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Introduction: Prostate cancer (PCa) is the most frequent tumor among men in

Europe and has both indolent and aggressive forms. There are several treatment

options, the choice of which depends on multiple factors. To further improve

current prognostication models, we established the Turin Prostate Cancer

Prognostication (TPCP) cohort, an Italian retrospective biopsy cohort of

patients with PCa and long-term follow-up. This work presents this new

cohort with its main characteristics and the distributions of some of its core

variables, along with its potential contributions to PCa research.

Methods: The TPCP cohort includes consecutive non-metastatic patients with

first positive biopsy for PCa performed between 2008 and 2013 at the main

hospital in Turin, Italy. The follow-up ended on December 31st 2021. The primary

outcome is the occurrence of metastasis; death from PCa and overall mortality

are the secondary outcomes. In addition to numerous clinical variables, the

study’s prognostic variables include histopathologic information assigned by a

centralized uropathology review using a digital pathology software system

specialized for the study of PCa, tumor DNA methylation in candidate genes,

and features extracted from digitized slide images via Deep Neural Networks.

Results: The cohort includes 891 patients followed-up for a median time of 10

years. During this period, 97 patients had progression to metastatic disease and

301 died; of these, 56 died from PCa. In total, 65.3% of the cohort has a Gleason
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score less than or equal to 3 + 4, and 44.5% has a clinical stage cT1. Consistent

with previous studies, age and clinical stage at diagnosis are important prognostic

factors: the crude cumulative incidence of metastatic disease during the 14-

years of follow-up increases from 9.1% among patients younger than 64 to 16.2%

for patients in the age group of 75-84, and from 6.1% for cT1 stage to 27.9% in

cT3 stage.

Discussion: This study stands to be an important resource for updating existing

prognostic models for PCa on an Italian cohort. In addition, the integrated

collection of multi-modal data will allow development and/or validation of

new models including new histopathological, digital, and molecular markers,

with the goal of better directing clinical decisions to manage patients with PCa.
KEYWORDS

prostate cancer, prognosis, prognostic modelling, digital pathology, DNA methylation
1 Introduction

Prostate cancer (PCa) is a major public concern: in 2020 it was

the most common tumor among men in Europe, with over 470,000

diagnosed cases (1). It is a heterogeneous disease including both

indolent and aggressive tumors, with different treatment options

ranging from active surveillance, focal or radical treatment,

systemic therapies, to palliation (2). Radical therapy may come at

the cost of side effects, including incontinence and impotence (3).

Therefore, the best treatment option should balance the risk of

disease progression and death, and the severity of possible

treatment side-effects, taking into account the life expectancy of

patients and their quality of life. For these reasons, pre-treatment

prognostication is an essential component of the clinical

management of PCa that should safely direct the more radical

curative measures towards high-risk patients and avoid over-

treating those with indolent tumors.

There are only a few validated predictive models (in the form of

risk-stratification tools, nomograms, and scores) to guide treatment

decisions at the time of the initial diagnosis. Moreover, even when

they are available, these models are rarely tuned for the routine use

in the clinical settings in which they are to be employed (4). In 2019,

a systematic review urged for the development of new models built

on long-term survival outcomes while simultaneously considering

competing risks (5).

In the current clinical practice, the most widely used tool for

pre-treatment risk assessment is the D’Amico classification system

(and its derivatives) (6), which classifies patients into low-,

intermediate- and high-risk groups based on combinations of

three core variables: Gleason score, clinical stage, and prostate-

specific antigen (PSA) levels. Besides the D’Amico classification

system, numerous pre-treatment risk stratification tools are

available for PCa, including the Cancer of the Prostate Risk

Assessment (CAPRA) score (7) and the Memorial Sloan Kettering

Cancer Centre (MSKCC) nomogram (8). In a head-to-head

comparison with other available nomograms and scores
02
[including the National Institute for Health and Care Excellence

(9), the American Urological Association (10), the European

Association of Urology (2), the National Comprehensive Cancer

Network (11), and the Cambridge Prognostic Groups (12)]

performed on the Swedish population, the CAPRA and MSKCC

models were superior to the other evaluated options in terms of

discrimination for PCa-specific mortality (13), with a C-index at 10-

years of follow-up of 0.80 (95% CI: [0.79, 0.81]) and 0.81 (95% CI:

[0.80, 0.81]), respectively. These models build on the D’Amico

model by extending its core variables with additional prognostic

markers (including the patient’s age and either the number or the

proportion of positive and negative cores) and they attempt to use

— wherever possible — the whole range of values rather than

stratifying the patients in strict risk groups.

Nevertheless, there exists ample opportunity to further improve

prognostication models, for instance through the adoption of

molecular markers (14–17) and computer-aided pathology (18).

The development, validation, and calibration of better prognostic

models for PCa is an active area of research that could improve both

survival and quality of life (19).

We established the Turin Prostate Cancer Prognostication (TPCP)

cohort, a historical biopsy cohort of approximately 900 unselected

consecutive PCa patients diagnosed between 2008 and 2013 at the

“A.O.U. Città della Salute e della Scienza di Torino” (hereafter referred

to as “University Hospital”), the main hospital of the city of Turin,

Italy, with the aim to recalibrate and revise existing prognostic models

to inform the clinical decision-making for PCa (20). Furthermore, we

aim to exploit the new data to improve the existing models through

advanced statistical modelling and the inclusion of new prognostic

variables, such as novel histopathological features extracted from

digitized slides, and tumor tissue DNA methylation markers.

Tumor DNA will also be biobanked for future analyses.

