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“For a patient with prostate cancer, if treatment for cure 1s necessary,

1s it possible? If possible, is it necessary?”

Willet F. Whitmore M.D. (1917-1995)

Professor of Urology, Memorial Hospital, New York
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Thesis summary

The public health burden of prostate cancer (PCa) is a major challenge. PCa has evolved from
being an infrequent disease with poor prognosis, to a widely common condition with high
probability of survival when discovered in early phases. The greatly disproportionate
incidence and mortality rates cause concerns about overdiagnosis and overtreatment of PCa.
Still, a vast number of men continue to die from this disease. Patients, researchers, clinicians
and policy makers are therefore seeking answers to the question: How to reduce PCa-related
morbidity and mortality without compromising the health of a large nhumber of men who

would otherwise not suffer from this disease?

The majority of men with PCa have no distant metastases at the time of diagnosis. These men
have overall good prognosis, and long-term follow-up is often necessary for any treatment-
related survival benefits to become evident. Not previously documented in a population-based
cohort of men with PCa in Norway, we present in paper one in this thesis, ten-year PCa-
specific mortality (PCSM) in men stratified according to risk group and primary treatment.
Patients with aggressive tumours and high-risk disease benefitted the most from curative

treatment, and findings support the ongoing shift in patient selection for radical treatment.

The timing of radical prostatectomy (RP) has been debated since the Cancer Patient Pathway
for PCa was implemented by the Norwegian Health Authorities in 2015. The second paper in
this thesis investigates the impact of time from diagnosis to RP on prognosis, demonstrating
that increase in such time interval up to six months does not worsen survival in any risk

group. These findings are important for patient counselling and treatment planning.

Patterns of PCa care have evolved with better understanding of PCa biology and observed
outcomes after treatment. The final paper in this thesis demonstrates that senior adults with
high-risk PCa increasingly receive curative treatment with similar survival benefits to
younger men, suggesting that these senior men should be considered for curatively intended

treatment, assuming adequate health screening and in-depth patient counselling.

The research questions presented in this thesis arise from everyday clinical practice, and

findings may aid clinicians when making treatment-decisions in men with early-stage PCa.
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1. Introduction

1.1. Epidemiology

With estimated 1.3 million new cases in 2018, prostate cancer (PCa) is the second most
common cancer in males worldwide and the most common male cancer in developed
countries (3). The highest incidence rates of PCa are found in North America, Caribbean,
Brazil, Oceania and Europe (4). The remarkable differences in geographical distribution of
PCa may reflect international differences in underlying risk and diagnostic practices. With
ageing of the population and increased life expectancy (LE), a significant increase in PCa

incidence and prevalence is expected worldwide, particularly in senior men (5).

In 2018, 4848 men were diagnosed with PCa in Norway, accounting for 27.9% of all new
cancers in males (6). The introduction of the prostate-specific antigen (PSA) test in the 1990s
resulted in a steep increase in the incidence of PCa (Figure 1,2) (6-9), and increased
diagnostic efforts have resulted in a decrease in the median age at PCa diagnosis, from 74
years in 1994-98 to 69 years in 2013-2017 (6). Although the absolute number of new PCa
cases in Norway has slightly increased in the last decade (4391 in 2009), the incidence rate
has gone down (6). The cumulative risk of being diagnosed with PCa by the age of 75 is 12.8
% in Norwegian males (8, 9). Disproportionate incidence and mortality rates have resulted in
an almost doubling in PCa prevalence in the last decade (6). By the end of 2018, 52 061 men

lived with a diagnosis of PCa in Norway (6).

14
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Figure 1. The incidence rates of PCa according to age in Norway 1953-2016 (8, 9). Copyright
has been obtained.

Incidence and detection of PCa are strongly correlated with age (Figure 1) (7). Having a first-
degree relative (father or brother) with PCa at any age doubles the risk of being diagnosed
with PCa, and the risk further increases with several affected first-degree relatives (10). There
is growing evidence that dietary habits and lifestyle factors are associated with PCa, however,
results are conflicting (4, 11). Obesity has been linked to high-grade PCa (12, 13).

PCa is the fifth leading cause of cancer deaths in men worldwide (3). Age-standardized
mortality rates are highest in regions with predominantly Black populations and Northern
Europe and lowest in the South-East Asia, Northern Africa and the Middle-East (4, 14).
Worldwide, the absolute number of PCa deaths increased from 260 000 in 2008 to 359 000 in

2018 (3), but the morality rates have declined in most developed countries (14).



In Norway, PCa is the second leading cause of cancer death among men, constituting 16% of
all cancer deaths (6). The absolute number of PCa deaths per year (921 PCa deaths in 2017
compared to 1026 deaths in 2004) and the mortality rate have slightly declined in Norway

over the past decades (Figure 2) (6, 15). The cumulative risk of dying from PCa before age 75
is 1% in Norwegian males (8, 9).
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Figure 2. Trends in incidence and mortality rates and 5-year relative survival proportions — Prostate
cancer (6). Copyright has been obtained.
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1.2. Diagnosis

PCa is suspected on the basis of an abnormal digital rectal examination (DRE) and/or elevated
or rising PSA in men with or without lower urinary tract symptoms, or in rare cases in men
with symptoms of metastatic disease. The definitive diagnosis is based on histopathological

confirmation of prostatic cancer cells.

1.2.1. Digital rectal examination

DRE is performed as part of a routine health check or when PCa is suspected. An abnormal
DRE is an indicator of PCa (16). The positive predictive value of an abnormal DRE ranges
from 6-33% and is associated with the PSA level (17). With increased use of magnetic
resonance imaging (MRI) of the prostate, the diagnostic value of DRE has less relevance in
determining the need for biopsies. Interchangeably, when PCa is confirmed, DRE still forms

the basis for local staging, in part because of poor specificity of MRI (18, 19).

1.2.2. Prostate-specific antigen

PSA is an enzyme in the kallikrein family, produced by the secretory cells in the ducts and
acini of the prostate gland and responsible for liquification of semen. PSA is an organ-
specific, but not cancer-specific, serum marker. Benign conditions of the prostate (benign
hyperplasia, prostatitis) may result in an elevated PSA, and in cancer-free men, values are
influenced by the age of the patient and size of the prostate gland. Increasing PSA levels are
associated with higher likelihood of PCa, although a considerable number of men harbor
significant PCa in the presence of low PSA levels (20). When used as single measure, PSA
has low specificity and low positive predictive value for PCa (21). PSA density, PSA velocity
and PSA isoforms may add value to the absolute PSA value as a diagnostic test (22, 23). A
PSA level >100 ng/ml has been used as an indicator of metastatic disease, even in patients
without any evidence of metastatic lesions (24, 25). The PSA level at the time of diagnosis is
prognostic for death from PCa and is incorporated into all risk classifications and nomograms

predicting outcomes in PCa patients (26, 27).
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Initially investigated as a forensic marker, PSA was discovered in the 1970s and became
available as a serum marker for PCa in the 1980s (28). In 1994, PSA was approved by the
Food and Drug Administration (FDA) in testing for PCa as a complement to DRE in
asymptomatic men. The introduction of PSA in Norway in the early 1990s was followed by a
rapid increase in PSA testing and PCa incidence (29). As a result, tumours were detected
earlier in the course of the disease. Opportunistic screening, inconsistently practiced around
the country, has been a debated practice in Norway since PSA became available (30). Since
the initial registration of PSA in the Norwegian Prostate Cancer Registry (NoPCR), the
median PSA level at the time of diagnosis has decreased, indicating widespread opportunistic
testing (15). At the same time, the PSA level at the time of PCa diagnosis increases with age,
suggesting less PSA testing in asymptomatic older men compared to younger men in Norway,

similar to findings in Swedish cohorts (15, 31).

1.2.3. Tissue sampling and grading

Before introduction of the core needle biopsy technique, histopathological diagnosis of PCa
was based on fine-needle aspiration cytology of the prostate or incidental detection by
transurethral resections of the prostate (TURP). Core needle biopsies were initially obtained
by digital guidance, until transrectal ultrasound (TRUS) guided biopsies were regarded as
superior (32). Routine use of prebiopsy MRI has in recent years allowed for targeted biopsies
of suspicious lesions in the prostate, either by cognitive or in-bore guidance, or more
commonly, by fusion of MRI images with real-time TRUS. Targeted biopsies are currently
recommended in combination with systematic biopsies in the initial work-up of PCa (33). To
improve precision and reduce infection rates, transperineal biopsies are gradually becoming

standard of care in Norway.

Adenocarcinomas are the most common morphological type of malignant tumours of the
prostate, and the majority of tumours are located in the peripheral zones of the gland (4). Of
all prostate cancers, 85-90% are multifocal, with an average of 2-3 tumour foci per gland (4).
Based on the architectural pattern in malignant tissue, the Gleason grading system, developed

by Donald Gleason and colleagues in 1966-74, designates a Gleason score (2-10) based on the

18



sum of the two most common grade patterns (1-5) in each individual prostate biopsy (4, 34,
35). The original study by Gleason demonstrated a progressive increase in mortality from PCa
with increasing Gleason score, and today the system still remains one of the most powerful

prognostic factors in PCa patients (4).

The initially rather subjective Gleason grading system has since its origin undergone major
revisions. At the International Society of Urological Pathology (ISUP) grading conference in
2005, stringent criteria were applied to the grade 3 pattern, resulting in a grade migration from
pattern 3 to 4 and an increase in the prevalence of higher recorded Gleason scores, referred to
as the "Gleason shift” (36). At the ISUP grading consensus conference in 2014, further
modifications in the assignment of Gleason grade pattern 3 and 4 were agreed on (37).
Consensus was made that Gleason grade 1 and 2 should not be assigned on biopsy because of

poor reproducibility and poor correlation with prostatectomy-based grading.

Recognizing the heterogeneity within the Gleason score 7 group, consensus was achieved in
the 2014 conference to adopt a new simplified grading system consisting of five (1-5) distinct
Grade groups (also referred to as Gleason grade groups (GGGs) or ISUP grade groups in this
thesis) to be used in conjunction with the Gleason score. Originally based on the
histopathological examination of RP specimens, and later validated for prostate biopsies, the
Grade groups allow accurate prognostic stratification by predicting biochemical recurrence
rates (BCR) in patients following RP or radiotherapy (RAD) with or without androgen
deprivation therapy (ADT) (38, 39). The Grade groups have further been validated for
prediction of metastatic progression and prostate cancer-specific mortality (PCSM) in PCa
patients treated with curative and non-curative intent (Figure 3) (40, 41). The Grade groups
were incorporated into the 2016 Edition of the World Health Organization (WHO)
Classification of the Urinary System and Male Genital Organs (42).
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Figure 3: Prostate cancer-specific survival according to Gleason grade groups in biopsies; 1
(Gleason score (GS) 2-6), 2 (GS 3+4), 3 (GS 4+3), 4 (GS 8), 5 (GS 9-10) (41). Copyright has been
obtained.

In Norway in 2018, 28%, 45% and 27% of patients featured ISUP grade groups 1, 2-3 and 4-5
in the first cancer-positive biopsy, respectively (15). Higher Gleason scores with increasing
age at diagnosis have been documented in international literature (31, 43, 44). Little, however,
is known about the prognostic value of ISUP grade groups according to age. When comparing
ISUP grade groups in the first positive biopsies to findings in the RP specimens in Norwegian
men, approximately 19% are under- and 23% are over-graded, the regional rates depending

on the number of RP-specimens examined at the pathology units (6, 45).
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1.2.4. Staging

Stage refers to the extent of cancer and is a major component of prognostic classification.
Staging can be performed at several time points in the course of the disease. The Tumour
Node Metastasis (TNM) system is the globally accepted method for PCa staging and is
released by two separate organizations; the Union of International Cancer Control (UICC) and
the American Joint Committee on Cancer (AJCC) (46, 47). The Cancer Registry of Norway
(CRN) and the European Association of Urology (EAU) refer to the TNM classification
provided by the UICC (Table 1). In the TNM-systems, each anatomical component (T, N, M)

is assigned a category, which together form a stage group.

According to the 8 Editions of the UICC Classification of Malignant Tumours and the AJCC
Staging Manual released in 2017, the clinical (c)T-category describes the local extent of the
tumour and refers to DRE findings only (46, 47). Although imaging can add staging
information, issues regarding patient selection, inter-observed reproducibility and
contradictory results have been raised. At present, radiology findings should be presented in a
descriptive text format. To evaluate diagnostic accuracy, pathological (p)T-category in the RP
specimen can be compared with cT-category. In patients undergoing RP in Norway, 44% of
tumours were found to be under-staged and 5% over-staged in 2018 (15). In recent years, the
increased use of MRI for cT-categorization in clinical practice is likely to have impacted

recordings compared to earlier time periods when ¢T was mainly based on DRE.

The clinical (c)N-category refers to the presence or absence of metastases in the regional
lymph nodes (that is lymph nodes of the true pelvis below the bifurcation of the common iliac
arteries). Traditionally, evaluation of N-status was achieved by pelvic lymph node dissection
(PLND). This invasive method, although still considered the most accurate staging method,
has largely been replaced by imaging. Computed tomography (CT) and MRI indirectly assess
lymph node invasion by determining the morphological characteristics and diameters of the
lymph nodes. Both modalities have low sensitivity for detection of N1-disease (48). Prostate-
specific membrane antigen (PSMA) Positron emission tomography (PET)/CT shows higher
sensitivity and similar specificity compared to multiparametric MRI and is currently being
evaluated for routine use in staging of high-risk PCa (49). Predictive nomograms, correlated
with findings from extended PLND (ePLND), provide probabilities of lymph node
involvement and can aid planning of curative treatment (50, 51).
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The clinical M-category refers to the presence or absence of metastases to non-regional lymph
nodes and/or distant sites. According to contemporary EAU guidelines, all patients with ISUP
grade group >3 tumours or high-risk disease (later described) should undergo metastatic
screening with at least cross-sectional abdominopelvic imaging and bone scan (33). MRI and
PET scans are, however, increasingly applied for M-categorization in clinical practice, often

resulting in upstaging compared with traditional staging methods.

Little is known about stage distribution according to age at diagnosis in Norway. International
literature shows that higher age is associated with more advanced disease (31, 43).
Independent of primary treatment, the cT-category has been shown to be an independent

prognostic factor for PCSM in patients with non-metastatic PCa (27).
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Table 1: The TNM classification for prostate cancer adapted from the UICC 8™ Edition (47)

T-category
X
TO
T1

T2

T3

T4

Tla
T1b
Tilc

T2a
T2b
T2c

T3a

T3b

Criteria

Primary tumour cannot be assessed

No evidence of primary tumour

Clinically inapparant tumour that is not palpable

Tumour incidental histologic finding in 5% or less of tissue resected
Tumour incidental histologic finding in more than 5% of tissue resected

Tumour identified by needle biopsy (e.g. because of elevated PSA)

Tumour that is palpable and confined within prostate
Tumour involves one half of one lobe or less
Tumour involves more than one half of one lobe, but not both lobes

Tumour involves both lobes

Tumour extends through the prostatic capsule
Extracapsular extension (unilateral or bilateral) including microscopic bladder neck
involvement

Tumour invades seminal vesicle(s)

Tumour is fixed or invades adjacent structures other than seminal vesicles: external sphincter,

rectum, levator muscle, and/or pelvic wall

Invasion into the prostatic apex or into (but not beyond) the prostatic capsule is not classified as T3, but as T2.

Criteria
Regional lymph nodes cannot be assessed
No regional lymph node metastases

Regional lymph node metastases

Metastases no larger than 0.2 cm can be designated pNmi.

N-category
NX
NO
N1
M-category
MO
M1
Mla
M1b
Mlc

Criteria

No distant metastases
Distant metastases
Non-regional lymph node(s)
Bone(s)

Other site(s)

When more than one site of metastases is present, the most advanced category is used.
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1.2.5. Risk stratification

PCa is a highly heterogenous disease, ranging from indolent tumours to rapidly progressive
and lethal cancers. To aid treatment planning and prediction of oncological outcomes,
including BCR after radical treatment and PCSM, PCa patients are categorized into risk
groups based on similar disease characteristics at the time of diagnosis. Several risk
stratification systems are available for classification of PCa patients without distant
metastases (33, 52-56). The majority of risk classifications are based on the three-tiered
D”Amico system (discussed later), all incorporating PSA (ng/ml), Gleason score/ISUP grade
group and cT-category (57). These variables, however, allow multiple combinations and
heterogeneity within the same risk group and between classifications systems. Several models
have therefore been modified to include risk categories beyond the traditional three-tiered
system, some of which include information on percentage of positive cores, percentage of

cancer length per core, PSA-density and cN-category (52, 54-56).

In 1998, D" Amico and colleagues proposed a risk stratification system to predict BCR after
PCa treatment with RP and external beam radiation therapy (EBRT), dividing patients into
low-, intermediate- and high-risk groups based on initial PSA, cT-category and Gleason score
(Table 2) (57). This group system has been validated for prediction of survival in RP-patients
(58). Based on the D" Amico system, the EAU risk groups presented in 2011, included cT2c-
tumours in the intermediate risk group until 2015, when these tumours were re-classified as
high-risk localised, and cT3-tumours were categorized as locally advanced together with cT4-
tumours and N1-disease (Table 3) (56, 59). Based on histology only, Gleason score 7 tumours
are currently classified as intermediate-risk, although it is well recognized that ISUP grade
group 2 (Gleason score 7a) and 3 (Gleason score 7b) tumours have different prognostic
properties (38). Thus, the EAU intermediate-risk group may be further separated into a

favorable and an unfavorable group based on the ISUP grade group.
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Table 2: D"Amico risk groups (57)

Risk group Low-risk Intermediate-risk High-risk
D’Amico PSA <10 ng/ml PSA 10-20 ng/ml PSA >20 ng/ml
and GS <7 and cT1-2a orGS7orcT2b or GS >7 or cT2c-3a

Table 3: EAU risk groups

Risk group Low-risk Intermediate-risk High-risk

EAU 2011- PSA <10 ng/ml and PSA 10.1-20 ng/ml PSA >20 ng/ml

2014 (59, 60) GS 6 and cT1-2a or GS 7 or cT2b-2c or GS 8-10 or >cT3a

EAU 2015- PSA <10 ng/ml PSA 10-20 ng/ml PSA > 20 ng/ml any PSA, any GS

(33, 56) and GS <7 (ISUP or GS 7 (ISUP grade or GS >7 (ISUP grade  (any ISUP grade),
grade 1) and cT1-2a  2/3)orcT2b 4/5) or cT2c cT3-4 or cN+
Localised Locally advanced

Several nomograms are available to predict oncological outcomes in PCa patients,
demonstrating high prognostic performance for PCa mortality (61). The Cancer of the
Prostate Risk Assessment (CAPRA) score (0-10) incorporates age, PSA category, Gleason
score, cT-category and percentage of biopsy cores involved with cancer, to calculate the

likelihood of recurrence, metastases and PCa death in patients treated for PCa (62).

Ultimately, diagnostic methods are rapidly evolving, and incorporation of findings from
imaging, genetic profiling and biomarkers is expected to improve future individualized risk

stratification and decision-making (63, 64).
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1.3. Life expectancy

Long-term survival in PCa patients is influenced by PCa-related factors and risks associated
with death from competing causes. Based on the available literature, a life expectancy (LE) of
minimum 5-10 years is generally considered mandatory in men with localised PCa to benefit
from any life-prolonging effect from curative treatment (52, 56). Accordingly, individual LE
estimation, along with risk stratification, is essential to make treatment recommendations in

PCa patients without distant metastases.

Age

Increasing age is strongly associated with increased likelihood of death from other causes
than PCa (24, 65). In a study with long-term follow-up of 223 Swedish men with localised
intermediate and highly differentiated PCa who received no curative treatment, the majority
of men died from competing causes (65). In another Swedish landmark study, evaluating
more than 75 000 non-curatively treated PCa patients of all ages, increasing age was strongly
associated with increased likelihood of death from other causes within all risk groups (24).
Assessment of biological age rather than chronological age for prediction of LE has been
emphasized in the last decade (66, 67).

Comorbidity

Comorbidity is another major predictor of non-PCa death (24, 68-71), although the clinicians”
assessment of the impact of comorbidity on LE is highly subjective (72). The Charlson
Comorbidity Index (CCI) is a feasible clinical assessment tool validated for prediction of non-
cancer-specific death in patients with clinically localised PCa (71, 73-75). Albertsen and
colleagues showed that men with significant comorbidities had a 2-fold greater chance of all-
cause death compared to men without significant illnesses (69). Independent of risk group,
Rider et al demonstrated a strong association between CCI score and cumulative ten-year
mortality from other causes than PCa, especially in men <65 years (24). Though, rarely used
in Norway, diagnostic codes needed for estimation of CCI in PCa patients can be extracted
from electronic patient journals and the Norwegian Patient Registry (NPR). Each comorbidity
category is assigned a number and the sum of all categories gives the comorbidity score.

Satisfactory treatment for the listed conditions, however, is not accounted for.
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Functional status

Assessment of physical functioning can be done by evaluating the patients” performance
status (PS) by use of standardized assessment tools. The Eastern Cooperative Oncology
Group (ECOG) PS, also referred to as the WHO PS, was originally published by Oken in
1982 (Table 4) (76). This simple scoring system divides patients into five categories based on
activity level and capability of selfcare. The ECOG score has been shown to correlate with
response to treatment and survival in cancer patients, but is limited by interobserver
variability (77). In a study by Fossa et al, ECOG PS was an independent prognostic covariate
of 5-year PCSM and OM in patients with non-metastatic PCa (78).

Table 4. ECOG/WHO performance status (76)

Category Description
0 Fully active, able to carry on all pre-disease performance without restriction.
1 Restricted in physically strenuous activity, but ambulatory and able to carry out work

of a light or sedentary nature e.g. light house work, office work.

2 Ambulatory and capable of all selfcare, but unable to carry out any work activities. Up

and about more than 50% of waking hours.

3 Capable of only limited selfcare, confined to bed or chair more than 50% of waking
hours.

4 Completely disabled. Cannot carry on selfcare. Totally confined to bed or chair.

5 Dead.
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Estimation of life expectancy

The overall LE of a Norwegian male is currently 81.19 years (79). The expected remaining

years to live decrease with increasing age, however, the higher age reached, the older one is
likely to become. LE according to sex, chronological age, country of residence and time of

entry can be extracted from population-based life tables (Table 5) (79, 80).

