. Schatteman, F. Montorsi, P. Carpentier, A. Mottrie. Long-
term biochemical recurrence rates after robot-assisted radical
prostatectomy: analysis of a single-center series of patients with a
minimum follow-up of 5 years. Urology. 79, 133—138 (2012).

W. U. Shipley, W. Seiferheld, H. R. Lukka, P. P. Major, N. M. Heney, D.
J. Grignon, O. Sartor, M. P. Patel, J.-P. Bahary, A. L. Zietman, T. M.
Pisansky, K. L. Zeitzer, C. A. F. F. Lawton, F. Y. Feng, R. D. Lovett, A.
G. Balogh, L. Souhami, S. A. Rosenthal, K. J. Kerlin, J. J. Dignam, S. L.
Pugh, H. M. Sandler. Radiation with or without Antiandrogen Therapy

87



27.

28.

29.

30.

31.

32.

33-

34.

35-

36.

in Recurrent Prostate Cancer. N. Engl. J. Med. 376, 417—428 (2017).

S. E. Eggener, P. T. Scardino, P. C. Walsh, M. Han, A. W. Partin, B. J.
Trock, Z. Feng, D. P. Wood, J. A. Eastham, O. Yossepowitch, D. M.
Rabah, M. W. Kattan, C. Yu, E. A. Klein, A. J. Stephenson. Predicting
15-year prostate cancer specific mortality after radical prostatectomy.
J. Urol. 185, 869—875 (2011).

A. Widmark, O. Klepp, A. Solberg, J. E. Damber, A. Angelsen, P.
Fransson, J. A. Lund, I. Tasdemir, M. Hoyer, F. Wiklund, S. D. Fossa.
Endocrine treatment, with or without radiotherapy, in locally advanced
prostate cancer (SPCG-7/SFUO-3): an open randomised phase III trial.
Lancet. 373, 301—308 (2009).

J. W. Denham, A. Steigler, D. S. Lamb, D. Joseph, S. Turner, J.
Matthews, C. Atkinson, J. North, D. Christie, N. A. Spry, K. H. Tai, C.
Wynne, C. D’Este. Short-term neoadjuvant androgen deprivation and
radiotherapy for locally advanced prostate cancer: 10-year data from
the TROG 96.01 randomised trial. Lancet Oncol. 12, 451—459 (2011).

L. Zhang, B. Wu, Z. Zha, H. Zhao, J. Yuan, Y. Jiang, W. Yang. Surgical
margin status and its impact on prostate cancer prognosis after radical
prostatectomy: a meta-analysis. World J. Urol. 36, 1803—1815 (2018).
M. A. Roder, S. Kawa, T. Scheike, B. G. Toft, J. B. Hansen, K. Brasso, B.
Vainer, P. Iversen. Non-apical positive surgical margins after radical
prostatectomy for pT2 prostate cancer is associated with the highest
risk of recurrence. J. Surg. Oncol. 109, 818—822 (2014).

B. F. Chapin, J. N. Nguyen, M. F. Achim, N. Navai, S. B. Williams, I. N.
Prokhorova, X. Wang, E. M. L. L. N. Tapia, J. W. Davis, P. Troncoso.
Positive margin length and highest Gleason grade of tumor at the
margin predict for biochemical recurrence after radical prostatectomy
in patients with organ-confined prostate cancer. Prostate Cancer
Prostatic Dis. 21, 221—227 (2018).

A. J. Stephenson, P. T. Scardino, J. A. Eastham, F. J. Bianco, Z. A.
Dotan, C. J. DiBlasio, A. Reuther, E. A. Klein, M. W. Kattan.
Postoperative nomogram predicting the 10-year probability of prostate
cancer recurrence after radical prostatectomy. J. Clin. Oncol. 23,
7005—7012 (2005).

J. L. Wright, B. L. Dalkin, L. D. True, W. J. Ellis, J. L. Stanford, P. H.
Lange, D. W. Lin. Positive Surgical Margins at Radical Prostatectomy
Predict Prostate Cancer Specific Mortality. J. Urol. 183, 2213—2218
(2010).

R. Kvéle, T. Myklebust, S. D. Fossa, K. Aas, C. Ekanger, S. 1. Helle, A.
Honoré, B. Mgller. Impact of positive surgical margins on secondary
treatment, palliative radiotherapy and prostate cancer-specific
mortality. A population-based study of 13 198 patients. Prostate. 79,
1852-1860 (2019).

R. J. Bryant, J. Oxley, G. J. Young, J. A. Lane, C. Metcalfe, M. Davis, E.
L. Turner, R. M. Martin, J. R. Goepel, M. Varma, D. F. Griffiths, K.
Grigor, N. Mayer, A. Y. Warren, S. Bhattarai, J. Dormer, M. Mason, J.
Staffurth, E. Walsh, D. J. Rosario, J. W. F. Catto, D. E. Neal, J. L.
Donovan, F. C. Hamdy, P. Bollina, A. Doble, A. Doherty, D. Gillatt, V.
Gnanapragasam, O. Hughes, R. Kockelbergh, H. Kynaston, A. Paul, E.
Paez, E. Rowe. The ProtecT trial: analysis of the patient cohort,

88



37

38.

39-

40.

41.

42.

43.

44.

45.

baseline risk stratification and disease progression. BJU Int. 125, 506—
514 (2020).

P. E. Marchetti, S. Shikanov, A. A. Razmaria, G. P. Zagaja, A. L.
Shalhav. Impact of prostate weight on probability of positive surgical
margins in patients with low-risk prostate cancer after robotic-assisted
laparoscopic radical prostatectomy. Urology. 77, 677—681 (2011).

C. C. Parker, N. D. James, C. D. Brawley, N. W. Clarke, A. P. Hoyle, A.
Ali, A. W. S. Ritchie, G. Attard, S. Chowdhury, W. Cross, D. P.
Dearnaley, S. Gillessen, C. Gilson, R. J. Jones, R. E. Langley, Z. 1.
Malik, M. D. Mason, D. Matheson, R. Millman, J. M. Russell, G. N.
Thalmann, C. L. Amos, R. Alonzi, A. Bahl, A. Birtle, O. Din, H. Douis,
C. Eswar, J. Gale, M. R. Gannon, S. Jonnada, S. Khaksar, J. F. Lester,
J. M. O’Sullivan, O. A. Parikh, I. D. Pedley, D. M. Pudney, D. J.
Sheehan, N. N. Srihari, A. T. H. Tran, M. K. B. Parmar, M. R. Sydes.
Radiotherapy to the primary tumour for newly diagnosed, metastatic
prostate cancer (STAMPEDE): a randomised controlled phase 3 trial.
Lancet. 392, 2353—2366 (2018).

S. Woo, C. H. Suh, S. Y. Kim, J. Y. Cho, S. H. Kim. Diagnostic
Performance of Magnetic Resonance Imaging for the Detection of Bone
Metastasis in Prostate Cancer: A Systematic Review and Meta-analysis.
Eur. Urol. 73, 81—91 (2018).

F. E. von Eyben, K. Kairemo. Meta-analysis of (11)C-choline and (18)F-
choline PET/CT for management of patients with prostate cancer.
Nucl. Med. Commun. 35, 221—230 (2014).

H. Wu, T. Xu, X. Wang, Y. B. Yu, Z. Y. Fan, D. X. Li, L. Luo, X. C. Yang,
W. Jiao, H. T. Niu. Diagnostic performance of 68gallium labelled
prostate-specific membrane antigen positron emission
tomography/computed tomography and magnetic resonance imaging
for staging the prostate cancer with intermediate or high risk prior to
radical prostatectomy: . World J. Mens. Health. 38, 208—219 (2020).
N. M. Passoni, H. Fajkovic, E. Xylinas, L. Kluth, C. Seitz, B. D.
Robinson, M. Rouprét, F. K. Chun, Y. Lotan, C. G. Roehrborn, J. J.
Crivelli, P. I. Karakiewicz, D. S. Scherr, M. Rink, M. Graefen, P.
Schramek, A. Briganti, F. Montorsi, A. Tewari, S. F. Shariat. Prognosis
of patients with pelvic lymph node (LN) metastasis after radical
prostatectomy: Value of extranodal extension and size of the largest LN
metastasis. BJU Int. 114, 503—510 (2014).

S. Daneshmand, M. L. Quek, J. P. Stein, G. Lieskovsky, J. Cai, J. Pinski,
E. C. Skinner, D. G. Skinner. Prognosis of patients with lymph node
positive prostate cancer following radical prostatectomy: Long-term
results. J. Urol. 172, 2252—2255 (2004).

A. Briganti, J. R. Karnes, L. F. Da Pozzo, C. Cozzarini, A. Gallina, N.
Suardi, M. Bianchi, M. Freschi, C. Doglioni, F. Fazio, P. Rigatti, F.
Montorsi, M. L. Blute. Two Positive Nodes Represent a Significant Cut-
off Value for Cancer Specific Survival in Patients with Node Positive
Prostate Cancer. A New Proposal Based on a Two-Institution
Experience on 703 Consecutive N+ Patients Treated with Radical
Prostatectomy, Extended Pelvic Lymph Node Dissection and Adjuvant
Therapy. Eur. Urol. 55, 261—270 (2009).

N. M. Passoni, F. Abdollah, N. Suardi, A. Gallina, M. Bianchi, M.

&9



46.

47.

48.

49.

50.

51.

52.

53-

54.

55-

Tutolo, N. Fossati, G. Gandaglia, A. Salonia, M. Freschi, P. Rigatti, F.
Montorsi, A. Briganti. Head-to-head comparison of lymph node
density and number of positive lymph nodes in stratifying the outcome
of patients with lymph node-positive prostate cancer submitted to
radical prostatectomy and extended lymph node dissection. Urol.
Oncol. Semin. Orig. Investig. 32, 29.e21-29.e28 (2014).

C. J. Sweeney, Y.-H. Chen, M. Carducci, G. Liu, D. F. Jarrard, M.
Eisenberger, Y.-N. Wong, N. Hahn, M. Kohli, M. M. Cooney, R.
Dreicer, N. J. Vogelzang, J. Picus, D. Shevrin, M. Hussain, J. A. Garcia,
R. S. DiPaola. Chemohormonal Therapy in Metastatic Hormone-
Sensitive Prostate Cancer. N. Engl. J. Med. 373, 737—746 (2015).

M. Hussain, C. M. Tangen, C. Higano, P. F. Schelhammer, J. Faulkner,
E. D. Crawford, G. Wilding, A. Akdas, E. J. Small, B. Donnelly, G.
MacVicar, D. Raghavan. Absolute prostate-specific antigen value after
androgen deprivation is a strong independent predictor of survival in
new metastatic prostate cancer: Data from Southwest Oncology Group
trial 9346 (INT-0162). J. Clin. Oncol. 24, 3084-3990 (2006).

K. Fizazi, N. Tran, L. Fein, N. Matsubara, A. Rodriguez-Antolin, B. Y.
Alekseev, M. Ozgiiroglu, D. Ye, S. Feyerabend, A. Protheroe, P. De
Porre, T. Kheoh, Y. C. Park, M. B. Todd, K. N. Chi. Abiraterone plus
Prednisone in Metastatic, Castration-Sensitive Prostate Cancer. N.
Engl. J. Med. 377, 352—360 (2017).

P. A. Kupelian, J. Katcher, H. S. Levin, E. A. Klein. Stage T1-2 prostate
cancer: A multivariate analysis of factors affecting biochemical and
clinical failures after radical prostatectomy. Int. J. Radiat. Oncol. Biol.
Phys. 37, 1043—-1052 (1997).

R. E. Mitchell, M. Desai, J. B. Shah, C. A. Olsson, M. C. Benson, J. M.
McKiernan. Preoperative Serum Prostate Specific Antigen Remains a
Significant Prognostic Variable in Predicting Biochemical Failure After
Radical Prostatectomy. J. Urol. 175, 1663—1667 (2006).

L. Tosco, A. Briganti, A. V. D’amico, J. Eastham, M. Eisenberger, M.
Gleave, K. Haustermans, C. J. Logothetis, F. Saad, C. Sweeney, M. E.
Taplin, K. Fizazi. Systematic Review of Systemic Therapies and
Therapeutic Combinations with Local Treatments for High-risk
Localized Prostate Cancer. Eur. Urol. 75, 44—60 (2019).

M. Spahn, S. Joniau, P. Gontero, S. Fieuws, G. Marchioro, B. Tombal,
B. Kneitz, C. Y. Hsu, K. Van Der Eeckt, P. Bader, D. Frohneberg, A.
Tizzani, H. Van Poppel. Outcome Predictors of Radical Prostatectomy
in Patients With Prostate-Specific Antigen Greater Than 20 ng/ml: A
European Multi-Institutional Study of 712 Patients. Eur. Urol. 58, 1—7
(2010).

D. Tilki, P. Mandel, P. I. Karakiewicz, A. Heinze, H. Huland, M.
Graefen, S. Knipper. The impact of very high initial PSA on oncological
outcomes after radical prostatectomy for clinically localized prostate
cancer. Urol. Oncol. Semin. Orig. Investig. 38, 379—385 (2020).

A. 1. Hinev, D. Anakievski, V. I. Hadjiev. Radical prostatectomy as a
first-line treatment in patients with initial PSA >20 ng/mL. Int. J.
Surg. Oncol. 2012 (2012)

H. Samaratunga, B. Delahunt, J. Yaxley, J. R. Srigley, L. Egevad. From
Gleason to International Society of Urological Pathology (ISUP)

90



56.

57

58.

59-

60.

61.

62.

63.

64.

65.

66.

grading of prostate cancer. Scand. J. Urol. 50, 325—329 (2016).

J. I. Epstein, L. Egevad, M. B. Amin, B. Delahunt, J. R. Srigley, P. A.
Humphrey. The 2014 international society of urological pathology
(ISUP) consensus conference on gleason grading of prostatic
carcinoma definition of grading patterns and proposal for a new
grading system. Am. J. Surg. Pathol. 40, 244—-252 (2016).

