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INTRODUCTION

We are submitting this revised final report for our project entitled “Telomere
length as a predictor of aggressive prostate cancer”. We investigated whether telomere
length in prostate cancer cells (prognostic factor) and in normal prostate epithelial cells
(risk factor) predicts risk of aggressive prostate cancer, that is, prostate cancer with a
greater potential to progress. We hypothesized that men with shorter telomeres are at
higher risk of high-grade prostate cancer, biochemical failure, metastasis, and death
from prostate cancer. We investigated whether telomere length in white blood cells is
correlated with telomere length in the target tissue. We hypothesized a modest positive
correlation. We are pleased to report that we have completed data collection and the
statistical analysis and have submitted an abstract to a national meeting called The
Role of Telomeres and Telomerase in Cancer Research, sponsored by the American
Association for Cancer Research and to be held in February 27-March 2, 2010.

BODY
The aims of this proposal were to:

1. To test whether median telomere length in prostate cancer cells differs between men
with aggressive prostate cancer and nonaggressive prostate cancer.

2. To test whether median telomere length in normal-appearing prostate epithelial cells
differs between men with aggressive prostate cancer and nonaggressive prostate
cancer.

3. To test whether median telomere length in normal-appearing prostate epithelial cells
differs across levels of factors predicted to influence:
a) Cellular proliferation — total energy intake, obesity, physical inactivity
b) Oxidative stress — antioxidants (lycopene, selenium, vitamin E) and oxidants
(cigarette smoking)

4. Secondary objective: To support the use of telomere length in peripheral blood
lymphocytes as a surrogate for telomere length in prostate epithelium, we will determine
the correlation between telomere length in peripheral blood lymphocytes and in normal-
appearing prostate epithelial cells.

We had proposed that these aims be accomplished by the following tasks:

Task 1: Select study subjects from among participants in the Health Professionals
Follow-up Study who have been diagnosed with prostate cancer, Months 1-4

Task 1 was completed. As we indicated previously, we made the decision to use tissue
microarrays (TMASs) rather than individual sections per subject because of their greater
efficiency. The total number of men included on the TMAs by the Harvard investigators
was 663, which is greater than the 400 samples we had proposed to investigate.
Efficiency in the use of TMAs came from the reduced number of slides (6 TMAs
sections instead of 400 sections) that needed to be FISH stained for telomeres.
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In September 2009, the HPFS investigators completed their biennial updating of their
prostate cancer case (through January 31, 2006) and prostate cancer outcome (through
March 30, 2009) files. This allowed us to use as the primary outcome men who died of
their prostate cancers, a definitive outcome compared with the originally proposed
outcome of aggressive prostate cancer (high Gleason sum, high clinical stage, or death
from prostate cancer). The total number of cells for which telomere length was
determined was 39,096. After exclusions (e.g., missing information on follow-up time
and outcome), the final number of men whose samples contributed to the statistical
analysis was 623. Of these 48 died of their prostate cancer over a median of 10 years
since surgical treatment for their prostate cancer.

Task 2: Obtain biological samples for study subjects, Months 2-6

The tissue microarray sections were received in September 2006. The delay was due to
the time it took for Harvard to construct the TMAs, which was done for a variety of
projects in addition to ours. We also made a change in what we requested for the white
blood cells: rather than request blood specimens from which we had planned to extract
DNA for Aims 3 and 4, we took advantage of concurrent work ongoing in the Health
Professionals Follow-up Study (HPFS) and requested already extracted DNA from not
just the men whose tissues had been includes on the TMAs but on all men diagnosed
with prostate cancer during the same time frame as the cases as well as on matched
controls (which includes the men on the TMAS). This request allowed us to address a
new aim in additional to Aims 3 and 4: To test whether median telomere length in
peripheral white blood differs between men with and without prostate cancer. This
request involved coordinating the return of the HPFS DNA specimens from the National
Cancer Institute’s Cohort Consortium genotyping efforts.

The DNA extracted from white blood cells was retrieved from NCI and was delivered to
the laboratory of Dr. Immaculata DeVivo at Harvard, where telomere length was
determined.

Task 3: Determination of telomere length in prostate cancer cells (Aim 1) and in normal
adjacent epithelial cells (Aim 2), Months 7-22

We first documented our ability to stain (FISH) for telomeres in normal epithelium and in
foci of adenocarcinoma using the HPFS TMAs. Then, we imaged approximately 4,000
spots on a total of 6 TMAs. The imaging process was extraordinarily labor intensive, in
part, because the contrast of the staining colors for telomeres, centromeres, high
molecular weight cytokeratins (which are indicative of the basal layer of the epithelium),
and DAPI (fraction of the area that is nuclear) needed to be optimized manually for each
image. To increase the rate at which we can image the spots and assess telomere
length, we hired an additional investigator, a genitourinary pathology fellow (Dr. Chilsuk
Yoon). We also purchased a new tool for this work, a touch screen Thinkpad computer,
on which the fellow could circle the array of the image (normal or tumor) for which
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telomere length would be quantitated. This improved the speed the work. After Dr.
Yoon'’s departure, we included another pathology fellow in the work (Dr. Thomas Lee).