Table 5: Life expectancy in Norwegian males 2019 adapted from Statistics Norway (79)

Age (years) Life expectancy (years)*
50 32.78

60 23.73

65 19.53

70 15.55

75 11.90

80 8.65

85 5.95

*Remaining years to live

For individual prediction in PCa patients, LE calculated from life tables must be adjusted for
the patient’s health status, assessed by comorbidity, nutritional status, cognitive and physical
functioning (81). According to the National Comprehensive Cancer Network (NCCN)
principles, LE achieved from life tables can be adjusted according to the clinician’s
assessment of overall health; 50% LE is added to the best quartile health, no adjustments for

the middle two quartiles and 50% is subtracted from the worst quartile health (82).

Following recommendations by the International Society of Geriatric Oncology (SIOG) and
the EAU, geriatric screening should be routinely performed in all patients >70 years at
diagnosis, and abnormal screening results should warrant a comprehensive geriatric
assessment (33, 67). Based on the assessments, patients are classified into one of three
categories; fit, vulnerable or frail. Fit patients, and vulnerable patients with reversible

impairments, should receive standard treatment as for younger patients (67).

28



1.4. Primary treatment

Treatment of PCa can be defined as primary or secondary. This thesis deals with outcomes
after primary treatment of PCa. Although not legally binding, treatment of PCa is regulated by
guidelines that are regularly updated based on available results from randomized controlled
trials (RCTs) and observational studies from population-based PCa registries (83). The EAU
guidelines on PCa have been the main references for clinical practice in Norway since their
first release in 2001 (33, 84). National guidelines on PCa became available in Norway in 2009
(85).

Primary treatment for PCa without distant metastases can be broadly divided into curative and
non-curative. Risk group allocation and LE form the basis for national and international
treatment recommendations, and final decisions are further influenced by preferences of the
patient and the treating physician. Online tools can aid decision-making by predicting
outcomes based on individual patient- and disease characteristics (86, 87). Today, treatment

recommendations for individual patients are routinely made by multidisciplinary teams.

Although the principal primary treatment categories for patients without distant metastases
have been more or less unchanged in the last decades, treatments techniques have been
modernized and refined, and treatment strategies have greatly evolved with increased

knowledge about outcomes in subgroups of PCa patients.

1.4.1. Curative treatment

Patients without distant metastases are potential candidates for curative treatment comprising
radical prostatectomy (RP) or definitive radiotherapy (RAD), in some cases preceded by a
period of active surveillance (explained later) (33). The goal of curative treatment is to gain
oncological control of the cancer while inflicting minimal adverse treatment-related effects.
There is no upper age limit for curative treatment of PCa, but potential complications and
side-effects from treatment must in the individual patient be carefully weighed against the

expected clinical benefits in terms of reduced PCa morbidity and mortality.
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Early diagnosis and increased lead time (time from diagnosis until patients develop
symptoms) has altered the natural course of confirmed PCa and raised concerns of
overtreatment (treatment of cancers that will not become symptomatic in the patient’s life-
time), particularly in men with low-risk disease. The greatest benefits from curative treatment
are observed in patients with intermediate- and high-risk disease (78, 88, 89). In patients with
unfavorable disease, particularly in fit senior men, concerns about undertreatment have been
brought to attention (31, 90, 91).

Radical prostatectomy

Radical prostatectomy is a curative treatment modality involving complete surgical removal
of the prostate gland and the seminal vesicles, either by open or minimally invasive technique.
According to the contemporary EAU guidelines, patients with PCa without distant metastases
and a LE >10 years can be managed with RP, as part of multimodal treatment in patients with
locally advanced disease (33). An ESMO consensus meeting and the NCCN Guidelines state
that curative treatment with RP should be discussed with patients with high-risk disease and
LE > 5 years (52, 92).

The prostatectomy technique has greatly evolved in the last 150 years, from the initial
perineal partial prostatectomy performed by T. Billroth in 1866 to the first perineal
extracapsular prostatectomy by H. Young in 1904 and the retropubic approach by T. Millin in
1945 (93-95). The first laparoscopic RP was performed in the early 1990s, followed by the
introduction of the robot-assisted radical prostatectomy technique using the da Vinci Surgical
System in 2002 (96). In Norway, the robot-assisted laparoscopic prostatectomy was
introduced in 2004 and has become standard of care (97). The robotic technique allows 3D-
vision, improved ergonomics and surgical techniques. There is no clear evidence that any
open or minimally invasive technique is superior, although the latter method may result in

reduced blood loss and shorter hospital stays compared with open procedures (98).

To improve post-operative functional outcomes, particularly preserving erectile function in
pre-operatively potent men, dissection of the prostate can be performed with various degrees
of nerve-sparing (NS), preserving the neurovascular bundle on one or both sides of the gland
(99-101). Performing ePLND in patients with increased risk of lymph nodes metastases

allows pathological assessment of the pelvic lymph nodes, although a therapeutic effect has
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not been proven (102). Examination of the RP specimen permits pathological staging, grading

and evaluation of surgical margins for prediction of further PCa outcomes (103).

RP has been compared with observation in four RCTs. In the first trial, no survival difference
was demonstrated after 23 years follow-up of 142 patients with localised PCa randomized to
radical prostatectomy or expectant management (104). In the second SPCG-4 trial, 695
patients <75 years diagnosed with clinically localised PCa were randomized to RP or
watchful waiting (WW) (later explained) (105-107). Only 5% of patients had Gleason score
>8 tumours. The ten-year absolute differences in PCSM and OM significantly favored RP,
and the RP group had reduced risk of local progression and metastases compared to the WW
group (107). The benefits of RP increased with longer follow-up and was largest in men aged
<65 years for all outcomes. In men >65 years, a survival benefit from RP was not evident
until more than twenty years follow-up (106), however, a reduction in the risk of metastases
and need for palliative treatment was evident after thirteen years follow-up (105). In the third
PIVOT trial, 731 patients <75 years diagnosed with localised PCa were randomized to RP or
observation (108, 109). One in five patients had high-risk disease, but only 7% of patients had
Gleason score >8. After almost thirteen years follow-up, PCa mortality was not significantly
reduced in the RP group, although an improvement in overall survival was seen for
intermediate-risk patients treated with RP. Treatment for disease progression was more
frequent in the observation group compared to the RP group. Finally, in the most recent
ProtecT study, 1643 patients <70 years with screening-detected localised PCa were
randomized to active monitoring, RP or RAD (25). Only 2% had Gleason score >8 tumours.
No difference in PCSM emerged in the treatment groups after ten years follow-up, although
patients in the active monitoring group had significantly higher risk of disease progression.
Population-based studies have demonstrated a survival benefit with RP compared to
observation in patients with non-metastatic PCa, with varying effects according to disease
characteristics (110-112).

The proportion of patients in the low- and intermediate-risk groups treated with RP in Norway
has decreased in the past decade (15). In high-risk patients the use of RP has increased,
particularly in men with locally advanced disease, although this finding may be influenced by
the increased use of MRI for local staging. In 2018, approximately 1600 RPs were performed

in Norway, of which half of the patients had high-risk disease (15). Not visualized by the

31



CRN data, it is estimated that approximately 100 Norwegian men are annually operated with
RP abroad, but the exact number is unknown (113). Recognizing the association between
prostatectomy volumes and post-RP outcomes, performance of RP has increasingly been
centralized in Norway, from 19 operating public hospitals in 2012 to 12 public and one
private hospital in 2018 (15, 114, 115). Until a decade ago, PCa patients aged >70 years were
rarely considered for prostatectomy (15).

Radiotherapy

Radiotherapy has a place in the treatment of patients with PCa as curative local treatment
(definitive or adjuvant RAD in the primary setting or salvage RAD in the secondary setting),
as palliative RAD or as prophylactic means to prevent gynecomastia. This thesis deals with

curative radiotherapy.

Definitive radiotherapy

According to the contemporary EAU guidelines, patients with localised and locally advanced
PCa without distant metastases are potential candidates for RAD (33). (Neo-) adjuvant ADT
has been shown to increase ten-year disease-free and overall survival in high-risk patients
treated with definitive RAD, and ADT is generally given for six months in intermediate-risk
and two-three years in high-risk patients (81, 116).

In Norway, definitive RAD for PCa was introduced in 1974 (117). In the past decades,
definitive RAD techniques have undergone major modifications. Use of 3D-conformation has
set the ground for high-precision techniques and is now considered the gold standard. Modern
technical methods allow modifications of the shape and intensity of radiotherapy beams
during the treatment (Intensity-Modulated Radiotherapy (IMRT), Volumetric-Modulated Arc
Therapy (VMAT)) and application of escalated-dose RAD while sparing the surrounding
tissue to reduce toxicity. These developments, together with increasing LE, have resulted in a
gradual increase in the number of senior adults who are offered definitive RAD. Implantation
of gold markers and image-guided radiation therapy (IGRT), visualizing the target prior to
each treatment, has further improved precision. Hypo-fractionation and introduction of high-
dose rate brachytherapy, mostly in combination with EBRT, are other developments in the
curative radiotherapeutic management of PCa. Dose escalation has been shown to reduce

recurrence and improve overall survival (118-121). A dosage of minimum 74 Gy, with no
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distinction between risk groups, is today considered mandatory for cure in Norway, whereas

target doses of at least 70 Gy were viewed as sufficient before 2009 (122).

The proportion of patients treated with RAD have remained relatively stable in intermediate-
and high-risk patients in Norway in the past decade (15). Due to increased perioperative
morbidity in senior men, definitive RAD has been the preferred curative treatment option in
patients >70 years. Norwegian PCa patients aged 70-74 years are now, however, equally
treated with primary RP and RAD (15).

Adjuvant RAD

Patients with the high pathological Gleason scores, extracapsular extension and/or positive
surgical margins following RP have an increased risk of developing BCR (123-125).
Adjuvant RAD, provided immediately after RP, may prolong PSA progression-free survival,
but the impact on clinical progression is uncertain (126, 127). An increasing body of evidence
shows that close observation followed by early salvage radiotherapy for BCR, does not
increase the risk of metastatic progression or death compared to adjuvant RAD (128, 129). In
patients with unfavorable tumour characteristics and low-volume pN1-disease (<2 positive
nodes), and in patients with intermediate-volume pN1-disease (3-4 positive nodes), adjuvant
RAD may reduce PCSM and OM (130).

Radical prostatectomy vs radiotherapy

The ProtecT study is the only RCT comparing survival outcomes of primary RP and RAD in
patients with localised PCa, with no observed differences in ten-year PCSM in patients with
low- and intermediate-risk tumours (25). Observational studies have indicated better survival
after RP compared to RAD in patients with non-metastatic PCa, however, insufficient
adjustment for patient- and tumour heterogeneity within the treatment groups limit
interpretation of results (88, 131, 132). Robinson and colleagues observed a smaller
difference in PCa mortality between RP and RAD compared to previous studies after
adjustment for clinical covariates (133). Formal comparison between RP and RAD in patients
up to 75 years of age with locally advanced T3-tumours will be made in the ongoing
randomized SPCG-15 trial (NCT02102477).
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Active surveillance

The concept of active surveillance (AS) was first described in 2002 (134). AS, more recently
referred to as deferred active treatment (DAT), is a strategy that involves deferring curative
treatment in selected patients with localised PCa and long LE, aiming to delay or avoid
treatment-related side-effects without compromising PCa-specific survival (135-137).
According to contemporary guidelines, patients with low-, and selected patients with
intermediate-risk disease, can be managed with AS (33). Patients in AS are monitored
according to a predefined schedule, including regular DRE, PSA-testing, MRI and re-
biopsies. The optimal AS regime is unknown, and ongoing studies are investigating various
inclusion criteria, monitoring regimes, reclassification criteria and triggers for active
treatment (135-141) (NCT02914873). In a large European study, 52% and 73% of patients
had discontinued AS after five and ten-year follow-up, mainly because of protocol-based re-
classification (138). Although AS avoids physical side-effects from curative treatment, and
the majority of men report good quality of life with untreated cancer, patients with
intermediate-risk disease have an overall increased risk of worsened oncological outcomes
when active treatment is deferred (111, 137, 140-143). Since AS was first recorded in the
NoPCR in 2009, an increasing proportion of low-risk patients are managed with AS in
Norway (15).

1.4.2. Non-curative treatment

Deferred treatment

Watchful waiting (WW) is a deferred treatment strategy in which patients who are ineligible
for curative treatment, or asymptomatic patients with LE <10 years, are managed with
observation only and treated with ADT and/or other palliative measures as indicated by

symptoms or rapidly progressing disease (33).

Androgen deprivation therapy

In 1941, C. Huggins and colleagues demonstrated that the growth of PCa could be retarded by
androgen (testosterone) deprivation. He was awarded the Nobel Prize for Physiology or
Medicine for his discovery (144). Androgen deprivation from castration is achieved either by

surgical removal of the testicles or by suppressing the testicular androgen production with
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medical agents (Lutenizing hormone-releasing hormone (LHRH) agonists or antagonists).
The effect of androgen deprivation may be further achieved by inhibiting the action of
circulating androgens at the receptor level (antiandrogens) or by blocking the production of
testosterone from the adrenal glands. Castration is the standard of care for PCa patients with
distant metastases (33). In patients with high-risk PCa, adding RAD to ADT reduces long-
term PCa mortality compared to ADT alone (145, 146). Temporary ADT is used in

conjunction with definitive RAD in patients with intermediate- and high-risk PCa.

1.4.3. Prostate cancer patient pathway

Based on a Danish model, the Norwegian Directorate of Health implemented in 2015 a cancer
patient pathway (CPPs) for PCa patients (147). This fast-track system defines upper time
limits for diagnostic activities and treatment, starting from the time PCa is suspected in the
specialized health care service to initiation of primary treatment when PCa is diagnosed. The
CPP aims to optimize patient flow and avoid unnecessary delays and is supervised by a
coordinating nurse at the hospitals. For PCa patients, whose primary treatment consists of RP
or definite RAD, treatment should be initiated within 32 days of decision-making, usually
calculated from the time of the multidisciplinary team meeting. No distinctions regarding time
limits are made according to patient or tumour risk profile. AS and medical treatment should
commence within three days of decision. According to quality indicators defined by the
Directorate of Health, minimum 70% of patients with a new diagnosis of PCa should be
included in the CPP and receive timely treatment (147, 148).
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1.5. Secondary treatment

Local salvage treatments

Persistent PSA or any sustained rise in PSA from an undetectable level post-RP may indicate
tumour activity, either persistent local or pre-existing metastatic disease. Traditionally, the
definition of BCR post-RP has been two consecutive PSA values of >0.2 ng/ml and rising
from an undetectable level, but has recently been re-defined to include all rise in PSA (33).
After definitive RAD, the PSA level drops to a minimum, referred to as the nadir level. An
increase in PSA >2 ng/ml above the nadir level is considered disease recurrence. PSA
recurrence after curative treatment in PCa patients often precedes clinical recurrence by many
years, and categorization of patients into risk groups based on pathological Gleason score,
interval to biochemical failure and PSA doubling time, may aid prediction of metastases and
PCSM (149, 150). In patients with persistent or rising PSA post-RP, early salvage
radiotherapy provides a possibility of cure in patients without metastases and high risk of
disease progression (151, 152). Salvage RAD is today combined with hormone treatment
(153). Alternative locoregional salvage therapies are being explored; salvage RP, salvage
PLND, RAD to pelvic lymph nodes, brachytherapy and cryotherapy. Patients with
locoregional recurrence who have low risk of clinical progression or who are ineligible for

salvage treatments can be managed with observation or ADT.
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1.6. Outcomes

Assessment of functional and oncological outcomes in PCa patients can provide information
about the quality of PCa care, stratified for different treatments. The most commonly used
oncological outcome measures in PCa patients include surgical margin status,
biochemical/clinical recurrence after curative treatment, local/symptomatic/metastatic
progression, need for secondary cancer treatments, acute and long-term adverse side-effects,
mortality and survival. In this thesis, we evaluate the following outcomes after primary
treatment in PCa patients without distant metastases; surgical margin status, use of post-RP
pelvic or mamillary RAD as a minimum estimate of recurrence (the latter as a proxy indicator

for start of anti-androgen hormone treatment), PCSM and OM.

1.6.1. Functional outcomes

Functional outcomes after treatment for PCa are not assessed in this thesis, but constitute an
important aspect in clinical decisions-making, since improved oncological outcomes after
curative treatment may come at a cost of long-term side-effects, ultimately reducing the
patients” quality of life. RP may result in deterioration of sexual function and incontinence.
Preservation of potency and continence are included in the trifecta and pentafecta systems for
post-RP outcome reporting (154, 155). Radiotherapy may result in worsening of sexual
function and bowel symptoms, and limited worsening of urinary continence (155).
Considerable heterogeneity in patient-reported functional outcomes is observed among
subgroups of patients (155). Higher age has been associated with worse functional outcomes
after curative treatment for PCa (156-159), although the total impact of age on self-reported
toxicities from radical treatments may be marginal (158). Distinguishing between function
and bother, and pre- vs post-treatment evaluation scores, has gained increased attention in
recent years (155, 159, 160). A significant proportion of senior men have erectile dysfunction
prior to treatment, and treatment-related worsening of erectile function may not impact on

quality of life to a similar extent as in younger men (161).
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1.6.2. Histopathological outcomes

The post-prostatectomy surgical margin status is considered positive if tumour cells are in
contact with the ink on the surface of the RP specimen. Positive surgical margins are
associated with increased likelihood of BCR and secondary cancer treatments after RP,
however, the impact on metastatic progression and PCSM is less clear (125, 162-167). The
presence of negative surgical margins in the RP specimen is considered a measure of surgical
quality and is included in the post-RP pentafecta assessment, along with freedom of BCR and
complications, and preserved potency and continence (154). The association between NS and
surgical margin status in unclear (100, 168). In Norway, the presence of tumor-free margins
in pT2 specimens is regarded as a quality indicator, and 17% of patients with pT2 tumours
had PSMs in 2018 (15). The increasing proportion of high-risk patients operated with RP,
along with use of NS surgical technique, may increase the rate of PSM, however in a large
meta-analysis, NS did not increase the risk of PSMs in patients with pT2 or pT3 disease (100,
168). Abern et al demonstrated that time from biopsy to RP beyond nine months was

associated with greater risk of PSM in intermediate-risk patients (169).

1.6.3. Mortality/survival

Mortality and survival are key measures in PCa patients. Although related, there are important
differences in how mortality and survival estimates are calculated, related to what purpose
they serve; policy making, research and/or clinical decision-making. Death may occur from a
specific disease or from any cause, and the population at risk may refer to the general
population or to a specified diseased cohort, the latter the case for most clinical studies.
Overall survival estimates can be compared to a matched group in the general population to

gain information on net survival.

Prostate cancer-specific mortality rates in Norwegian men are provided by the CRN, the
Association of Nordic Cancer Registries (ANCR) and the International Agency for Research
on Cancer (IARC). Estimates are presented as absolute numbers of PCa deaths per year (e.g.
934 PCa deaths in Norway in 2017), or as crude PCa mortality rates, referring to the number
of PCa deaths per 100 000 persons in the general population per year. These measures provide

information on the burden of PCa in the population and allow evaluation of changes over
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time. The crude mortality rates do not consider the age distribution of PCa-specific mortality,

which is done by calculation of age-specific and age-standardized mortality rates.

Considering the distribution of PCa-specific mortality, the absolute numbers, the crude and
the age-standardized mortality rates increased in Norway up to the mid 1990s, with a slight
decrease thereafter (Figure 5) (14). In Norway approximately thousand men die each year
from of PCa (discussed in section 1.1.). The median age at PCa death is 83 years, and two out
of three men who die from PCa are >80 years old at the time of death (15). Over the past three
decades, there has been a shift in age-specific mortality rates in Norway (7). Theories for the
observed decrease in mortality rates in patients <85 years and increase in mortality rate
among patients aged >85 years, include increased diagnostic and treatment-related efforts
among younger men and increased misattribution of cause of death, mainly affecting the

senior population.
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Figure 5. PCa mortality rates in Norway over time according to age (14). Copyright has been obtained.
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Prostate cancer-specific mortality (PCSM) refers to the probability of PCa-specific death in
PCa patients in a specified time period after diagnosis. It is a useful measure to assess
prognosis and treatment efficacy within subgroups of PCa patients. The Kaplan-Meier and
competing risk models can be used to estimates disease-specific mortality probabilities over
time (time-to-event endpoint). Since the median time from diagnosis to PCa death is 13 years,
PCa patients, particularly those with localised disease, require long-term follow-up when
assessing mortality (15). In patients with high-risk PCa, however, treatment-related survival

differences may become evident with shorter observation times.

PCSM trends in Norway are reported by the NoPCR (15). For patients diagnosed in 2009-
2018, the risk of death from PCa increased with age, markedly in patients aged >75 years, and
with increasing risk group. Patients who did not undergo curatively intended treatment had
higher PCSM and other cause mortality compared with patients who underwent RP, RAD or
AS. With data from the CRN, Fossa et al documented 5-year PCa-specific survival of >99%,
96.3-99.5% and 85.9-97.7 in the low-, intermediate- and high-risk groups, respectively, in
Norwegian men <75 years diagnosed with non-metastatic PCa in 2004-2005 (78). Weehre et
al documented 15-year PCSM of 15% (95% confidence interval (CI) 10-19%) in all patients,
and 24% (95% CI 16-32%) in the high-risk group, operated with RP in a Norwegian tertiary
referral cancer center between 1987 and 2004 (170).

The latest update from the Nordic SPCG-4 trial documented 23-year PCSM in patients <75
years with localised PCa; 19.6% in the RP group and 31.3% in the WW group (106). The
SPCG-7 study documented ten- and 15-year PCSM in Scandinavian men <75 years diagnosed
with high-risk PCa in 1996-2002; 19.1% and 34.3% in patients randomized to lifelong
endocrine treatment alone and 8.9% and 17.4% in patients who received endocrine treatment
combined with RAD (146).

The evidence for impact of age at diagnosis on PCSM is conflicting. The majority of studies
demonstrate a positive association between increasing age and PCSM, but not when adjusted
for PCa characteristics, health status and treatment. In a report from the Cancer of the Prostate
Strategic Urologic Research Endeavor (CaPSURE) database, Bechis et al reported that age
>75 years was a univariate predictor of PCSM and OM, but did not independently predict

PCSM when controlling for risk category and treatment (171). Similar results have been
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published based on a large study from the Surveillance, Epidemiology, and End Results
(SEER) database (172) and Sun et al’s analyses (173). On the contrary, a population-based
study from the Veterans Affairs database in the U.S. demonstrated that higher age was
associated with increased PCa-specific death, independent of PSA level at diagnosis, though
without adjustment for other clinically relevant covariates or treatment type (26). Other
studies have shown decreased PCSM with increasing age. In a study with extended follow-up
of men <75 years with localised PCa who were managed conservatively, Albertsen et al
showed that increasing age was associated with decreasing risk of PCSM and increasing risk
of death from other causes compared with younger men (69). In a study by the Radiation
Therapy Oncology Group (RTOG) including men with locally advanced disease treated with
RAD, age >70 years was associated with decreased overall survival, but also decreased
prostate-cancer specific mortality compared with men <70 years when adjusted for other

covariates, suggeting that senior men harbour less aggressive disease (174).