T. T. Tolonen, P. M. Kujala, T. L. Tammela, V. J. Tuominen, J. J. Isola,
T. Visakorpi. Overall and worst gleason scores are equally good
predictors of prostate cancer progression. BMC Urol. 11 (2011)

J. Grogan, R. Gupta, K. L. Mahon, P. D. Stricker, A. M. Haynes, W.
Delprado, J. Turner, L. G. Horvath, J. G. Kench. Predictive value of the
2014 International Society of Urological Pathology grading system for
prostate cancer in patients undergoing radical prostatectomy with
long-term follow-up. BJU Int. 120, 651—658 (2017).

S. Knipper, C. Palumbo, A. Pecoraro, G. Rosiello, Z. Tian, A. Briganti,
K. C. Zorn, F. Saad, D. Tilki, M. Graefen, P. I. Karakiewicz. Survival
outcomes of radical prostatectomy vs. external beam radiation therapy
in prostate cancer patients with Gleason Score 9-10 at biopsy: A
population-based analysis. Urol. Oncol. Semin. Orig. Investig. 38,
79.€9-79.e14 (2020).

T. Schlomm, P. Kirstein, L. Iwers, B. Daniel, T. Steuber, J. Walz, F. H.
K. Chun, A. Haese, J. Kollermann, M. Graefen, H. Huland, G. Sauter,
R. Simon, A. Erbersdobler. Clinical significance of epidermal growth
factor receptor protein overexpression and gene copy number gains in
prostate cancer. Clin. Cancer Res. 13, 6579—6584 (2007).

K. C. Day, G. L. Hiles, M. Kozminsky, S. J. Dawsey, A. Paul, L. J.
Broses, R. Shah, L. P. Kunja, C. Hall, N. Palanisamy, S. Daignault-
Newton, L. El-Sawy, S. J. Wilson, A. Chou, K. W. Ignatoski, E. Keller,
D. Thomas, S. Nagrath, T. Morgan, M. L. Day. HER2 and EGFR
overexpression support metastatic progression of prostate cancer to
bone. Cancer Res. 77, 74—85 (2017).

R. B. Shah, D. Ghosh, J. T. Elder. Epidermal growth factor receptor
(ErbBI) expression in prostate cancer progression: Correlation with
androgen independence. Prostate. 66, 1437—1444 (2006).

C. Peraldo-Neia, G. Migliardi, M. Mello-Grand, F. Montemurro, R.
Segir, Y. Pignochino, G. Cavalloni, B. Torchio, L. Mosso, G. Chiorino,
M. Aglietta. Epidermal Growth Factor Receptor (EGFR) mutation
analysis, gene expression profiling and EGFR protein expression in
primary prostate cancer. BMC Cancer. 11 (2011)

T. Zellweger, C. Ninck, M. Bloch, M. Mirlacher, P. A. Koivisto, H. J.
Helin, M. J. Mihatsch, T. C. Gasser, L. Bubendorf. Expression patterns
of potential therapeutic targets in prostate cancer. Int. J. Cancer. 113,
619—628 (2005).

T. Visakorpi, O. P. Kallioniemi, Koivula T, Harvey J, Isola J, T. Koivula,
J. Harvey, J. Isola. Expression of epidermal growth factor receptor and
ERBB2 (HER-2/Neu) oncoprotein in prostatic carcinomas. Mod.
Pathol. an Off. J. United States Can. Acad. Pathol. Inc. 5, 643—648
(1992).

G. Di Lorenzo, G. Tortora, F. P. D’Armiento, G. De Rosa, S. Staibano,
R. Autorino, M. D’Armiento, M. De Laurentiis, S. De Placido, G.

91



67.

68.

69.

70.

71.

72.

73-

74.

75:

76.

77-

Catalano, A. R. Bianco, F. Ciardiello. Expression of epidermal growth
factor receptor correlates with disease relapse and progression to
androgen-independence in human prostate cancer. Clin. Cancer Res.
8, 3438—3444 (2002).

S. Gil-Diez De Medina, L. Salomon, M. Colombel, C. C. Abbou, J.
Bellot, J. P. Thiery, F. Radvanyi, T. H. Van Der Kwast, D. K. Chopin.
Modulation of cytokeratin subtype, EGF receptor, and androgen
receptor expression during progression of prostate cancer. Hum.
Pathol. 29, 1005—1012 (1998).

R. Glynne-Jones, S. Mawdsley, M. Harrison. Antiepidermal growth
factor receptor radiosensitizers in rectal cancer. Anticancer. Drugs. 22,
330—340 (2011).

F. Liu, J. J. Wang, Z. Y. You, Y. D. Zhang, Y. Zhao. Radiosensitivity of
prostate cancer cells is enhanced by EGFR inhibitor C225. Urol. Oncol.
Semin. Orig. Investig. 28, 50—66 (2010).

M. Mimeault, S. L. Johansson, G. Vankatraman, E. Moore, J. P.
Henichart, P. Depreux, M. F. Lin, S. K. Batra. Combined targeting of
epidermal growth factor receptor and hedgehog signaling by gefitinib
and cyclopamine cooperatively improves the cytotoxic effects of
docetaxel on metastatic prostate cancer cells. Mol. Cancer Ther. 6,
967-978 (2007).

J. Lin, H. Wu, H. Shi, W. Pan, H. Yu, J. Zhu. Combined Inhibition of
Epidermal Growth Factor Receptor and Cyclooxygenase-2 Leads to
Greater Anti-tumor Activity of Docetaxel in Advanced Prostate Cancer.
PLoS One. 8 (2013)

M. Baumann, M. Krause. Targeting the epidermal growth factor
receptor in radiotherapy: Radiobiological mechanisms, preclinical and
clinical results. Radiother. Oncol. 72, 257—266 (2004).

M. Baumann, M. Krause, E. Dikomey, K. Dittmann, W. Dorr, U.
Kasten-Pisula, H. P. Rodemann. EGFR-targeted anti-cancer drugs in
radiotherapy: Preclinical evaluation of mechanisms. Radiother. Oncol.
83, 238—-248 (2007).

A. V. D’Amico, R. Whittington, S. B. Malkowicz, J. Fondurulia, M. H.
Chen, I. Kaplan, C. J. Beard, J. E. Tomaszewski, A. A. Renshaw, A.
Wein, C. N. Coleman. Pretreatment nomogram for prostate-specific
antigen recurrence after radical prostatectomy or external-beam
radiation therapy for clinically localized prostate cancer. J. Clin. Oncol.
17, 168-172 (1999).

D. J. Hernandez, M. E. Nielsen, M. Han, A. W. Partin. Contemporary
Evaluation of the D’Amico Risk Classification of Prostate Cancer.
Urology. 70, 931—935 (2007).

V. J. Gnanapragasam, O. Bratt, K. Muir, L. S. Lee, H. H. Huang, P.
Stattin, A. Lophatananon. The Cambridge Prognostic Groups for
improved prediction of disease mortality at diagnosis in primary non-
metastatic prostate cancer: A validation study. BMC Med. 16 (2018)

M. R. Cooperberg, D. J. Pasta, E. P. Elkin, M. S. Litwin, D. M. Latini, J.
Duchane, P. R. Carroll. The University of California, San Francisco
Cancer of the Prostate Risk Assessment score: A straightforward and
reliable preoperative predictor of disease recurrence after radical
prostatectomy. J. Urol. 173, 1938—1942 (2005).

92



78.

79-

8o0.

81.

82.

83.

84.

85.

86.

87.

A. Kazama, T. Saito, K. Takeda, K. Kobayashi, T. Tanikawa, A.
Kanemoto, F. Ayukawa, Y. Matsumoto, T. Sugita, N. Hara, Y. Tomita.
Achieving PSA < 0.2 ng/ml before Radiation Therapy Is a Strong
Predictor of Treatment Success in Patients with High-Risk Locally
Advanced Prostate Cancer. Prostate Cancer. 2019 (2019)

M. Yin, J. Zhao, P. Monk, D. Martin, E. Folefac, M. Joshi, N. Jin, A.
Mortazavi, C. Verschraegen, S. Clinton. Comparative effectiveness of
surgery versus external beam radiation with/without brachytherapy in
high-risk localized prostate cancer. Cancer Med. 9, 27—34 (2020).

M. Miyake, N. Tanaka, I. Asakawa, T. Owari, S. Hori, Y. Morizawa, Y.
Nakai, T. Inoue, S. Anai, K. Torimoto, M. Hasegawa, T. Fujii, N.
Konishi, K. Fujimoto. The impact of the definition of biochemical
recurrence following salvage radiotherapy on outcomes and
prognostication in patients with recurrent prostate cancer after radical
prostatectomy: a comparative study of three definitions. Prostate Int.
7, 47-53 (2019).

S. Loeb, Z. Feng, A. Ross, B. J. Trock, E. B. Humphreys, P. C. Walsh.
Can we stop prostate specific antigen testing 10 years after radical
prostatectomy? J. Urol. 186, 500—505 (2011).

E. S. Antonarakis, Z. Feng, B. J. Trock, E. B. Humphreys, M. A.
Carducci, A. W. Partin, P. C. Walsh, M. A. Eisenberger. The natural
history of metastatic progression in men with prostate-specific antigen
recurrence after radical prostatectomy: Long-term follow-up. BJU Int.
109, 32—39 (2012).

R. Klaff, J. Rosell, E. Varenhorst, G. Sandblom. The Long-term
Disease-specific Mortality of Low-risk Localized Prostate Cancer: A
Prospective Population-based Register Study over Two Decades.
Urology. 91, 77—-82 (2016).

M. Roach, G. Hanks, H. Thames, P. Schellhammer, W. U. Shipley, G.
H. Sokol, H. Sandler. Defining biochemical failure following
radiotherapy with or without hormonal therapy in men with clinically
localized prostate cancer: Recommendations of the RTOG-ASTRO
Phoenix Consensus Conference. Int. J. Radiat. Oncol. Biol. Phys. 65,
965—974 (2006).

C. J. Rosser, L. B. Levy, D. A. Kuban, R. Chichakli, A. Pollack, A. Lee, L.
L. Pisters. Hazard rates of disease progression after external beam
radiotherapy for clinically localized carcinoma of the prostate. J. Urol.
169, 2160—2165 (2003).

T. Van den Broeck, R. C. N. van den Bergh, N. Arfi, T. Gross, L. Moris,
E. Briers, M. Cumberbatch, M. De Santis, D. Tilki, S. Fanti, N. Fossati,
S. Gillessen, J. P. Grummet, A. M. Henry, M. Lardas, M. Liew, O.
Rouviére, J. Pecanka, M. D. Mason, I. G. Schoots, T. H. van Der Kwast,
H. G. van Der Poel, T. Wiegel, P. P. M. Willemse, Y. Yuan, T. B. Lam, P.
Cornford, N. Mottet. Prognostic Value of Biochemical Recurrence
Following Treatment with Curative Intent for Prostate Cancer: A
Systematic Review. Eur. Urol. 75, 967—987 (2019).

S. A. Boorjian, R. H. Thompson, M. K. Tollefson, L. J. Rangel, E. J.
Bergstralh, M. L. Blute, R. J. Karnes. Long-term risk of clinical
progression after biochemical recurrence following radical
prostatectomy: The impact of time from surgery to recurrence. Eur.

93



88.

89.

90.

1.

92.

93.

94.

95-

96.

97.

98.

Urol. 59, 893—899 (2011).

C. R. Pound, A. W. Partin, M. A. Eisenberger, D. W. Chan, J. D.
Pearson, P. C. Walsh. Natural history of progression after PSA
elevation following radical prostatectomy. JAMA. 281, 1591-1597
(1999).

R. C. Chen, R. Basak, A. M. Meyer, T. M. Kuo, W. R. Carpenter, R. P.
Agans, J. R. Broughman, B. B. Reeve, M. E. Nielsen, D. S. Usinger, K.
C. Spearman, S. Walden, D. Kaleel, M. Anderson, T. Stiirmer, P. A.
Godley. Association between choice of radical prostatectomy, external
beam radiotherapy, brachytherapy, or active surveillance and patient-
reported quality of life among men with localized prostate cancer.
JAMA. 317, 1141—1150 (2017).

T. J. Wilt, K. M. Jones, M. J. Barry, G. L. Andriole, D. Culkin, T.
Wheeler, W. J. Aronson, M. K. Brawer. Follow-up of Prostatectomy
versus Observation for Early Prostate Cancer. N. Engl. J. Med. 377,
132—142 (2017).

S. Taguchi, H. Fukuhara, K. Shiraishi, K. Nakagawa, T. Morikawa, S.
Kakutani, Y. Takeshima, H. Miyazaki, T. Fujimura, T. Nakagawa, H.
Kume, Y. Homma. Radical prostatectomy versus external beam
radiotherapy for c¢T1-4NoMo prostate cancer: Comparison of patient
outcomes including mortality. PLoS One. 10 (2015)

S. H. Giordano, Y. F. Kuo, Z. Duan, G. N. Hortobagyi, J. Freeman, J. S.
Goodwin. Limits of observational data in determining outcomes from
cancer therapy. Cancer. 112, 2456—2466 (2008).

A. Bill-Axelson, L. Holmberg, H. Garmo, K. Taari, C. Busch, S.
Nordling, M. Haggman, S.-O. Andersson, O. Andrén, G. Steineck, H.-
O. Adami, J.-E. Johansson. Radical Prostatectomy or Watchful Waiting
in Prostate Cancer — 29-Year Follow-up. N. Engl. J. Med. 379, 2319—
2329 (2018).

M. R. Cooperberg. Re: 10-Year Outcomes After Monitoring, Surgery, or
Radiotherapy for Localized Prostate Cancer. Eur. Urol. 71, 492—493
(2017).

C. Giberti, F. Gallo, M. Schenone, E. Gastaldi, P. Cortese, G. Ninotta, D.
Becco. Robotic prostatectomy versus brachytherapy for the treatment
of low risk prostate cancer - PubMed. Can. J. Urol. 24, 8728-8733
(2017).