Here we describe the main characteristics of the TPCP cohort in

terms of study design, patient outcomes, planned data and

molecular analyses, and availability of clinical and non-clinical

information at diagnosis and during follow-up.
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2 Methods and study design

The cohort integrates data from multiple sources, which are

summarized in Figure 1. A more detailed presentation of the cohort

can be found in Table 1. We extracted information from pathology

reports, clinical charts, out- and in-patient discharge records, and

we digitized and reviewed the slides positive for PCa and those

negative for PCa but positive for high-grade prostatic intraepithelial

neoplasia (HGPIN).
2.1 Patients baseline characteristics and
follow-up information

The cohort includes consecutive patients diagnosed with PCa

from 1st January 2008 to 31st December 2013, with a prostate biopsy

evaluated at one of the two Pathology Divisions of the University

Hospital. To be eligible, patients had to be under 85 years of age and

without systemic metastases (MX or M0) at diagnosis – based on

the available clinical data from the hospital medical charts,

pathology reports, and imaging reports. Furthermore, to facilitate

the follow-up and to enhance its completeness, we restricted the

cohort to residents of the Province of Turin. Moreover, since the

TPCP cohort is a biopsy cohort, we excluded patients diagnosed

with PCa after transurethral resection of the prostate (TURP) or

prostatectomy. The patient selection process is illustrated in

Figure 2: out of 1746 potentially eligible patients diagnosed with

PCa during the study period, 891 were included in the final cohort.

Each patient was followed-up from the date of the diagnostic

biopsy report until the date of death, emigration outside the

Province of Turin, or 31st December 2021, whichever came first.

Life-status was assessed through demographic files of the various
Frontiers in Oncology 03
municipalities, while the specific cause of death was obtained from

mortality records held by local health authorities and categorized as

PCa-specific mortality or mortality from other causes. The presence

of metastasis at follow-up, defined as systematic metastases or

involvement of non-regional lymph node(s), was evaluated using

hospital information of bone scintigraphy, computed tomography

(CT) or positron emission tomography-computed tomography (PET-

CT) exams, discharge and outpatient letters, biopsy and

prostatectomy reports, and treatment with abiraterone and/

or enzalutamide.

The primary outcome of the study is the occurrence of

metastatic PCa, defined as the first recording of metastatic disease

after diagnosis; the event date was established as the date of

detection of the metastasis. The secondary outcomes of the study

are mortality from PCa and overall survival. Among the patients

who died from PCa, 7 were reported as metastatic but without the

event date and 6 cases had no evidence of metastases in their

hospital records. Assuming that lethal PCa always goes through a

metastatic stage, the presence and date of metastasis was imputed as

follows: for those patients without missing data, we calculated the

median lag-time between the date of death due to PCa and the date

of detection of metastasis (622 days); we then subtracted this lag-

time from the date of death of those patients who died due to PCa

with no evidence of metastasis (one patient in the cohort died from

PCa earlier than 622 days after diagnosis: we used his date of death

as the date of metastasis). The same procedure of imputation was

used for the 7 cases without the date of metastasis diagnosis. To

increase the sensitivity of this procedure, the follow-up for death

from PCa was extended by 6 months after 31st December 2021. This

allowed the identification of men who had a metastatic disease

before the administrative end of the follow-up but died from PCa

thereafter (1 over 891).
FIGURE 1

Overview of the TPCP cohort study design data sources.
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TABLE 1 Variable information.

Variable Source

Patient Information

Patient municipality (4)

Age at diagnosis (4)

CRCI Diseases (2)

CRCI (2)

SDI (4)

Residence-Hospital distance (4)

Pathology Information

Biopsy date (1)

Pathology Division (1)

Extra-prostatic invasion (1)

Patient’s Gleason score (1)

Clinical T (8)

Core extraction zone (1)

Presence of tumorat core level (1)

Core Gleason score (1)

Number of sampled cores (1)

Diagnostic Procedures

Number of previous negative biopsies (1), (2), (3)

First negative biopsy date (1), (2), (3)

DRE (1), (2), (3)

PSA (1), (2), (3)

TRUS (1), (2), (3)

CT/PET-CT (2)

MRI (2)

Bone Scintigraphy (2)

Post-diagnosis Treatment

Biopsy (1)

Biopsy date (1)

TURP (1)

TURP date (1)

Prostatectomy (1)

Prostatectomy date (1)

Post-prostatectomy Gleason score (1)

Pathological TNM (1)

Radiotherapy (2), (3)

Hormonotherapy (2), (3)

Follow-up Information

Vital status (4)

(Continued)
F
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TABLE 1 Continued

Variable Source

Cause of death (5)

Date of death (4)

End of follow-up date (4)

Metastasis at follow-up (2), (3), (8)

Metastasis date (2), (3), (8)

Metastatic Prostate Cancer (2), (3), (8)

Death Due to Prostate Cancer (2), (3), (8)

Centralised Pathology Review: Slide Level

Total core number (6)

Slide quality (6)

Positive core number (6)

HGPIN (6)

Chronic inflammation (6)

Acute inflammation (6)

Centralised Pathology Review: Core Level

Length (6)

Area (6)

Tumour Length (6)

Tumour Area (6)

Primary Gleason (6)

Secondary Gleason (6)

Gleason 4 percentage (6)

ISUP Group (6)

Centralised Pathology Review: Focus Region Level

Length (6)

Area (6)

Presence of tumor (6)

Atrophya (6)

Inflammationa (6)

Perineurial invasiona (6)

Extra-prostatic extensiona (6)

Intraductal carcinomaa (6)

Ductal carcinomaa (6)

Poorly formed glandsa (6)

Cribriform patterna (6)

Stroma richa (6)

Atypical intraductal proliferationa (6)

Mucinousa (6)

Acinara (6)

(Continued)
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The cohort data is currently collected and managed in

pseudonymized databases using the Research Electronic Data

Capture (REDCap) platform (21, 22), where random unique

personal identifiers (IDs) still allow linking to the personally

identifying information.
Frontiers in Oncology 05
The study was approved by the University Hospital Ethical