Overall mortality refers to the proportion of patients in a group who have died within a
certain time interval after diagnosis or initiation of treatment. It can be calculated by use of
the Kaplan Meier method. Because the majority of PCa patients are senior adults with
increased risk of death from other causes than PCa, OM is an important measure to be
considered when evaluating the prognosis related to the disease and effect of treatment in PCa

patients.

Relative survival (RS) is defined as the observed survival in a group of patients with a
specific disease in a defined unit of time divided by the expected survival in a comparable
group in the general population matched on key factors such as age, sex and calendar year. RS
is referred to as the net survival since it represents the net effect of the cancer i.e. the chances
of survival in the absence of other causes of death. RS benefit from not relying on cause of
death registration and is widely used by cancer registries (6). The main challenge when
estimating RS, however, is to select a comparable group, as demonstrated for patients with
localised PCa who have 5-year RS >100%.

Defined as a quality indicator of PCa care, the estimated 5-year RS in patients diagnosed with

high-risk PCa in Norway is 96.3%. The RS for patients with localised PCa has increased in
Norway over time; 1979-83: 72.7%, 2014-18: 102 % (6). Compared with men <70 years, RS

41



is markedly reduced from the time of diagnosis in patients aged >80 years and decreases in
men aged 70-79 years from five years after diagnosis (Figure 6) (6). These findings suggest
that senior patients have a higher likelihood of dying from PCa compared to younger patients,
possibly due to delayed diagnosis and less treatment. Similar findings were reported in a
population-based study from the Netherlands (175).

Relative survival by age
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Figure 6: Relative survival by age up to 15 years after PCa diagnosis, 2014-2018 (6)
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2. Thesis

2.1. Aims

The planning of a research project investigating patterns of care in patients with non-
metastatic PCa in Norway had already commenced by the time | was invited to take part in
this project in 2015. Based on data from the initial registrations in the NoPCR, Fossa et al had
in 2014 documented five-year survival in a cohort of Norwegian men diagnosed with non-
metastatic PCa in 2004-2005 (78). Long-term mortality in Norwegian PCa patients without
distant metastases, treated with both curative and non-curative intent, had not previously been
documented within a scientific population-based study, and the first paper in this thesis aimed
to update survival data in the previously reported cohort. We also wanted to identify
prognostic factors associated with ten-year PCSM, with particular attention to the recently

defined ISUP grade groups.

During the study period, the CPP for PCa patients was implemented at the hospitals in 2015.
It proved difficult to comply with the rigid time limits set by the CPP, and nonetheless, no
evidence demonstrated improved survival with reduced time from diagnosis to curative
treatment. We therefore aimed to investigate the impact of increasing time interval from
diagnosis to RP on PCSM and secondarily on histopathological findings in the RP specimen
and the likelihood of receiving post-RP RAD.

With aging of the population and increasing LE, a significant rise in PCa incidence was
expected, particularly among senior adults. At the same time, it was evident that these patients
had more unfavorable disease characteristics, received less curative treatment and were less
likely to be included in clinical trials compared to younger men. Further, it was unclear to
what extent older patients tolerated radical treatment and whether they had a survival gain
from attempted cure. With this background we wanted to investigate patterns of primary
treatment and mortality in senior adults with high-risk PCa, comparing results to those of

younger men.
In summary, the overall aim of this project was to generate new evidence-based knowledge to

assist clinicians in pre-treatment counselling and management of men diagnosed with PCa

without distant metastases. The specific objectives were to investigate the association between
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curative treatment vs non-curative treatment and PCSM, with emphasis on senior adults, and
the timing of such treatment, along with prognostic factors readily available at the time of

diagnosis.

With the above background, we aimed to answer the following research questions based on
available data from the CRN;

2.1.1. Paper |

Research questions
e What is the ten-year PCSM and OM in patients diagnosed with PCa without distant
metastases in Norway in 2004-2005 when stratified according to risk group and
primary treatment (curative treatment (RP, RAD) vs no curative treatment)?

e Which clinical factors influence on the above associations?

Expected outcomes

We expected that curative treatment compared to non-curative treatment would reduce ten-
year PCSM and OM. We further expected increasing Gleason score/GGG to be a strong
predictor of ten-year PCSM.

2.1.2. Paper Il

Research questions
e |s post-diagnosis delay of RP up to 180 days (RP-interval) associated with increased
PCSM?
e What is the impact of such increasing RP-interval on histopathological findings in the
RP specimen and the likelihood of receiving post-RP pelvic or mamillary RAD (the

latter indicating the start of antiandrogens)?
Expected outcomes

We did not expect increasing RP-interval up to 180 days to be associated with increased
PCSM.
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2.1.3. Paper |11

Research questions
e Do senior adults (>70 years) with high-risk PCa have more unfavorable disease
characteristics (higher PSA, ISUP grade groups, cT-categories) than younger men
(<70 years), and what proportion of men within each age group receive curative
treatment?
e |IsPCSM and OM significantly reduced in senior PCa patients receiving curative

treatment compared to younger patients, taking into account available risk factors?

Expected outcome
We expected that the use of curative treatment would increase with time and be associated

with reduced PCSM and OM in all patients, with greatest survival benefit in younger men.
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2.2. Material and methods

2.2.1. Data sources

Data was extracted from the National Cancer Registry of Norway (CRN), the Norwegian
Prostate Cancer Registry (NoPCR) and the Radiotherapy Database. Reporting to the CRN is
mandatory by law, and the registry contains almost all cancer cases in Norway since 1953.
The CRN receives clinical notifications and pathology reports from health care institutions
involved in cancer diagnosis and treatment (6). Monthly updates on dates of deaths and
emigration are received from the National Population Registry, and cause of death
information is regularly updated by the Cause of Death Registry.

The NoPCR was established as a sub-registry in the CRN in 2004 and became a national
quality registry in 2009, in line with quality statues in the health care service defined by the
Norwegian Directorate of Health (84, 176). Availability of population-based prognostic and
therapeutic variables, combined with survival data, allows continuous evaluation of the
quality in the management of Norwegian PCa patients. The NoPCR contains information on
individual demographic and clinical information (including date of diagnosis, ECOG/WHO
PS, T-, N-, M-categories, PSA level at the time of diagnosis, histological WHO grade,
Gleason score since 2004 and histopathological findings in the RP specimen), primary
treatment (e.g. RP, RAD, AS and hormone therapy started within four months of diagnosis),
date and cause of death (84). Information on treatment provided to patients outside Norway,
disease recurrence or progression or complete data on second-line therapies are not available
from the NoPCR.

The Radiotherapy Database within the CRN contains information since 1997 from all the
eight radiotherapy centers in Norway (177). The responsible radiotherapist at the institutions
registers information according to codes about type of cancer treated, irradiated anatomical
regions, start and end dates for all RAD series provided, total and daily doses, number of
fractions, treatment intention (curative, local control, prophylactic, palliative, or unknown)
and optional free-text (177). Until 2020, no data on newer RAD techniques (MVAT, IMRT,
use of fiducial markers) or toxicity was routinely collected in the registry, and information on
brachytherapy was not easily accessible. Further, reliable data on irradiation to pelvic lymph

nodes cannot be extracted from the database.
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2.2.2. Study design

All studies in this thesis are observational studies with historically prospective population-

based cohorts of PCa patients registered in the CRN.

2.2.3. Ethical considerations

The project was approved by the Regional Committee for Medical and Health Research
Ethics (2011/1746). Reporting to the CRN is mandatory by law and does not require patient
consent. De-identified data was extracted from the CRN and the NoPCR. Each individual
patient was assigned a project-specific number and the key to personal identification was
securely contained within the CRN. Data was handled according to the General Data
Protection Regulation (GDPR).

2.2.4. Patients and data management

Men with a new diagnosis of PCa in Norway 2001-2016 were identified in the CRN and the
NoPCR. In all papers, patients were excluded if they had no histological or cytological
verification of cancer or if diagnosis was based on cysto-prostatectomy or autopsy. Only
patients with adenocarcinomas of the prostate were included. Patients with documented
distant metastases and/or a PSA value >100 ng/ml, indicating metastatic disease, were

excluded.

Paper |

Patient selection

This follow-up study provided updated information (per June 30, 2015) on a previously
described cohort of men diagnosed with PCa in Norway in 2004-2005 (78). Patients not
viewed as candidate for curative treatment were excluded; >75 years at diagnosis, ECOG PS
>3, major comorbidity in the free-text field and/or those having cT4-tumours. The N-status

was not considered because of incomplete information. Patients who lacked information on
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basic clinical variables (PSA, cT-category, Gleason score) needed for risk grouping were not
eligible for analyses. Patients treated outside Norway were included in the study, but with no

primary treatment recorded in the NoPCR.

Data management

Patients were stratified according to ECOG PS, Gleason score/GGG, 2017 EAU risk groups
(low, intermediate, high localised, high locally advanced) and primary treatment. Patients
with unknown cT2-subcategory (615 patients) were risk classified according to PSA and
Gleason score/GGG. Primary RP was performed within <12 months of diagnosis. Primary
RAD was defined as pelvic RAD started within 18 months of diagnosis with a target dose of
>70 Gy. Patients who were not treated with primary RP or RAD were allocated to the no

standard curative treatment group.

Paper 11

Patient selection

In this study, patients diagnosed with PCa in 2001-10 and operated with RP <180 days from
the first cancer-positive biopsy were identified. Aside from the general exclusion criteria
described above, patients with biopsy Gleason score <5 and missing variables necessary for
EAU risk grouping were excluded. Patients of all ages and with any ECOG PS were eligible
for inclusion. Further, we included eight patients with cT4 tumours. The N-status was not
evaluated because of incomplete information. Only patients operated with RP in Norway were

included.

Data management

Patients were stratified according to the 2017 EAU risk groups and time from biopsy to RP
(<60, 61-90, 91-120, 121-180 days). Like paper I, patients were classified according to PSA
level and Gleason score if the cT2-subcategory was unknown (n=618). Pathological upstaging
was defined as T-category increasing by >2 categories for cT1-tumours and >1 category for
>cT2-tumours. Pathological upgrading was defined as an increase in Gleason score by >1
(separating Gleason score 7a and 7b) compared to the first biopsy. Receiving post-RP RAD,
either pelvic RAD indicating locoregional recurrence or mamillary RAD indicating initiation

of antiandrogen treatment, during the observation period was considered RP-failure.
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Paper 111

Patient selection

In this study we included patients diagnosed with 2017 EAU high-risk PCa in 2005-2016. The
general exclusion criteria described above were applied. Patients with no high-risk features
were excluded. Unlike paper I, patients of all ages, with any ECOG PS and all cT-categories

were included.

Data management

Patients were stratified according to diagnostic period (2005-2008, 2009-2012, 2013-2016),
age (<70, 70-74, 75-79, >80 years) and treatment (RP, RAD, no curative treatment). RP was
performed within 12 months of diagnosis and RAD was given with prostatic doses >74 Gy,
with or without (neo-) adjuvant ADT, within 15 months of diagnosis in patients diagnosed in
2005-2013 and within 12 months in patients diagnosed in 2014-2016. Patients who did not

meet the time-based criteria for RP or RAD were allocated to the no curative treatment group.

2.2.5. Statistical methods

In all three papers we used standard descriptive methods (frequencies/proportions,
medians/ranges, means). In paper 111, we used a Chi-square test to test for intergroup
differences in clinical variables available at diagnosis. In paper Il, we used the Chi-squared
test to test for intergroup differences in pathological outcomes. In paper 111, a multivariable
logistic regression model estimated the odds ratios (ORs) and 95% confidence intervals (CIs)

for curative treatment.

In the time-to-event analyses in paper | and I11, patients were observed from the date of
diagnosis until emigration, death or end-of-study, whatever occurred first. Treatment was
included as a time-varying covariate. In paper Il, patients were followed from the date of RP

until RP-failure, emigration, death or end-of-study.
The Aalen-Johansen estimator was used to calculate PCSM and RP-failure, treating death

from other causes and death from any causes as competing risks for PCSM and RP-failure,

respectively (178). To compare estimates, we used univariate Fine-Gray regression models.
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To estimate OM, we used the Kaplan Meier method (179), and the log rank method tested for

difference among groups. Mortality estimates were reported with 95% Cls.

In paper I, a standard likelihood ratio test was used to assess the impact of clinical variables in
multivariate analyses. Flexible parametric methods with five degrees of freedom for baseline
hazard were used to estimate hazard ratios (HRs) for PCSM in both univariate and
multivariate analyses, and the proportional hazards assumption was not validated. The same
models calculated probabilities of PCSM, incorporating death from other causes as competing
risks. In paper 11, multivariable Cox proportional hazard regressions documented the impact
of RP-interval on PCSM and RP-failure, adjusting for primary treatment and co-existing
clinical variables available at the time of diagnosis. In paper I11, a multivariable Fine-Gray
model tested the relationship (sub-distribution hazard ratios (SHRs) and CIs) between primary
treatment and PCSM, treating death from other cause as a competing risk. Cox regressions

tested the relationship between primary treatment and OM, adjusting for co-existing variables.
For all three papers we used significance level of p<0.05. Data were analysed using the IBM

Statistical Package for the Social Sciences (SPSS) Statistics version 23/25/26 and Stata

version 14.2.
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2.4. Main findings

2.4.1. Paper |

In total, 3449 patients were eligible for the study. The risk group distribution was 26/31/42%
for low-, intermediate- and high-risk disease, respectively. Of all patients, 26% underwent RP
(n=913), 39% underwent RAD (n=1334) and 35% received no curative treatment (n=1202).
There was significant heterogeneity between the treatment groups; RP patients had lower age
and better ECOG PS compared to patients managed with RAD or no curative treatment. Only
15% of RP patients had high-risk disease compared to 59% in the RAD group and 46% in the
no curative treatment group. Of patients in the RP group, 89% had Gleason score 6-7a/GGG

1-2 cancers.

After a median follow-up of ten years (range 0-11), the PCSM was 8.5%, increasing with
increasing risk group allocation within all treatment groups. The ten-year OM was 25.5% for
all patients; three times higher than the PCSM. Independent of treatment, the all-cause
mortality was 8-fold increased compared to PCSM the low-risk group, while patients in the
high-risk group had similar ten-year risk of death from PCa and other causes. Curative
treatment reduced the risk of PCSM and OM compared to no curative treatment, with

markedly higher absolute differences in the high-risk groups compared to the low-risk group.

In univariate analyses, all clinical variables were significantly associated with ten-year
PCSM. In multivariate analyses, primary treatment was associated with ten-year PCSM, with
a 4-6-fold increased risk of PCSM in the no curative treatment group compared to curatively
treated patients. Age was not significantly associated with PCSM, neither when including all
patients or patients receiving curative treatment, or when excluding ECOG from the analyses.
ECOG PS >1 was independently prognostic of ten-year PCSM, also in the curative treatment
group, increasing the risk by almost 50% compared with ECOG 0. The PSA level was not
associated with PCSM, nor was the cT-category in patients who underwent curative
treatment. Increasing Gleason score/ GGG was strongly associated with increased PCSM in all

patients and those receiving curative treatment.
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2.4.2. Paper |1

A total of 5163 patients were eligible for the study. High-risk disease was present in 28% of
patients. The distribution of patients within the RP-intervals of 0-60, 61-90, 91-120 and 121-
180 days were 17%, 31%, 26% and 27%, respectively. The median RP-interval was 93 days
(range 1-180). The age and risk groups were distributed evenly in the RP-interval groups.
Among high-risk patients, a higher proportion was treated in the last RP-interval compared to
the first (26% vs 18%).

The median follow-up time was 7.9 years (range 0-15). During this time, 1.9% of the patients
had died from PCa. For all patients the five- and ten-year PCSM was 0.7% and 2.5%. For
intermediate and high-risk patients, no association between RP-interval and PCSM was
observed. Mortality analysis in the low-risk groups was hindered by event paucity. For all
patients, no worsening of the histopathological findings was seen in the prostatectomy
specimens with increasing RP-interval. Totally 22%, 34% and 28% of patients experienced
upstaging, upgrading, PSMs, respectively. In all patients, 24.7% experienced RP-failure, and
increasing time from diagnosis to RP reduced the likelihood of this event.

2.4.3. Paper Il

A total of 19 763 patients were eligible for the study. More than half of the patients diagnosed
with high-risk PCa were aged >70 years. Compared to younger men, senior adults had poorer
ECOG performance status and more unfavorable disease characteristics (higher PSA levels,
higher ISUP grade groups, higher cT-categories).

The most marked increase in use of curative treatment from the first to the last diagnostic
period was seen in senior adults, with RP increasing 4-fold in patients aged 70-74 years and a
7-fold increase in irradiated patients aged 75-79 years. For all patients, the likelihood of
receiving curative treatment decreased with earlier diagnostic period, increasing age and
ECOG PS, prior cancer and PSA >20 ng/ml. Patients with ISUP grade group 1 tumours were
less likely to receive curative treatment compared to patients with ISUP grade group >2

tumours.
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Median follow-up time was five years (range 0-13 years). PCSM decreased with time in all
patients, but for diagnostic period three only in the senior population. Both PCSM and OM
increased with age at diagnosis. Not receiving curative treatment increased the risk of PCa
death three-fold and the risk of death from any cause two-fold in both senior adults and
younger men. Increasing ISUP grade group was significantly prognostic for PCa death, more

S0 in younger patients.
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2.5. Methodological considerations

2.5.1. Data quality

The strengths of the data in this thesis include the use of large population-based cohorts. Data
from the CRN with the NoPCR and the Radiotherapy Database were not coupled with data
from other public registries, although details on comorbidity using data from the NPR and
complete information on hormonal treatment from the National Prescription Database, would

have enriched the interpretation of our findings, particularly in the senior patient population.

Norwegian Prostate Cancer Registry

The quality of data in cancer registries can be assessed by completeness, timeliness,
comparability and validity of data (180, 181). According to a Norwegian Public Health Act
passed in 1983, the CRN is legally obliged to evaluate the quality of their registrations.

The completeness of data in the CRN refers to data coverage, i.e. the proportion of PCa
patients registered in the CRN, and the rate of clinical reporting, i.e. the proportion of patients
in which the registry has received clinical information and the completeness of these
registrations. The mandatory national reporting and the complementary data acquisition from
multiple sources at multiple time points should ensure completeness of data. Complementary
information from the NPR allows inclusion of unreported cancer cases. A review of data from
2008 found that 313/16 907 men (1.9%) registered with PCa in the NPR had no registration in
the CRN (182). The estimated coverage of all PCa patients in the CRN was 99.3% in 2012-
2016 (15).

In 2018, the rate of clinical reporting for PCa patients was 79% for diagnosis notifications and
90% for surgery notifications (15). The CRN, however, is a dynamic registry, continuously
being updated when new clinical information is acquired, and the completeness of recent data
may be delayed beyond the annual reports released by the registry. In 2018, the Norwegian
Directorate of Health evaluated national registrations of PCa treatment provided to patients in
2008-2015, and by comparing data with the NPR, they reported 97.7% completeness for
prostatectomies in the CRN (183).
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In terms of comparability, the CRN coding and classification systems largely follow
international standards, and the internal coding of collected data is manually performed by
trained coders at the CRN. Continuous quality assurance is an integrated part of the work flow
in the CRN, ensuring internal validation of data. Further, data from the CRN is frequently
used by researchers, providing opportunities for feed-back on data registrations. For the time
period 2001-2005, completeness, comparability, validity and timeliness of PCa data in the

registry had favorable values for the above-mentioned quality measures (184).

A limitation with registry data is that researches have limited influence on data collection and
monitoring, and registered data may not provide answers to all clinical research questions. A
dedicated clinical expert group advises the NoPCR on data collection, quality indicators and

presentation of data in the annual report released by the registry.

Radiotherapy Database

Interpretation and validation of RAD data in the CRN for use in clinical research and
surveillance demand in-depth knowledge about multidisciplinary treatment of PCa patients. In
a previously described external validation analysis, conducted by the Norwegian Directorate
of Health in 2018, 99.6% completeness for radiotherapy registrations in the CRN was
documented (183).

Cause of Death Registry

Statistics Norway has been responsible for death registration routines in Norway from 1925
until the Norwegian Institute for Public Health took over the processing of data in 2001 and
the operation of the Cause of Death Registry in 2014 (185). The registry collects death
certificates for all deaths that occur in Norway and registers deaths of Norwegians who die
abroad. In Norway, death is declared by a doctor, usually the hospital or community doctor on
call or the patients” general practitioner. Death certificates are filled in according to the
principles established by the WHO and the International Classification of Diseases and
Related Health Problems coding system. A computer program or a professional coder assists
in determining the underlying cause of death (the disease or injury which initiated the train of
morbid events leading directly to death), which is used for statistics. The coverage of deaths

in the Cause of Death Registry is assumed to be >98%. Not specified for PCa, extensive use
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of unspecified codes has been reported (185), but the registry ranks high in international

quality reviews (186-188).

Misattribution of the underlying cause of death may introduce attribution bias in studies
relying on PCa death reporting. Supported by international findings, concerns have been
raised as to the accuracy of the cause of death reporting in Norwegian men with PCa,
particularly those >75 years at the time of death (189-191). When comparing survival
estimates, Skyrud et al demonstrated significant differences between 5-year RS and cancer-
specific survival in Norwegian PCa patients; RS estimates being higher compared to CSS
(192). These differences increased with age and time since diagnosis, suggesting inaccuracies
in cause of death reporting in the oldest patients and difficulties establishing the cause of
death when time from diagnosis increases. In other Scandinavian countries and the UK,
however, reports have shown high accuracy for official death certificates (65, 193-196). A
Swedish registry-based study found that the proportion of PCa patients classified as having
died from PCa was 3.3 % higher in the official death certificates compared to a medical
record review, with overreporting occurring primarily among patients aged >75 years at the
time of diagnosis (193). Validation studies from the U.S. have demonstrated concordance
rates of 87-96% for PCa death between death certificates and medical records, concluding that

PCa mortality could be reliably classified in most patients (191, 197).

2.5.2. Study design

The observational design of our studies provides real-life data of large historical population-
based patient cohorts with long-term follow-up. Population-based pattern of care studies,
combined with survival analyses, can be used to evaluate national therapeutic strategies and
results, and are useful in determining the magnitude of over- and under-treatment in patients
with PCa. The observational study design, however, can merely describe the outcomes in
different treatment groups, and conclusions as to differences between therapeutic

effectiveness of specific treatments cannot be made.