F.-J. H. Drost, D. F. Osses, D. Nieboer, E. W. Steyerberg, C. H.
Bangma, M. J. Roobol, I. G. Schoots. Prostate MRI, with or without
MRI-targeted biopsy, and systematic biopsy for detecting prostate
cancer. Cochrane Database Syst. Rev. 4 (2019)

N. Mottet, M. Peneau, J. J. Mazeron, V. Molinie, P. Richaud. Addition
of radiotherapy to long-term androgen deprivation in locally advanced
prostate cancer: An open randomised phase 3 trial. Eur. Urol. 62, 213—
219 (2012).

L. Moris, M. G. Cumberbatch, T. Van den Broeck, G. Gandaglia, N.
Fossati, B. Kelly, R. Pal, E. Briers, P. Cornford, M. De Santis, S. Fanti,
S. Gillessen, J. P. Grummet, A. M. Henry, T. B. L. Lam, M. Lardas, M.
Liew, M. D. Mason, M. I. Omar, O. Rouviére, I. G. Schoots, D. Tilki, R.
C. N. van den Bergh, T. H. van Der Kwast, H. G. van Der Poel, P. P. M.
Willemse, C. Y. Yuan, B. Konety, T. Dorff, S. Jain, N. Mottet, T. Wiegel.

94



99.

100.

101.

102.

103.

104.

105.

106.

Benefits and Risks of Primary Treatments for High-risk Localized and
Locally Advanced Prostate Cancer: An International Multidisciplinary
Systematic Review[Formula presented]. Eur. Urol. 77, 614-627
(2020).

M. Bolla, G. Van Tienhoven, P. Warde, J. B. Dubois, R. O. Mirimanoff,
G. Storme, J. Bernier, A. Kuten, C. Sternberg, 1. Billiet, J. L. Torecilla,
R. Pfeffer, C. L. Cutajar, T. Van der Kwast, L. Collette. External
irradiation with or without long-term androgen suppression for
prostate cancer with high metastatic risk: 10-year results of an EORTC
randomised study. Lancet Oncol. 11, 1066—1073 (2010).

W. A. See, C. J. Tyrrell. The addition of bicalutamide 150 mg to
radiotherapy significantly improves overall survival in men with locally
advanced prostate cancer. J. Cancer Res. Clin. Oncol. 132 (2006).

W. J. Morris, S. Tyldesley, S. Rodda, R. Halperin, H. Pai, M. McKenzie,
G. Duncan, G. Morton, J. Hamm, N. Murray. Androgen Suppression
Combined with Elective Nodal and Dose Escalated Radiation Therapy
(the ASCENDE-RT Trial): An Analysis of Survival Endpoints for a
Randomized Trial Comparing a Low-Dose-Rate Brachytherapy Boost
to a Dose-Escalated External Beam Boost for High- and Intermediate-
risk Prostate Cancer. Int. J. Radiat. Oncol. Biol. Phys. 98, 275—285
(2017).

P. L. Kellokumpu-Lehtinen, M. Hjalm-Eriksson, C. Thellenberg-
Karlsson, L. Astrém, L. Franzen, A. S. Fransson, M. J. Leskinen, M.
Zeke, T. Huttunen, C. Ginman. Docetaxel Versus Surveillance After
Radical Radiotherapy for Intermediate- or High-risk Prostate Cancer—
Results from the Prospective, Randomised, Open-label Phase III
SPCG-13 Trial. Eur. Urol. 76, 823—830 (2019).

C. A. Bravi, A. Tin, E. Vertosick, E. Mazzone, A. Martini, P. Dell’oglio,
A. Stabile, G. Gandaglia, N. Fossati, N. Suardi, A. Gallina, A. Briganti,
F. Montorsi, A. Vickers. The Impact of Experience on the Risk of
Surgical Margins and Biochemical Recurrence after Robot-Assisted
Radical Prostatectomy: A Learning Curve Study. J. Urol. 202, 108—-113
(2019).

P. Sooriakumaran, A. Srivastava, S. F. Shariat, P. D. Stricker, T.
Ahlering, C. G. Eden, P. N. Wiklund, R. Sanchez-Salas, A. Mottrie, D.
Lee, D. E. Neal, R. Ghavamian, P. Nyirady, A. Nilsson, S. Carlsson, E.
Xylinas, W. Loidl, C. Seitz, P. Schramek, C. Roehrborn, X. Cathelineau,
D. Skarecky, G. Shaw, A. Warren, W. J. Delprado, A.-M. M. Haynes, E.
Steyerberg, M. J. Roobol, A. K. Tewari. A multinational, multi-
institutional study comparing positive surgical margin rates among
22393 open, laparoscopic, and robot-assisted radical prostatectomy
patients. Eur. Urol. 66, 450—456 (2014).

N. Suardi, P. Dell'Oglio, A. Gallina, G. Gandaglia, N. Buffi, M.
Moschini, N. Fossati, G. Lughezzani, P. 1. Karakiewicz, M. Freschi, R.
Luciano, S. F. Shariat, G. Guazzoni, F. Gaboardi, F. Montorsi, A.
Briganti. Evaluation of positive surgical margins in patients
undergoing robot-assisted and open radical prostatectomy according
to preoperative risk groups. Urol. Oncol. Semin. Orig. Investig. 34,

57.e1-57.e7 (2016).
E. X. Keller, J. Bachofner, A. J. Britschgi, K. Saba, A. Mortezavi, B.

95



107.

108.

109.

110.

111.

112.

113.

114.

115.

Kaufmann, C. D. Fankhauser, P. Wild, T. Sulser, T. Hermanns, D.
Eberli, C. Poyet. Prognostic value of unifocal and multifocal positive
surgical margins in a large series of robot-assisted radical
prostatectomy for prostate cancer. World J. Urol. 37, 1837-1844
(2019).

Z. Butow, S. Schunk, M. Janssen, S. Graber, M. Saar, J. Kamradt, S.
Siemer, M. Stockle, C. H. Ohlmann. Quality of Preoperative Biopsy Is a
Risk Factor for Positive Surgical Margins in Organ-Confined Prostate
Cancer Treated with Nerve-Sparing Robot-Assisted Radical
Prostatectomy. Urol. Int. 95, 465—471 (2015).

F. Jaderling, O. Akre, M. Aly, J. Bjorklund, M. Olsson, C. Adding, M.
Oberg, L. Blomqvist, T. Nyberg, P. Wiklund, S. Carlsson. Preoperative
staging using magnetic resonance imaging and risk of positive surgical
margins after prostate-cancer surgery. Prostate Cancer Prostatic Dis.
22, 391—398 (2019).

G. Lughezzani, A. Gallina, A. Larcher, A. Briganti, U. Capitanio, N.
Suardi, G. Lista, A. Abrate, M. N. Sangalli, N. Buffi, A. Cestari, G.
Guazzoni, P. Rigatti, F. Montorsi. Radical prostatectomy represents an
effective treatment in patients with specimen-confined high
pathological Gleason score prostate cancer. BJU Int. 111, 723-730
(2013).

A. Briganti, S. Joniau, P. Gontero, F. Abdollah, N. M. Passoni, B.
Tombal, G. Marchioro, B. Kneitz, J. Walz, D. Frohneberg, C. H.
Bangma, M. Graefen, A. Tizzani, B. Frea, R. J. Karnes, F. Montorsi, H.
Van Poppel, M. Spahn. Identifying the best candidate for radical
prostatectomy among patients with high-risk prostate cancer. Eur.
Urol. 61, 584—-592 (2012).

N. Fossati, P. P. M. Willemse, T. Van den Broeck, R. C. N. van den
Bergh, C. Y. Yuan, E. Briers, J. Bellmunt, M. Bolla, P. Cornford, M. De
Santis, E. MacPepple, A. M. Henry, M. D. Mason, V. B. Matveev, H. G.
van der Poel, T. H. van der Kwast, O. Rouviere, I. G. Schoots, T.
Wiegel, T. B. Lam, N. Mottet, S. Joniau. The Benefits and Harms of
Different Extents of Lymph Node Dissection During Radical
Prostatectomy for Prostate Cancer: A Systematic Review. Eur. Urol. 72
(2017). pp. 84-1009.

M. S. Hofman, R. J. Hicks, T. Maurer, M. Eiber. Prostate-specific
membrane antigen PET: Clinical utility in prostate cancer, normal
patterns, pearls, and pitfalls. Radiographics. 38, 200—217 (2018).

H. C. Thoeny, J. M. Froehlich, M. Triantafyllou, J. Huesler, L. J. Bains,
P. Vermathen, A. Fleischmann, U. E. Studer. Metastases in normal-
sized pelvic lymph nodes: Detection with diffusion-weighted MR
imaging. Radiology. 273 (2014). pp. 125—-135.

S. Tulsyan, C. J. Das, M. Tripathi, A. Seth, R. Kumar, C. Bal.
Comparison of 68 Ga-PSMA PET/CT and multiparametric MRI for
staging of high-risk prostate cancer 68 Ga-PSMA PET and MRI in
prostate cancer. Nucl. Med. Commun. 38, 1094—1102 (2017).

N. Fossati, Q. D. Trinh, J. Sammon, A. Sood, A. Larcher, M. Sun, P.
Karakiewicz, G. Guazzoni, F. Montorsi, A. Briganti, M. Menon, F.
Abdollah. Identifying optimal candidates for local treatment of the
primary tumor among patients diagnosed with metastatic prostate

96



116.

117.

118.

119.

120.

121.

122,

123.

124.

cancer: A SEER-based Study. Eur. Urol. 67, 3—6 (2015).

A. Briganti, A. Larcher, F. Abdollah, U. Capitanio, A. Gallina, N.
Suardi, M. Bianchi, M. Sun, M. Freschi, A. Salonia, P. I. Karakiewicz, P.
Rigatti, F. Montorsi. Updated nomogram predicting lymph node
invasion in patients with prostate cancer undergoing extended pelvic
Ilymph node dissection: The essential importance of percentage of
positive cores. Eur. Urol. 61, 480—487 (2012).

I. M. Thompson, C. M. Tangen, J. Paradelo, M. S. Lucia, G. Miller, D.
Troyer, E. Messing, J. Forman, J. Chin, G. Swanson, E. Canby-Hagino,
E. D. Crawford. Adjuvant radiotherapy for pathological T3NoMo
prostate cancer significantly reduces risk of metastases and improves
survival: long-term followup of a randomized clinical trial. J. Urol. 181,
956—962 (2009).

M. Bolla, H. van Poppel, B. Tombal, K. Vekemans, L. Da Pozzo, T. M.
de Reijke, A. Verbaeys, J.-F. Bosset, R. van Velthoven, M. Colombel, C.
van de Beek, P. Verhagen, A. van den Bergh, C. Sternberg, T. Gasser, G.
van Tienhoven, P. Scalliet, K. Haustermans, L. Collette. Postoperative
radiotherapy after radical prostatectomy for high-risk prostate cancer:
long-term results of a randomised controlled trial (EORTC trial 22911).
Lancet (London, England). 380, 2018—2027 (2012).

T. Wiegel, D. Bartkowiak, D. Bottke, C. Bronner, U. Steiner, A.
Siegmann, R. Golz, S. Storkel, N. Willich, A. Semjonow, M. Stockle, C.
Rube, U. Rebmann, T. Kalble, H. J. Feldmann, M. Wirth, R. Hofmann,
R. Engenhart-Cabillic, A. Hinke, W. Hinkelbein, K. Miller. Adjuvant
radiotherapy versus wait-and-see after radical prostatectomy: 10-year
follow-up of the ARO 96-02/AUO AP 09/95 trial. Eur. Urol. 66, 243—
250 (2014).

M. Bolla, H. van Poppel, L. Collette, P. van Cangh, K. Vekemans, L. Da
Pozzo, T. M. de Reijke, A. Verbaeys, J.-F. Bosset, R. van Velthoven, J.-
M. Marechal, P. Scalliet, K. Haustermans, M. Pierart. Postoperative
radiotherapy after radical prostatectomy: a randomised controlled trial
(EORTC trial 22911). Lancet (London, England). 366, 572—578 (2005).
I. M. J. Thompson, C. M. Tangen, J. Paradelo, M. S. Lucia, G. Miller, D.
Troyer, E. Messing, J. Forman, J. Chin, G. Swanson, E. Canby-Hagino,
E. D. Crawford. Adjuvant radiotherapy for pathologically advanced
prostate cancer: a randomized clinical trial. JAMA. 296, 2329—2335
(2006).

P. M. Pierorazio, A. E. Ross, E. M. Schaeffer, J. I. Epstein, M. Han, P.
C. Walsh, A. W. Partin. A contemporary analysis of outcomes of
adenocarcinoma of the prostate with seminal vesicle invasion (pT3b)
after radical prostatectomy. J. Urol. 185, 1691-1697 (2011).

H. J. Lee, J.-H. Han, D. H. Lee, J. K. Nam, T. N. Kim, M. K. Chung, S.-
W. Park. Does bilateral seminal vesicle invasion at radical
prostatectomy predict worse prognosis than unilateral invasion among
patients with pT3b prostate cancers? Int. J. Urol. 23, 758—763 (2016).
D. Dalela, M. Santiago-Jimenez, K. Yousefi, R. J. Karnes, A. E. Ross, R.
B. Den, S. J. Freedland, E. M. Schaeffer, A. P. Dicker, M. Menon, A.
Briganti, E. Davicioni, F. Abdollah. Genomic Classifier Augments the
Role of Pathological Features in Identifying Optimal Candidates for
Adjuvant Radiation Therapy in Patients With Prostate Cancer:

97



125.

126.

127.

128.

120.

130.

131.

132.

133.

Development and Internal Validation of a Multivariable Prognostic
Model. J. Clin. Oncol. 35, 1982—1990 (2017).