Committee (N. 595/2020).
2.2 Variable collection

For each patient we extracted the following clinical and

pathological information (Table 1): age and address at diagnosis,

clinical stage, level of pre-sampling PSA, assigned primary and

secondary Gleason grade, corresponding Pathology Division, and

detailed information on the cores (e.g., number of sampled cores,

extraction zone of each core, etc.). To ensure uniformity in the

analysis with data from the centralized histopathological review, we

converted the Gleason score to the International Society of

Urological Pathology (ISUP) grade group. Previous negative

biopsies were reported for the 11 years prior to the diagnosis. We

obtained information on comorbidities from the discharge

diagnoses available at the University Hospital from up to 5 years

prior to the date of the diagnostic biopsy report – assuming that, as

the University Hospital includes most medical specialties, they

approximate well the complete 5-year patient history of hospital

admissions. Those diagnoses were used to calculate the Charlson-

Romano Comorbidity Index (CRCI) (23), which is a weighted

scoring system that estimates the burden of the following 17

groups of diseases for each patient: any malignancy (including

lymphoma and leukaemia), chronic pulmonary disease,

cerebrovascular disease, diabetes with and without complications,

mild to moderate diabetes, metastatic solid tumor, myocardial

infarction, congestive heart failure, renal disease, peripheral

vascular disease, rheumatologic disease, mild liver disease,
TABLE 1 Continued

Variable Source

Signet ring cella (6)

Sarcomatoida (6)

Pleomorphic giant cella (6)

PIN-like carcinoma giant cella (6)

Small cella (6)

Neuro-endocrine differentiationa (6)

Gleason elementsa (6)

Molecular Data

Availability of extracted tumorDNA (7)

DNA methylation level of selected candidate genes (7)
CRCI, Charlson-Romano Comorbidity Index; SDI, Social Deprivation Index; DRE, Digital
Rectal Examination; PSA, Prostate-Specific Antigen; TRUS, Transrectal Ultrasonography; CT,
Computed Tomography; PET-CT, Positron Emission Tomography-Computed Tomography;
MRI, Magnetic Resonance Imaging; TURP, Transurethral Resection of the Prostate; HGPIN,
High- grade Prostatic Intraepithelial Neoplasia; ISUP, International Society of Urological
Pathology; PIN, Prostatic Intraepithelial Neoplasia.
aThese variables are Boolean and indicate the presence or absence of something.
(1): pathology reports (2), out- and in-patient clinical summaries (3), clinical charts (4),
demographic files (5), mortality records (6), centralized histopathological review (7),
molecular analyses (8), derived variables combining the multiple sources.
FIGURE 2

TPCP flow diagram for patient inclusion. ASAP, Atypical Small Acinar Proliferation; HGPIN, High-Grade Prostatic Intraepithelial Neoplasia.
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moderate or severe liver disease, peptic ulcer disease, hemiplegia or

paraplegia, dementia, and AIDS. Patients with no previous hospital

admissions in the 5 years before the prostate biopsy were considered

without comorbidities but were treated as a separate category for

the CRCI.

Information on the total number of cores was obtained from the

pathology reports. For those instances where the information was

incomplete, the total number of cores was quantified by reviewing

the slides. If the slide was not available, we visually inspected the

corresponding formalin-fixed paraffin-embedded (FFPE) tissue

block and assigned the cores’ number after visual inspection.

First, we assigned the total number of cores for 157 slides with

fragmented/shattered cores through an educated guess based on the

number of cores of the other slides of the same patient as a

reference. Second, for 17 slides for which that guess was

impossible, we imputed the number of cores based on both the

year and the hospital Pathology Division of diagnosis.

Through information contained in the demographic files and

publicly available census data, we assigned each patient a Social

Deprivation Index (SDI) value, available for the whole country at the

census level (24). Deprivation indices can represent a proxy for

individual deprivation and/or contextual deprivation, and in Italy

they have been constructed using census variables.

For each patient, we obtained detailed information on the

diagnostic procedures, including whether they had undergone

digital rectal examination (DRE), transrectal ultrasonography

(TRUS), CT, PET-CT, magnetic resonance imaging (MRI), and

bone scintigraphy.

We also collected post-diagnosis information on treatment

types and dates, including: TURP, post-diagnosis biopsies,

radiotherapy, hormonotherapy, prostatectomy, and the assigned

Gleason grade in the corresponding pathology report. For

radiotherapy and hormonotherapy, we considered the first visit

and the first prescription dates, respectively.
2.3 Clinical tumor stage

The tumor extension (cT) is a key marker used in most PCa

prognostic models (for convenience, the current version of the cT

staging system is summarized in Supplementary Table S1). This was

reported in only 11% of the pathology reports and was rarely

available in the discharge and out-patient letters. Therefore, we

derived the three main cT categories based on the combination of

DRE, MRI and TRUS, and on whether there was an extracapsular

extension. Specifically, whenever information on DRE was

available, this information was used to classify the tumor as being

clinically apparent or not. For patients for whom information on

DRE was not available (147 over 891), we used imaging (either MRI

or TRUS) to determine whether the tumor was clinically apparent

or inapparent. For patients who did not provide any information on

DRE, MRI, or TRUS, but had information on the clinical charts

regarding the clinical stage (5 out of 891), we imputed the DRE

information as follows: at least cT2, positive DRE; less than cT2,

negative DRE. In detail, clinical stage was classified as follows: (i)
Frontiers in Oncology 06
cT1, a clinically inapparent tumor; (ii) cT2, a clinically apparent

tumor confined within the prostate; (iii) cT3, a tumor that extends

through the prostatic capsule.