57



2.5.3. Patients and data management

In all papers, patients were classified according to the 2017 EAU risk grouping (56), which is
identical to the contemporary version (33). This risk classification system differs from the
D”Amico system concerning the PSA cut-off value in the low-risk group (EAU: PSA <10 vs
D”Amico: <10 ng/ml) and inclusion of patients with cT3-4 tumours and N1 disease in the
EAU high-risk locally advanced group (56). Variables increasingly used for risk stratification
beyond the three-tiered system, including PSA density, length and number of

positive/negative biopsies and MRI findings, were not readily available from the CRN.

In our papers, we included only patients with information on all variables needed for risk
classification; cT-category, PSA value and Gleason score. In paper 111, 8347 potential high-
risk patients without distant metastases and high-risk features were excluded due to
insufficient data required for risk grouping. To avoid exclusion of patients with missing cT2
subcategory data in paper I and I, we decided to risk classify these patients based on PSA and
Gleason score alone. The routine implementation of pre-biopsy MRI of the prostate is likely
to have affected cT-categorization in the third diagnostic period (2013-2016) in paper I1I,
potentially resulting in upstaging of tumours compared to DRE. In contrast to paper I, patients
with cT4-tumors were considered potential candidates for curative treatment in paper IlI.
Complete information on clinical N-category was not available in the CRN and could not
reliably be used for risk classification, but patients coded with N1-disease were included in
the high-risk cohort in paper Ill. A significant proportion of patients had unknown M-status,
and in line with other studies, we used PSA levels >100 ng/ml as an indicator of distant
metastases, and the remaining “MX’-patients were regarded as MO. For most patients we had
several PSA-values (up to four) from the initial work-up, and the highest value was reported.
In line with the EAU risk classification, we categorized the PSA values into three categories;
PSA <10, 10-20 and >20 ng/ml.

The “Gleason shift” since 2005, with an overall upgrading and upward risk group migration,
may have contributed to a survival improvement in patients classified by tumour grade, an
effect referred to as the Will Rogers phenomenon (198). A number of patients who today
would have been classified as Gleason score 7/ISUP 2-3 could have been categorized as
Gleason score 6/ISUP grade group 1 in our papers. The time of implementation of the

Gleason modifications at different Pathology Departments in Norway has not been mapped,

58



although we expect pathologists regularly attending international conferences and as soon as
possible introducing these modifications in clinical practice. The pathology reports were made
by multiple pathologists around the country, and no central reviews of biopsies were
performed. We had only information on Gleason score in the first cancer-positive biopsy (or
TURP specimen), although patients may have undergone re-biopsies with a resultant change

in Gleason score affecting final treatment decisions.

No data on comorbidity other than WHO/ECOG PS and other cancer diagnosis was available
from the CRN, and ECOG PS was used as a surrogate for comorbidity in paper I and I11. In
the first paper, we viewed patients <75 years as candidates for curative treatment, although, as
demonstrated in paper Il1, patients >75 years with high-risk disease have increasingly

received curative treatment and may benefit from such treatment.

In paper I and 111, patients were categorized into three treatment groups; RP or RAD (curative
treatment) or no curative treatment. RP was performed <12 months of diagnosis. No
information on the reasons for timing of RP within this time period was available from the
CRN. With the introduction of the CPP in 2015, today’s RP-intervals would be expected to be
shorter compared to time periods covered by these papers. Performance of PLND was not

reliably documented in the CRN, but a therapeutic effect of PLND has not been reported.

In paper I, RAD was defined as pelvic RAD with target doses of >70 Gy started within 18
months of diagnosis. More than one third of patients received a RAD dose of 70 Gy, a dose
that today would be considered suboptimal (120). In the third paper, comprising high-risk
patients only, we considered pelvic RAD with target dose >74 Gy as curative, and patients
receiving lower doses were included in the no curative treatment group, potentially improving
survival outcomes in this subgroup as compared to no local treatment. The discrepancies in
our definitions of curative RAD relate to the change in guidelines in the time period covered
by this thesis, based on the increasing evidence from comparative effectiveness studies that
higher RAD doses increase survival (120). Importantly, we provided information of RAD
doses. For paper I1l, RAD was started <15 months of diagnosis in patients diagnosed 2005-
2013 and <12 months in patients diagnosed 2014-2016, because of the CPP reducing wait
times for initiation of treatment. For patients in the RAD groups, we had no information on

the concomitant use of ADT, although common practice was 3-6-months neo-adjuvant ADT,
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followed by 1-3 years adjuvant ADT, depending on the risk group. Although, less likely,
patients receiving curative treatment could have been managed with initial AS for a short time

period.

In paper I and 11, patients not fulfilling the criteria for primary RP or RAD were allocated to
the no curative treatment group. In paper I, no distinction could be made between AS and
WW in the no curative treatment group, because AS was not registered in the NoPCR until
2009, nor could use of primary ADT be identified. AS, however, was less commonly applied
in low-risk patients compared to today’s practice. The main distinction was made between
curative treatment and no curative treatment in papers | and I11. In the CRN, no direct
information on disease recurrence, progression or secondary cancer treatments is available. In
paper 11, post-RP pelvic or mamillary RAD served as a minimum estimate of recurrence and
is further discussed in section 2.6.2. (199).

In paper I, we had satisfactory follow-up of median 10 years. In paper Il, longer follow-up
time could have influenced the results regarding long-term impact of delayed RP on PCSM,
admitting that this patient group has excellent long-term prognosis. In this paper, we had too
few deaths in the low-risk group to estimate differences in PCSM related to RP-interval. In
paper 11, survival differences emerged with a median follow-up of five years, but the results
regarding the impact of curative versus non-curative treatment on PCSM, could change with

longer observation times, particularly in patients with longer LE.

2.5.4. Statistical methods

Despite limitations of cause of death registration, we used PCSM for survival analyses, partly
because we did not have access to correct national lifetables. We know that early detection of
PCa is related to socioeconomic status (200), and thus, we should have life tables stratified on
socioeconomic status in order to correctly estimate relative survival in patients with non-
metastatic PCa. When applying standard life tables, which are stratified on sex, calendar year
and age, it is not uncommon to see relative survival estimates >100% in these patients, which
is not correct and also not clinically relevant. For individual patients, we believe PCSM gives
better estimates of prognosis compared to RS. PCSM estimates also allow comparisons with

international cohorts.
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To avoid immortal time bias, we analyzed treatment as a time-varying covariate, meaning that
patients remained in the no curative treatment group until the date they received curative
treatment with RP or RAD. In all papers, we used the Kaplan-Meier (KM) method to estimate
overall survival probabilities over time. For estimation of PCSM we used the Aalen Johansen
estimator. The type of method used to estimate cancer-specific mortality may have great
implications for interpretation of results (201, 202). When using the KM method to estimate
PCSM, patients experiencing an event (drop out, death from other causes) during the study
period are censored, assuming that these events are independent of the outcome of interest
(uninformative censoring) and that the patients who are censored during the study period have
the same prognosis as those who are still followed. In real life, however, these events are
competing, and the assumption is likely invalid, merely representing a hypothetical situation
and not the reality experienced by patients. The risk of overestimating the probability of the
event of interest using the KM method increases as the risk of noncancer-specific mortality
increases (201). This issue is particularly relevant in cohorts of PCa patients, because these
patients often are old, have comorbidities and generally good long-term PCa-related
prognosis. For these reasons, competing risk methods were considered more appropriate for

the present studies. In these models, non-PCa deaths are considered competing events (203).

In paper 111 we included older patients with high risk of death from other causes than PCa. We
therefore used a multivariable Fine-Gray model to test the relationship between primary
treatment and PCSM since our primary aim was to assess the prognostic value of clinical
parameters, rather than investigating the causal association between clinical variables and PCa
death. The Cox proportional hazards model may be more appropriate in etiologic research,
while the Fine-Gray model may provide more relevant information in prognostic research
(202).

2.5.5. Errors and bias

Errors can be classified as random or systematic. Random errors are fluctuations in
measurements that occur by chance. They reduce towards zero as the study size increases
(204) and will be limited in our studies due to large cohort sizes. Systematic errors may occur

at any level of data flow, and may be caused by e.g. errors in reporting or coding. Such errors
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may induce biases in estimates and could potentially result in erroneous associations between
exposure and outcome. Systematic errors include selection bias, information bias and

confounding.

The CRN is a national registry and the completeness in the registry avoids selection bias
when extracting population-based data. Non-randomized patient stratification according to
treatment type, however, introduces selection bias because subgroups are coherently
heterogenous, as demonstrated in paper | and Il1. Differences in overall and PCSM mortality
among treatment groups will therefore have to be viewed with great caution. In multivariate
analyses, attempts were made to adjust for differences in basic patient- and disease-related

factors within the treatment groups.

Information bias is one type of systematic error that occurs when the available information
about the study participants is misclassified. The general view is that for CRN data,
information bias is limited by reports from multiple sources for each patient and internal
quality control. The data collection and quality control of CRN data are discussed in sections
2.2.1.and 2.5.1.

Confounding bias occurs when a third variable (a confounder) affects both the independent
and the dependent variable, resulting in a distorted association between the exposure and the
outcome, in which the variables are associated, but not causally related. The lack of in-depth
information on comorbidity may have introduced a confounding bias when investigating the
association between age and mortality outcomes, as comorbidity is associated with both
variables. The ECOG PS, although a crude measure, was used as a proxy for comorbidity in
these papers and adjusted for in multivariate analyses, using both competing and non-

competing risk models.

We have no reasons to believe that missing information in the datasets followed particular
patterns introducing biases in our results. The cohorts were large with less than 10% missing
data, and we deemed imputation unnecessary. In paper I, we performed survival analyses in
patients excluded because of missing data (incomplete group), and found no differences in

mortality compared to the main cohort.
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2.6. Discussion of main findings

2.6.1. Paper |

With ten-year OM being three times higher than PCSM, the results from this population-
based cohort clearly demonstrate the considerable risk of death from other causes than PCa
and high-light the importance of individual outcome assessment when considering curative
treatment in patients with PCa without distant metastases. Discrepancies between PCSM and
OM were highest in patients with low-risk disease and smallest in patients with high-risk

disease.

The ten-year PCSM estimates from this study are comparable to results from other
population-based observational studies from the Surveillance, Epidemiology, and End Results
(SEER) registry (40, 88), the National Cancer Database (120) and the Swedish National
Prostate Cancer Registry (111, 205). PCSM estimates were higher compared to those of the
ProtecT trial, however, significant differences in patient characteristics exist between these
cohort and direct comparisons are not justified (25). Comparisons with previous Norwegian

population-based cohorts cannot be made due to lack of data.

Despite competing risks of death, not receiving curative treatment clearly increased the risk of
death from PCa, mainly in intermediate- and high-risk patients. In agreement with previous
reports, high-risk patients benefit the most from curative treatment, and survival differences
between treated and untreated emerge within five years of diagnosis (78, 88). A surprisingly
high proportion of patients with high-risk disease (37%) did not receive curative treatment,
although management of PCa patients diagnosed in 2004-2005 would not be representative
for today’s practice. As demonstrated in paper Ill, an increasing proportion of Norwegian
high-risk patients has been treated with curative intent from 2005-2008 onwards, and a
decrease in PCSM has been observed in these patients. A minor reduction in PCSM was
observed in low-risk patients receiving curative treatment, many of whom today would be
considered for AS. Although the non-random allocation to treatment groups did not allow
direct comparisons of treatment modalities, we observed almost a doubling in the risk of PCa

death in patients treated with RAD compared to RP, even when adjusted for available
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covariates. Unidentified covariates contributing to further heterogeneity within treatment
groups may have impacted results. Further, the RAD doses considered curative in this study
(<74 Gy), would today be considered suboptimal. The definition of curative RAD was re-

defined in paper I1I.

The prognostic factors evaluated in this study are easily available at the time of diagnosis.
Risk group and biopsy Gleason score/GGG categorization have previously been shown to be
prognostic for PCSM (40, 58). Increasing risk group was significantly associated with
increased ten-year PCSM in all patients, also in the curatively treated men. Of the clinical
variables included in the three-tiered risk classification, Gleason score/GGG appeared to be
the most important prognostic factor for PCSM. The significant additional predictive effect
when evaluating GGG 1-3 within the intermediate risk group and GGG 1-5 within the high-
risk group in patients treated with curative intent, demonstrates the high predictive value of
GGGs. Increasing cT-category was associated with increased likelihood of PCSM, however,
not significantly in men who received curative treatment. Unlike demonstrated in other
studies, the PSA level at diagnosis was not prognostic of PCSM when adjusted for available
covariates (26, 27). We did, however, evaluate PSA as a categorical variable (<10, 10-20, >20
ng/ml) and not a continuous measure. Further, we did not explore the prognostic impact of

clinical variables in the no curative treatment group separately.

ECOG PS was in this study shown to be an independent covariate of ten-year PCSM in both
univariate and multivariate analyses, also in patients receiving curative treatment. Although
the impact of ECOG PS on PCSM was unexpected, one explanation could be that patients
with increasing ECOG scores receive less secondary cancer treatments. Further, there were
relatively fewer PCa deaths in the curative treatment groups, in which the association of
ECOG and PCSM were highest, compared to all patients. The impact of ECOG PS on PCSM
within the treatment groups would need further confirmation. ECOG is a crude measure of
health status in clinical practice, limited by interobserver variability, but its prognostic value

and ease of registration adds value in a population-based registry.

Age was prognostic of PCSM in univariate analysis. This relationship can be explained by the
positive associations between increasing age and more unfavourable disease characteristics
and less curative treatment compared to younger men. When adjusting for other covariates,

age was not an independent predictor of PCSM. One explanation could be an interaction
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effect between age and PS in multivariate analysis, but when excluding ECOG PS from the
analysis, age estimates remained unchanged. Our results are in line with findings in
international literature (171-173) and support the notion that age alone should not exclude

patients from curative treatment.

Our patient cohort was diagnosed with PCa fifteen years ago, and changes in diagnostic
methods and disease classifications may imply important differences when comparing these
patients to contemporary cohorts. As a result of the Gleason shift and increased use of
radiological staging, patients diagnosed with intermediate- and high-risk PCa today may have
a more favorable prognosis compared to similar patients in this study. Risk stratification is
continuously improving with identification of new prognostic variables available at the time
of diagnosis. Furthermore, changes in patient selection for treatment and refinements in
curative treatment techniques, along with increased LE, are likely to impact PCSM in
contemporary cohorts. Within a rapidly evolving medical field, this will always be the case
for data with long-term follow-up. Findings from this study allow comparisons with
international estimates and will permit comparisons with more recent Norwegian PCa patient

cohorts.

2.6.2. Paper 11

In this cohort of more than 5000 patients, of which 28.8% had high-risk disease and 8.8% had
locally advanced tumours, delayed RP up to 180 days after diagnosis was not associated with
increased PCSM, worse histopathological findings in the RP specimen (more
upgrading/upstaging/positive survival margins), or increased likelihood of post-RP pelvic or
mamillary RAD in any risk group. These findings are consistent with previous reports that
have not documented worse survival with longer RP-intervals (206-209). Furthermore, results
are in agreement with studies demonstrating no adverse effects of increasing RP-interval on
histopathological findings or BCR rates (209-213), although such associations have
previously been reported (45, 169, 206, 214, 215).

Surprisingly, we found that increased RP-interval was associated with less likelihood of post-

RP pelvic or mamillary RAD. The reasons for delayed RP were not known, and the even
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distribution of age and tumour characteristics within the four RP-interval groups did not
indicate prioritization of specific patient groups. We hypothesize that patients operated late
had more favorable disease characteristics not visualized by our covariates. Post-RP pelvic or
mamillary RAD must be regarded as a minimum estimate of recurrence in this study, as
patients may have experienced recurrence without receiving pelvic RAD, started anti-
androgen treatment without preceding mamillary RAD or progressed to metastatic disease
directly. Further, we could not separate adjuvant from salvage radiotherapy. Limitations of

this study include the lack of post-RP PSA values and information on hormonal treatment.

Similar to findings from paper I, Gleason score and risk group were highly prognostic of
PCSM in multivariate analyses, but age and PSA were not. No changes in PCSM were seen
across time periods and PCSM estimates were comparable to international cohorts (40, 88,
111, 205).

In our study, only 17% of patients were operated within the CPP recommendations. A large
study from Canada from the same period as ours showed similar RP-intervals with a median
of 83 days (212). With the implementation of the CPP, the median RP-interval of 93 days in
this study would be expected to be significantly shorter today, however, the time limits for
initiation of treatment in the prostate CPP have proven difficult to implement in clinical
practice and were only complied with in 45.2% of patients treated with RP in the third period
of 2019 (147, 216).

There are several reasons why the performance of RP may be extended beyond 32 days from
decision-making. These factors may be patient-related, hospital-related or external. Firstly,
the patient may wish time to consider curative treatments options and seek second opinions
before deciding on RP. Some patients may want to defer treatment because of upcoming
important events in their lives. Patients with comorbidities may require time to optimize
health status or recover from acute illness. Further, with more senior patients, there is
increasing interest in pre-habilitation prior to surgery to improve post-RP recovery. Finally,
the hospitals may need to prioritize based on limited internal resources or due to external

events (e.g. pandemics) reducing the operative capacity.

The health care service’s strict adherence to defined time limits does not necessarily reflect

quality in PCa care. Pre-set time limits may even be contradictory to value-based health care
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if compliance with time limits compromises the needs and wishes of the patient. Patients may
further experience unnecessary distress when the time limits are not adhered to, fearing that

prognosis will worsen.

Although oncological outcomes do not worsen with increased RP-intervals up to six months,
the CPP is likely to bring about several important improvements related to patient care.
Patients and their relatives experience a well-organized and predictable diagnostic and
therapeutic path with avoidance of unnecessary delays and wait times. Having a dedicated,
coordinating contact person at the hospital may solve practical issues and provide a sense of
security. For the hospitals, stream-lining services and planning resources may improve
efficacy and possibly reduce costs. The authorities can ensure equal handling across regions

and keep an overview of local practices to plan improvement efforts.

Patients considered for RP would be expected to have a LE of minimum ten years and
extended follow-up beyond eight years could possibly have revealed survival differences
within the RP-interval groups. In this cohort, 28.2% and 42.9% of patients had low- and
intermediate-risk disease, respectively, many of whom today would be considered for
deferred active treatment. More importantly, contemporary RP-patients have more
unfavorable disease characteristics compared to earlier cohorts, and findings from this study

may be highly relevant for patient counselling and RP planning today.

2.6.3. Paper |11

In this large population-based cohort of men with high-risk PCa diagnosed in Norway in
2005-2016, the use of curative treatment increased with time, more in senior men (>70 years),

and was accompanied by decreased PCSM and OM in both senior and younger patients.

Several studies have documented more unfavorable disease with increasing age at diagnosis
(43, 175, 217). In this study, we demonstrate that also within the high-risk group, senior
adults have more unfavorable disease, and that significant heterogeneity as to medical

variables exists among high-risk patients.
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The use of curative treatment increased across diagnostic periods, more in senior than in
younger adults. These findings are in line with increasing LE in the population and the rising
attention among health care professionals to biological rather than chronological patient age.
Furthermore, increased documentation that high-risk patients considerably benefit from

modern curative treatment techniques is likely to have influenced decisions.

Increased use of curative treatment was accompanied with a decrease in PCSM across the
diagnostic periods. In multivariate analyses, using both standard and competing risk methods,
curative treatment was associated with a reduced risk of death from PCa in both senior and
younger patients, similar for RP and RAD. Of note, we could not identify patients receiving
primary treatment with RP and adjuvant RAD, however, multimodal treatment was not
common at this time, at least not in the first two diagnostic periods (218). Importantly,
curative treatment was also associated with a reduced risk of all-cause mortality in senior

adults.

Unlike demonstrated in paper I, increasing ECOG status was not associated with increased
likelihood of PCSM when analyzed in a competing risk setting in senior adults with high-risk
PCa. As previously shown, when unadjusted, increasing age was associated with increased
likelihood of PCa death in senior men, but only in men >80 years in multivariate analysis.
Adjusted for other covariates, PSA >20 ng/ml and cT3-4 tumours were poor prognostic
factors in both senior and younger men. Surprisingly, the increasing risk of dying of PCa with
increasing ISUP grade groups was more prominent in younger compared to senior adults. An
association between testosterone levels and PCa was proposed in a study demonstrating lower

risk of PCa in men with lower circulating free testosterone (219).

The results of our study are important because of the limited number of studies investigating
the impact of curative treatment on PCSM in senior adults with high-risk PCa, and with
increasing LE in the population, particularly important in patients aged >75 years. At present,
there is no consensus on the optimal treatment strategy in senior adults with high-risk PCa
and considerable variations are permitted in clinical practice. Similar to our findings, several
studies indicate undertreatment of senior men eligible for curative treatment, resulting in

excess morbidity and mortality in this subgroup of patients (90, 91).
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2.7. Conclusions

2.7.1. Paper |

In patients diagnosed with PCa without distant metastases in Norway in 2004-2005,
the ten-year PCSM was 8.5% and the OM was 25.5%. The ten-year PCSM was 1.7%
in the low-risk group, 4.5% in the intermediate-risk group, and 13.1% and 17.3% in
the high-risk localised and locally advanced groups, respectively.

When adjusted for available covariates, ECOG performance status >1, increasing cT-
category, Gleason score/GGG and EAU risk group and not receiving curative
treatment were independent prognostic factors associated with increased ten-year
PCSM. In patients receiving curative treatment, the GGGs added predictive value

supplementary to traditional risk grouping.

2.7.2. Paper 11

A delay of RP up to 180 days after PCa diagnosis was not associated with increased
PCSM, worse histopathological findings in the RP-specimen or increased likelihood
of receiving post-RP pelvic or mamillary RAD (the latter indicating start of anti-

androgen treatment).

2.7.3. Paper Il

Among high-risk patients, senior adults (>70 years) had more unfavorable disease
characteristics compared to younger men (<70 years).

Use of curative treatment in patients with high-risk PCa increased in Norway from
2005-2008 to 2013-2016, more in senior adults (from 15 to 51%) than in younger men
(from 65 to 81%).

Curative treatment significantly reduced PCSM and OM when adjusted for available
covariates, and unlike the expected outcome, to a similar extent in both senior and

younger adults.