N. Fossati, R. J. Karnes, S. A. Boorjian, M. Moschini, A. Morlacco, A.
Bossi, T. Seisen, C. Cozzarini, C. Fiorino, B. Noris Chiorda, G.
Gandaglia, P. Dell’Oglio, S. Joniau, L. Tosco, S. Shariat, G. Goldner, W.
Hinkelbein, D. Bartkowiak, K. Haustermans, B. Tombal, F. Montorsi,
H. Van Poppel, T. Wiegel, A. Briganti. Long-term Impact of Adjuvant
Versus Early Salvage Radiation Therapy in pT3No Prostate Cancer
Patients Treated with Radical Prostatectomy: Results from a Multi-
institutional Series. Eur. Urol. 71, 886—893 (2017).

M. V Mishra, E. D. Scher, J. Andrel, A. C. Margules, S. E. Hegarty, E. J.
Trabulsi, T. Hyslop, R. B. Den, C. D. Lallas, L. G. Gomella, A. P. Dicker,
T. N. Showalter. Adjuvant versus salvage radiation therapy for prostate
cancer patients with adverse pathologic features: comparative analysis
of long-term outcomes. Am. J. Clin. Oncol. 38, 55—60 (2015).

W. L. Hwang, R. D. Tendulkar, A. Niemierko, S. Agrawal, K. L.
Stephans, D. E. Spratt, J. W. Hearn, B. F. Koontz, W. R. Lee, J. M.
Michalski, T. M. Pisansky, S. L. Liauw, M. C. Abramowitz, A. Pollack,
D. Moghanaki, M. S. Anscher, R. B. Den, A. L. Zietman, A. J.
Stephenson, J. A. Efstathiou. Comparison Between Adjuvant and
Early-Salvage Postprostatectomy Radiotherapy for Prostate Cancer
With Adverse Pathological Features. JAMA Oncol. 4, e175230 (2018).
P. Ost, B. De Troyer, V. Fonteyne, W. Oosterlinck, G. De Meerleer. A
matched control analysis of adjuvant and salvage high-dose
postoperative intensity-modulated radiotherapy for prostate cancer.
Int. J. Radiat. Oncol. Biol. Phys. 80, 1316—1322 (2011).

C. Carrie, N. Magné, P. Burban-Provost, P. Sargos, 1. Latorzeff, J. L.
Lagrange, S. Supiot, Y. Belkacemi, D. Peiffert, N. Allouache, B. M.
Dubray, S. Servagi-Vernat, J. P. Suchaud, G. Crehange, S. Guerif, M.
Brihoum, N. Barbier, P. Graff-Cailleaud, A. Ruffion, S. Dussart, C.
Ferlay, S. Chabaud. Short-term androgen deprivation therapy
combined with radiotherapy as salvage treatment after radical
prostatectomy for prostate cancer (GETUG-AFU 16): a 112-month
follow-up of a phase 3, randomised trial. Lancet Oncol. 20, 1740—1749
(2019).

G. M. Ahlgren, P. Flodgren, T. L. J. Tammela, P. Kellokumpu-
Lehtinen, M. Borre, A. Angelsen, J. R. Iversen, A. Sverrisdottir, E.
Jonsson, L. Sengelov. Docetaxel Versus Surveillance After Radical
Prostatectomy for High-risk Prostate Cancer: Results from the
Prospective Randomised, Open-label Phase 3 Scandinavian Prostate
Cancer Group 12 Trial. Eur. Urol. 73, 870—876 (2018).

P. Sooriakumaran, T. Nyberg, O. Akre, L. Haendler, I. Heus, M. Olsson,
S. Carlsson, M. J. Roobol, G. Steineck, P. Wiklund. Comparative
effectiveness of radical prostatectomy and radiotherapy in prostate
cancer: Observational study of mortality outcomes. BMJ. 348 (2014).
M. R. Cooperberg, A. J. Vickers, J. M. Broering, P. R. Carroll.
Comparative risk-adjusted mortality outcomes after primary surgery,
radiotherapy, or androgen-deprivation therapy for localized prostate
cancer. Cancer. 116, 5226—5234 (2010).

S. Yamamoto, S. Kawakami, J. Yonese, Y. Fujii, S. Urakami, S.

98



134.

135.

136.

137.

138.

139.

140.

141.

Kitsukawa, H. Masuda, Y. Ishikawa, T. Kozuka, M. Oguchi, A. Kohno, I.
Fukui. Long-term oncological outcome in men with T3 prostate cancer:
radical prostatectomy versus external-beam radiation therapy at a
single institution. Int. J. Clin. Oncol. 19, 1085-1091 (2014).

K. C. Koo, J. S. Cho, W. J. Bang, S. H. Lee, S. Y. Cho, S. Il Kim, S. J.
Kim, K. H. Rha, S. J. Hong, B. H. Chung. Cancer-specific mortality
among Korean men with localized or locally advanced prostate cancer
treated with radical prostatectomy versus radiotherapy: A multi-center
study using propensity scoring and competing risk regression analyses.
Cancer Res. Treat. 50, 129—137 (2018).

J. P. Ciezki, M. Weller, C. A. Reddy, J. Kittel, H. Singh, R. Tendulkar,
K. L. Stephans, J. Ulchaker, K. Angermeier, A. Stephenson, S.
Campbell, G. P. Haber, E. A. Klein. A Comparison Between Low-Dose-
Rate Brachytherapy With or Without Androgen Deprivation, External
Beam Radiation Therapy With or Without Androgen Deprivation, and
Radical Prostatectomy With or Without Adjuvant or Salvage Radiation
Therapy for High-Risk Prostate Cancer. Int. J. Radiat. Oncol. Biol.
Phys. 97, 962-975 (2017).

S. A. Boorjian, R. J. Karnes, R. Viterbo, L. J. Rangel, E. J. Bergstralh, E.
M. Horwitz, M. L. Blute, M. K. Buyyounouski. Long-term survival after
radical prostatectomy versus external-beam radiotherapy for patients
with high-risk prostate cancer. Cancer. 117, 2883—2891 (2011).

C. A. Reichard, K. E. Hoffman, C. Tang, S. B. Williams, P. K. Allen, M.
F. Achim, D. A. Kuban, B. F. Chapin. Radical prostatectomy or
radiotherapy for high- and very high-risk prostate cancer: a
multidisciplinary prostate cancer clinic experience of patients eligible
for either treatment. BJU Int. 124, 811—-819 (2019).

J. Stranne, K. Brasso, B. Brennhovd, E. Johansson, F. Jaderling, M.
Kouri, W. Lilleby, P. Meidahl Petersen, T. Mirtti, A. Pettersson, A.
Rannikko, C. Thellenberg, O. Akre. SPCG-15: a prospective randomized
study comparing primary radical prostatectomy and primary
radiotherapy plus androgen deprivation therapy for locally advanced
prostate cancer. Scand. J. Urol. 52, 313—320 (2018).

D. Tilki, M. H. Chen, J. Wu, H. Huland, M. Graefen, M. Braccioforte, B.
J. Moran, A. V. D’Amico. Surgery vs Radiotherapy in the Management
of Biopsy Gleason Score 9-10 Prostate Cancer and the Risk of
Mortality. JAMA Oncol. 5, 213—220 (2019).

A. U. Kishan, R. R. Cook, J. P. Ciezki, A. E. Ross, M. M. Pomerantz, P.
L. Nguyen, T. Shaikh, P. T. Tran, K. A. Sandler, R. G. Stock, G. S.
Merrick, D. J. Demanes, D. E. Spratt, E. I. Abu-Isa, T. B. Wedde, W.
Lilleby, D. J. Krauss, G. K. Shaw, R. Alam, C. A. Reddy, A. J.
Stephenson, E. A. Klein, D. Y. Song, J. J. Tosoian, J. V. Hegde, S. M.
Yoo, R. Fiano, A. V. D’Amico, N. G. Nickols, W. J. Aronson, A. Sadeghi,
S. Greco, C. Deville, T. McNutt, T. L. DeWeese, R. E. Reiter, J. W. Said,
M. L. Steinberg, E. M. Horwitz, P. A. Kupelian, C. R. King. Radical
prostatectomy, external beam radiotherapy, or external beam
radiotherapy with brachytherapy boost and disease progression and
mortality in patients with gleason score 9-10 prostate cancer. JAMA.
319, 8906—905 (2018).

D. E. Neal, C. Metcalfe, J. L. Donovan, J. A. Lane, M. Davis, G. J.

99



Young, S. J. Dutton, E. I. Walsh, R. M. Martin, T. J. Peters, E. L.
Turner, M. Mason, P. Bollina, J. Catto, A. Doherty, D. Gillatt, V.
Gnanapragasam, P. Holding, O. Hughes, R. Kockelbergh, H. Kynaston,
J. Oxley, A. Paul, E. Paez, D. J. Rosario, E. Rowe, J. Staffurth, D. G.
Altman, F. C. Hamdy, T. J. Peters, A. Doble, P. Powell, S. Prescott, D. J.
Rosario, J. B. Anderson, J. Aning, G. Durkan, A. Koupparis, H. Leung,
P. Mariappan, A. McNeill, R. Persad, H. Schwaibold, D. Tulloch, M.
Wallace, S. Bonnington, L. Bradshaw, D. Cooper, E. Elliott, P. Herbert,
J. Howson, A. Jones, T. Lennon, N. Lyons, H. Moody, C. Plumb, T.
O’Sullivan, E. Salter, P. Thompson, S. Tidball, J. Blaikie, C. Gray, T.
Adam, S. Askew, S. Atkinson, T. Baynes, C. Brain, V. Breen, S. Brunt, S.
Bryne, J. Bythem, J. Clarke, J. Cloete, S. Dark, G. Davis, R. D. La Rue,
J. Denizot, E. Dewhurst, A. Dimes, N. Dixon, P. Ebbs, I. Emmerson, J.
Ferguson, A. Gadd, L. Geoghegan, A. A. Grant, C. Grant, R. Godfrey, L.
Goodwin, S. Hall, L. Hart, A. Harvey, C. Hoult, S. Hawkins, S. Holling,
A. Innes, S. Kilner, F. Marshall, L. Mellen, A. Moore, S. Napier, J.
Needham, K. Pearse, A. Pisa, M. Rees, E. Richards, L. Robson, J.
Roxburgh, N. Samuel, I. Sharkey, M. Slater, D. Smith, P. Taggart, H. H.
Taylor, V. Taylor, A. Thomas, B. Tomkies, N. Trewick, C. Ward, C.
Walker, A. Williams, C. Woodhouse, E. Wyber, A. Bahl, R. Benson, M.
Beresford, C. Ferguson, J. Graham, C. Herbert, G. Howard, N. James,
P. Kirkbride, A. Law, C. Loughrey, D. McClaren, H. Patterson, I.
Pedley, T. T. Roberts, A. Robinson, S. Russell, P. Symonds, N. Thanvi,
S. Vasanthan, P. Wilson, M. Robinson, S. Bhattarai, N. Deshmukh, J.
Dormer, M. Fernando, J. Goepel, D. Griffiths, K. Grigor, N. Mayer, M.
Varma, A. Warren, H. Appleby, D. Ash, D. Aston, S. Bolton, G.
Chalmers, J. Conway, N. Early, T. Geater, L. Goddall, C. Heymann, D.
Hicks, L. Jones, S. Lamb, G. Lambert, G. Lawrence, G. Lewis, J. Lilley,
A. MacLeod, P. Massey, A. McQueen, R. Moore, L. Penketh, J.
Potterton, N. Roberts, H. Showler, P. Shuttleworth, S. Slade, A. Steele,
J. Swinscoe, M. Tiffany, J. Townley, J. Treeby, M. Weston, J.
Wilkinson, L. Williams, L. Wills, O. Woodley, S. Yarrow, L. Brindle, L.
Davies, D. Dedman, E. Down, H. Khazragui, S. Noble, H. H. Taylor, M.
Tazewell, J. Wade, E. I. Walsh, S. Baker, E. Bellis-Sheldon, C. Bougard,
J. Bowtell, C. Brewer, C. Burton, J. Charlton, N. Christoforou, R. Clark,
S. Coull, C. Croker, R. Currer, C. Daisey, G. Delaney, R. Donohue, J.
Drew, R. Farmer, S. Fry, J. Haddow, A. Hale, S. Halpin, B. Harris, B.
Hattrick, S. Holmes, H. Hunt, V. Jackson, D. Johnson, M. Le Butt, J.
Leworthy, T. Liddiatt, A. Martin, J. J. Mauree, S. Moore, G. Moulam, J.
Mutch, K. Parker, C. Pawsey, M. Purdie, T. Robson, L. Smith, C.
Stenton, T. Steuart-Feilding, B. Stott, C. Sully, C. Sutton, C. Torrington,
Z. Wilkins, S. Williams, A. Wilson, A. Weaver, P. Albertsen, J.
Adolfsson, M. Baum, J. McFarlane, C. Reid, E. L. Turner, A. Zietman,
E. Hill, S. Y. Ng, N. Williams, J. Toole, C. Davies, L. Hughes, M. A.
Rowlands, L. Bell, S. Harrison, J. J. Mauree, A. A. Grant, I. Roberts, D.
Ashby, R. Cowan, P. Fayers, K. Mellon, J. N'Dow, T. O’Brien, M.
Sokhal, D. Dearnaley, F. Schroder, T. T. Roberts. Ten-year Mortality,
Disease Progression, and Treatment-related Side Effects in Men with
Localised Prostate Cancer from the ProtecT Randomised Controlled
Trial According to Treatment Received. Eur. Urol. 77, 320-330

100



142.

143.

144.

145.

146.

147.

148.

149.

(2020).

J. L. Donovan, F. C. Hamdy, J. A. Lane, M. Mason, C. Metcalfe, E.
Walsh, J. M. Blazeby, T. J. Peters, P. Holding, S. Bonnington, T.
Lennon, L. Bradshaw, D. Cooper, P. Herbert, J. Howson, A. Jones, N.
Lyons, E. Salter, P. Thompson, S. Tidball, J. Blaikie, C. Gray, P.
Bollina, J. Catto, A. Doble, A. Doherty, D. Gillatt, R. Kockelbergh, H.
Kynaston, A. Paul, P. Powell, S. Prescott, D. J. Rosario, E. Rowe, M.
Davis, E. L. Turner, R. M. Martin, D. E. Neal. Patient-Reported
Outcomes after Monitoring, Surgery, or Radiotherapy for Prostate
Cancer. N. Engl. J. Med. 375, 1425—-1437 (2016).