For each of the 663 men, we determined telomere length in normal stroma, normal
epithelium (basal and luminal cells), cancer (luminal cells), high-grade prostatic
intraepithelial neoplasia (basal and luminal cells), normal stroma associated with cancer,
and normal stroma associated with PIN. We entered the data were entered into

software developed at Hopkins called Telometer: Software for Telomere Counting
(http://bui2.win.ad.jhu.edu/telometer/). This software extracts telomere length from the
fluorescence images using the analysis program ImageJ (NIH software). The software
was conceptualized by co-investigators Drs. Meeker and De Marzo, was programmed
by Joe Zimmerman, and is now maintained by James Morgan.

Task 4: Determination of telomere length in lymphocytes, Months 23-30

We determined that direct in situ labeling of spotted cells was not adequately reliable for
the proposed work. We subsequently identified two alternative methods for this aim, one
from the published literature (Cawthon RM. Nucleic Acids Research 2002; 30:e47.
PMID 12000852) and one that we developed that utilizes padlock probe technology. We
conducted side-by-side comparison for validity and reliability. Dr. Platz provided Dr.
Meeker with samples from her biorepository for this work. During the time frame of this
project, major improvements in high-throughput technologies for assessment of
telomere length in extracted DNA occurred elsewhere. Thus, we changed the laboratory
from Dr. Meeker (an expert in fluorescent in situ hybridization (FISH)-based
determination of telomere length in tissue) to Dr. Immaculata De Vivo at Harvard
University. She uses a 384-well plate, real-time PCR on an Applied Biosystems 7900
HT Thermocycler to estimate relative average telomere length, which is based on the
work by Cawthon above. Details of her approach have been published previously (Han
J et al. J Investigative Dermatology 2008; epub ahead of print. PMID: 18668136). We
were pleased with this new collaboration and Dr. De Vivo has agreed to help us
implement her approach for future telomere length studies that we may conduct using
extracted DNA at Hopkins.

The De Vivo laboratory completed the white blood cell telomere length determinations
and delivered a dataset to Dr. Platz for statistical analysis.

Task 5: Data management and interim analysis, Months 25-30

We directly exported the tissue telomere length data from Telometer into an MS Access
database. From there, we exported the data into Excel for data analysis. The final
number of records was 39,096. Extensive data management was required to produce a
dataset that was adequately cleaned for statistical analysis. We were fortunate that the
Prostate Cancer SPORE TMA Core Facility programmer (James Morgan) who co-
developed TMAJ (http://tmaj/pathology.jhmi.edu) with co-investigator Dr. De Marzo and
who currently manages Telometer was helped us to manipulate this complex dataset.
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Dr. Platz began writing the program to perform the statistical analysis in late 2008.
Additional data cleaning was required. Extensive analysis was performed for the original
endpoint of aggressive disease. Monthly meetings were held to discuss the approach,
relevant cell comparisons, and to review interim results. Major revisions to the analysis
were done in July 2009, when an early version of the biennially updated HPFS case file
became available. In November 2009, the program was again substantially revised to
take full advantage of the data on case-fatality, which now was of sufficient size for a
stable analysis. The team met in person weekly along with email and telephone calls to
guide the analysis and inference phase.

On 12/15/2009 we submitted an abstract entitled “Greater variability in telomeres in
cancer cells and shorter telomeres in cancer-associated stromal cells are associated
with a higher risk of prostate cancer death in surgically-treated men” describing the
results of this study to a national meeting.

An Excel spreadsheet was received from the De Vivo laboratory providing the results for
white blood cell telomere length. Dr. Platz these data were merged with the HPFS
prostate cancer case file and with the tissue telomere length data. She determined the
correlation between tissue and white blood cell telomere length. She also evaluated the
association between white blood cell telomere length and prostate cancer risk,
advanced prostate cancer risk, pathologically localized disease, Gleason 7+ disease,
Gleason < 7 disease, and risk of recurrence. She also evaluated whether white blood
cell telomere length was associated with advanced prostate cancer compared with
pathologically localized disease.

Task 6: Final analysis and report/manuscript preparation, Months 31-36

Although the work took substantially longer to complete than planned, the stumbling
points and delays, in the end, led to much more informative results that have substantial
translational potential. Detailed results are found under REPORTABLE OUTCOMES.

KEY RESEARCH ACCOMPLISHMENTS

» Completed the work for Aims 1, 2, 4, and a new aim (Is shorter white blood cell
telomere length associated with risk of prostate cancer, advanced prostate cancer, and
prostate cancer recurrence). Submitted an abstract to a national meeting. The work for
aim 3 is pending. As we prepare the manuscripts(s) for Aims 1, 2, 4 and the new aim,
we will continue the analyses to fully characterize factors associated with tissue and
white blood cell telomere length.