69



2.8. Clinical implications and future studies

e The population-based ten-year PCSM and OM in men with PCa without distant
metastases documented in this thesis should be compared with comparable outcomes
in more recent Norwegian cohorts.

e The high prognostic value of biopsy-based ISUP grade groups for PCSM compared to
other basic clinical variables should increasingly be considered when making
treatment decisions in PCa patients without distant metastases.

e The observed higher prognostic value of ISUP grade groups for PCSM in younger
men (<70 years) compared with senior adults (>70 years) needs further confirmation.

e Patients and clinicians can be reassured that delay in RP, whatever reason, up to six
months will not significantly reduce survival.

e The time limit for performance of RP as primary treatment in the current prostate CPP
should be reconsidered.

e Exploration of the impact of time from diagnosis to start of definitive RAD on PCSM
IS warranted.

e The patients” satisfaction with the CPP should be evaluated in a national study.

e Particularly in senior adults, decisions regarding treatment should as a minimum be
based on assessment of age, performance status and comorbidity, ideally with formal
health screening, together with risk stratification, to identify who will gain benefit
from curative treatment, expressed by survival in this thesis.

e Increased use of curative treatment with RP or RAD in eligible men with high-risk
PCa, even in senior adults with LE < ten years, may reduce PCSM and OM and
should be further explored in future studies including senior adults and quality of life

outcomes.
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Introduction:

Reference seven (page 2, line 15) should be replaced by;

Bill-Axelson A, Holmberg L, Ruutu M, Haggman M, Andersson SO, Bratell S, et al. Radical
prostatectomy versus watchful waiting in early prostate cancer. N Engl J Med. 2005;352(19):1977-84.

Material and methods:

Patients with PSA <100 ng/ml were included in the study (unlike PSA <100 ng/ml).

Treatment performed abroad was not recorded (unlike patients who were treated
outside Norway were excluded).
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OBJECTIVE

MATERIALS AND

To provide population-based data on 10-year prostate cancer-specific mortality (PCSM), overall mor-
tality (OM), treatment, and prognostic factors in patients with nonmetastatic prostate cancer (PCa).
Based on data from the Norwegian Prostate Cancer Registry, we calculated 10-year PCSM and
OM in 3449 patients diagnosed with nonmetastatic PCa in 2004-2005 who underwent radical
prostatectomy (n = 913), radiotherapy (n = 1334), or no local treatment (n = 1202). Patients were
stratified according to risk group, Gleason grade group (GGG), and Eastern Cooperative Oncol-
ogy Group (ECOG) performance status. Aalen-Johansen and Kaplan-Meier estimates and pro-

The 10-year PCSM rate was 8.5% (radical prostatectomy: 1.5, radiotherapy: 6.2%, no local treat-
ment: 16.3%) and the OM rate was 25.5%. In the low-risk group, the risk of dying from other
causes was 8-fold increased compared with death from PCa, the comparable factor being approxi-
mately 2 among high-risk patients. Patients with high-risk factors seemed to benefit the most from
local treatment. Within each risk group, the 5 GGGs improved the prediction of PCSM. Having
an ECOG performance status of 21 doubled the risk of PCSM compared with patients with an

METHODS

portional hazards regressions were used.
RESULTS

ECOG performance status of 0.
CONCLUSION

For all patients, the 10-year OM was about 3 times higher than PCSM, the greatest and lowest
discrepancies emerging among patients with low- and high-risk tumors, respectively. The results
support increased use of local treatment in high-risk patients. GGGs should be implemented in
clinical practice. The role of ECOG performance status as prognostic factor has to be validated

in future studies.
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orway is among the countries with the highest in-

cidence of prostate cancer (PCa) in Europe.! In

2015, 90% of the patients presented with
nonmetastatic PCa.” These men may be candidates for cu-
rative treatment, including radical prostatectomy (RP) and
high-dose radiotherapy (RAD) with or without hor-
monal treatment (HT), in some cases preceded by a period
of active surveillance (AS).?
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To aid the prediction of prostate cancer-specific mor-
tality (PCSM) and to guide therapeutic decisions, patients
with nonmetastatic disease are stratified into low-,
intermediate-, and high-risk groups based on the clinical
T-category (cT category), the PSA level, and the Gleason
score (GS) at the time of diagnosis.” However, the
cancer cases within each of these risk groups are hetero-
geneous. Particularly, the intermediate- and high-risk
groups allow varying combinations of the cT-category,
the PSA level, and the GS, each combination possibly
having its own prognostic significance. An important
conclusion of an international conference held by the
International Society of Urological Pathology (ISUP)
was therefore to separate GS 7a (Gleason grade 3 + 4)
from GS 7b (Gleason grade 4 + 3).* Mainly based on the
histopathology of prostatectomy specimens, the ISUP
introduced in 2014 Gleason grade grouping: Gleason
grade group (GGG)1: GS <6, GGG2: GS 7a (3 +4),
GGG3: GS 7b (4+3), GGG4: GS 8 (4+4, 3+5,
5+3),and GGG5: GS9or 10 (4 +5,5+4,5+5).* In
several studies, this new 5-tiered classification has shown
prognostic significance even beyond the older 3-tiered

https://doi.org/10.1016/j.urology.2017.07.048
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risk grouping (6-8). However, more studies are needed to
document its prognostic significance if used in addition
to clinical parameters (age and comorbidity) and tradi-
tional risk grouping, in particular, if the Gleason grade
grouping is performed in biopsies.

The impact of comorbidity on overall mortality (OM)
is obvious, but its association with PCSM is less clear, in
part because this clinical variable most often is not re-
ported in public registries. The ECOG performance status,
assessing an individual’s functional status, is widely used
in oncology and may serve as a surrogate for comorbidity.
In Fossd et al’s analysis of a population-based cohort of pa-
tients with nonmetastatic PCa, ECOG was an indepen-
dent prognostic covariate of 5-year PCSM.® However, as
also shown in other studies,” the need for a longer follow-
up was expressed in an accompanying comment.

The current observational study therefore provides 10-
year PCSM and OM of the previously reported population-
based cohort of patients with nonmetastatic PCa stratified
for treatment modalities, risk groups, and performance
status, with emphasis on PCSM.® A further aim was
to document the prognostic significance of Gleason
grade grouping if used in addition to traditional risk
groups.

MATERIALS AND METHODS

Data Sources

The Cancer Registry of Norway with its RAD data and the
Norwegian Prostate Cancer Registry (NoPCR) provided updated
information (per June 30, 2015) for the previously described
population-based cohort of patients who were viewed as candi-
dates for the curative treatment of PCa diagnosed in Norway in
2004-2005.° Due to the dynamic character of these registries,
changes in previously recorded treatments may occur. The indi-
vidual case record form contains information on the cT-
category, the PSA level, the primary and secondary Gleason
grades, and the ECOG performance status at the time of diag-
nosis. In 2004-2005, no data on systemic therapy, such as
HT, or information enabling a valid separation of AS from
watchful waiting (WW) were collected. The study was ap-
proved by the Regional Committee for Medical and Health
Research Ethics.

Patients

Candidates for curative treatment as their primary therapy were
characterized by age <75, cT-category of <4, PSA level of
<100 ng/mL, ECOG performance status of <4, and no record of
major comorbidity in the free-text comment field of the NoPCR
case record form. In this report, patients were not eligible for in-
clusion if information was lacking on the cT-category, the PSA
level, or the GS. Patients who were treated outside Norway or
those whose diagnosis was based on autopsy or cystoprostatectomy
specimens were excluded.

Data Management

According to the risk stratification model of the contemporary
European Association of Urology (EAU) Guidelines 2016 pa-
tients were categorized as belonging to the low-, intermediate-,
or high-risk groups.’
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Low-risk: ¢T1-T2a and PSA <10 ng/mL and GS <7
Intermediate-risk: all others

High-risk localized: ¢T2c or PSA >20 ng/mL or GS >7
High-risk locally advanced: ¢T3

For 615 patients, data from the NoPCR could not identify
the subgroups within the cT2-category. In the present study, a
patient recorded with a cT2x cancer was therefore allocated to
the localized high-risk group if he had a GS of >7 or a PSA
level of >20 ng/mL, and tumors with a GS of <7 and PSA level
of <10 ng/mL were included in the low-risk group. All other
cT2x tumors were included in the intermediate-risk group. Data
on GS from the NoPCR enabled classification of patients into
GGGs 1-5. Patients with GS 5 (n = 231) were included in
GGGl. No patients had a GS of <5. The separation between
GS 7a and 7b, along with the omitted use of GS 2-4, was
implemented into clinical practice in Norway in 2004-2005.
Norwegian pathologists from the main hospitals regularly at-
tended international conferences, including the 2005 ISUP
conference,’ and gradually implemented clinical modifications
in line with international practice.

Three principal types of treatment were recorded: RP, RAD,
or no local treatment (NoLocTrt). Patients included in the RP
group had to be treated with RP within 12 months of diagnosis.
In the RAD group, RAD had been started within 18 months of
diagnosis with the background of a 6-month period of neoadjuvant
HT in the majority of patients, often preceded by a diagnostic
obturatory lymphadenectomy. Patients in the RAD group un-
derwent pelvic radiation with a target dose of 270 Gy, applied
as daily fractions of 2 Gy with 5 fractions per week (24%: 76 or
78 Gy; 38%: 72 or 74 Gy; 38%: 70 Gy). Following Bolla et al,
RAD was in more than 95% of the patients combined with (neo-)
adjuvant HT lasting for 3 years.! The NoLocTrt group in-
cluded unidentifiable patients with AS, WW, or primary HT,
without exact quantification of the number of patients within the
therapeutic subcategories.

Statistical Methods

Standard descriptive methods were applied. The Aalen-Johansen
estimator was used to calculate 10-year PCSM rates, treating death
from other causes as a competing risk.!! Treatment was in-
cluded as a time-varying covariate where it was applicable. A stan-
dard likelihood ratio test was used to assess the importance of each
variable in the multivariate analyses. Kaplan-Meier estimates were
used to calculate the OM rates.” The observation times ranged
from the date of diagnosis to the date of death, emigration, or
end of the study (June 30, 2015), whatever occurred first. Flex-
ible parametric models with 5 degrees of freedom were used to
estimate hazard ratios (HRs), for both univariate and multivari-
ate analyses. The proportional hazards assumption was not vali-
dated. The same models were used for predicting actual
probabilities of PCa-specific death but, for this purpose, incor-
porating death from other causes as competing risks. A P value
of <0.05 was considered statistically significant. Data were ana-
lyzed using the IBM Statistical Package for the Social Sciences
(SPSS) Statistics version 23 and Stata version 14.2.

RESULTS

Of the previously described 3486 men, 3449 patients re-
mained eligible for the present study. Out of these pa-
tients, 913 (26%) underwent RP, 1334 (39%) underwent
RAD, and 1202 (35%) received NoLocTrt (Supplementary
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Table 1. 10-Year PCa-specific and overall mortality

Treatment RP (n=913) RAD (n =1334) NoLocTrt (n = 1202) Total (N = 3449)
Dead* 90 (10) 282 (21) 551 (46) 923 (27)
PCa 15 (2) 83 (6) 198 (17) 296 (9)
Other causes 75 (8) 199 (15) 353 (29) 627 (18)
PCa deaths or all deaths
All risk groups 15/90 (17T) 83/282 (29) 198/551 (36) 296/923 (32)
Low risk 1/24 (4) 2/26 (8) 12/83 (15) 15/133 (11)
Intermediate risk 7/44 (16) 12/70 (17) 29/122 (24) 48/236 (20)
High risk localized 5/19 (26) 23/61 (38) 57/131 (44) 85/211 (40)
High risk locally advanced 2/3 (67) 46/125 (37) 100/215 (47) 148/343 (43)
PCa-specific mortality
All risk groups 1.5 (0.9-2.5)f 6.2 (5.0-7.6) 16 3 (14.2-18.4) 8.5 (7.6-9.4)
Low risk 0.3 (0-1.4) 1.2 (0.2-3.9) 4 (1.95.7) 1.7 (1.0-2.7)
Intermediate risk 1.5 (0.6-3.1) 3.3 (1.85.5) :LO 3(7.1-14.2) 4.5 (3.4-5.9)
High risk localized 4.9 (1.8-10.2) 7.6 (4.911.1) 24.0 (18.6-29.7) 13.1 (10.6-15.9)
High risk locally advanced 6.5 (1.1-18.6) 9.2 (6.8-12.0) 30.7 (25.7-35.9) 17.3 (14.8-19.9)
Overall mortality
All risk groups 3(7.6-11.4) 20.5 (18.4-22.8) 42.4 (39.6-45.3) 25.5 (24.1-27.0)
Low risk .2 (4.2-9.2) 15.2 (10.5-21.7) 21.6 (17.7-26.3) 14.1 (12.0-16.6)
Intermediate risk 10.0 (7.4-13.5) 17.8 (14.2-22.1) 38.9 (33.5-45.0) 20.9 (18.5-23.5)
High risk localized 17.8 (11.6-26.8) 20.1 (15.9-25.2) 52.5 (46.1-59.3) 32.0 (28.5-35.8)
High risk locally advanced 7 (3.2-27.1) 24.5 (20.9-28.6) 62.6 (57.2-68.0) 38.7 (35.5-42.1)

NoLocTrt, no local treatment; PCa, prostate cancer; RAD, radiotherapy; RP, radical prostatectomy.

*n (%).
T % dead due to PCa.
T Mortality rate % (95% confidence interval).

Table S1). Only 15% of the patients in the RP group had
a high-risk disease compared with 59% in the RAD group
and 46% in the NoLocTrt group, and the median age at
diagnosis in this group was significantly lower compared
with the other 2 groups (RP 62, RAD 66, and NoLocTrt
69). The proportion of patients with an ECOG score of 0
was highest in the RP group (93%) and lowest in the
NoLocTrt group (72%). Only 15 patients, all in the
NoLocTrt group, presented with an ECOG 3 perfor-
mance status.

After a median observation period of 10 years (range
0-11), the PCSM of all patients was 8.5%, the compa-
rable percentage for OM being 25.5% (Table 1). As ex-
pected, the PCSM and the OM rates increased with the
increasing risk group allocation. In the NoLocTrt group,
PCSM was at least 3-fold and OM was around 2-fold higher
than the rates in the groups receiving local treatment.
Among the deceased patients in the low-risk group, the
risk of dying from other causes was increased by a factor
of 8 as compared with death from PCa, the comparable
factor being approximately 2 among high-risk patients. Ad-
mittedly, based on relatively small numbers in the low-
risk group, patients with high-risk tumors seemed to benefit
the most from local treatment, not separating RP from
RAD.

For all patients, Figure 1 depicts the 10-year PCSM strati-
fied for clinical parameters. In the univariate analysis, all
clinical parameters apart from ages 61-65 compared with
age <60 emerged as significant risk factors (Supplementary
Table S2).

On multivariate analysis including all patients, the
HR of 10-year PCSM was 1.7 in irradiated men compared
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to those undergoing RP (Table 2). The comparable risk
was more than 6-fold in patients without local treat-
ment. With the low-risk group as the reference, the
increasing risk group was associated with significantly
increasing numerical HRs. Age was not significantly as-
sociated with the risk of PCSM, with the lowest risk for
men aged 61-65 years. When excluding ECOG from the
multivariate analysis to eliminate an interaction effect of
age and performance status, age estimates remained un-
changed. Both the cT-category and the GGG were
significantly correlated with PCSM with an almost dou-
bling of HR for patients with GGG2 vs GGG3 and
GGG4 vs GGG5. HRs were similar in all PSA catego-
ries; that is, PSA was not an independent factor. Presenting
with an ECOG status of >1 resulted in a significant in-
crease in the risk of PCa death by almost 50% compared
with ECOG 0.

Principally similar risk estimations emerged when
the multivariate analysis was restricted to prostatectomized
and irradiated patients (Table 2). RAD, risk group,
GGG, and ECOG status were significantly associated
with an increased risk of PCSM. The highest HRs
were observed for GGG4 (HR: 9.0) and GGG5
(HR: 19.7), respectively. Furthermore, the risk of PCSM
doubled significantly for patients with an ECOG
status of >1 compared with patients with an ECOG
status of 0.

In Table 3, the predicted probabilities of PCa-specific
death in the local treatment groups are shown utilizing risk
group allocation combined with significant factors from
Table 2. In both treatment groups, all percentages in-
creased with increasing risk and grade group. Within each
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Figure 1. Ten-year overall (top left) and prostate cancer-specific mortality for patients with nonmetastatic prostate cancer
according to initial treatment, risk group, age, cT-category, PSA, Gleason score (grade group), and ECOG performance status.
cT-category, clinical T-category; ECOG, Eastern Cooperative Oncology Group; NoLocTrt, no local treatment; PCa, prostate
cancer; PSA, prostate-specific antigen; RAD, high-dose radiotherapy with or without adjuvant hormonal therapy; RP, radical
prostatectomy. (Color version available online.)
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Table 2. Multivariate analysis of 10-year PCa-specific mortality

All Treatment Groups
HR (95% Cl)

Treatment RP 1

RAD 1.7 (0.95-2.99)

NoLocTrt 6.4 (3.66-11.35)
Risk group* Low 1

Intermediate 3.5 (1.95-6.28)

High localized 9.5 (5.42-16.50)

High locally advanced 12.4 (7.23-21.37)
Age (y) <60 1

61-65 0.9 (0.59-1.34)

66-70 1.0 (0.70-1.49)

>71 1.2 (0.81-1.72)
cT-category T1 1

T2 1.6 (1.15-2.28)

T3 2.0 (1.41-2.76)
PSA (ng/mL) <10 1

10-20 1.1 (0.82-1.52)

>20 1.2 (0.91-1.69)
GS (GGG) <6 (1) 1

3+4(2) 2.2 (1.45-3.17)

4 +3(3) 4.3 (2.87-6.41)

8 (4) 6.1 (4.12-9.00)

9-10 (5) 11.6 (7.57-17.69)
ECOG O 1

>1 1.4 (1.12-1.86)

Local Treatment Groups

P Value HR (95% Cl) P Value
1
2.0 (1.03-3.69)
<.001 .034
1
4.0 (1.17-13.54)
10.3 (3.06-34.92)
<.001 12.9 (3.84-43.31) <.001
1
0.7 (0.40-1.21)
0.398 0.8 (0.44-1.29) 0.600
0.8 (0.40-1.40)
1
1.4 (0.77-2.44)
<.001 1.9 (1.10-3.41) .057
1
0.8 (0.49-1.24)
0.399 0.9 (0.49-1.46) 0.574
1
3.4 (1.66-6.93)
5.6 (2.57-11.98)
9.0 (4.23-19.03)
<.001 19.7 (8.62-44.91) <.001
1
.006 2.0 (1.233.20) .008

Cl, confidence interval; cT-category, clinical T-category; ECOG, Eastern Cooperative Oncology Group; GGG, Gleason grade group; GS, Gleason

score; HR, hazard ratio.

* Due to high correlation, the effect estimate of the risk group is obtained from a model where the cT-category, the PSA, and the GS
are excluded. Equivalently, the effect estimates on the cT-category, the PSA, and the GS are estimated excluding the risk group from

the model.

Table 3. 10-Year probability of PCa-specific death in patients treated with radical prostatectomy (%) and radiotherapy (%)

Risk Group Low Intermediate

Radical prostatectomy

ECOG 0 >1 0 >1

GGG
1 0.4 0.9 0.8 1.6
2 2.0 4.2
3 3.2 6.6
4
5

Radiotherapy

ECOG 0 >1 0 >1

GGG
1 0.7 1.4 1.1 2.3
2 3.0 5.9
3 4.6 9.2
4
5

High Localized High Locally Advanced

0 21 0 21
1.2 2.5 1.6 3.4
3.2 6.6 4.3 8.7
4.9 10.1 6.6 13.4
6.8 13.6 9.1 17.7
14.2 27.0 18.7 34.0
0 >1 0] 21
1.8 3.6 2.4 4.8
4.6 9.2 6.2 12.1
7.2 14.2 9.6 18.4
9.7 18.4 12.9 23.4
19.9 35.0 25.8 42.7

GGG, worsening of the ECOG status generally doubled
the probability of PCa death.

COMMENT

Based on mature 10-year mortality data, our population-
based study among patients with nonmetastatic PCa shows

that the 10-year OM is almost 3 times higher than PCSM.
This discrepancy is greatest among patients with low-risk
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cancers and lowest among men with high-risk cancers.
Within each risk group, for prostatectomized as well as for
irradiated patients, the stratification by the 5 GGGs im-
proved the prediction of PCSM. Patients having an ECOG
performance status of 21 had twice the risk of a 10-year
PCSM compared with patients with an ECOG perfor-
mance status of 0.

Our overall results are comparable with the findings from
other observational studies covering patients with PCa
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diagnosed 10-20 years ago (Supplementary Table S3). In
particular, based on the Surveillance, Epidemiology, and
End Results registry, Pompe et al provided 8-year PCSM
rates in the different treatment groups (RP: 1.7%; RAD
5.6%; NoLocTrt: 10.3%) similar to our findings. Our PCSM
rates are, however, inferior to those from prospective ran-
domized trials in patients with intraprostatic tumors,*!*!’
most probably as our cohort covers 844 patients (24%) with
T3 tumors. Further, only about 30% of the PCa diagno-
ses were based on PSA screening. Higher mortality rates
were demonstrated in men with advanced disease not eli-
gible for participation in the ProtecT trial, of which 10%
were dead from PCa and 26% were dead from all causes
at a median follow-up of 7.4 years."*

No statistically significant difference in 5-year PCSM
between RP and RAD was reported in the prior publica-
tion concerning our patient group.® In the present study,
the PCSM was lower in the RP group compared with that
in the RAD group in both univariate and multivariate
analyses. The difference became evident after 6-7 years of
observation, demonstrating the importance of long obser-
vation times before evaluating the treatment with cura-
tive intent in these patients. However, the numerical
difference in PCSM between the RP and the RAD group
should be viewed with great caution due to the consider-
able intergroup variations. For example, 37% of patients
in the RAD group had a high-risk locally advanced disease
compared to 4% in the RP group. Furthermore, the radia-
tion doses applied to the prostate in this cohort (<74 Gy)
are today considered suboptimal. Our data merely dem-
onstrate mortality risks for patients treated with any of the
3 therapeutic modalities. The results indicate that pa-
tients with high-risk tumors benefit the most from local
treatment if compared with men without such therapy.
These findings are in agreement with the final reports from
Mason et al and Fossa et al on the beneficial impact of RAD
in patients with high-risk tumors, in whom local treat-
ment approximately halved the 10-year PCSM.">!¢ The
results from these studies were, however, not available in
2004-2005, probably explaining why as many as 37% of
patients with high-risk tumors did not receive local treat-
ment. Retrospectively, and based on today’s guidelines, omis-
sion of local treatment in these patients most often reflects
undertreatment. Whether RP or RAD should be used in
high-risk patients has to be documented by randomized
trials, for example, the ongoing SPCG-15 trial
(NCT02102477).