A. L. Potosky, W. W. Davis, R. M. Hoffman, J. L. Stanford, R. A.
Stephenson, D. F. Penson, L. C. Harlan. Five-year outcomes after
prostatectomy or radiotherapy for prostate cancer: The prostate cancer
outcomes study. J. Natl. Cancer Inst. 96, 1358—1367 (2004).

M. G. Sanda, R. L. Dunn, J. Michalski, H. M. Sandler, L. Northouse, L.
Hembroff, X. Lin, T. K. Greenfield, M. S. Litwin, C. S. Saigal, A.
Mahadevan, E. Klein, A. Kibel, L. L. Pisters, D. Kuban, I. Kaplan, D.
Wood, J. Ciezki, N. Shah, J. T. Wei. Quality of Life and Satisfaction
with Outcome among Prostate-Cancer Survivors. N. Engl. J. Med. 358,
1250—1261 (2008).

D. A. Barocas, J. A. Alvarez, M. J. Resnick, T. Koyama, K. E. Hoffman,
M. D. Tyson, R. Conwill, D. McCollum, M. R. Cooperberg, M.
Goodman, S. Greenfield, A. S. Hamilton, M. Hashibe, S. H. Kaplan, L.
E. Paddock, A. M. Stroup, X. C. Wu, D. F. Penson. Association between
radiation therapy, surgery, or observation for localized prostate cancer
and patient-reported outcomes after 3 years. JAMA. 317, 1126—1140
(2017).

Y. Pardo, F. Guedea, F. Aguilo, P. Fernandez, V. Macias, A. Marino, A.
Hervéas, 1. Herruzo, M. J. Ortiz, J. P. De Leon, J. Craven-Bratle, J. F.
Suarez, A. Boladeras, A. Pont, A. Ayala, G. Sancho, E. Martinez, J.
Alonso, M. Ferrer. Quality-of-life impact of primary treatments for
localized prostate cancer in patients without hormonal treatment. J.
Clin. Oncol. 28, 4687—4696 (2010).

K. E. Hoffman, D. F. Penson, Z. Zhao, L. C. Huang, R. Conwill, A. A.
Laviana, D. D. Joyce, A. N. Luckenbaugh, M. Goodman, A. S.
Hamilton, X. C. Wu, L. E. Paddock, A. Stroup, M. R. Cooperberg, M.
Hashibe, B. B. O’'Neil, S. H. Kaplan, S. Greenfield, T. Koyama, D. A.
Barocas. Patient-Reported Outcomes Through 5 Years for Active
Surveillance, Surgery, Brachytherapy, or External Beam Radiation with
or Without Androgen Deprivation Therapy for Localized Prostate
Cancer. JAMA. 323, 149—-163 (2020).

M. D. Tyson, T. Koyama, D. Lee, K. E. Hoffman, M. J. Resnick, X. C.
Wu, M. R. Cooperberg, M. Goodman, S. Greenfield, A. S. Hamilton, M.
Hashibe, L. E. Paddock, A. Stroup, V. Chen, R. Conwill, D. McCollum,
D. F. Penson, D. A. Barocas. Effect of Prostate Cancer Severity on
Functional Outcomes After Localized Treatment: Comparative
Effectiveness Analysis of Surgery and Radiation Study Results. Eur.
Urol. 74, 26—33 (2018).

J. L. Mohler, C. W. Gregory, H. Ford, D. Kim, C. M. Weaver, P. Petrusz,
E. M. Wilson, F. S. French. The Androgen Axis in Recurrent Prostate

101



150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

Cancer. Clin. Cancer Res. 10, 440—448 (2004).

H. I. Scher, K. Fizazi, F. Saad, M.-E. Taplin, C. N. Sternberg, K. Miller,
R. de Wit, P. Mulders, K. N. Chi, N. D. Shore, A. J. Armstrong, T. W.
Flaig, A. Fléchon, P. Mainwaring, M. Fleming, J. D. Hainsworth, M.
Hirmand, B. Selby, L. Seely, J. S. de Bono. Increased Survival with
Enzalutamide in Prostate Cancer after Chemotherapy. N. Engl. J. Med.
367, 1187—1197 (2012).

K. Fizazi, H. I. Scher, A. Molina, C. J. Logothetis, K. N. Chi, R. J. Jones,
J. N. Staffurth, S. North, N. J. Vogelzang, F. Saad, P. Mainwaring, S.
Harland, O. B. Goodman, C. N. Sternberg, J. H. Li, T. Kheoh, C. M.
Haqq, J. S. de Bono. Abiraterone acetate for treatment of metastatic
castration-resistant prostate cancer: Final overall survival analysis of
the COU-AA-301 randomised, double-blind, placebo-controlled phase
3 study. Lancet Oncol. 13, 983—992 (2012).

G. J. Bubley. Is the flare phenomenon clinically significant? Urology.
58, 5—9 (2001).

A. N. Vis, T. M. van der Sluis, H. H. M. Al-Itejawi, R. J. A. van
Moorselaar, E. J. H. Meuleman. Risk of disease flare with LHRH
agonist therapy in men with prostate cancer: Myth or fact? Urol.
Oncol. Semin. Orig. Investig. 33, 7—15 (2015).

M. R. Smith, M. Goode, A. L. Zietman, F. J. McGovern, H. Lee, J. S.
Finkelstein.  Bicalutamide = monotherapy  versus leuprolide
monotherapy for prostate cancer: Effects on bone mineral density and
body composition. J. Clin. Oncol. 22, 2546—2553 (2004).

H. Akaza, S. Hinotsu, M. Usami, Y. Arai, H. Kanetake, S. Naito, Y.
Hirao. Combined androgen blockade with bicalutamide for advanced
prostate cancer: Long-term follow-up of a phase 3, double-blind,
randomized study for survival. Cancer. 115, 3437-3445 (2009).

J. Guerrero, I. E. Alfaro, F. Gomez, A. A. Protter, S. Bernales.
Enzalutamide, an androgen receptor signaling inhibitor, induces tumor
regression in a mouse model of castration-resistant prostate cancer.
Prostate. 73, 1291—-1305 (2013).

C. Tran, S. Ouk, N. J. Clegg, Y. Chen, P. A. Watson, V. Arora, J.
Wongyvipat, P. M. Smith-Jones, D. Yoo, A. Kwon, T. Wasielewska, D.
Welsbie, C. D. Chen, C. S. Higano, T. M. Beer, D. T. Hung, H. 1. Scher,
M. E. Jung, C. L. Sawyers. Development of a second-generation
antiandrogen for treatment of advanced prostate cancer. Science (80-.
). 324, 787-790 (2009).

A. M. Moilanen, R. Riikonen, R. Oksala, L. Ravanti, E. Aho, G.
Wohlfahrt, P. S. Nykanen, O. P. Tormakangas, J. J. Palvimo, P. J.
Kallio. Discovery of ODM-201, a new-generation androgen receptor
inhibitor targeting resistance mechanisms to androgen signaling-
directed prostate cancer therapies. Sci. Rep. 5 (2015).

M. R. Smith, F. Saad, S. Chowdhury, S. Oudard, B. A. Hadaschik, J. N.
Graff, D. Olmos, P. N. Mainwaring, J. Y. Lee, H. Uemura, A. Lopez-
Gitlitz, G. C. Trudel, B. M. Espina, Y. Shu, Y. C. Park, W. R. Rackoff, M.
K. Yu, E. J. Small. Apalutamide Treatment and Metastasis-free
Survival in Prostate Cancer. N. Engl. J. Med. 378, 1408-1418 (2018).
G. Attard, A. H. M. Reid, R. A’'Hern, C. Parker, N. B. Oommen, E.
Folkerd, C. Messiou, L. R. Molife, G. Maier, E. Thompson, D. Olmos, R.

102



161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Sinha, G. Lee, M. Dowsett, S. B. Kaye, D. Dearnaley, T. Kheoh, A.
Molina, J. S. De Bono. Selective inhibition of CYP17 with abiraterone
acetate is highly active in the treatment of castration-resistant prostate
cancer. J. Clin. Oncol. 27, 3742—3748 (2009).

T. E. A. Botrel, O. Clark, R. B. Dos Reis, A. C. L. Pompeo, U. Ferreira,
M. V. Sadi, F. F. H. Bretas. Intermittent versus continuous androgen
deprivation for locally advanced, recurrent or metastatic prostate
cancer: A systematic review and meta-analysis. BMC Urol. 14 (2014).
A. J. Salonen, K. Taari, M. Ala-Opas, J. Viitanen, S. Lundstedt, T. L. J.
Tammela. Advanced prostate cancer treated with intermittent or
continuous androgen deprivation in the randomised finnprostate study
VII: Quality of life and adverse effects. Eur. Urol. 63, 111—120 (2013).
L. Klotz, K. Miller, E. D. Crawford, N. Shore, B. Tombal, C. Karup, A.
Malmberg, B. E. Persson. Disease control outcomes from analysis of
pooled individual patient data from five comparative randomised
clinical trials of degarelix versus luteinising hormone-releasing
hormone agonists. Eur. Urol. 66, 1101—-1108 (2014).

L. Klotz, L. Boccon-Gibod, N. D. Shore, C. Andreou, B. E. Persson, P.
Cantor, J. K. Jensen, T. K. Olesen, F. H. Schroder. The efficacy and
safety of degarelix: A 12-month, comparative, randomized, open-label,
parallel-group phase III study in patients with prostate cancer. BJU
Int. 102, 1531—-1538 (2008).

P. Hakimian, M. Blute, J. Kashanian, S. Chan, D. Silver, R. Shabsigh.
Metabolic and cardiovascular effects of androgen deprivation therapy.
BJU Int. 102, 1509—1514 (2008).

C. S. Higano. Update on cardiovascular and metabolic risk profiles of
hormonal agents used in managing advanced prostate cancer. Urol.
Oncol. Semin. Orig. Investig. (2020).

M. R. Smith, L. Klotz, E. Van Der Meulen, E. Colli, L. B. Tanko.
Gonadotropin-releasing hormone blockers and cardiovascular disease
risk: Analysis of prospective clinical trials of degarelix. J. Urol. 186,
1835—-1842 (2011).

P. Iversen. Antiandrogen monotherapy: Indications and results.
Urology. 60, 64—71 (2002).

V. K. Wadhwa, R. Weston, R. Mistry, N. J. Parr. Long-term changes in
bone mineral density and predicted fracture risk in patients receiving
androgen-deprivation therapy for prostate cancer, with stratification of
treatment based on presenting values. BJU Int. 104, 800—805 (2009).
T. M. Beer, A. J. Armstrong, D. E. Rathkopf, Y. Loriot, C. N. Sternberg,
C. S. Higano, P. Iversen, S. Bhattacharya, J. Carles, S. Chowdhury, I. D.
Davis, J. S. de Bono, C. P. Evans, K. Fizazi, A. M. Joshua, C.-S. Kim, G.
Kimura, P. Mainwaring, H. Mansbach, K. Miller, S. B. Noonberg, F.
Perabo, D. Phung, F. Saad, H. 1. Scher, M.-E. Taplin, P. M. Venner, B.
Tombal. Enzalutamide in Metastatic Prostate Cancer before
Chemotherapy. N. Engl. J. Med. 371, 424—433 (2014).

C. J. Ryan, M. R. Smith, K. Fizazi, F. Saad, P. F. A. Mulders, C. N.
Sternberg, K. Miller, C. J. Logothetis, N. D. Shore, E. J. Small, J.
Carles, T. W. Flaig, M. E. Taplin, C. S. Higano, P. de Souza, J. S. de
Bono, T. W. Griffin, P. De Porre, M. K. Yu, Y. C. Park, J. Li, T. Kheoh,
V. Naini, A. Molina, D. E. Rathkopf. Abiraterone acetate plus

103



172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

prednisone versus placebo plus prednisone in chemotherapy-naive
men with metastatic castration-resistant prostate cancer (COU-AA-
302): Final overall survival analysis of a randomised, double-blind,
placebo-controlled phase 3 study. Lancet Oncol. 16, 152—160 (2015).

K. Fizazi, N. Shore, T. L. Tammela, A. Ulys, E. Vjaters, S. Polyakov, M.
Jievaltas, M. Luz, B. Alekseev, I. Kuss, C. Kappeler, A. Snapir, T.
Sarapohja, M. R. Smith. Darolutamide in Nonmetastatic, Castration-
Resistant Prostate Cancer. N. Engl. J. Med. 380 (2019).

S. Carlsson, L. Drevin, S. Loeb, A. Widmark, I. F. Lissbrant, D.
Robinson, E. Johansson, P. Stattin, P. Fransson. Population-based
study of long-term functional outcomes after prostate cancer
treatment. BJU Int. 117, E36—E45 (2016).

P. M. LoRusso. Phase I studies of ZD1839 in patients with common
solid tumors. Semin. Oncol. 30, 21—29 (2003).

E. H. A. Sim, 1. A. Yang, R. Wood-Baker, R. V. Bowman, K. M. Fong.
Gefitinib for advanced non-small cell lung cancer. Cochrane Database
Syst. Rev. 2018 (2018).

T. S. Mok, Y.-L. Wu, S. Thongprasert, C.-H. Yang, D.-T. Chu, N. Saijo,
P. Sunpaweravong, B. Han, B. Margono, Y. Ichinose, Y. Nishiwaki, Y.
Ohe, J.-J. Yang, B. Chewaskulyong, H. Jiang, E. L. Duffield, C. L.
Watkins, A. A. Armour, M. Fukuoka. Gefitinib or Carboplatin—
Paclitaxel in Pulmonary Adenocarcinoma. N. Engl. J. Med. 361, 947—
957 (2009).