To classify the tumors into the cT subcategories we added

information on PSA and used the descriptions available in the

pathology reports (instead of clinical DRE findings, which were

rarely available for the substages) to understand whether the tumor

involved both lobes or – if not – whether it involved more or less

than half of one lobe. Specifically, we defined the substages as

follows: (i) cT1c, an incidental histological finding; (ii) cT2a, less

than 50% of the different prostate regions of a given lobe (but not

both) from which cores were extracted and evaluated had at least

one positive core; (iii) cT2b, more than 50% of the different prostate

regions of a given lobe (but not both) from which cores were

extracted and evaluated had at least one positive core; (iv) cT2ab, an

undetermined percentage of different prostate regions of a given

lobe (but not both) from which cores were extracted and evaluated

had at least one positive core, or the cores were extracted from only

one region per lobe and positivity was found only in one lobe; (v)

cT2c, at least one prostate region of both lobes from which cores

were extracted and evaluated had at least one positive core; (vi)

cT3+, extracapsular extension.
2.4 Digital Pathology Platform and
centralized histopathological review

We digitized all tissue slides that were both positive for PCa and

those negative for PCa, but positive for HGPIN according to the

original pathology reports, using a NanoZoomer S210 Digital slide

scanner (Hamamatsu Photonics K.K., Shizuoka, Japan) at 40x

magnification and a scanning resolution of 0.23 µm/pixel. The

slides were then reviewed by two uropathologists using the Digital

Pathology Platform (DPP) (25), created by the Centre for Advanced

Studies, Research and Development in Sardinia (CRS4) for the tasks

of managing, examining and annotating high volumes of high-

resolution whole slide images (WSI) within the context of clinical

research. The system, which has already been used to support other

work (26) and previous studies (27), has been demonstrated to be

interchangeable with light microscopy (28), and provides

automated slide analysis features to improve the time and quality

of image annotations (29). An overview of the analytical process

using the DPP can be found in Figure 3.

The uropathologists have performed a three-level review,

evaluating: (i) the slides; (ii) the cores included in each slide; and

(iii) specific tissue areas in each core. Concerning the latter, they

evaluated all tumor areas and identified, for each slide, two tissue

area focus regions (FRs): (i) the most representative tumor FR (i.e.,

the largest of all the regions with the highest Gleason grade), which

is also the target for tumor DNA extraction and computational

analyses; and (ii) one representative non-neoplastic FR (i.e., the

largest area with a distance of at least 1.5 mm from the tumor cells,

excluding areas of prostatic intraepithelial neoplasia).

A summary of the histopathological features of interest is

reported in Table 1. For each slide, the uropathologists reported
frontiersin.org
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the quality (high, low but still eligible for review, or ineligible for a

meaningful review), as well as the number of positive cores,

presence of HGPIN, and acute or chronic inflammation. The

DPP automatically inserted annotations identifying the tissue

areas on the slide, which the uropathologist then confirmed or

corrected. At the core level, the uropathologists reported several key

characteristics, including core length, length of the tumor, primary

and secondary Gleason scores, percentage of Gleason 4, and the

ISUP grade group. In cases (92 over 891) where the image quality

was insufficient according to the centralized histopathological

review (e.g., vanishing H&E staining), the ISUP grade reported in

the clinical records was utilized instead (see Table 2). The core area

was automatically calculated by the DPP based on the microns-per-

pixel ratio of the digitized slide. For each FR the following variables

were recorded: length and area, presence of atrophy, inflammation,

perineural invasion, extra-prostatic extension, intraductal or ductal

carcinoma, presence of poorly formed glands, cribriform pattern,

stroma rich, atypical intraductal proliferation, mucinous, acinar,

signet ring cell, sarcomatoid, pleomorphic giant cell, PIN-like

carcinoma, small cell, neuroendocrine differentiation. In addition,

using the tools provided by the DPP, the selected FRs were

automatically measured to assess the total area of the tumor. We

measured an average area of positive FRs of 6.7 mm2 per patient; on

the other hand, the average number of positive FRs per patient

is 4.6.
Frontiers in Oncology 07
2.5 Cohort analyses protocol

Here we present the protocols for conducting computational

histopathology, molecular analyses, and statistical analyses, which

will serve as essential frameworks for our future investigations.

These protocols outline the systematic procedures and

methodologies that will be employed to extract and analyze

critical features from digitized slides, study DNA methylation

patterns, and develop prognostic models to assess the progression

and outcomes of PCa.
2.5.1 Computational histopathology
The protocol for the extraction of features from the digitized

slides makes use of Deep Learning models. Specifically, the selection

of suitable slides for agnostic feature extraction is based on overall

image quality reported by the uropathologists: in total, 84.9% of slides

are reported to be suitable for the analyses (1928 over 2272).

Adequate slides are first subject to a color normalization step to

correct color fluctuations that usually exist in WSI. Then, for each

slide, one or more FRs are selected, based on traits derived from the

slide review process (e.g., the presence of tumor), and used as masks

for the identification of image areas for the extraction of small image

subregions with a fixed pixel resolution at a fixed magnification level

(patches). After the extraction, the patches are filtered to exclude
FIGURE 3

A simplified schematic representation of the analytical process based on the Digital Pathology Platform: from the scanning of the slides to the
phases of annotation by the uropathologists and the laboratory post-review.
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TABLE 2 Baseline characteristics of interest for the TPCP cohort.