As shown in another large study, age up to 75 years was
not significantly associated with PCSM in the multivari-
ate analysis,'” whereas other studies have demonstrated a
higher PCSM with increasing age.'®"” One explanation could
be a strong correlation between age and performance status;
however, no significant associations emerged in a multivari-
ate analysis including age, but not performance status. Based
on these findings a good performance status (or no
comorbidity) is more important for PCSM after local treat-
ment than age alone. Our findings support omitting any age
limitation for a curatively intended local treatment of
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patients with PCa, a good performance status, and a life ex-
pectancy of 210 years. This finding is in line with EAU guide-
lines and recommendations from the International Society
of Geriatric Oncology.”*

We documented a significant difference in PCSM
between patients with a functional status of ECOG 0 com-
pared with those with a functional status of ECOG 21. This
difference was obvious in all risk groups and their histo-
logic subgroups. Although the impact of a reduced ECOG
status on OM was expected, we were surprised about the
significant association between the ECOG status and PCSM
in all risk groups. The individual categorization of the
ECOG status is based on the clinician’s subjective esti-
mation with inherent interobserver variability, not mea-
surable in our registry-based study.”! One explanation for
our observation as to ECOG being a prognostic factor could
be that patients with ECOG 21 had more comorbidities
and were older (median 69 years) than patients with ECOG
0 (median 65 years), resulting in fewer patients being can-
didates for second-line treatment. There is limited litera-
ture evaluating the association between comorbidity or
performance status and PCSM, although this evaluation
is considered important in the pretreatment assessment of
patients and in the final treatment decisions. Several studies
have not been able to demonstrate a correlation between
comorbidity and PCMS 5% Albertsen et al showed in their
study that a higher Charlson Comorbidity Index was as-
sociated with a higher overall mortality and a lower PCa-
specific mortality.”” Assessing the impact of comorbidity and
estimating the life expectancy of a patient remains a chal-
lenge to clinicians.”®*’ At the present time, we consider
the use of ECOG to be a simple and clinically significant
tool for assessing comorbidity in population-based regis-
tries of patients with PCa. Admittedly, our finding as to
the prognostic significance of the ECOG performance status
has to be validated in an external cohort.

Results from multivariate analysis demonstrate the varying
significance of the individual parameters used for tradi-
tional risk grouping, with the GS emerging as the most im-
portant prognostic factor. Our findings as to the significant
prognostic impact of GGGs performed in biopsies before
RP or RAD are in agreement with Pompe et al’s report from
the Surveillance, Epidemiology, and End Results registry.”
Separating GGG2 from GGG3 and GGG4 from GGG5
provided prognostic information within each of the EAU-
defined risk groups to be taken into account in daily prac-
tice. Our findings thus support the clinical implementation
of Gleason grade grouping as a prognostic tool in addition
to traditional risk grouping when decisions are to be made.

There are several limitations to the present study. First,
based on the data from the NoPCR, it was not possible to
distinguish between AS, WW/, or primary HT. In 2004-
2005, most clinicians in Norway were reluctant to offer local
treatment to patients aged >70 years and patients with locally
advanced PCa, preferring the use of HT. Second, no review
of the biopsy specimens’ histopathology was performed, per-
forming Gleason grade grouping with originally recorded
primary and secondary Gleason grades based on ISUP
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recommendations from 2004. Third, in the present study,
the exact T2 subgroup was unknown in 1 of 5 patients.
T-categorization was mainly based on digital rectal exami-
nation, making it difficult to distinguish between sub-
groups of T2 tumors and hence correct risk group allocation.
Fourth, data on disease progression or second-line treat-
ment were not available from the NoPCR. Finally, our analy-
sis of PCSM is based on data from a population-based registry
and displays the limitations connected to such registra-
tion. In particular, the cause of death may be uncertain in
older patients as shown in a previous report from the Cancer
Registry of Norway.”! The strengths of the present study
include its population-based design with long-term follow-
up analyzing prognostic factors that are easily available at
the time of diagnosis (risk group, GGG, and ECOG per-

formance status).

CONCLUSION

The 10-year PCSM and OM rates for patients with
nonmetastatic PCa who were candidates for curative treat-
ment diagnosed in Norway in 2004-2005 were 8.5% and
25.5%, respectively. Local treatment with curative intent
was associated with a reduction in 10-year PCSM, possi-
bly with the greatest benefit for patients with high-risk
tumors. Independent of allocation to either RP or RAD,
GGG provides prognostic information supplementary to
traditional risk grouping. If validated externally, the ECOG
performance status provides additional prognostic infor-
mation to be taken into account in clinical practice.
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Supplementary Table S1: Patient characteristics

Treatment RP RAD NolLocTrt Total
No. of Patients (%) 913 (26) 1334 (39) 1202 (35) 3449
Risk group
Low 377 (41) 169 (13) 369 (31) 915 (26)
Intermediate 400 (44) 378 (28) 287 (24) 1065 (31)
High localized 104 (11) 294 (22) 227 (19) 625 (18)
High locally advanced 32 (4) 493 (37) 319 (27) 844 (24)
Age (y)
Median (range) 62 (43-74) 66 (41-75) 69 (47-75) 66 (41-75)
<60 407 (45) 338 (25) 159 (13) 904 (26)
61-65 304 (33) 380 (28) 215 (18) 899 (26)
66-70 184 (20) 394 (30) 409 (34) 987 (29)
>71 18 (2) 222 (17) 419 (35) 659 (19)
cT-category
T1 491 (54) 389 (29) 588 (49) 1468 (43)
T2a 83(9) 86 (6) 49 (4) 218 (6)
T2b 47 (5) 84 (6) 24 (2) 155 (4)
T2c 60 (7) 51 (4) 38 (3) 149 (4)
T2x 200 (22) 231 (17) 184 (15) 615 (18)
T3 32 (4) 493 (37) 319 (27) 844 (24)
PSA level (ng/mL)
Median (range) 7.2 (1-92) 12.5 (1-100) 12.0 (1-100) 10.0 (1-100)
<10 714 (78) 503 (38) 554 (46) 1771 (51)
10-20 180 (20) 503 (38) 287 (24) 970 (28)
>20 19 (2) 328 (25) 361 (30) 708 (21)
GS (GGG)
<6 (1) 570 (62) 492 (37) 650 (54) 1712 (50)
3+4(2) 247 (27) 406 (30) 227 (21) 880 (26)
4+3 (3) 63 (7) 206 (15) 139 (12) 408 (12)
8 (4) 26 (3) 172 (13) 115 (10) 313 (9)
9-10 (5) 7 (1) 58 (4) 71 (6) 136 (4)
ECOG performance status!
0 851 (93) 1117 (84) 869 (72) 2837 (82)
1 32 (4) 144 (11) 202 (17) 378 (11)
2 17 (2) 37 (3) 84 (7) 138 (4)
3 0 0 15 (1) 15 (0)
Missing 13 (1) 36 (3) 32 (3) 81(2)

Abbreviations: RP: radical prostatectomy; RAD: radiotherapy; NoLocTrt: no local treatment; cT-category: clinical

T-category; GS: Gleason score; GGG: Gleason grade group, ECOG: Eastern Cooperative Oncology Group

10: Fully active, able to carry on all pre-disease performances without restriction ;1: Restricted in physically strenuous
activity but ambulatory and able to carry out work of a light or sedentary nature ;2: Ambulatory and capable of all self-care
but unable to carry out any work activities; up about >50% of waking hours; 3: Capable of only limited self-care; confined to
bed or chair >50% of waking hours

Oken M, Creech R, Tormey D, et al. Toxicity and response criteria of the Eastern Cooperative Oncology Group. Am J Clin

Oncol. 1982;5:649-655.



Supplementary Table S2: Univariate analysis of 10-year prostate cancer-specific mortality

Variable HR 95% ClI P-value
Treatment
RP 1
RAD 3.9 2.27-6.81 <0.001
NoLocTrt 12.7 7.52-21.49 <0.001
Age (y)
<60 1
61-65 1.1 0.68-1.64 0.810
66-70 1.7 1.19-2.56 0.004
271 3.6 2.54-5.22 <0.001
cT-category
T1 1
T2 1.9 1.37-2.64 <0.001
T3 4.8 3.58-6.51 <0.001
PSA (ng/mL)
<10 1
10-20 1.8 1.30-2.37 <0.001
>20 4.4 3.30-5.77 <0.001
GS (GGG)
<6 (1) 1
3+4 (2) 2.3 1.59-3.34 <0.001
4+3 (3) 5.4 3.69-7.80 <0.001
8 (4) 9.0 6.32-12.88 <0.001
9-10 (5) 19.2 13.09-28.18 <0.001
Risk group
Low 1
Intermediate 2.8 1.59-5.06 <0.001
High localized 9.3 5.37-16.10 <0.001
High locally advanced 12.5 7.38-21.34 <0.001
ECOG performance status
0 1
>1 2.5 1.94-3.19 <0.001

Abbreviations: Cl: confidence interval; cT-category: clinical T-category; ECOG: Eastern Cooperative
Oncology Group; GGG: Gleason grade group; GS: Gleason score; HR: hazard ratio; NoLocTrt: no local
treatment; PCa: prostate cancer, RAD: radiotherapy; RP: radical prostatectomy



Supplementary Table S3: Studies evaluating prostate cancer-specific mortality (PCSM)

Author year (ref) Study No. Gleason cT- Treatment = 10-year PCSM (%)

design  patients = score <6 (%) categories = groups

Aas et al 2017 (present = OS 3449 50 T1-T3 RP 1.5
study) RAD 6.2
(0} 16.3
Pompe et al 2017 (1) 0s 268406  46.9 T1-T3+ RP 1.7 (8-year PCSM)
(N+) RAD 2.6-5.6
(o} 10.3
Sooriakumaran et al oS 34515 63 T1-T4 RP 0.4-10.3 % dead from PCa at 10 yrs
2014 (2) (N+M+) RAD 1.1-12.5
Hoffman et al 2013 (3) [N 1655 59-64 T1-T2 RP/RAD 18.3% dead from PCa at 15 yrs
Abdollah et al 2012 (4) oS 68 665 T1-T2 RP 1.4-6.8
RAD 3.9-11.5
Abdollah et al 2011 (5) [N 44 694 T1-T2 RP 2.8
(o} 5.8
Stattin et al 2010 (6) oS 6849 86 T1-T2 RP 2.4
RAD 3.3
(0} 3.6
Albertsen et al 2007 (7) OS 1618 57-78 T1-T2 RP 3-10
RAD 7-20
o} 10-30
Hamdy et al 2016 (8) RT 1643 77 T1-T2 RP 1.0
RAD 0.4
(0} 1.2
Fossa et al 2016 (9) RT 436 15 T1-T3 RAD+ET 17 (15-year PCSM)
ET 34
Mason et al 2015 (10) RT 1205 63.2%<GS8 | T1-T4 RAD+ET 32 % dead from PCa at 8 yrs
ET 52%
Bill-Axelsons et al 2014 = RT 695 T1-T2 RP 17.7 % dead from PCa at 18 yrs
(11) (0] 28.7%
Wilt et al 2012 (12) RT 731 75 T1-T2 RP 5.8% dead from PCa at 10 yrs
(0} 8.4%

Abbreviations: ET: endocrine treatment, O: observation, OS: observational study, RAD, radiotherapy, RP: radical
prostatectomy, RT: randomized trial, yrs: years, *mean
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Abstract

Purpose To study the association between time from diagnosis to radical prostatectomy (RP-interval) and prostate cancer-
specific mortality (PCSM), histological findings in the RP-specimen and failure after RP (RP-failure).

Methods Patients diagnosed with non-metastatic prostate cancer (PCa) in 2001-2010 and prostatectomized within 180 days
of biopsy were identified in the Cancer Registry of Norway and the Norwegian Prostate Cancer Registry. Patients were strati-
fied according to risk groups and RP-intervals of 0-60, 61-90, 91-120 and 121-180 days. Aalen-Johansen and Kaplan—Meier
methods estimated curves for PCSM, RP-failure and overall mortality. Multivariable Cox regressions and Chi-square tests
were used to evaluate the impact of RP-interval on outcomes.

Results In 5163 eligible patients, the median time from diagnosis to RP was 93 days (range 1-180). Risk group distribution
was similar in all RP-interval groups. With almost eight years of observation, no association was found between RP-interval
and PCSM in the intermediate-or high-risk groups. Increasing RP-interval did not increase the rate of adverse histological
outcomes or incidence of RP-failure.

Conclusions Increasing RP-interval up to 180 days was not associated with adverse oncological outcomes at eight years
follow-up. These findings should be considered when planning for prostatectomy.

Keywords Mortality - Outcomes - Prostate cancer - Radical prostatectomy - Timing

Introduction

More than 90% of men diagnosed with prostate cancer
(PCa) today have no distant metastases [1]. Patients with
a life expectancy of 10 or more years are considered can-
didates for curative treatment with radical prostatectomy
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generally provided as soon as possible after diagnosis, or
in selected low-risk patients preceded by a period of active
surveillance (AS).

It is a common perception among patients, physi-
cians and decision-makers that delay in cancer treatment
adversely affects oncological outcomes. Reports docu-
menting analyzes of the association between time-to-
treatment and clinical outcomes, however, show equivocal
findings among different cancer types [3—7]. The length
of time from diagnosis to RP (‘RP-interval’) has not been
shown to impact long-term oncological outcomes, even
when months and years have elapsed since diagnosis
[8—11]. In contrast, other studies have shown unfavorable
effects on pathological outcomes [8, 12] and biochemical
recurrence (BCR) rates [8, 13].

For cancer patients, delays in diagnosis and treatment
may aggravate psychological distress [14]. In line with
other European countries, the Norwegian health authori-
ties implemented in 2015 a fast track cancer patient path-
way (CPP) for patients with suspected PCa, providing
upper limits for time intervals from referral to diagnosis
and start of treatment (Online Appendix 1).Such stand-
ardized CPPs may possibly meet the emotionalneeds and
expectations of the patients. However, currently there is
little scientific evidence to support that RP beyond a cer-
tain time will adversely affect oncological outcomes in
PCa patients.

With this background, our observational study primar-
ily investigates the relation between the length of the RP-
interval and PCa-specific mortality (PCSM). Secondar-
ily, we evaluated the association between RP-intervals
and adverse histological findings in the RP specimen and
incidence of failure after RP (‘RP-failure’).

Material and methods
Data sources

Data were extracted from the Cancer Registry of Nor-
way (CRN) and the Norwegian prostate cancer registry
(NoPCR). For prostatectomized patients, these registries
contain demographic data and basic diagnostic variables,
including the date of the first cancer-positive biopsy and
RP, along with histopathological findings in the RP speci-
men [15]. The referral and treatment decision dates are
not recorded in the CRN. Data on radiotherapy and death
statistics can be extracted, but information on disease pro-
gression or post-RP systemic therapy is not available. The
study was approved by the Regional Committee for Medi-
cal and Health Research Ethics (2011/1746).

@ Springer

Patients
Eligible patients had to meet the following criteria:

e Diagnosis of non-metastatic PCa in the time
period 2001-2010

RP within 180 days of the first cancer-positive biopsy
PSA <100 ng/mL

Biopsy Gleason score (GS) > 5

Information on clinical (c) T-category, PSA and GS to
allow risk group categorization

Patients whose diagnosis was based on cysto-prostatec-
tomy or who were treated abroad were ineligible.

Data management

Patients were divided into RP-interval groups according to
the time from the first cancer-positive biopsy to RP (0-60,
61-90, 91-120 and 121-180 days). Considering time from
biopsy to treatment decision, the first RP-interval is in
accordance with the maximum RP waiting time of 32 days
depicted in the CPP.

Patients were stratified into low-, intermediate-or high-
risk groups according to the European Association of
Urology Guidelines 2017 [2].

Low-risk: PSA < 10 ng/mL and GS < 7 and cT1-T2a
Intermediate-risk: PSA 10-20 ng/mL or GS 7 or cT2b
High-risk localised: PSA > 20 ng/mL or GS > 7 or cT2c
High-risk locally advanced: any PSA, any GS, cT3-4

In less than 10% of the cohort (n=439) data for risk
group categorization was missing, and imputation was
deemed unnecessary.

If a patient was recorded with an unknown cT2 sub-
group (n =618), he was allocated to the localized high-
risk group if he had a GS >7 or PSA > 20 ng/mL, and to
the low-risk group if he had a GS < 7 and PSA< 10 ng/mL.
All other ¢T2x tumors were included in the intermediate-
risk group. Information on the node (N) category was not
available, but performing RP in patients with known N+
disease was not common practice in this time period.

Based on the routinely recorded histopathology of the RP
specimen, we considered tumors to be upstaged if the T-cat-
egory increased by > 2 categories in cT1 patients (patho-
logical > T3) and > 1 category in > cT2 patients. Patients
were stratified into biopsy GS-categories (GS 5-6, GS7a,
GS7b, GS8, GS9-10). Tumors were considered upgraded if
the pathological GS increased by at least one category com-
pared to the biopsy GS. Patients were furthermore divided
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Table 1 Patient characteristics Time from diagnosis to RP (days) < 60 61-90 91-120 121-180 Total
Median (range) 50 (1-60) 76 (61-90) 105 (91-120) 145 (121-180) 93 (1-180)
No. of patients (%) 854 (16.5) 1584 (30.7) 1314 (25.5) 1411 (27.3) 5163 (100)
Year of diagnosis
2001-2007 453 (53.0) 859(54.2) 640 (48.7) 666 (47.2) 2618 (50.7)
2008-2010 401 (47.0) 725(45.8) 674 (51.3) 745 (52.8) 2545 (49.3)
Risk group

Low 242 (28.3) 441(27.8) 368 (28.0) 406 (28.8) 1457 (28.2)

Intermediate 347 (40.6) 677 (42.7) 580 (44.1) 613 (43.4) 2217 (42.9)

High localized 195(22.8) 313(19.8) 251(19.1) 274 (19.4) 1033 (20.0)

High locally advanced 70 (8.2) 153 (9.7) 115 (8.8) 118 (8.4) 456 (8.8)

Age (years)

Median (range) 62 (39-75) 62 (39-76) 62 (42-77) 62 (42-76) 62 (39-77)
60 400 (46.8) 721 (45.5) 619 (47.1) 606 (42.9) 2346 (45.4)
61-65 261 (30.6) 506 (31.9) 456 (34.7) 497 (35.2) 1720 (33.3)
66-70 177 (20.7) 322(20.3) 216(16.4) 267 (18.9) 982 (19.0)
71 16 (1.9) 35(2.2) 23 (1.8) 41 (2.9) 115 (2.2)

cT-category

T1 383 (44.8) 718 (45.3) 614 (46.7) 712 (50.5) 2427 (47.0)

T2 401 (47.0) 713 (45.0) 585 (44.5) 581 (41.2) 2280 (44.2)

T3-4* 70 (8.2) 153 (9.7) 115 (8.7) 118 (8.4) 448 (8.7)

PSA level

<10 594 (69.6) 1102 (69.6) 942 (71.7) 943 (66.8) 3581 (69.4)

10-20 219 (25.6) 408 (25.8) 309 (23.5) 389 (27.6) 1325 (25.7)

> 20 41 (4.8) 74 (4.7) 63 (4.8) 79 (5.6) 257 (5.0)

Gleason score

5-6 385 (45.1) 741 (46.8) 591 (45.0) 717 (50.8) 2434 (47.1)

Ta 243 (28.5) 502 (31.7) 448 (34.1) 430 (30.5) 1623 (31.4)

7b 116 (13.6) 188 (11.9) 157 (11.9) 167 (11.8) 628 (12.2)

8 92(10.8) 114 (7.2) 89 (6.8) 75 (5.3) 370 (7.2)

9-10 18 (2.1) 39 (2.5) 29 (2.2) 22 (1.6) 108 (2.1)

Other cancer at the time of diagnosis®
0 816 (95.6) 1517 (95.8) 1251(95.2) 1353 (95.9) 4937 (95.6)
>1 38 (4.4) 67 (4.2) 63 (4.8) 58 (4.1) 226 (4.4)
Dead all causes 73 (8.5) 141 (8.9) 98 (7.4) 92 (6.5) 404 (7.8)
Cause of death

PCa 18 (2.1) 42 (2.7) 20 (1.5) 19 (1.3) 99 (1.9)

Other 53(6.2) 97 (6.1) 75 (5.7) 72 (5.1) 297 (5.8)

Unknown 2(0.2) 2(0.1) 3(0.2) 1(0.1) 8(0.2)

“Eight patients had cT4 tumors
“Except basal cell carcinoma

into groups based on the time of diagnosis (2001-2007 and
2008-2010) to account for the implementation of the 2005
International Society of Urological Pathology (ISUP) GS
modifications in Norway [16].

RP-failure, as available from the CRN, was defined as
having received post-RP pelvic RAD (> 50 Gy) or mammil-
lary RAD, whatever occurred first, indicating BCR. In the
time of this cohort, prophylactic mammillary RAD was com-
mon practice before initiation of anti-androgen treatment.

Statistical analyzes

Patients were followed from the date of RP until the date of
study outcomes (death from PCa or RP-failure), death from
other causes, emigration or end of follow-up (December 31st
2015), whichever came first. Overall mortality was estimated
using the Kaplan—Meier method. The Aalen—Johansen esti-
mator estimated PCSM, treating death from other causes as
a competing risk, and RP-failure, treating death from any

@ Springer
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Fig. 1 Prostate cancer-specific mortality in patients with non-metastatic prostate cancer according to risk group and number of days between

diagnosis and radical prostatectomy. PCa prostate cancer

cause as a competing risk. To compare PCSM- and RP-
failure development across patient groups we estimated a
univariable Fine-Gray regression and performed a Wald test
of equality of coefficients. Multivariable Cox-regressions
documented the impact of RP-interval on the cause-specific
hazard of PCa death, as well as the cause-specific hazard
of RP-failure, adjusting for potential confounding factors.
Standard chi-square tested the association between the RP-
interval groups and the rates of upstaging, upgrading and
surgical margin status. A p value of < 0.05 was considered
statistically significant. Data were analyzed using the IBM
Statistical Package for the Social Sciences (SPSS) version
23 and Stata version 14.2.

Results

In the 5163 evaluable patients, 17%, 31%, 26% and 27%
of patients underwent RP 0-60, 61-90, 91-120 and
121-180 days from diagnosis (Table 1). The median time
from diagnosis to RP was 93 days (range 1-180). The age
and risk group distribution were similar in all RP-interval

@ Springer

groups. Of all patients included in this cohort, 29% had
high-risk disease. Among these, 18% were treated with RP
within 60 days compared to 26% between 121-180 days
from diagnosis.