M. Fukuoka, S. Yano, G. Giaccone, T. Tamura, K. Nakagawa, J. Y.
Douillard, Y. Nishiwaki, J. Vansteenkiste, S. Kudoh, D. Rischin, R. Eek,
T. Horai, K. Noda, I. Takata, E. Smit, S. Averbuch, A. Macleod, A.
Feyereislova, R. P. Dong, J. Baselga. Multi-institutional randomized
phase II trial of gefitinib for previously treated patients with advanced
non-small-cell lung cancer. J. Clin. Oncol. 21, 2237—-2246 (2003).

N. Thatcher, A. Chang, P. Parikh, J. R. Pereira, T. Ciuleanu, J. Von
Pawel, S. Thongprasert, E. H. Tan, K. Pemberton, V. Archer, K. Carroll.
Gefitinib plus best supportive care in previously treated patients with
refractory advanced non-small-cell lung cancer: Results from a
randomised, placebo-controlled, multicentre study (Iressa Survival
Evaluation in Lung Cancer). Lancet. 366, 1527—1537 (2005).

M. Maemondo, A. Inoue, K. Kobayashi, S. Sugawara, S. Oizumi, H.
Isobe, A. Gemma, M. Harada, H. Yoshizawa, I. Kinoshita, Y. Fujita, S.
Okinaga, H. Hirano, K. Yoshimori, T. Harada, T. Ogura, M. Ando, H.
Miyazawa, T. Tanaka, Y. Saijo, K. Hagiwara, S. Morita, T. Nukiwa.
Gefitinib or Chemotherapy for Non—-Small-Cell Lung Cancer with
Mutated EGFR. N. Engl. J. Med. 362, 2380—2388 (2010).

F. M. Sirotnak, Y. She, F. Lee, J. Chen, H. I. Scher. Studies with
CWR22 xenografts in nude mice suggest that ZD1839 may have a role
in the treatment of both androgen-dependent and androgen-
independent human prostate cancer - PubMed. Clin. Cancer Res. 8,
3870-3876 (2002).

C. M. Canil, M. J. Moore, E. Winquist, T. Baetz, M. Pollak, K. N. Chi, S.
Berry, D. S. Ernst, L. Douglas, M. Brundage, B. Fisher, A. McKenna, L.
Seymour. Randomized phase II study of two doses of gefitinib in
hormone-refractory prostate cancer: a trial of the National Cancer

104



182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

Institute of Canada-Clinical Trials Group. J. Clin. Oncol. 23, 455—460
(2005).

E. J. Small, J. Fontana, N. Tannir, R. S. Dipaola, G. Wilding, M. Rubin,
R. B. Iacona, F. F. Kabbinavar. A phase II trial of gefitinib in patients
with non-metastatic hormone-refractory prostate cancer. BJU Int. 100,
765-769 (2007).

C. Pezaro, M. A. Rosenthal, H. Gurney, I. D. Davis, C. Underhill, M. J.
Boyer, D. Kotasek, B. Solomon, G. C. Toner. An open-label, single-arm
phase two trial of gefitinib in patients with advanced or metastatic
castration-resistant prostate cancer. Am. J. Clin. Oncol. Cancer Clin.
Trials. 32, 338—341 (2009).

G. Curigliano, F. De Braud, M. Teresa Sandri, G. Renne, L. Zorzino, E.
Scardino, B. Rocco, G. Spitaleri, T. De Pas, C. Noberasco, F. Nole, F.
Verweij, V. Matei, O. De Cobelli. Gefitinib combined with endocrine
manipulation in patients with hormone-refractory prostate cancer:
Quality of life and surrogate markers of activity. Anticancer. Drugs. 18,
949-954 (2007).

F. Boccardo, A. Rubagotti, G. Conti, M. Battaglia, G. Cruciani, A.
Manganelli, S. Ricci, A. Lapini. Prednisone plus gefitinib versus
prednisone plus placebo in the treatment of hormone-refractory
prostate cancer: A randomized phase II trial. Oncology. 74, 223—228
(2008).

T. J. Lynch, D. W. Bell, R. Sordella, S. Gurubhagavatula, R. A.
Okimoto, B. W. Brannigan, P. L. Harris, S. M. Haserlat, J. G. Supko, F.
G. Haluska, D. N. Louis, D. C. Christiani, J. Settleman, D. A. Haber.
Activating Mutations in the Epidermal Growth Factor Receptor
Underlying Responsiveness of Non-—Small-Cell Lung Cancer to
Gefitinib. N. Engl. J. Med. 350, 2129—2139 (2004).

S. C. Kang, S. L. Joong, H. C. Nam, K. Park, S. H. Won, D. C. Young.
Gene amplification and mutation analysis of epidermal growth factor
receptor in hormone refractory prostate cancer. Prostate. 68, 803—808
(2008).

C. Hwang. Overcoming docetaxel resistance in prostate cancer: A
perspective review. Ther. Adv. Med. Oncol. 4, 329—340 (2012).

J. S. De Bono, S. Oudard, M. Ozguroglu, S. Hansen, J. P. MacHiels, I.
Kocak, G. Gravis, 1. Bodrogi, M. J. MacKenzie, L. Shen, M. Roessner, S.
Gupta, A. O. Sartor. Prednisone plus cabazitaxel or mitoxantrone for
metastatic castration-resistant prostate cancer progressing after
docetaxel treatment: A randomised open-label trial. Lancet. 376, 1147—
1154 (2010).

G. Wilding, P. Soulie, D. Trump, A. Das-Gupta, E. Small. Results from
a pilot phase I trial of gefitinib combined with docetaxel and
estramustine in patients with hormone-refractory prostate cancer.
Cancer. 106, 1917—1924 (2006).

M. Salzberg, C. Rochlitz, R. Morant, G. Thalmann, A. Pedrazzini, E.
Roggero, A. Schonenberger, A. Knuth, M. Borner. An open-label,
noncomparative phase II trial to evaluate the efficacy and safety of
docetaxel in combination with gefitinib in patients with hormone-
refractory metastatic prostate cancer. Onkologie. 30, 355—360 (2007).
J. Z. Lin, I. Hameed, Z. Xu, Y. Yu, Z. Y. Ren, J. G. Zhu. Efficacy of

105



193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

gefitinib-celecoxib combination therapy in docetaxel-resistant prostate
cancer. Oncol. Rep. 40, 2242—2250 (2018).

J. Vuky, C. Porter, C. Isacson, M. Vaughan, P. Kozlowski, V. Picozzi, J.
Corman. Phase II trial of neoadjuvant docetaxel and gefitinib followed
by radical prostatectomy in patients with high-risk, locally advanced
prostate cancer. Cancer. 115, 784—791 (2009).

J. S. Ochs. Rationale and clinical basis for combining gefitinib
(IRESSA, ZD1839) with radiation therapy for solid tumors. Int. J.
Radiat. Oncol. Biol. Phys. 58, 941—949 (2004).

F. Caponigro, C. Romano, A. Milano, R. Solla, G. Franchin, V. Adamo,
E. Mari, B. Morrica, S. Pepe. A phase I/II trial of gefitinib and
radiotherapy in patients with locally advanced inoperable squamous
cell carcinoma of the head and neck. Anticancer. Drugs. 19, 739-744
(2008).

J. Maurel, M. Martin-Richard, C. Conill, M. Sanchez, L. Petriz, A.
Gines, R. Miquel, R. Gallego, R. Cajal, C. Ayuso, S. Navarro, M.
Marmol, C. Nadal, J. M. Augé, L. Fernandez-Cruz, P. Gascon. Phase I
trial of gefitinib with concurrent radiotherapy and fixed 2-h
gemcitabine infusion, in locally advanced pancreatic cancer. Int. J.
Radiat. Oncol. Biol. Phys. 66, 1391-1398 (2006).

V. Valentini, A. De Paoli, M. A. Gambacorta, G. Mantini, C. Ratto, F. M.
Vecchio, B. Barbaro, R. Innocente, C. Rossi, G. Boz, M. C. Barba, A.
Frattegiani, M. Lupattelli, G. B. Doglietto. Infusional 5-Fluorouracil
and ZD1839 (Gefitinib-Iressa) in Combination With Preoperative
Radiotherapy in Patients With Locally Advanced Rectal Cancer: A
Phase I and II Trial (1839IL/0092). Int. J. Radiat. Oncol. Biol. Phys.
72, 644—649 (2008).

T. E. Stinchcombe, D. E. Morris, C. B. Lee, D. T. Moore, D. N. Hayes, J.
S. Halle, M. P. Rivera, J. G. Rosenman, M. A. Socinski. Induction
chemotherapy with carboplatin, irinotecan, and paclitaxel followed by
high dose three-dimension conformal thoracic radiotherapy (74 Gy)
with concurrent carboplatin, paclitaxel, and gefitinib in unresectable
stage ITIA and stage IIIB non-small cell lung cancer. J. Thorac. Oncol.
3, 250—257 (2008).

S. Ma, Y. Xu, Q. Deng, X. Yu. Treatment of brain metastasis from non-
small cell lung cancer with whole brain radiotherapy and Gefitinib in a
Chinese population. Lung Cancer. 65, 198—203 (2009).

Z. Fu, X. Yang, W. Wang, L. Deng, T. Zhang, N. Bi, X. Wang, D. Chen,
Z. Zhou, L. Wang, J. Liang. Radiotherapy combined with gefitinib for
patients with locally advanced non-small cell lung cancer who are unfit
for surgery or concurrent chemoradiotherapy: A phase II clinical trial.
Radiat. Oncol. 15 (2020).

D. R. Berthold, G. R. Pond, F. Soban, R. De Wit, M. Eisenberger, I. F.
Tannock. Docetaxel plus prednisone or mitoxantrone plus prednisone
for advanced prostate cancer: Updated survival in the TAX 327 study.
J. Clin. Oncol. 26, 242—245 (2008).

D. P. Petrylak, C. M. Tangen, M. H. A. Hussain, P. N. Lara, J. A. Jones,
M. E. Taplin, P. A. Burch, D. Berry, C. Moinpour, M. Kohli, M. C.
Benson, E. J. Small, D. Raghavan, E. D. Crawford. Docetaxel and
Estramustine Compared with Mitoxantrone and Prednisone for

106



203.

204.

205.

206.

207.

208.

209.

Advanced Refractory Prostate Cancer. N. Engl. J. Med. 351, 1513—1520
(2004).

I. F. Tannock, R. de Wit, W. R. Berry, J. Horti, A. Pluzanska, K. N. Chi,
S. Oudard, C. Théodore, N. D. James, I. Turesson, M. A. Rosenthal, M.
A. Eisenberger. Docetaxel plus Prednisone or Mitoxantrone plus
Prednisone for Advanced Prostate Cancer. N. Engl. J. Med. 351, 1502—
1512 (2004).

G. Gravis, K. Fizazi, F. Joly, S. Oudard, F. Priou, B. Esterni, I. Latorzeff,
R. Delva, I. Krakowski, B. Laguerre, F. Rolland, C. Théodore, G.
Deplanque, J. M. Ferrero, D. Pouessel, L. Mourey, P. Beuzeboc, S.
Zanetta, M. Habibian, J. F. Berdah, J. Dauba, M. Baciuchka, C. Platini,
C. Linassier, J. L. Labourey, J. P. Machiels, C. El Kouri, A. Ravaud, E.
Suc, J. C. Eymard, A. Hasbini, G. Bousquet, M. Soulie. Androgen-
deprivation therapy alone or with docetaxel in non-castrate metastatic
prostate cancer (GETUG-AFU 15): A randomised, Open-label, Phase 3
trial. Lancet Oncol. 14, 149—-158 (2013).

P. W. Kantoff, C. S. Higano, N. D. Shore, E. R. Berger, E. J. Small, D. F.
Penson, C. H. Redfern, A. C. Ferrari, R. Dreicer, R. B. Sims, Y. Xu, M.
W. Frohlich, P. F. Schellhammer. Sipuleucel-T Immunotherapy for
Castration-Resistant Prostate Cancer. N. Engl. J. Med. 363, 411—422
(2010).

C. Parker, S. Nilsson, D. Heinrich, S. I. Helle, J. M. O’Sullivan, S. D.
Fossa, A. Chodacki, P. Wiechno, J. Logue, M. Seke, A. Widmark, D. C.
Johannessen, P. Hoskin, D. Bottomley, N. D. James, A. Solberg, I.
Syndikus, J. Kliment, S. Wedel, S. Boehmer, M. Dall’Oglio, L. Franzén,
R. Coleman, N. J. Vogelzang, C. G. O’Bryan-Tear, K. Staudacher, J.
Garcia-Vargas, M. Shan, @. S. Bruland, O. Sartor. Alpha Emitter
Radium-223 and Survival in Metastatic Prostate Cancer. N. Engl. J.
Med. 369, 213—223 (2013).

R. de Wit, J. de Bono, C. N. Sternberg, K. Fizazi, B. Tombal, C. Wiilfing,
G. Kramer, J.-C. Eymard, A. Bamias, J. Carles, R. Iacovelli, B.
Melichar, A. Sverrisdéttir, C. Theodore, S. Feyerabend, C. Helissey, A.
Ozatilgan, C. Geffriaud-Ricouard, D. Castellano. Cabazitaxel versus
Abiraterone or Enzalutamide in Metastatic Prostate Cancer. N. Engl. J.
Med. 381, 2506—2518 (2019).

L. H. M. Rydzewska, S. Burdett, C. L. Vale, N. W. Clarke, K. Fizazi, T.
Kheoh, M. D. Mason, B. Miladinovic, N. D. James, M. K. B. Parmar, M.
R. Spears, C. J. Sweeney, M. R. Sydes, N. P. Tran, J. F. Tierney. Adding
abiraterone to androgen deprivation therapy in men with metastatic
hormone-sensitive prostate cancer: A systematic review and meta-
analysis. Eur. J. Cancer. 84, 88—101 (2017).