TPCP Cohort

n = 891 %

Pathology Division

Division I 556 62.4

Division II 335 37.6

Age at Diagnosis (years)

Median (IQR) 70 (64, 74) –

Year of Diagnosis

2008 – 2010 539 60.5

2011 – 2013 352 39.5

PSA (ng/mL)

Median (IQR)
6.7 (5.0,
10.0)

–

Missing 23 –

Previous Negative Biopsies

0 702 79.7

1 130 14.8

≥ 2 49 5.6

Missing 10 –

Number of cores samples at biopsy

Median (IQR)
14.0 (12.0,

17.0)

ISUP Grade (based on the pathology reports)

1 276 31.7

2 293 33.6

3 173 19.9

4 71 8.2

5 58 6.7

Not evaluablea 20 –

ISUP Grade (based on the centralized histopathological review)

1 125 14.2

2 289 32.7

3 167 18.9

4 222 25.1

5 80 9.1

Not evaluablea 8 –

Comorbiditiesb

Myocardial Infarction 21 2.4

Congestive Heart Failure 13 1.5

Peripheral Vascular Disease 21 2.4

(Continued)
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TABLE 2 Continued

TPCP Cohort

n = 891 %

Cerebrovascular Disease 15 1.7

Chronic Pulmonary Disease 24 2.7

Liver Disease (Mild) 9 1.0

Diabetes (Mild to Moderate) 19 2.1

Renal Disease 16 1.8

Any Malignancy (including Lymphoma and
Leukaemia)

44 4.9

Metastatic Solid Tumour 9 1.0

Otherc 5 0.6

Charlson-Romano Comorbidity Index

0 447 50.2

1 36 4.0

2 51 5.7

≥3 35 3.9

Without previous admission 322 36.1

Digital Rectal Examination

Negative 392 52.7

Positive 352 47.3

Missing 147 –

Imaging

Positive TRUSd 184 20.7

Positive MRIe 50 5.6

Primary Radical Treatment (within six months)

Radical Prostatectomy 361 40.5

Radical Prostatectomy & Radiotherapy 36 4.0

Radical Radiotherapy 137 15.4

Deferredf 373 41.9

Other Treatments (within six months)

Androgen Deprivation Therapy 124 13.9

Main cT

cT1 366 44.5

cT2 288 35.0

cT3 169 20.5

Missing 68 –

Detailed cT

cT1c 366 44.5

cT2a 106 12.9

cT2b 39 4.7

cT2ab 39 4.7

(Continued)
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those unsuitable for the analysis process (e.g., low tissue content).

Each patch has associated metadata, which are produced during their

extraction from the WSIs, like tissue coverage ratio, tissue status (e.g.,

tumor or non-tumor), Gleason score (only available for those

belonging to a positive FR), patch resolution, and magnification

level used for extraction. The per-patient average number of patches

extracted from positive FRs is 668.

To extract feature vectors from the patches, the study protocol

envisages the use of Variational Autoencoders (VAs), a class of Deep

Neural Networks consisting of two main blocks of networks: an

encoder and a decoder (30). These are designed to: (i) perform the

encoding of the input data into a lower dimensional embedding, and

(ii) reconstruct the input from the lower dimensional space. The

main goal of VAs is to obtain a latent representation of the data, and

extract features from the images. The extraction of patches and the

generation of feature vectors is executed on every available FRs for

each patient, including the one identified for DNA extraction. The

autoencoder representation features will be included as covariates in

the final overarching model. Furthermore, the extracted patches will

remain accessible for exploration with other methods.
2.5.2 Molecular analyses
We selected seven candidate genes for the analysis of DNA

methylation: GSTP1 (Glutathione S-Transferase P-1), APC

(Adenomatous Polyposis Coli), LINE-1 (Long Interspersed

Nuclear Element-1), PITX2 (Paired-like homeodomain

transcription factor 2), ABHD9 (Abhydrolase domain containing

9), Chr3-EST (Expressed sequence tag on chromosome 3) andGPR7

(G protein-coupled receptor 7). LINE-1 was selected as a proxy for
Frontiers in Oncology 09
global DNA methylation status. The remaining six genes, on the

other hand, were selected through an extensive review of the

literature to identify genes for which methylation in the tumor

tissue was found to predict PCa progression in at least two studies

including at least 200 patients, and, possibly, an external validation

(31–33). The search-string that was used for the review process in

PubMed (last updated March 1st 2023) is reported in the

Supplementary Table S2 (15, 17, 30–43).

The DNA extraction protocol foresees the extraction from the

patient’s FR with the highest Gleason score and the largest tissue

area. FRs shorter than 1 mm are excluded to avoid contamination

from the adjacent non-tumor tissue. Three to five sequential

sections (10 µm thick) are cut from the corresponding FFPE

tissue block. The region is scraped with a sterile scalpel and both

the subsequent extraction and purification are carried out using

QIAamp DNA FFPE Tissue (Qiagen GmbH, Hilden, Germany),

which was found to be superior to other extraction kits in a recent

study on FFPE prostate biopsies (44). The DNA extraction rate was

found to be ≥99% on the first 426 samples (to date 07/08/2023).

The protocol for methylation analyses involves a bisulfite

modification using the EpiTect bisulfite kit (Qiagen, Hilden,

Germany). Then, the modified genomic DNA is used immediately

for methylation analysis or stored at −80°C. The methylation level of

selected genes is measured using QX200 Droplet Digital PCR System

(Bio-Rad, California, USA), ensuring high sensitivity and specificity

without the use of standard curves for absolute quantification.

Fluorescence data is analyzed using the QuantaSoft™ Analysis Pro

Software and the results are reported as methylation percentages. Each

run includes positive controls with knownmethylation percentage and

no-template control. Primers and probes sequences and PCR

conditions for each gene are reported in Supplementary Table S3).
2.5.3 Statistical analyses
The study’s primary outcome is the occurrence of metastatic

PCa. The main secondary outcomes of interest are mortality from

PCa and overall mortality. We are also interested in identifying

predictors of treatment strategies and considering the role of

treatment in the prognostic models (45). Finally, the baseline

characteristics of the patients at diagnosis can be analyzed cross-

sectionally to identify associations among the clinical, non-clinical,

molecular, and histopathological predictors. For example, the

integrated data of the TPCP cohort could allow the exploration of

the link of the histological characteristics assessed by the clinicians

with both the histopathological features extracted from the digitized

slides and the DNA methylation tumor profiles.