After a median follow-up of 7.9 years (range 0-15), 99
patients (1.9%) had died from PCa (Table 1). For all patients,
the 5-year and 10-year PCSM rates were 0.7% and 2.5%,
respectively, without any significant difference between time
periods (Supplementary Table 5, Supplementary Fig. 3).
In the intermediate-risk, high-risk localized and high-risk
locally advanced groups, there were no significant differ-
ences in PCSM according to RP-interval (Fig. 1). A sta-
tistically significant difference emerged for patients in the
low-risk group (p <0.001), but this analysis was regarded
as invalid due to event paucity. On multivariate analysis cT-
category, biopsy GS and risk group were associated with
PCSM, but not RP-interval, PSA, age group or year of diag-
nosis (Table 2a, b).

No associations between the length of the RP-interval
and the rate of upstaging (22%) or upgrading (34%) were
demonstrated (Tables 3, 4). The surgical margins were posi-
tive in 28% of the RP specimens (low-risk: 23%, high-risk:
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Table 2 Multivariate analysis of PCa-specific mortality

HR (95% CI) p value

(@
RP-interval

1 1

2 1.46 (0.83-2.54) 0.186

3 0.94 (0.49-1.78) 0.840

4 0.89 (0.46-1.71) 0.729
Age (year)

<60 1

> 60 1.44 (0.91-2.29) 0.118
cT-category

T1 1

T2 1.63 (1.00-2.65) 0.048

T3 2.62 (1.46-4.71) 0.001

T4 - -
PSA (ng/mL)

<10 1

10-20 1.46 (0.96-2.22) 0.076

>20 1.03 (0.41-2-60) 0.953
GS

5-6 1

Ta 1.80 (0.98-3.31) 0.055

7b 4.79 (2.54-9.03) 0.000

8 7.9 (4.15-15.14) 0.000

9-10 18.60 (9.20-37.60) 0.000
Time of diagnosis

2001-07 1

2008-10 1.01 (0.62-1.65) 0.966
(b)
RP-interval

1 1

2 1.24 (0.71-2.15) 0.452

3 0.78 (0.41-1.47) 0.441

4 0.70 (0.37-1.35) 0.289
Risk group

Low 1

Intermediate 4.01 (1.78-9.02) 0.001

High localized 8.14 (3.55-18.68) 0.000

High locally advanced 13.98 (6.02-32.49) 0.000
Age (year)

<60 1

> 60 1.54 (0.98-2.43) 0.064
Time of diagnosis

2001-2007 1

2008-2010 1.15 (0.71-1.87) 0.575

35%). Increasing RP-interval was not associated with higher
rates of positive surgical margins (PSM) in any risk group

(Tables 3, 4).

After a median time of 1.9 years (range 0.1-12.5) after
RP, 1273 patients (24.7%) experienced RP-failure. Of these,
528 (41.5%) belonged to the high-risk group at the time of
diagnosis. In all risk groups, increasing RP-interval was
significantly associated with decreased probability of RP-
failure (Fig. 2). This finding was confirmed in multivariate
analysis (Online Appendix 2). With low-risk group as refer-
ence increasing risk group was associated with significantly
increasing hazard ratios of RP-failure (Online Appendix 2).

Discussion

In this population-based cohort with a follow-up time of
almost eight years, increasing RP-interval up to 180 days
was not associated with increased PCSM in intermediate-or
high-risk patients, or with adverse histological outcomes or
RP-failure in any risk group.

Our findings are in agreement with a systematic review by
Van den Bergh et al. concluding that an association between
the timing of RP and PCSM has not yet been documented
[8]. The majority of reviewed studies included low and inter-
mediate-risk patients only. Importantly, as shown by Korets
et al. and Redaniel et al., this finding confirmed by us, is also
valid for high-risk patients [9, 17].

The documented PCSM rates in this cohort are com-
parable to other observational studies covering patients
diagnosed in the same time period [ 18-22]. As expected
with a large proportion of high-risk patients, the PCSM is
higher than demonstrated in the Protect trial including only
screening-detected patients with intra-capsular tumors [23].
Despite a shift towards a larger proportion of prostatecto-
mized patients having high-risk disease (2001-2007: 25.2%,
2008-2010: 32.6%), we observed no difference in PCSM for
patients diagnosed in the early versus late period, possibly
explained by a decrease in the rate of PSM and intensified
adjuvant and salvage treatment in the late period [24].

The observation that increasing RP-interval was not asso-
ciated with adverse pathological outcomes in our study is
in agreement with Sun et al. who found that timing of RP
did not affect the rate of upstaging [25]. Neither did Korets
et al. find an impact of time from the last positive biopsy
to RP on the rate of upgrading or pT-categorization [17].
On the contrary, Berg et al. observed, in patients from the
same institution, a significant increase in the proportion of
adverse pathological outcomes (upstaging, seminal vesicle
invasion, positive lymph nodes, upgrading, PSM) with RP
beyond 75 days, ranging from 30 to 150 days depending
on the GS and PSA level at the time of diagnosis [12]. In
terms of recurrence, Abern et al. found that a delay beyond
9 months was significantly related to PSM and BCR in low-
and intermediate risk patients [27], while Zanaty et al. found
a positive association between increasing time to RP and

@ Springer
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BCR in the high-risk group beyond 90 days [13]. The major-
ity of studies, however, do not show increased incidence of
BCR with increasing RP-interval, and our findings support
these data [8]. We were surprised to find that the risk of
RP-failure decreased with increasing RP-interval. This find-
ing may indicate that patients with shorter RP-intervals had
more aggressive disease than reflected by our co-variates
(e.g., the number of biopsy cores involved with cancer, the
percentage of cancer within each biopsy core, PSA doubling
time).

We do not know the reasons for increasing RP-interval
in this cohort. National guidelines were not implemented
in Norway until 2009, and clinical decisions were mainly
based on preferences of the treating physician. Increasing
age, a co-existing cancer diagnosis or more favorable tumor
characteristics did not explain increasing RP-intervals. AS
was not formally recorded in the CRN at this time.

The implementation of CPPs in Norway is a political
initiative based on the Danish model aiming to improve
quality of PCa care [28]. By streamlining services, patients
are provided with an efficient and predictable path in close
dialog with the hospital, avoiding unnecessary delays. The
CPP may facilitate better hospital organization and planning

@ Springer

based on available resources and ensure equal cancer han-
dling across regions.

There are, however, challenges with the implementation
of the CPP. The time limits for diagnosis and treatment of
PCa have proven difficult to put in practice and are currently
complied with in about half of the cases. Contrary to the
intention of the CPP, patients may suffer additional distress
from treatment delay as they anticipate worse prognosis
with RP beyond 32 days [29]. The medical rationale behind
the time limit for RP, being independent of individual risk
assessment, is questioned by clinicians. Medically related
delay, like health status optimization or extensive pre-opera-
tive planning, may be necessary in selected patients. Moreo-
ver, in a time with emerging therapeutic options, patients
may wish to seek second opinions before deciding on treat-
ment. Patient preferences and expectations regarding treat-
ment are highly dependent on in-depth counseling by the
treating physicians. In our opinion, these priorities, although
time-consuming, better reflect quality of PCa care than strict
adherence with time limits for RP.

There are several limitations to this study. Firstly,
although the registration of new cases of PCa in the CRN is
close to complete, the reporting of post-diagnosis outcomes
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is less exhaustive [1]. Secondly, histological evaluation of
prostate biopsies was performed by multiple pathologists
without central review, and patients diagnosed before the
implementation of the 2005 ISUP modifications were evalu-
ated according to the old Gleason grading system. Third,
information on eventual re-biopsies or pre-RP changes in
PSA or clinical stage was not available. Fourth, our data
on RP-failure underestimates the true incidence of BCR,
because the CRN and NoPCR provided no information on
post-RP PSA or androgen-deprivation therapy for distant
metastasis. Fifth, in older patients, the cause of death may
be uncertain as shown in a previous report from the CRN
[30]. Finally, this study did not investigate the associations
between increasing RP-interval and functional or psycho-
logical outcomes. The strength of this study is the long-term
follow-up of a large population-based cohort of patients with
RP as initial treatment, of which almost one third of the
patients had high-risk disease.

Conclusions

Based on the above, the time from diagnosis to RP per-
formed within 6 months of diagnosis is not associated with
adverse oncological outcomes at eight years follow-up.
These findings should be taken into consideration when
counseling candidates for prostatectomy and planning sur-
gical resources at the hospitals. Our study warrants revision
of the length of the RP-interval in the current Norwegian
CPP for PCa.
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Supplementary Table 5: 5-year and 10-year PCSM according to risk group

PCSM  5-year* 10-year
Risk group
Low 0.14 (0.03-0.48) 0.39 (0.15-0.88)
Intermediate 0.45 (0.23-0.81) 2.21(1.45-3.23)
High localized 1.56 (0.93-2.47) 4.70 (2.93-7.08)
High locally advanced 2.21(1.14-3.89) 8.49 (5.24-12.72)
All 0.74 (0.53-1.01) 2.54 (2.01-3.18)

*Numbers correspond to % (95% confidence interval)

Abbreviation: PCSM; prostate cancer-specific mortality
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Appendix 1: Prostate cancer patient pathway

Description Treatment Maximum time (calendar days)
From referral to first meeting with the specialist services 10
From first meeting to complete work-up and treatment decision 24
From treatment decision to treatment start Surgical treatment 32
From treatment decision to treatment start Medical treatment 3
From treatment decision to treatment start Radiotherapy 32
From treatment decision to treatment start Active surveillance 3
From referral to treatment start Surgical treatment 66
From referral to treatment start Medical treatment 37
From referral to treatment start Radiotherapy 66
From referral to treatment start Active surveillance 37




Appendix 2: Multivariate analysis of RP-failure

RP-interval

B~ W NP

Risk group
Low
Intermediate
High localized
High locally advanced

Age (years)
<60
>60

Time of diagnosis

2001-07
2008-10

HR (95% CI)

1
0.82 (0.70-0.96)
0.79 (0.67-0.93)
0.70 (0.59-0.83)

1
1.98 (1.68-2.33)
2.77 (2.32-3.31)
4.30 (3.53-5.23)

1
0.94 (0.84-1.06)

1
1.18 (1.05-1.32)

Abbreviations: HR; hazard ratio, RP; radical prostatectomy

P-value

0.011
0.004
0.000

0.000
0.000
0.000

0.064

0.004
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Abstract

Background: The association between curative treatment (CurTrt) and mortality in
senior adults (>70 years) with high-risk prostate cancer (PCa) is poorly documented.
In a population-based cohort we report temporal trends in treatment and PCa-specific
mortality (PCSM), investigating the association between CurTrt and mortality in
senior adults with high-risk PCa, compared to findings in younger men (<70 years).
Methods: Observational study from the Cancer Registry of Norway. Patients with
high-risk PCa were stratified for three diagnostic periods (2005-08, 2009-12 and
2013-16), age (<70, vs >70) and primary treatment (CurTrt: Radical prostatectomy
(RP), Radiotherapy (RAD) vs no curative treatment (NoCurTrt)). Competing risk
and Kaplan-Meier methods estimated PCSM and overall mortality (OM), respec-
tively. Multivariable logistic regression models estimated odds for CurTrt, and multi-
variable Fine Gray and Cox regression models evaluated the hazard ratios for PCSM
and OM.

Results: Of 19 763 evaluable patients, 54% were aged >70 years. Senior adults had
more unfavorable PCa characteristics than younger men. Across diagnostic periods,
use of CurTrt increased from 15% to 51% in men aged >70 and 65% to 81% in men
aged < 70 years. With median five years follow-up, PCSM decreased in all patients
(P < .05), in the third period restricted to senior adults. In all patients NoCurTrt was
associated with three-fold higher 5-year PCSM and two-fold higher OM compared
to CurTrt.

Conclusions: In high-risk PCa patients, increased use of CurTrt, greatest in senior
men, was observed along with decreased PCSM and OM in both senior and younger

adults. CurTrt should increasingly be considered in men >70 years.
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1 | INTRODUCTION

Prostate cancer (PCa) is a major cause of cancer mortality
in senior men worldwide."> Due to demographic changes,
the number of new PCa cases in men > 70 years is expected
to double within year 2040.° According to the literature, a
higher proportion of senior adults have high-risk disease at
presentation compared to younger men.*°

Elderly patients are underrepresented in clinical trials,
and there is no consensus on the optimal treatment strategy
in senior adults with high-risk PCa.”® The Scandinavian
Prostate Cancer Group (SPCG) 4 study demonstrated a sur-
vival benefit from radical prostatectomy (RP) compared to
watchful waiting in both senior and younger men with lo-
calized disease and long life expectancy (LE).” In patients
with high-risk disease, there is level 1 evidence that andro-
gen deprivation therapy (ADT) combined with radiotherapy
(RAD) improves survival compared to either modality alone,
also in senior adults.'”"® Patients without distant metastases
and LE > 5-10 years, should be considered for curatively in-
tended treatment with RP and extended pelvic lymph node
dissection or high-dose RAD combined with (neo-) adjuvant
ADT.'*"® Those who are unwilling or ineligible for curative
treatment (CurTrt), may be managed with watchful waiting
or ADT.'*18

Senior adults with high-risk PCa comprise a heteroge-
neous group of patients in terms of PCa characteristics,
health status, and LE. Any life-prolonging effect from
CurTrt must in these patients be weighed against the risk
of adverse treatment-related effects and death from other
causes than PCa.'”?! Studies have indicated that treatment
decisions in PCa patients are primarily based on chrono-
logical age rather than biological age.7’22’27 Undertreatment
of healthy senior adults with high-risk PCa may thus con-
tribute to the described high incidence of death from PCa
in the elderly population.5 +6.20.21

With this background, we compare patient characteris-
tics, primary treatment, and prostate cancer-specific mor-
tality (PCSM) in senior adults (>70 years) and younger
men (<70 years) diagnosed with high-risk PCa in Norway.
Furthermore, we investigate the association between CurTrt
and mortality in the two age groups.

2 | METHODS

2.1 | Data sources

The Norwegian Prostate Cancer Registry is a national
clinical quality registry managed by the Cancer Registry
of Norway.28 The registry codes individual demographic
and clinical information, including date of PCa diag-
nosis, Eastern Cooperative Oncology Group (ECOG)

performance status, PSA level, Gleason score, clini-
cal TNM-categories, and date of RP. The Radiotherapy
Database contains information on start of RAD, target site,
and target dose from all radiotherapy centers in Norway.
Information on the date and cause of death is collected from
the Cause of Death Registry. The study was approved by
the Regional Committee for Medical and Health Research
Ethics (2011/1746).

2.2 | Patients

Patients diagnosed from 2005 to 2016 with PCa without
distant metastases were identified (Appendix 1). For in-
clusion in the study, the European Association of Urology
high-risk group criteria had to be met, including both local-
ized and locally advanced disease.” Detailed information
on clinical N-category was not available in the registry.
Patients were stratified according to diagnostic period
(2005-08, 2009-12, 2013-16), age at diagnosis (<70, 70-
74, 75-79, >80 years), and curative treatment (CurTrt:
RP, RAD vs no curative treatment (NoCurTrt)). RP was
performed in < 12 months of diagnosis. Performance
of pelvic lymph node dissection was not reliably docu-
mented. RAD was in the current study defined as RAD
doses of > 74 Gy, with or without (neo-) adjuvant ADT,
started < 15 months of diagnosis in patients diagnosed
2005-13 and < 12 months in patients diagnosed 2014-16.
Patients not fulfilling the criteria for primary RP or RAD
were allocated to the NoCurTrt group. Treatment was ana-
lyzed as a time-varying covariate. Patients were observed
from the time of diagnosis to emigration, death, or end of
study date (31st December 2017).

2.3 | Statistical methods

Standard descriptive methods were applied (frequencies/
proportions, medians/ranges). The Chi square tested inter-
group differences. Multivariable logistic regression models
estimated the odds ratios (ORs) and 95% confidence inter-
vals (ClIs) for performance of CurTrt. PCSM was estimated
using the Aalen-Johansen estimator, and mortality estimates
were compared using a univariate Fine-Gray regression
model. Overall survival was assessed with the Kaplan-Meier
method. Multivariable Fine-Gray and Cox regression models
tested the relationship (subdistribution hazard ratios (SHRs),
hazard ratios (HRs) and CIs) between primary treatment and
PCSM and OM, respectively, adjusting for relevant clinical
confounding variables available at the time of diagnosis. The
level of significance was P < .05. Data were analysed using
the IBM Statistical Package for the Social Sciences Statistics
version 26 and Stata version 14.2.
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3 | RESULTS
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3.1 | Disease characteristics g § =33
= = non
In total, 19 763 patients with high-risk PCa were evaluable for g g @
the present study (Appendix 1,2). More than half of the patients — § g § S
were aged > 70 years (Table S1). Compared to younger patients, < = a e o
senior adults had poorer ECOG performance status, higher PSA a g
levels, and more unfavorable International Society of Urological 2 2 g E
pathology (ISUP) grade groups and cT-categories. Decrease in o < : i
PSA levels and increase in ISUP grade groups were observed Qo S z 2
across diagnostic periods, similar for senior and younger patients. e § S § §
.. 2518
3.2 | CurTrtvs NoCurTrt s gg4a
In all patients the use of CurTrt increased from 37% in 2005- E o § @ @
08 to 66% in 2013-16, with a larger increase in senior adults § \E/ a E § §
(>70 years; 15 to 51%, <70 years: 65 to 81%) (Table 1). PN
Compared to 24% of the younger men, 67% of high-risk a a3
senior adults did not receive CurTrt. Use of RP increased = Q © S
fourfold in patients aged 70-74 years, and RAD increased “ - -«
sevenfold in patients aged 75-79 years, whereas RP doubled _ g z
in the younger ones parallel with decrease in RAD. S § S// § % %

Patients in the NoCurTrt group were older, had poorer Al = SR
ECOG performance status and higher PSA-levels compared o - g g %.
to curatively treated patients (Table S2). In both the CurTrt o § % 9 5 g
and NoCurTrt groups, one in two patients had ISUP grade ) “ :‘ c: i 5
group > 4 tumors. § T o 25 8 c.::

In multivariable analyses, the odds of receiving CurTrt in- é E S < E § ;3
creased sixfold across the diagnostic periods in senior adults 8 5 ‘5:
compared to a twofold increase in younger patients (Table 2). g g o S’; 88 é
For all patients, the probability of receiving CurTrt decreased g g g § g N § g
with increasing age, ECOG status > 1, and a prior cancer g o E
diagnosis. In both senior and younger patients, having ISUP —;; ) d & g

2 0 C x - &
grade group > 2 tumors doubled the odds for treatment com- £ 2 § § @ % e '§~
pared to ISUP grade group 1 tumors. i = ?E g

£ 2 iy

E c2 vyg &
3.3 | Mortality g As g5 FE
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For all patients, PCSM decreased within the observation pe- ‘:2) 2 3 v £ % i‘ g
riod (P < .05), although a decrease in the last diagnostic pe- § 2= =8 =2 E ::;D
riod was observed only in patients > 70 years (Figure 1). The £ a o g g
5-year PCSM was 8.8% and OM was 21.8%, both increasing g T o e < s ié E
with age at diagnosis (Table 3). With a median follow-up time g R = QB R E5
of five years (range 0-13 years), about two of five deaths were ‘; § =5 6 g E
caused by PCa in both senior and younger adults (1825/4650 g g I T 1.55 g
and 570/1307 deaths respectively) (Table 3, Figure 2). oo S V& é S & & E £

In multivariable analyses, NoCurTrt was associated with - o = T::g = i 8
more than threefold increased risk of PCa death in all pa- g g - = g % a 5 % E
tients, with similar results for RP and RAD (Table 4, Figure 2 & ~§ §0 };; £ S8 2 _a-; -g
S1). Time-dependent decreasing probabilities of PCa death = LRR <A A <7
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TABLE 2 Logistic regression

Age ) <70 270 with curative treatment (RP or RAD) as
7567 8571 dependent variable

Patients Odds Odds
analyzed (n) ratio 95% CI P-value ratio 95% CI P-value
Diagnostic period

2005-08 1 1

2009-12 2.20 1.92-2.53 .000 3.44 2.96-4.00 .000

2013-16 2.10 1.83-2.42 .000 6.44 5.49-7.55 .000
Age

<60 1

60-64 0.89 0.76-1.04 .140

65-69 0.78 0.67-0.91 .001

70-74 1

75-79 0.26 0.23-0.30 .000

>80 0.03 0.03-0.04 .000
ECOG

0 1 1

1 0.68 0.58-0.81 .000 0.53 0.46-0.60 .000

>2 0.24 0.19-0.31 .000 0.16 0.13-0.20 .000
Prior cancer

No 1 1

Yes 0.75 0.60-0.93 .009 0.70 0.58-0.84 .000
PSA (ng/mL)

<10 1 1

10-20 1.01 0.87-1.18 .889 0.84 0.72-0.97 .022

>20 0.44 0.39-0.50 .000 0.41 0.36-0.48 .000
ISUP grade group

1 1 1

2 2.17 1.81-2.58 .000 2.26 1.81-2.83 .000

3 2.05 1.69-2.48 .000 2.56 2.03-3.23 .000

4 1.83 1.55-2.18 .000 2.44 1.97-3.01 .000

5 1.33 1.10-1.62 .003 2.26 1.80-2.84 .000
cT-category

1-2 1 1

3-4 0.73 0.65-0.82 .000 0.89 0.79-1.01 .066

Abbreviations: CI, confidence interval; cT-category, clinical tumor-category; ECOG, Eastern Cooperative
Oncology Group functional status; ISUP grade group, International Society of Urological Pathology grade

group; PSA, prostate specific antigen; RAD, radiotherapy; RP: radical prostatectomy.

with increasing diagnostic periods were further reduced if
primary treatment was excluded from the analysis (data not
shown). Having ISUP grade group five vs one increased the
HR of death from PCa almost four times (95% CI 2.9-4.3)
in men > 70 years compared to 13 times (95% CI 8.5-22.1)
in men < 70 years (Table 4). In both senior and younger
adults, NoCurTrt more than doubled the overall 5-year risk
of death (Table 5). The HR of OM decreased with increasing

diagnostic period in senior adults (Table 5), also when de-
fining death from PCa as a competing risk (data not shown).

4 | DISCUSSION

In this population-based cohort of high-risk PCa patients, in-
creased use of CurTrt, greatest in senior men, was observed
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FIGURE 1 Prostate cancer-specific mortality according to age group and diagnostic period in patients diagnosed with high-risk prostate

cancer in Norway 2005-16

with time, along with decreased PCSM and OM in both sen-
ior and younger adults.

4.1 | Disease characteristics

Our findings are in agreement with previous studies dem-
onstrating higher prevalence of high-risk disease in sen-
ior adults compared to younger men.*> Admittedly, more
aggressive histology observed with time in all patients,
may relate to gradual implementation of the 2005 ISUP
Gleason score modifications and increased use of targeted
biopsies.