N. D. James, J. S. de Bono, M. R. Spears, N. W. Clarke, M. D. Mason,
D. P. Dearnaley, A. W. S. Ritchie, C. L. Amos, C. Gilson, R. J. Jones, D.
Matheson, R. Millman, G. Attard, S. Chowdhury, W. R. Cross, S.
Gillessen, C. C. Parker, J. M. Russell, D. R. Berthold, C. Brawley, F.
Adab, S. Aung, A. J. Birtle, J. Bowen, S. Brock, P. Chakraborti, C.
Ferguson, J. Gale, E. Gray, M. Hingorani, P. J. Hoskin, J. F. Lester, Z.
I. Malik, F. McKinna, N. McPhail, J. Money-Kyrle, J. O’Sullivan, O.
Parikh, A. Protheroe, A. Robinson, N. N. Srihari, C. Thomas, J.
Wagstaff, J. Wylie, A. Zarkar, M. K. B. Parmar, M. R. Sydes.

107



210.

211.

212,

213.

214.

215.

216.

217.

218.

Abiraterone for Prostate Cancer Not Previously Treated with Hormone
Therapy. N. Engl. J. Med. 377, 338—351 (2017).

I. D. Davis, A. J. Martin, M. R. Stockler, S. Begbie, K. N. Chi, S.
Chowdhury, X. Coskinas, M. Frydenberg, W. E. Hague, L. G. Horvath,
A. M. Joshua, N. J. Lawrence, G. Marx, J. McCaffrey, R. McDermott,
M. McJannett, S. A. North, F. Parnis, W. Parulekar, D. W. Pook, M. N.
Reaume, S. K. Sandhu, A. Tan, T. H. Tan, A. Thomson, E. Tu, F. Vera-
Badillo, S. G. Williams, S. Yip, A. Y. Zhang, R. R. Zielinski, C. J.
Sweeney. Enzalutamide with Standard First-Line Therapy in
Metastatic Prostate Cancer. N. Engl. J. Med. 381, 121—-131 (2019).

K. N. Chi, N. Agarwal, A. Bjartell, B. H. Chung, A. J. Pereira de Santana
Gomes, R. Given, A. Juarez Soto, A. S. Merseburger, M. Ozgiiroglu, H.
Uemura, D. Ye, K. Deprince, V. Naini, J. Li, S. Cheng, M. K. Yu, K.
Zhang, J. S. Larsen, S. McCarthy, S. Chowdhury. Apalutamide for
Metastatic, Castration-Sensitive Prostate Cancer. N. Engl. J. Med. 381,
13—24 (2019).

M. Hussain, K. Fizazi, F. Saad, P. Rathenborg, N. Shore, U. Ferreira, P.
Ivashchenko, E. Demirhan, K. Modelska, D. Phung, A. Krivoshik, C. N.
Sternberg. Enzalutamide in Men with Nonmetastatic, Castration-
Resistant Prostate Cancer. N. Engl. J. Med. 378, 2465—2474 (2018).

C. N. Sternberg, K. Fizazi, F. Saad, N. D. Shore, U. De Giorgi, D. F.
Penson, U. Ferreira, E. Efstathiou, K. Madziarska, M. P. Kolinsky, D. I.
G. Cubero, B. Noerby, F. Zohren, X. Lin, K. Modelska, J. Sugg, J.
Steinberg, M. Hussain. Enzalutamide and Survival in Nonmetastatic,
Castration-Resistant Prostate Cancer. N. Engl. J. Med. 382, 2197—
2206 (2020).

E. J. Small, F. Saad, S. Chowdhury, S. Oudard, B. A. Hadaschik, J. N.
Graff, D. Olmos, P. N. Mainwaring, J. Y. Lee, H. Uemura, P. De Porre,
A. A. Smith, K. Zhang, A. Lopez-Gitlitz, M. R. Smith. Apalutamide and
overall survival in non-metastatic castration-resistant prostate cancer.
Ann. Oncol. 30, 1813-1820 (2019).

K. Fizazi, N. D. Shore, T. Tammela, A. Ulys, E. Vjaters, S. Polyakov, M.
Jievaltas, M. Luz, B. Alekseev, I. Kuss, M.-A. Le Berre, O. Petrenciuc,
A. Snapir, T. Sarapohja, M. R. Smith. Overall survival (OS) results of
phase IIT ARAMIS study of darolutamide (DARO) added to androgen
deprivation therapy (ADT) for nonmetastatic castration-resistant
prostate cancer (nmCRPC). J. Clin. Oncol. 38, 5514—5514 (2020).

B. Loppenberg, D. Dalela, P. Karabon, A. Sood, J. D. Sammon, C. P.
Meyer, M. Sun, J. Noldus, J. O. Peabody, Q. D. Trinh, M. Menon, F.
Abdollah. The Impact of Local Treatment on Overall Survival in
Patients with Metastatic Prostate Cancer on Diagnosis: A National
Cancer Data Base Analysis. Eur. Urol. 72, 14—19 (2017).

Y. Y. Wang, Z. Qin, Y. Y. Wang, C. Chen, Y. Y. Wang, X. Meng, N. Song.
The role of radical prostatectomy for the treatment of metastatic
prostate cancer: a systematic review and meta-analysis. Biosci. Rep. 38
(2018) (available at https://pubmed.ncbi.nlm.nih.gov/29263146/).

L. M. S. Boevé, M. C. C. M. Hulshof, A. N. Vis, A. H. Zwinderman, J. W.
R. Twisk, W. P. J. Witjes, K. P. J. Delaere, R. J. A. va. Moorselaar, P. C.
M. S. Verhagen, G. van Andel. Effect on Survival of Androgen
Deprivation Therapy Alone Compared to Androgen Deprivation

108



219.

220.

221.

222,

223,

224.

225,

226.

227,

228.

220.

Therapy Combined with Concurrent Radiation Therapy to the Prostate
in Patients with Primary Bone Metastatic Prostate Cancer in a
Prospective Randomised Clinical Tria. Eur. Urol. 75, 410—418 (2019).
R. S. Pompe, D. Tilki, F. Preisser, S. R. Leyh-Bannurah, M. Bandini, M.
Marchioni, P. Gild, Z. Tian, N. Fossati, L. Cindolo, S. F. Shariat, H.
Huland, M. Graefen, A. Briganti, P. I. Karakiewicz. Survival benefit of
local versus no local treatment for metastatic prostate cancer—Impact
of baseline PSA and metastatic substages. Prostate. 78, 753—757
(2018).

M. Moschini, A. Morlacco, E. Kwon, L. J. Rangel, R. J. Karnes.
Treatment of Mia/Mib prostate cancer with or without radical
prostatectomy at diagnosis. Prostate Cancer Prostatic Dis. 20, 117—121
(2017).

S. R. Leyh-Bannurah, S. Gazdovich, L. Budaus, E. Zaffuto, A. Briganti,
F. Abdollah, F. Montorsi, J. Schiffmann, M. Menon, S. F. Shariat, M.
Fisch, F. Chun, T. Steuber, H. Huland, M. Graefen, P. I. Karakiewicz.
Local Therapy Improves Survival in Metastatic Prostate Cancer. Eur.
Urol. 72, 118—124 (2017).

F. Saad, C. Ivanescu, D. Phung, Y. Loriot, S. Abhyankar, T. M. Beer, B.
Tombal, S. Holmstrom. Skeletal-related events significantly impact
health-related quality of life in metastatic castration-resistant prostate
cancer: Data from PREVAIL and AFFIRM trials. Prostate Cancer
Prostatic Dis. 20, 110—116 (2017).

F. Saad, D. M. Gleason, R. Murray, S. Tchekmedyian, P. Venner, L.
Lacombe, J. L. Chin, J. J. Vinholes, J. A. Goas, B. Chen. A randomized,
placebo-controlled trial of zoledronic acid in patients with hormone-
refractory metastatic prostate carcinoma. J. Natl. Cancer Inst. 94,
1458-1468 (2002).

K. Fizazi, M. Carducci, M. Smith, R. Damido, J. Brown, L. Karsh, P.
Milecki, N. Shore, M. Rader, H. Wang, Q. Jiang, S. Tadros, R. Dansey,
C. Goessl. Denosumab versus zoledronic acid for treatment of bone
metastases in men with castration-resistant prostate cancer: A
randomised, double-blind study. Lancet. 377, 813—822 (2011).
National Cancer Institute. “Common Toxicity Criteria version 2.0”
(1998).

P. Kupelian, D. Kuban, H. Thames, L. Levy, E. Horwitz, A. Martinez, J.
Michalski, T. Pisansky, H. Sandler, W. Shipley, M. Zelefsky, A.
Zietman. Improved biochemical relapse-free survival with increased
external radiation doses in patients with localized prostate cancer: The
combined experience of nine institutions in patients treated in 1994
and 1995. Int. J. Radiat. Oncol. Biol. Phys. 61, 415—419 (2005).
Novocastra Laboratories Ltd.: NCL-EGFR. Instructions for use.
(2004).

J. Isola, M. Tanner, A. Forsyth, T. G. Cooke, A. D. Watters, J. M. S.
Bartlett. Interlaboratory comparison of HER-2 oncogene amplification
as detected by chromogenic and fluorescence in situ hybridization.
Clin. Cancer Res. 10, 4793—4798 (2004).

C. V. Dinh, P. Steenbergen, G. Ghobadi, S. W. T. J. P. Heijmink, F. J.
Pos, K. Haustermans, U. A. van der Heide. Magnetic resonance
imaging for prostate cancer radiotherapy. Phys. Medica. 32 (2016). pp.

109



230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

446—451.

T. Kiljunen, A. Kangasmaki, A. Aaltonen, K. Kairemo, K. Partanen, G.
Joensuu, T. Alanko, L. Vaalavirta, T. Joensuu. VMAT technique
enables concomitant radiotherapy of prostate cancer and pelvic bone
metastases. Acta Oncol. 54, 847-853 (2015).

National Institute of Cancer. “Common Terminology Criteria for
Adverse Events version 4.03” (2010).

G. Fitzmaurice, N. Laird, J. Ware. Applied longitudinal analysis (John
Wiley and Sons, Hoboken, NJ, 2004).

H. Kimura, K. Kasahara, M. Sekijima, T. Tamura, K. Nishio. Plasma
MIP-1f levels and skin toxicity in Japanese non-small cell lung cancer
patients treated with the EGFR-targeted tyrosine kinase inhibitor,
gefitinib. Lung Cancer. 50, 393—399 (2005).

C. J. Kovacs, B. M. Daly, M. J. Evans, R. M. Johnke, T. K. Lee, U. L.
Karlsson, R. Allison, G. S. Eaves, L. M. Biggs. Cytokine profiles in
patients receiving wide-field + prostate boost radiotherapy (xRT) for
adenocarcinoma of the prostate. Cytokine. 23, 151-163 (2003).

C. Chen, M. Kane, J. Song, J. Campana, A. Raben, K. Hu, L. Harrison,
H. Quon, J. Dancey, A. Baron, S. Said, S. G. Eckhardt, D. Raben. Phase
I trial of gefitinib in combination with radiation or chemoradiation for
patients with locally advanced squamous cell head and neck cancer. J.
Clin. Oncol. 25, 4880—4886 (2007).

A. J. Stephenson, P. T. Scardino, M. W. Kattan, T. M. Pisansky, K. M.
Slawin, E. A. Klein, M. S. Anscher, J. M. Michalski, H. M. Sandler, D.
W. Lin, J. D. Forman, M. J. Zelefsky, L. L. Kestin, C. G. Roehrborn, C.
N. Catton, T. L. DeWeese, S. L. Liauw, R. K. Valicenti, D. A. Kuban, A.
Pollack. Predicting the outcome of salvage radiation therapy for
recurrent prostate cancer after radical prostatectomy. J. Clin. Oncol.
25, 2035—2041 (2007).

T. M. Pisansky, T. F. Kozelsky, R. P. Myers, D. W. Hillman, M. L. Blute,
S. J. Buskirk, J. C. Cheville, R. G. Ferrigni, S. E. Schild. Radiotherapy
for isolated serum prostate specific antigen elevation after
prostatectomy for prostate cancer. J. Urol. 163, 845—-850 (2000).

B. J. Trock, M. Han, S. J. Freedland, E. B. Humphreys, T. L. DeWeese,
A. W. Partin, P. C. Walsh. Prostate cancer-specific survival following
salvage radiotherapy vs observation in men with biochemical
recurrence after radical prostatectomy. JAMA. 299, 2760-2769
(2008).

S. J. Freedland, E. B. Humphreys, L. A. Mangold, M. Eisenberger, F. J.
Dorey, P. C. Walsh, A. W. Partin. Death in patients with recurrent
prostate cancer after radical prostatectomy: Prostate-specific antigen
doubling time subgroups and their associated contributions to all-
cause mortality. J. Clin. Oncol. 25, 1765-1771 (2007).

A. E. Teeter, J. C. Presti, W. J. Aronson, M. K. Terris, C. J. Kane, C. L.
Amling, S. J. Freedland. Does PSADT after radical prostatectomy
correlate with overall survival?-A report from the SEARCH database
group. Urology. 77, 149—153 (2011).

A. K. Lee, L. B. Levy, R. Cheung, D. Kuban. Prostate-specific antigen
doubling time predicts clinical outcome and survival in prostate cancer
patients treated with combined radiation and hormone therapy. Int. J.

110



242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252,

253.

Radiat. Oncol. Biol. Phys. 63, 456—462 (2005).

P. C. Albertsen, J. A. Hanley, D. F. Penson, J. Fine. Validation of
increasing prostate specific antigen as a predictor of prostate cancer
death after treatment of localized prostate cancer with surgery or
radiation. J. Urol. 171, 2221—2225 (2004).

A. V. D’Amico, J. W. Moul, P. R. Carroll, L. Sun, D. Lubeck, M. H.
Chen. Surrogate end point for prostate cancer-specific mortality after
radical prostatectomy or radiation therapy. J. Natl. Cancer Inst. 95,
1376—1383 (2003).

C. M. Tangen, J. R. Faulkner, E. D. Crawford, I. M. Thompson, D.
Hirano, M. Eisenberger, M. Hussain. Ten-year survival in patients with
metastatic prostate cancer. Clin. Prostate Cancer. 2, 41—45 (2003).