The analysis plan for prognostic modelling involves sequential

steps. First, the best existing prognostic models [including MSKCC,

CAPRA, PREDICT (46), Survival Quilts (47)] are adapted to the

TPCP cohort data. Second, the updated models are extended by

adding, separately, additional patient characteristics (e.g.,

comorbidities, socioeconomic position), the histological

characteristics assessed by the clinicians, the molecular markers,

the histopathological features extracted from the digitized slides; the

performances of these extended models are assessed in terms of

calibration and discrimination. Third, all relevant predictors,
TABLE 2 Continued

TPCP Cohort

n = 891 %

cT2c 104 12.6

cT3+ 169 20.5

Missing 68 –

Social Deprivation Index

Low 280 31.4

Medium 280 31.4

High 331 37.1
IQR, Interquartile Range (25th, 75th percentile); PSA, Prostate-Specific Antigen; ISUP,
International Society of Urological Pathology; MRI, Magnetic Resonance Imaging; TRUS,
Transrectal Ultrasonography.
aISUP score for patients with a tumor area of less than 5% was not evaluable.
bEach patient in the study population may have experienced multiple comorbidities or no
comorbidities (n = 447).
cComorbidities with a prevalence of less than 1%: Dementia, Rheumatic Disease, Peptic Ulcer
Disease, Diabetes (with Chronic Complications), Hemiplegia or Paraplegia, Liver Disease
(Moderate to Severe), HIV/AIDS.
dPositivity as reported in the clinical records. All remaining patients had a reported negative
TRUS, or no information reported in their records regarding the TRUS.
ePositivity as reported in the clinical records (i.e., suspected abnormal area). All remaining
patients had a reported negative MRI, or no information reported in their records regarding
the MRI.
fDeferred treatment includes active surveillance or watchful waiting.
Percentages may not total 100% because of rounding.
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irrespective of their source, are included in a final overarching

model. For both the metastatic PCa and the PCa mortality

outcomes, models consider mortality from other causes as a

competing risk. The different models are described and compared

in terms of calibration and discrimination.

All prognostic models are validated internally and, whenever

possible, externally. As the TPCP cohort includes cases from two

different Pathology Divisions, it should be possible to compare them

to further validate the models.
3 Descriptive results

The TPCP cohort includes 891 PCa patients, with a median

follow-up duration of 10 years, and a maximum duration of 14

years: 97 patients developed metastatic disease during the follow-up

and 301 patients died; of these, 56 died from PCa (Table 3). The

baseline descriptive data of the cohort are provided in Table 2, in

terms of absolute numbers, proportions, median and interquartile

range (IQR), and distributions. Almost three-quarters of the

patients were 65 years of age or older at diagnosis, the median

PSA was 6.7 ng/mL, and approximately 45% had a cT1 stage

disease. For almost 42% of the patients, there were no in- or out-

patient admissions for prostatectomy and radiotherapy within the

first six months after diagnosis.

Non-parametric cumulative incidence curves are calculated for

metastatic disease and mortality from PCa, and potential differences

according to patients’ characteristics are tested using Gray’s test

(48). Figure 4 reports the overall cumulative 14-year incidences of

metastatic PCa (12.1%), lethal PCa (7.2%) death from other causes

(31.7%), and overall mortality (40.4%). The cumulative incidences

of metastatic patients, stratified by cT stage, age, and SDI are shown

in Figures 5–7, respectively. Using mortality from PCa instead of

metastatic disease as the outcome yielded similar results. Men with

an advanced cT stage and older age had a poorer prognosis, with a

14-year incidence of metastatic disease of 6.1% for cT1, 11.0% for

cT2, and 28.0% for cT3. The 14-year incidence of metastatic disease

differed across age groups, with rates of 9.1% for patients less than

64 years of age, 12.0% for those between 64 and 74 years of age, and

16.2% for those older than 75 years of age. There was no clear
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evidence of association between SDI and cumulative incidence of

metastatic disease, although the latter was higher in patients

residing in the most socially deprived areas, who had also a much

higher overall mortality compared to the other patients

(Supplementary Figure S1). Among the 68 men excluded from

this study due to metastatic disease at diagnosis (M1), the 14-year

mortality from PCa was 63.2%.
4 Discussion

Thanks to a collaboration of different institutions from a

multidisciplinary team, including epidemiologists, biostatisticians,

molecular biologists, uropathologists, bioinformaticians, urologists,

radiation and medical oncologists, and computer scientists, we have

established the TPCP cohort, a relatively large historical biopsy-

cohort of consecutive unselected PCa patients, all diagnosed in a

single institution with a long-term follow-up for lethal disease. This

cohort integrates several sources of information and will support

both calibration and validation of existing prognostic models, as

well as the development of new ones. The selection of patients, the

choice of methodology, the selection of prognostic markers, and the

composition of a multidisciplinary research group were decisions

taken with the aim of improving the feasibility of the clinical

translation of the prognostic models.

With the integrated data from the TPCP cohort we will be able

to explore the links between the patients’ characteristics assessed by

the clinicians, the histopathological features extracted from the

digitized slides and the methylation profiles in the PCa tissue: this

work will potentially enable us to link the histopathological features

with the epigenetic characteristics to understand the meaning of the

former and, consequently, improve their interpretation.