4.2 | Treatment

In our study, we observed a striking increase in the use of RP
in patients up to 75 years of age and RAD in senior adults.
Improvements in CurTrt techniques with lower toxicity, along

with increasing LE in the population, may have influenced
physicians” decisions. Furthermore, increased use of CurTrt
may relate to a 2012 consensus, stating that CurTrt should
be discussed with high-risk patients having LE more than
5 years.18

Recommendations advocating management of senior
adults according to health status rather than chronological
age, were not implemented in the European Association of
Urology Guidelines until 2016, but preceding discussions
within the uro-oncological community may have guided clin-
ical practice carlier.*” Furthermore, the overall increase in use
of CurTrt across diagnostic periods reflects the increase in
ISUP grade groups, being a strong predictor of unfavorable
outcomes.”!

43 | Mortality

The decrease in PCSM coincides with the increase in
use of CurTrt during the observation period, without
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TABLE 3 5-year prostate cancer-specific and overall mortality in patients diagnosed with high-risk prostate cancer

(V)
Treatment RP RAD NoCurTrt All
Dead PCa
All ages 110/5117 (2)* 209/5349 (4) 2076/9297 (22) 2395/19763 (12)
<70 90/4280 (2) 123/2616 (5) 357/2185 (16) 570/9081 (6)
70-74 19/736 (3) 60/1628 (4) 307/1472 (21) 386/3836 (10)
75-79 1/97 (1) 23/942 (2) 505/2257 (22) 529/3296 (16)
>80 0/4 3/163 (2) 907/3383 (27) 910/3550 (26)
Dead any cause
All ages 330/5117 (6) 733/5349 (14) 4894/9297 (53) 5957/19763 (30)
<70 251/4280 (6) 360/2616 (14) 696/2185 (32) 1307/9081 (14)
70-74 70/736 (10) 236/1628 (14) 691/1472 (47) 997/3836 (26)
75-79 7/97 (7) 121/942 (13) 1234/2257 (55) 1362/3296 (41)
>80 2/4 (50) 16/163 (9) 2273/3383 (67) 2291/3550 (65)
(B)
Treatment RP RAD NoCurTrt All
PCa-specific mortality
All 1.4 (1.0-1.8)° 2.2 (1.8-2.7) 15.6 (14.9-16.4) 8.8 (8.4-9.3)
<70 1.1 (0.8-1.5) 2.4 (1.8-3.1) 11.0 (9.6-12.5) 4.0 (3.6-4.5)
70-74 2.8 (1.5-4.7) 2.0 (1.4-3.0) 11.3 (9.7-13.1) 6.1 (5.3-7.0)
75-79 2.8(0.2-12.4) 2.0(1.1-3.5) 13.1 (11.7-14.7) 10.4 (9.3-11.6)
>80 — 3.3(0.8-8.9) 22.6 (21.1-24.1) 22.1 (20.6-23.6)
Overall mortality
All 4.7 (4.0-5.5) 8.4 (7.6-9.3) 36.2 (35.1-37.2) 21.8 (21.2-22.5)
<70 3.8 (3.1-4.6) 7.0 (6.0-8.1) 19.9 (18.1-21.8) 8.9 (8.3-9.7)
70-74 10.4 (7.7-14.0) 8.9 (7.5-10.7) 26.5 (24.2-29.0) 16.9 (15.6-18.3)
75-79 7.9 (2.8-21.3) 11.2 (8.9-14.1) 31.8 (29.8-33.9) 26.8 (25.2-28.6)
>80 25.0 (4.0-87.2) 20.4 (12.2-33.0) 55.1 (53.3-57.0) 54.2 (52.4-56.0)

Abbreviations: NoCurTrt: no curative treatment; PCa: prostate cancer; RAD: radiotherapy; RP: radical prostatectomy.

“Mortality rate % (95% confidence interval).

"Number of patients (% within treatment group).

differences for RP and RAD. Adjusted for well-known
prognostic risk factors, CurTrt was associated with re-
duced likelihood of 5-year PCSM and OM in both sen-
ior and younger adults. In contrast with our findings, the
SPCG-4 trial did not show a survival benefit until more
than 20 years follow-up with RP compared to watchful
waiting in patients aged 65-75 years, however, only 3%
had Gleason score 8-10 tumors.”** Our results are in
agreements with retrospective series, demonstrating re-
duced 5-10-year PCSM with local treatment in patients
aged > 75 years with ISUP grade group > 2 and locally
advanced tumors. ™=

In line with our findings regarding PCSM, rela-
tive survival is reduced in Norwegian PCa patients

aged > 70 years at diagnosis, with a marked reduction
in patients > 80 years.35 Similarly, a previous popula-
tion-based study demonstrated reduced 10-year relative
survival in senior adults compared with younger men,
with more pronounced differences in high-risk patients.6
Unlike previously reported, ECOG status was no lon-
ger an independent predictor of PCSM in senior adults
when analyzed in a competing risk setting (Table 4, Table
$3).%° Surprisingly, increasing ISUP grade groups were
associated with higher risk of PCa death in younger than
in senior men (Table 4). We speculate whether this find-
ing may be related to underlying host-related differences,
such as reduced free testosterone levels, associated with
age. 37
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FIGURE 2 Prostate cancer and other cause mortality according to age group and primary treatment in men diagnosed with high-risk prostate

cancer in Norway 2005-16. PCa; prostate cancer

4.4 | Undertreatment of senior adults

Even in the most recent period in this study, almost half of
the senior adults with high-risk PCa did not receive CurTrt.
Comparable to findings by Rider et al and Albertsen et al, a
considerable proportion of these patients died from PCa. 20!
Similar to younger men, senior adults in the NoCurTrt group
had a twofold increased risk of overall death within five
years of diagnosis compared to patients treated curatively.
The considerable 5-year PCSM rates, along with the high
proportion of patients having ISUP grade group > 4 tumors
and ECOG status < 1 in the NoCurTrt group, suggest the
likelihood of undertreatment, as also emphasized in other
studies.?’40%

4.5 | Treatment decisions in senior adults

Higher age is associated with more peri-operative compli-
cations and poorer functional outcomes after radical treat-
ment,4’19’41’42 although, several studies report tolerable
side-effects with CurTrt in senior adults.**** The possibility

of undertreatment and early death from high-risk PCa may
imply that the selection criteria for CurTrt are too strict and
LE may be underestimated. When CurTrt is considered in sen-
ior adults, formal health assessment and individual in-depth
patient counseling are obligatory to facilitate optimal patient
selection.

4.6 | Limitations and strengths

This registry-based cohort study has several limitations. Our
cohort presents a minimum estimate since data were insuffi-
cient for risk grouping in 8347 of the initial 26 819 patients
without distant metastases (31%). A case mix, with stage and
grade migration, may have occurred during the study period,
resulting from improvements in diagnostic methods. Major
limitations include the lack of detailed comorbidity data.
Furthermore, complete data on ADT use, disease progression
and second-line cancer treatments were not available in the
Norwegian Prostate Cancer Registry. Estimation of PCSM
was based on official cause of death registration and over-/
underreporting of PCa as cause of death, particularly in senior
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TABLE 4 Multivariable Fine-Gray regression with prostate cancer-specific mortality as dependent variable in patients diagnosed with high-

risk prostate cancer

Age (years) <70 >70
Patients
analyzed (m) 7567 8563
Univariable Multivariable Univariable Multivariable

Analysis SHR 95% CI P-value SHR 95% CI P-value SHR 95% CI P-value SHR 95% CI P-value
Diagnostic period

2005-08 1 1 1 1

2009-12 0.74 0.61-0.89  .002 0.72 0.58-0.91  .006 0.69  0.63-0.77 .000 0.70 .000

2013-16 0.79 0.59-1.04  .097 0.64 0.42-0.92  .017 0.53  0.46-0.62 .000 0.48 .000
Treatment

RP 1 1 1 1

RAD 1.71 1.30-2.24  .000 1.02 0.75-1.40  .893 1.12  0.69-1.81 .648 090  0.52-1.53  .685

NoCurTrt 6.02 4.76-7.62  .000 3.16 2.36-4.23  .000 6.93  4.47-10.74  .000 3.69  2.24-6.09 .000
Age

<60 1 1

60-64 1.10 0.87-1.38 419 0.91 0.70-1.19  .498

65-69 1.17 0.94-1.45 158 0.91 0.71-1.18  .490

70-74 1 1

75-79 1.59 1.40-1.81 .000 1.08  094-1.25 283

>80 2.75 2.44-3.09 .000 1.35 1.17-1.56  .000
ECOG

0 1 1 1 1

1 2.03 1.62-2.55  .000 1.43 1.11-1.83  .006 1.46 1.30-1.64 .000 1.11 0.98-1.26  .100

>2 1.54 1.03-230  .034 0.79 0.50-1.24 303 1.80 1.59-2.04 .000 1.07 0.93-1.23 357
PSA (ng/mL)

<10 1 1 1 1

10-20 1.47 1.14-1.89  .003 1.11 0.84-1.46 474 1.29 1.09-1.53 .003 1.06  0.89-1.26  .535

>20 227 1.83-2.82  .000 1.50 1.17-1.92  .002 1.86 1.61-2.15 .000 1.27 1.08-1.48  .003
ISUP grade group

1 1 1 1 1

2 2.46 1.54-3.93  .000 2.57 1.59-4.15  .000 1.18  0.95-1.47 131 124 0.99-1.55  .067

3 4.20 2.64-6.69  .000 3.67 2.25-5.98  .000 1.59 1.28-1.97 .000 1.63 1.29-2.05  .000

4 5.55 3.59-8.59  .000 5.73 3.65-8.99  .000 1.96 1.61-2.38 .000 2.15 1.75-2.65  .000

5 16.72  10.89-25.67 .000 13.38  8.49-22.08 .000 354  2.93-4.29 .000 3.61 2.93-446  .000
cT-category

1-2 1 1 1 1

3-4 2.05 1.70-2.46  .000 1.45 1.18-1.78  .000 1.45 1.31-1.60 .000 1.30 1.17-1.45  .000

Abbreviations: CI, confidence interval; cT-category, clinical tumor-category; ECOG, Eastern Cooperative Oncology Group functional status; ISUP grade group,
International Society of Urological Pathology grade group; NoCurTrt, no curative treatment; PSA, prostate specific antigen; RAD, radiotherapy, SHR, sub-distribution
hazard ratio; RP, radical prostatectomy.

adults, must be considered.**® The strengths of this study
include real-life data from a large population-based cohort of
senior adults with high-risk PCa, assessing the association be-

tween CurTrt and PCSM.

5

CONCLUSION

Use of CurTrt increased with time and was associated with
decreased PCSM and OM in senior adults with high-risk
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TABLE 5 Cox regression with overall mortality as dependent variable in patients diagnosed with high-risk prostate cancer
Age (y) <70 >70
7567 8563

Patients analyzed (n) HR 95% CI P-value HR 95% CI P-value
Diagnostic period

2005-08 1 1

2009-12 0.95 0.81-1.10 A58 0.86 0.80-0.93 .000

2013-16 1.00 0.79-1.27 991 0.81 0.72-0.92 .001
Treatment

RP 1 1

RAD 1.29 1.07-1.55 .007 0.96 0.73-1.26 762

NoCurTrt 2.74 2.29-3.28 .000 2.25 1.73-2.93 .000
Age

<60 1

60-64 1.15 0.96-1.39 133

65-69 1.50 1.27-1.78 .000

70-74 1

75-79 1.30 1.18-1.43 .000

>80 2.14 1.95-2.35 .000
ECOG

0 1 1

1 1.81 1.55-2.11 .000 1.31 1.21-1.41 .000

>2 2.34 1.91-2.87 .000 1.79 1.64-1.94 .000
PSA (ng/mL)

<10 1 1

10-20 1.31 1.10-1.54 .002 1.14 1.02-1.27 .019

>20 1.52 1.30-1.78 .000 1.34 1.22-1.47 .000
ISUP grade group

1 1 1

2 1.30 1.06-1.61 .013 1.07 0.94-1.21 .296

3 1.51 1.21-1.88 .000 1.27 1.12-1.43 .000

4 1.73 1.41-1.12 .000 1.48 1.32-1.66 .000

5 2.95 2.39-3.65 .000 1.94 1.73-2.19 .000
cT-category

1-2 1 1

34 1.15 1.01-1.30 0.035 1.18 1.10-1.26 0.000

Note: Abbreviations: CI: confidence interval; cT-category: clinical tumor-category; ECOG: Eastern Cooperative Oncology Group functional status; HR: Hazard ratio;

ISUP grade group: International Society of Urological Pathology grade group; NoCurTrt: no curative treatment; PSA: prostate specific antigen; RAD: radiotherapyRP:

radical prostatectomy.

PCa, suggesting that CurTrt may benefit appropriately se-
lected patients.
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Table S3: Multivariable Cox regression with prostate cancer-specific mortality as dependent
variable in patients with high-risk prostate cancer

Age (years) <70 >70
Patients analyzed (n) 7567 8563

Hazard 95% ClI p-value Hazard 95% CI p-value

ratio ratio

Diagnostic period
2005-08 1 1
2009-12 0.80 0.63-1.01 0.063 0.78 0.69-0.88 0.000
2013-16 0.75 0.50-1.12 0.157 0.66 0.54-0.82 0.000
Treatment
RP 1 1
RAD 1.03 0.76-1.41 0.838 0.82 0.48-1.41 0.467
NoCurTrt 3.41 2.57-4.52 0.000 3.71 2.23-6.17 0.000
Age
<60 1
60-64 0.94 0.73-1.22 0.657
65-69 0.97 0.76-1.25 0.838
70-74 1
75-79 1.16 1.00-1.35 0.047
>80 1.81 1.56-2.10 0.000
ECOG
0 1 1
1 1.59 1.24-2.03 0.000 1.20 1.06-1.36 0.004
>2 1.00 0.66-1.51 0.998 1.41 1.23-1.62 0.000
PSA (ng/mL)
<10 1 1
10-20 1.14 0.87-1.50 0.332 1.09 0.91-1.30 0.356
>20 1.55 1.21-1.97 0.000 1.37 1.17-1.60 0.000
ISUP grade group
1 1 1
2 2.60 1.60-4.21 0.000 1.24 0.98-1.56 0.070
3 3.76 2.31-6.13 0.000 1.72 1.37-2.17 0.000
4 5.83 3.70-9.17 0.000 2.34 1.89-2.88 0.000
5 14.01 8.90-22.04 0.000 4.13 3.34-5.10 0.000
cT-category
1-2 1 1
3-4 1.43 1.17-1.75 0.000 1.36 1.22-1.51 0.000

Abbreviations: Cl: confidence interval; cT-category: clinical T-category; ECOG: Eastern Cooperative Oncology
Group functional status; ISUP grade group: International Society of Urological Pathology grade group; n: number;
NoCurTrt: no curative treatment; PSA: prostate specific antigen; RAD: radiotherapy; RP: radical prostatectomy



Juswieal) 8ANBIND ON —— QvVy —— dY ——

sisoubelp aouIs Siea A
sreok ssik 0L 8 9 14 ¢ 0O 0L 8 9 14 4 0

‘Adezoyjorper vy ‘Awojodyeisoxd [ — H o L0
[ed1pel (Y ‘1ooued djeysord ‘8D 1
-0¢
‘'91-G00T ABMION UI I20UBD
. -0
oreysord su-y3y ypm pasouselp
sjuoned ur juowean Arewnd - 09
pue dnoi3 a5e 01 Surpiodoe
Ayrerrow 01103ds-100ued 9181S01] - 08 .|
o
ISTANOIA L L oo, o
sIA +08 sik6/-0. 3
o
—~+
o, 8 9 ¥ ¢ 0 0 8 9 ¥ ¢ 0O 8 9 ¥ Z 0 =
r sl sl 1o =~
——— ||[—— || &7/ — =
-0¢
-0
- 09
- 08
L gL gL _rook

sJk 69-09 sIk 6G-05 sIk 0G>



Appendix 1: Patient cohort

55316

54 695

51707

51596

Patients diagnosed with prostate
cancer recorded by the Norwegian
Prostate Cancer Registry 2005-2016

47791

46 586

46 583

| 5| Diagnosis based on cystoprostatectomy

——»| Morphology other than adenocarcinoma

—

| » | Diagnosed incidentally by autopsy or no cytology/histology

— » | Distant metastasis

PSA >100 ng/mL

—»| Duplicate patients

46 582

v

Radiotherapy to the prostate prior to diagnosis

\4

19763

No high-risk features (missing PSA, clinical T-
category (cT) and/or Gleason score or cT2x; 8347)
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VITENSKAPELIG SAMMENDRAG

Prostatakreft er den hyppigst forekomne kreftformen blant menn i Norge. De fleste (>90%) av
pasientene har ikke fjernspredning pa diagnosetidspunktet og kan veere kandidater for kurativ
behandling med radikal prostatektomi (RP) eller stralebehandling (RAD), hos enkelte etterfulgt av en

periode med aktiv overvakning.

1) Bakgrunn/mal farste artikkel: Pasienter med prostatakreft uten fjernspredning har generelt hay
langtidsoverlevelse. For & vurdere eventuell overlevelsesgevinst av kurativ behandling, er det
ofte ngdvendig med lang observasjonstid. Ikke tidligere dokumentert i Norge, gnsket vi i en
vitenskapelig populasjonsbasert studie a undersgke ti-ars prostatakreft-spesifikk og total
dagdelighet hos norske pasienter diagnostisert med prostatakreft uten fjernspredning, inndelt
etter risikogruppe og primarbehandling. Vi gnsket videre & undersgke den prognostiske
betydningen av kliniske variabler tilgjengelig pa diagnosetidspunktet.

2) Bakgrunn/mal andre artikkel: Ifglge Pakkeforlgp for prostatakreft som ble innfart av norske
helsemyndigheter i 2015, skal pasienter opereres innen 32 dager fra beslutning om RP. Det
finnes i dag ikke evidens for at RP innen angitt forlgpstid gker overlevelsen. Vi gnsket derfor
a undersgke sammenhengen mellom tid fra diagnose til RP og primzrt prostatakreft-spesifikk
dedelighet og sekundzrt ugunstige histopatologiske funn i operasjonspreparatet og bruk av
post-operativ bekken- eller mamille-bestraling, sistnevnte en indikator for oppstart av
antiandrogen behandling.

3) Bakgrunn/mal tredje artikkel: Antall eldre menn (>70 ar) som diagnostiseres med
prostatakreft gker. Sammenliknet med yngre menn (<70 ar), har eldre pasienter mer ugunstige
sykdomsparametere samtidig som de har mer komorbiditet og kortere forventet gjenstaende
levetid. Det finnes i dag lite evidens for overlevelsesgevinst av kurativ behandling og ingen
konsensus for optimal behandling av eldre menn med hgy-risiko prostatakreft. Med denne
bakgrunnen gnsket vi a sammenlikne kliniske variabler relatert til pasient og kreftsykdom,
primarbehandling og prostatakreft-spesifikk dgdelighet hos eldre menn sammenliknet med
yngre pasienter og undersgke sammenhengen mellom kurativ behandling og dadelighet i

begge aldersgruppene.

| prosjektet brukte vi data fra Kreftregisteret, inkludert data fra Nasjonalt kvalitetsregister for
prostatakreft og Straledatabasen, som omfattet menn diagnostisert med prostatakreft uten
fjernspredning i Norge 2001-2016. Pasientene ble stratifisert for risikogruppe og primarbehandling
(kurativ behandling; RP eller RAD versus ingen kurativ behandling). Aalen-Johansen metoden
beregnet prostatakreft-spesifikk dgdelighet og sannsynlighet for postoperativ stralebehandling og



Kaplan Meier metoden beregnet total dedelighet. Regresjonsanalyser undersgkte sammenhengen

mellom primerbehandling og kliniske variabler ved diagnosetidspunkt og dgdelighet.

1)

2)

3)

Resultater fagrste artikkel: For 3449 pasienter diagnostisert med prostatakreft uten
fjernmetastaser i 2004-2005 var ti-ars prostatakreft-spesifikk dgdelighet 8,5% og total
dadelighet 25,5%. For pasienter med lav-risiko prostatakreft var total dedeligheten atte ganger
hagyere enn prostatakreft-spesifikk dadelighet, tilsvarende faktor var to for pasienter med hgy-
risiko pasienter. Kurativ behandling reduserte prostatakreftspesifikk dgdelighet, mest hos
pasienter med hgy-risiko sykdom. Pasienten funksjonsstatus og kreftens lokale utbredelse,
aggressivitet (Gleason score) og risikogruppe var assosiert med ti-ars dedeligheten.

Resultater andre artikkel: Etter atte ars median oppfglging av 5163 pasienter operert med RP i
perioden 2001-2010, hvorav 28.8% hadde hgy-risiko sykdom, fant vi at gkende tidsintervall
opptil 180 dager fra diagnose til RP ikke gkte sannsynligheten for prostatakreft-spesifikk
dadelighet, ugunstige funn i operasjonspreparatet eller bruk av post-RP stralebehandling,
uavhengig av risikogruppe.

Resultater tredje artikkel: Av totalt 19 763 pasienter diagnostisert med hgy-risiko
prostatakreft i Norge i perioden 2005-2016, var mer enn halvparten >70 ar. Eldre pasienter
hadde redusert funksjonsstatus og mer ugunstige kreftparametere (hgyere PSA, mer aggressiv
kreft og mer utbredt lokal sykdom) sammenliknet med yngre menn. Andelen pasienter som
fikk kurativ behandling gkte fra 15-51% hos pasienter >70 ar og fra 65-81% hos yngre menn
fra perioden 2005-2008 til 2013-2016. Med en median oppfglgingstid pa fem ar, var kurativ
behandling assosiert med redusert prostatakreft-spesifikk og total dedelighet hos bade eldre og

yngre pasienter. Den kreftspesifikke dgdeligheten sank med tiden, mest hos de eldre.

Total ti-ars dgdelighet var tre ganger sa hgy som prostatakreft-spesifikk dgdelighet hos pasienter

diagnostisert i med prostatakreft uten fjernspredning i 2004-2005, og pasienter med hgy-risiko sykdom

hadde starst overlevelsesgevinst av kurativ behandling. Gleason score var en viktig prognostisk faktor

for PCSM. Pasienter og klinikere bgr vite at gkt tid fra diagnose til RP opptil seks maneder ikke

forverrer prostatakreft-spesifikk overlevelse, heller ikke for hgy-risiko pasienter. @kt prostatakreft-

spesifikk og total overlevelse etter kurativ behandling ble ogsa observert hos eldre pasienter med hgy-

risiko prostatakreft, som i gkende grad bar vurderes for slik behandling.
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