F. B. Thomsen, M. Westerberg, H. Garmo, D. Robinson, L. Holmberg,
H. D. Ulmert, P. Stattin. Prediction of metastatic prostate cancer by
prostate-specific antigen in combination with T stage and Gleason
Grade: Nationwide, population-based register study - PubMed. PLoS
One. 15 (2020).

I. M. Thompson, P. J. Goodman, C. M. Tangen, M. S. Lucia, G. J.
Miller, L. G. Ford, M. M. Lieber, R. D. Cespedes, J. N. Atkins, S. M.
Lippman, S. M. Carlin, A. Ryan, C. M. Szczepanek, J. J. Crowley, C. A.
Coltman. The Influence of Finasteride on the Development of Prostate
Cancer. N. Engl. J. Med. 349, 215—224 (2003).

G. L. Andriole, D. G. Bostwick, O. W. Brawley, L. G. Gomella, M.
Marberger, F. Montorsi, C. A. Pettaway, T. L. Tammela, C. Teloken, D.
J. Tindall, M. C. Somerville, T. H. Wilson, I. L. Fowler, R. S.
Rittmaster. Effect of Dutasteride on the Risk of Prostate Cancer. N.
Engl. J. Med. 362, 1192—1202 (2010).

J. M. Lacy, N. Kyprianou. A tale of two trials: The impact of 5a-
reductase inhibition on prostate cancer (Review). Oncol. Lett. 8
(2014). pp. 1391—-1396.

M. G. Cameron, C. Kersten, M. G. Guren, S. D. Fossa, I. Vistad.
Palliative pelvic radiotherapy of symptomatic incurable prostate cancer
- A systematic review. Radiother. Oncol. 110, 55—60 (2014).

M. Moschini, V. Sharma, G. Gandaglia, P. Dell’Oglio, N. Fossati, E.
Zaftuto, F. Montorsi, A. Briganti, R. J. Karnes. Long-term utility of
adjuvant hormonal and radiation therapy for patients with seminal
vesicle invasion at radical prostatectomy. BJU Int. 120, 69—75 (2017).
D. L. Buscariollo, M. Drumm, A. Niemierko, R. H. Clayman, S.
Galland-Girodet, D. Rodin, A. S. Feldman, D. M. Dahl, F. J. McGovern,
A. F. Olumi, A. Eidelman, W. U. Shipley, A. L. Zietman, J. A.
Efstathiou. Long-term results of adjuvant versus early salvage
postprostatectomy radiation: A large single-institutional experience.
Pract. Radiat. Oncol. 7, e125—e133 (2017).

G. Gandaglia, A. Briganti, N. Clarke, R. J. Karnes, M. Graefen, P. Ost,
A. L. Zietman, M. Roach. Adjuvant and Salvage Radiotherapy after
Radical Prostatectomy in Prostate Cancer Patients. Eur. Urol. 72, 689—
709 (2017).

C. R. King. The timing of salvage radiotherapy after radical
prostatectomy: A systematic review. Int. J. Radiat. Oncol. Biol. Phys.
84, 104—111 (2012).

111



254.

255.

256.

257.

258.

250.

260.

261.

262.

N. Fossati, R. J. Karnes, C. Cozzarini, C. Fiorino, G. Gandaglia, S.
Joniau, S. A. Boorjian, G. Goldner, W. Hinkelbein, K. Haustermans, B.
Tombal, S. Shariat, P. I. Karakiewicz, F. Montorsi, H. Van Poppel, T.
Wiegel, A. Briganti. Assessing the optimal timing for early salvage
radiation therapy in patients with prostate-specific antigen rise after
radical prostatectomy. Eur. Urol. 69, 728—-733 (2016).

G. Gravis, P. Marino, F. Joly, S. Oudard, F. Priou, B. Esterni, I
Latorzeff, R. Delva, I. Krakowski, B. Laguerre, F. Rolland, C. Théodore,
G. Deplanque, J. M. Ferrero, D. Pouessel, L. Mourey, P. Beuzeboc, S.
Zanetta, M. Habibian, J. F. Berdah, J. Dauba, M. Baciuchka, C. Platini,
C. Linassier, J. L. Labourey, J. P. Machiels, C. El Kouri, A. Ravaud, E.
Suc, J. C. Eymard, A. Hasbini, G. Bousquet, M. Soulie, K. Fizazi.
Patients’ self-assessment versus investigators’ evaluation in a phase III
trial in non-castrate metastatic prostate cancer (GETUG-AFU 15). Eur.
J. Cancer. 50, 953—962 (2014).

Wilt Timothy J, Jones Karen M, Barry Michael J, Andriole Gerald L,
Culkin Daniel, Wheeler Thomas, Aronson William J, Brawer Michael
K. Follow-up of prostatectomy versus observation for early prostate
cancer. N EnglJ Med. 377, 132—142 (2017).

H. Dehnad, A. J. Nederveen, U. A. Van Der Heide, R. J. A. Van
Moorselaar, P. Hofman, J. J. W. Lagendijk. Clinical feasibility study for
the use of implanted gold seeds in the prostate as reliable positioning
markers during megavoltage irradiation. Radiother. Oncol. 67, 295—
302 (2003).

P. S. Moran, M. O’Neill, C. Teljeur, M. Flattery, L. A. Murphy, G.
Smyth, M. Ryan. Robot-assisted radical prostatectomy compared with
open and laparoscopic approaches: A systematic review and meta-
analysis. Int. J. Urol. 20, 312—321 (2013).

S. Marshall, S. Taneja. Focal therapy for prostate cancer: The current
status. Prostate Int. 3, 35—41 (2015).

C. C. Pritchard, J. Mateo, M. F. Walsh, N. De Sarkar, W. Abida, H.
Beltran, A. Garofalo, R. Gulati, S. Carreira, R. Eeles, O. Elemento, M.
A. Rubin, D. Robinson, R. Lonigro, M. Hussain, A. Chinnaiyan, J.
Vinson, J. Filipenko, L. Garraway, M.-E. Taplin, S. AlDubayan, G. C.
Han, M. Beightol, C. Morrissey, B. Nghiem, H. H. Cheng, B.
Montgomery, T. Walsh, S. Casadei, M. Berger, L. Zhang, A. Zehir, J.
Vijai, H. I. Scher, C. Sawyers, N. Schultz, P. W. Kantoff, D. Solit, M.
Robson, E. M. Van Allen, K. Offit, J. de Bono, P. S. Nelson. Inherited
DNA-Repair Gene Mutations in Men with Metastatic Prostate Cancer.
N. Engl. J. Med. 375, 443—453 (2016).

L. S. Lindstrom, P. Hall, M. Hartman, F. Wiklund, H. Grénberg, K.
Czene. Familial concordance in cancer survival: a Swedish population-
based study. Lancet Oncol. 8, 1001—1006 (2007).

R. Na, S. L. Zheng, M. Han, H. Yu, D. Jiang, S. Shah, C. M. Ewing, L.
Zhang, K. Novakovic, J. Petkewicz, K. Gulukota, D. L. Helseth, M.
Quinn, E. Humphries, K. E. Wiley, S. D. Isaacs, Y. Wu, X. Liu, N.
Zhang, C. H. Wang, J. Khandekar, P. J. Hulick, D. H. Shevrin, K. A.
Cooney, Z. Shen, A. W. Partin, H. B. Carter, M. A. Carducci, M. A.
Eisenberger, S. R. Denmeade, M. McGuire, P. C. Walsh, B. T. Helfand,
C. B. Brendler, Q. Ding, J. Xu, W. B. Isaacs. Germline Mutations in

112



263.

264.

265.

266.

267.

268.

269.

ATM and BRCA1/2 Distinguish Risk for Lethal and Indolent Prostate
Cancer and are Associated with Early Age at Death [figure presented].
Eur. Urol. 71, 740—747 (2017).

M. M. Pomerantz, S. Spisak, L. Jia, A. M. Cronin, I. Csabai, E. Ledet, A.
O. Sartor, I. Rainville, E. P. O’Connor, Z. T. Herbert, Z. Szallasi, W. K.
Oh, P. W. Kantoff, J. E. Garber, D. Schrag, A. S. Kibel, M. L. Freedman.
The association between germline BRCA2 variants and sensitivity to
platinum-based chemotherapy among men with metastatic prostate
cancer. Cancer. 123, 3532—3539 (2017).

W. B. Isaacs, J. Xu. Current progress and questions in germline
genetics of prostate cancer. Asian J. Urol. 6, 3—9 (2019).

E. S. Antonarakis, C. Lu, B. Luber, C. Liang, H. Wang, Y. Chen, J. L.
Silberstein, D. Piana, Z. Lai, Y. Chen, W. B. Isaacs, J. Luo. Germline
DNA-repair Gene Mutations and Outcomes in Men with Metastatic
Castration-resistant Prostate Cancer Receiving First-line Abiraterone
and Enzalutamide. Eur. Urol. 74, 218—225 (2018).

D. Robinson, E. M. Van Allen, Y. M. Wu, N. Schultz, R. J. Lonigro, J.
M. Mosquera, B. Montgomery, M. E. Taplin, C. C. Pritchard, G. Attard,
H. Beltran, W. Abida, R. K. Bradley, J. Vinson, X. Cao, P. Vats, L. P.
Kunju, M. Hussain, F. Y. Feng, S. A. Tomlins, K. A. Cooney, D. C.
Smith, C. Brennan, J. Siddiqui, R. Mehra, Y. Chen, D. E. Rathkopf, M.
J. Morris, S. B. Solomon, J. C. Durack, V. E. Reuter, A. Gopalan, J.
Gao, M. Loda, R. T. Lis, M. Bowden, S. P. Balk, G. Gaviola, C. Sougnez,
M. Gupta, E. Y. Yu, E. A. Mostaghel, H. H. Cheng, H. Mulcahy, L. D.
True, S. R. Plymate, H. Dvinge, R. Ferraldeschi, P. Flohr, S. Miranda,
Z. Zafeiriou, N. Tunariu, J. Mateo, R. Perez-Lopez, F. Demichelis, B. D.
Robinson, M. Schiffman, D. M. Nanus, S. T. Tagawa, A. Sigaras, K. W.
Eng, O. Elemento, A. Sboner, E. 1. Heath, H. I. Scher, K. J. Pienta, P.
Kantoff, J. S. De Bono, M. A. Rubin, P. S. Nelson, L. A. Garraway, C. L.
Sawyers, A. M. Chinnaiyan. Integrative clinical genomics of advanced
prostate cancer. Cell. 161, 1215-1228 (2015).

J. N. Graff, J. J. Alumkal, C. G. Drake, G. V. Thomas, W. L. Redmond,
M. Farhad, J. P. Cetnar, F. S. Ey, R. C. Bergan, R. Slottke, T. M. Beer.
Early evidence of anti-PD-1 activity in enzalutamide-resistant prostate
cancer. Oncotarget. 7, 52810—52817 (2016).

C. E. Barbieri, S. C. Baca, M. S. Lawrence, F. Demichelis, M. Blattner,
J. P. Theurillat, T. A. White, P. Stojanov, E. Van Allen, N. Stransky, E.
Nickerson, S. S. Chae, G. Boysen, D. Auclair, R. C. Onofrio, K. Park, N.
Kitabayashi, T. Y. MacDonald, K. Sheikh, T. Vuong, C. Guiducci, K.
Cibulskis, A. Sivachenko, S. L. Carter, G. Saksena, D. Voet, W. M.
Hussain, A. H. Ramos, W. Winckler, M. C. Redman, K. Ardlie, A. K.
Tewari, J. M. Mosquera, N. Rupp, P. J. Wild, H. Moch, C. Morrissey, P.
S. Nelson, P. W. Kantoff, S. B. Gabriel, T. R. Golub, M. Meyerson, E. S.
Lander, G. Getz, M. A. Rubin, L. A. Garraway. Exome sequencing
identifies recurrent SPOP, FOXA1 and MED12 mutations in prostate
cancer. Nat. Genet. 44, 685—689 (2012).

C. Gridelli, F. De Marinis, M. Di Maio, D. Cortinovis, F. Cappuzzo, T.
Mok. Gefitinib as first-line treatment for patients with advanced non-
small-cell lung cancer with activating epidermal growth factor receptor
mutation: Review of the evidence. Lung Cancer. 71, 249—257 (2011).

113



270.

271.

272,

273.

M. J. Morris, A. Molina, E. J. Small, J. S. De Bono, C. J. Logothetis, K.
Fizazi, P. De Souza, P. W. Kantoff, C. S. Higano, J. Li, T. Kheoh, S. M.
Larson, S. L. Matheny, V. Naini, T. Burzykowski, T. W. Griffin, H. I.
Scher, C. J. Ryan. Radiographic progression-free survival as a response
biomarker in metastatic castration-resistant prostate cancer: COU-AA-
302 results. J. Clin. Oncol. 33, 1356—1363 (2015).

H. I. Scher, G. Heller, A. Molina, G. Attard, D. C. Danila, X. Jia, W.
Peng, S. K. Sandhu, D. Olmos, R. Riisnaes, R. McCormack, T.
Burzykowski, T. Kheoh, M. Fleisher, M. Buyse, J. S. De Bono.
Circulating tumor cell biomarker panel as an individual-level surrogate
for survival in metastatic castration-resistant prostate cancer. J. Clin.
Oncol. 33, 1348-1355 (2015).

S. E. Eggener, R. B. Rumble, H. Beltran. Molecular Biomarkers in
Localized Prostate Cancer: ASCO Guideline Summary. JCO Oncol.
Pract. 16, 340—343 (2020).

S. Gupta, J. Li, G. Kemeny, R. L. Bitting, J. Beaver, J. A. Somarelli, K.
Eware, S. Gregory, A. J. Armstrong. Whole genomic copy number
alterations in circulating tumor cells from men with abiraterone or
enzalutamide-resistant metastatic castration-resistant prostate cancer.
Clin. Cancer Res. 23, 1346—1357 (2017).

114