Our approach has some limitations. First, we relied on

retrospective data available in a single institution, as we could not

access data for patients who were diagnosed at the study University

Hospital but were followed-up elsewhere. This limitation implies

that information on post-diagnostic variables, including the

presence of metastasis, is obtained with high specificity but a

lower sensitivity. We expect, however, that the lack of clinical

post-diagnostic information has a low impact on the quality of

the TPCP cohort data, as: (i) we restricted the cohort to those

patients who were resident in the Province of Turin; (ii) the

University Hospital is the main institution for treating PCa in the

Piedmont Region; and (iii) all patients were initially diagnosed at

the University Hospital. The follow-up for overall and PCa-specific

mortality (i.e., the study secondary outcomes) is instead complete

for all cohort members, as we obtained this information from the

demographic files. We used the information on PCa mortality to

impute the presence of metastasis for patients who did not have this

information recorded in their hospital clinical records. It follows

that we have a very good level of completeness also for

metastatic disease.

The fact that the TPCP cohort is based on a single institution

simplifies the harmonization of clinical and histopathological

variables but may also limit the external validation. However, it

should be noted that the cohort obtained the biopsies from two
TABLE 3 Primary and secondary outcomes in the TPCP cohort.

TPCP Cohort

n = 891

Follow-up Time (years)

Median (IQR) 10.4 (8.2, 12.9)

Primary Outcome

Metastatic Prostate Cancer 97

Secondary Outcomes

Death from Prostate Cancer 56

Death from Any Cause 301
IQR, Interquartile Range (25th – 75th percentile).
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Pathology Divisions of the University Hospital –which are linked to

two different Urology Divisions. Thus, the respective subsets of the

cohort can externally validate each other. Furthermore, we will seek

collaboration with other existing cohorts in the future for proper

external validation.

To ensure a long duration of follow-up, we only included

patients diagnosed before 2015 – before the widespread adoption

of multi-parametric MRI (mpMRI), which impacts on the number
Frontiers in Oncology 11
and type of patients who undergo a biopsy for suspect PCa (49).

However, it is important to note that the main clinical contribution

of the use of mpMRI is the reduction of unnecessary biopsies of

benign prostate tissue or indolent tumor, most of which should be

classified as low risk by the models we have discussed. Therefore,

the prognostic models that will be developed in our study could be

adapted to a context of patients pre-selected through mpMRI.

However, we are unable to incorporate mpMRI radiomics in our
FIGURE 4

Cumulative incidence functions for the TPCP cohort (n = 891).
FIGURE 5

Non-parametric cumulative incidences of metastatic prostate cancer, by clinical stage (p < 0.001).
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prognostic approach directly. We acknowledge that further research

will be required to study the potential contribution of mpMRI

radiomics using more recent cohorts.
4.1 Using the TPCP cohort for
external validation

To explore the possibility of using the TPCP cohort data for the

replication and external validation of a prognostic model for PCa,
Frontiers in Oncology 12
please contact Lorenzo Richiardi (lorenzo.richiardi@unito.it), the

Principal Investigator for the TPCP cohort, for further questions

about data access. Further information about data access is

provided in the Data Availability Statement.
5 Conclusion

This work presented the established TPCP biopsy cohort of

almost 900 PCa patients followed for a median time of 10 years. We
FIGURE 6

Non-parametric cumulative incidences of metastatic prostate cancer, by age (p = 0.045).
FIGURE 7

Non-parametric cumulative incidences of metastatic prostate cancer, by social deprivation index (p = 0.40).
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have collected and analyzed clinical and pathological information

from numerous clinical and demographic data sources. The initial

evaluation of cohort outcomes is consistent with previous studies,

with age and clinical stage at diagnosis being important prognostic

factors. Further, we have assembled an extensive set of digitized

biopsy tissues slides reviewed and annotated by uropathologists.

This first set of data is the basis for the ongoing acquisition of

molecular and histopathological biomarker data into a single,

integrated collection. This collection will feed the statistical

analyses described in our protocol to adapt the best current

prognostic models for PCa to this cohort, and to study the

integration of these molecular and histopathological biomarkers

both in the best of these existing models as well as in the

development of new prognostic models.
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38. Vasiljević N, Ahmad AS, Thorat MA, Fisher G, Berney DM, Møller H, et al.
DNAmethylation gene-based models indicating independent poor outcome in prostate
cancer. BMC Cancer (2014) 14(1):655. doi: 10.1186/1471-2407-14-655

39. Jeyapala R, Kamdar S, Olkhov-Mitsel E, Savio AJ, Zhao F, Cuizon C, et al. An
integrative DNA methylation model for improved prognostication of postsurgery
recurrence and therapy in prostate cancer patients. Urol Oncol Semin Orig Investig
(2020) 38(2):39.e1–9. doi: 10.1016/j.urolonc.2019.08.017

40. Bañez LL, Sun L, van Leenders GJ, Wheeler TM, Bangma CH, Freedland SJ, et al.
Multicenter clinical validation of PITX2 methylation as a prostate specific antigen
recurrence predictor in patients with post-radical prostatectomy prostate cancer. J Urol
(2010) 184(1):149–56. doi: 10.1016/j.juro.2010.03.012

41. Dietrich D, Hasinger O, Bañez LL, Sun L, van Leenders GJ, Wheeler TM, et al.
Development and clinical validation of a real-time PCR assay for PITX2 DNA
methylation to predict prostate-specific antigen recurrence in prostate cancer
patients following radical prostatectomy. J Mol Diagn (2013) 15(2):270–9. doi:
10.1016/j.jmoldx.2012.11.002

42. Holmes EE, Goltz D, Sailer V, Jung M, Meller S, Uhl B, et al. PITX3 promoter
methylation is a prognostic biomarker for biochemical recurrence-free survival in
prostate cancer patients after radical prostatectomy. Clin Epigenetics (2016) 8(1):104.
doi: 10.1186/s13148-016-0270-x

43. Uhl B, Gevensleben H, Tolkach Y, Sailer V, Majores M, Jung M, et al. PITX2
DNAmethylation as biomarker for individualized risk assessment of prostate cancer in
core biopsies. J Mol Diagn (2017) 19(1):107–14. doi: 10.1016/j.jmoldx.2016.08.008

44. Carlsson J, Davidsson S, Fridfeldt J, Giunchi F, Fiano V, Grasso C, et al. Quantity
and quality of nucleic acids extracted from archival formalin fixed paraffin embedded
prostate biopsies. BMC Med Res Methodol (2018) 18(1):161. doi: 10.1186/s12874-018-
0628-1

45. Dickerman BA, Dahabreh IJ, Cantos KV, Logan RW, Lodi S, Rentsch CT,
et al. Predicting counterfactual risks under hypothetical treatment strategies: an
application to HIV. Eur J Epidemiol (2022) 37(4):367–76. doi: 10.1007/s10654-022-
00855-8

46. Thurtle DR, Greenberg DC, Lee LS, Huang HH, Pharoah PD, Gnanapragasam
VJ. Individual prognosis at diagnosis in nonmetastatic prostate cancer: Development
and external validation of the PREDICT Prostate multivariable model. PloS Med (2019)
16(3):e1002758. doi: 10.1371/journal.pmed.1002758

47. Lee C, Zame WR, Alaa AM, van der Schaar M. “Temporal quilting for Survival
Analysis,” In: International Conference on Artificial Intelligence and Statistics
(AISTATS). (2020). Available at: https://github.com/chl8856/SurvivalQuilts.

48. Gray RJ. A class of K-sample tests for comparing the cumulative incidence of a
competing risk. Ann Stat (1988) 16(3):1141–54. doi: 10.1214/aos/1176350951

49. Stabile A, Giganti F, Rosenkrantz AB, Taneja SS, Villeirs G, Gill IS, et al.
Multiparametric MRI for prostate cancer diagnosis: current status and future
directions. Nat Rev Urol (2020) 17(1):41–61. doi: 10.1038/s41585-019-0212-4

50. Turin prostate Cancer Prognostication (TPCP) Website. Available at: https://sites.
google.com/view/studio-tpcp/catalogue?authuser=0.
frontiersin.org

https://www.mskcc.org/nomograms/prostate/pre_op/coefficients
https://www.mskcc.org/nomograms/prostate/pre_op/coefficients
https://doi.org/10.1136/bmj.f7524
https://doi.org/10.1016/j.juro.2017.11.095
https://doi.org/10.6004/jnccn.2016.0004
https://doi.org/10.1371/journal.pmed.1002063
https://doi.org/10.1016/j.eururo.2019.09.027
https://doi.org/10.1038/s41391-022-00537-2
https://doi.org/10.1200/JCO.2008.18.2485
https://doi.org/10.1371/journal.pone.0068162
https://doi.org/10.1371/journal.pone.0068162
https://doi.org/10.1080/15592294.2016.1261786
https://doi.org/10.1080/15592294.2016.1261786
https://doi.org/10.1007/978-3-030-50402-1_1
https://doi.org/10.1016/j.eururo.2019.10.016
https://doi.org/10.1016/j.eururo.2019.10.016
https://doi.org/10.1186/s12874-022-01801-8
https://doi.org/10.1186/s12874-022-01801-8
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1016/0895-4356(93)90103-8
https://doi.org/10.19191/EP20.2-3.P162.039
https://github.com/crs4/ProMort
https://doi.org/10.1016/j.sbspro.2016.07.103
https://doi.org/10.1093/aje/kwz026
https://doi.org/10.1038/s41598-021-82911-z
https://doi.org/10.3390/app10186427
https://doi.org/10.1016/j.juro.2007.01.010
https://doi.org/10.1016/j.juro.2008.11.120
https://doi.org/10.1158/1055-9965.EPI-13-1000
https://doi.org/10.1002/path.2106
https://doi.org/10.1089/dna.2011.1311
https://doi.org/10.1002/ijc.25908
https://doi.org/10.1016/j.juro.2014.04.082
https://doi.org/10.1186/1471-2407-14-655
https://doi.org/10.1016/j.urolonc.2019.08.017
https://doi.org/10.1016/j.juro.2010.03.012
https://doi.org/10.1016/j.jmoldx.2012.11.002
https://doi.org/10.1186/s13148-016-0270-x
https://doi.org/10.1016/j.jmoldx.2016.08.008
https://doi.org/10.1186/s12874-018-0628-1
https://doi.org/10.1186/s12874-018-0628-1
https://doi.org/10.1007/s10654-022-00855-8
https://doi.org/10.1007/s10654-022-00855-8
https://doi.org/10.1371/journal.pmed.1002758
https://github.com/chl8856/SurvivalQuilts
https://doi.org/10.1214/aos/1176350951
https://doi.org/10.1038/s41585-019-0212-4
https://sites.google.com/view/studio-tpcp/catalogue?authuser=0
https://sites.google.com/view/studio-tpcp/catalogue?authuser=0
https://doi.org/10.3389/fonc.2023.1242639
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Cohort profile: the Turin prostate cancer prognostication (TPCP) cohort
	1 Introduction
	2 Methods and study design
	2.1 Patients baseline characteristics and follow-up information
	2.2 Variable collection
	2.3 Clinical tumor stage
	2.4 Digital Pathology Platform and centralized histopathological review
	2.5 Cohort analyses protocol
	2.5.1 Computational histopathology
	2.5.2 Molecular analyses
	2.5.3 Statistical analyses


	3 Descriptive results
	4 Discussion
	4.1 Using the TPCP cohort for external validation

	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