» Other accomplishments of the research team, which were enhanced by the
collaboration funded by DOD. During the course of this project, we began a joint
laboratory meeting that meets once per month. Participants are the investigators on this
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DOD-funded project (Drs. Platz (epidemiology), De Marzo (pathology), Meeker (cancer
biology)) as well as other prostate cancer investigators (Drs. Drake (immunology) and
Yegnasubramanian (cancer biology)), doctoral students, and fellows. We review the
status of each project, brain storm about solutions to problems, and develop new
research questions, some of which have culminated in grant application submissions.

0 The Hopkins research team continues to collaborate effectively on the etiology of
prostate cancer, other prostate diseases, and other cancers.

Albadine R, Latour M, Toubaji A, Haffner M, Isaacs WB, Platz EA, Meeker AK,
Demarzo AM, Epstein JI, Netto GJ. TMPRSS2-ERG gene fusion status in minute
(minimal) prostatic adenocarcinoma. Mod Pathol 2009;22:1415-22. PMID: 19734849

Bardia A, Platz EA, Yegnasubramanian S, De Marzo AM, Nelson WG. Anti-
inflammatory drugs, antioxidants, and prostate cancer prevention. Curr Opin Pharmacol
2009;9:419-26. PMID: 19574101

Wang MH, Helzlsouer KJ, Smith MW, Hoffman-Bolton JA, Clipp SL, Grinberg V, De
Marzo AM, Isaacs WB, Drake CG, Shugart YY, Platz EA. Association of IL10 and other
immune response- and obesity-related genes with prostate cancer in CLUE Il. Prostate
2009;69:874-85. PMID: 19267370

Lotan TL, Toubaji A, Albadine R, Latour M, Herawi M, Meeker AK, DeMarzo AM, Platz
EA, Epstein JI, Netto GJ. TMPRSS2-ERG gene fusions are infrequent in prostatic
ductal adenocarcinomas. Mod Pathol 2009;22:359-65. PMID: 19151660

Sutcliffe S, Alderete JF, Till C, Goodman PJ, Hsing AW, Zenilman JM, De Marzo AM,
Platz EA. Trichomonosis and subsequent risk of prostate cancer in the Prostate Cancer
Prevention Trial. Int J Cancer 2009;124:2082-7. PMID: 19117055

Sfanos KS, Bruno TC, Meeker AK, De Marzo AM, Isaacs WB, Drake CG. Human
prostate-infiltrating CD8+ T lymphocytes are oligoclonal and PD-1+. Prostate
2009;69:1694-703. PMID: 19670224

Fujita K, Pavlovich CP, Netto GJ, Konishi Y, Isaacs WB, Ali S, De Marzo A, Meeker AK.
Specific detection of prostate cancer cells in urine by multiplex immunofluorescence
cytology. Hum Pathol 2009;40:924-33. PMID: 19368959

Wada S, Yoshimura K, Hipkiss EL, Harris TJ, Yen HR, Goldberg MV, Grosso JF, Getnet
D, Demarzo AM, Netto GJ, Anders R, Pardoll DM, Drake CG. Cyclophosphamide
augments antitumor immunity: studies in an autochthonous prostate cancer model.
Cancer Res 2009;69:4309-18. PMID: 19435909

Sfanos KS, Bruno TC, Maris CH, Xu L, Thoburn CJ, DeMarzo AM, Meeker AK, Isaacs
WB, Drake CG. Phenotypic analysis of prostate-infiltrating lymphocytes reveals TH17
and Treg skewing. Clin Cancer Res 2008;14:3254-61. PMID: 18519750
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Sutcliffe S, Rohrmann S, Giovannucci E, Nelson KE, De Marzo AM, Isaacs WB,
Nelson WG, Platz EA. Viral infections and lower urinary tract symptoms in the Third
National Health and Nutrition Examination Survey. J Urol 2007;178:2181-5. PMID:
17870113

Sutcliffe S, Giovannucci E, Gaydos CA, Viscidi RP, Jenkins FJ, Zenilman JM,
Jacobson LP, De Marzo AM, Willett WC, Platz EA. Plasma antibodies against
Chlamydia trachomatis, human papillomavirus, and human herpesvirus type 8 in
relation to prostate cancer: a prospective study. Cancer Epidemiol Biomarkers Prev
2007;16:1573-80. PMID: 17684131

De Marzo AM, Platz EA, Sutcliffe S, Xu J, Grénberg H, Drake CG, Nakai Y, Isaacs WB,
Nelson WG. Inflammation in prostate carcinogenesis. Nat Rev Cancer 2007;7:256-69.
PMID: 17384581

Hansel DE, DeMarzo AM, Platz EA, Jadallah S, Hicks J, Epstein JI, Partin AW, Netto
GJ. Early prostate cancer antigen expression in predicting presence of prostate cancer
in men with histologically negative biopsies. J Urol 2007;177:1736-40. PMID: 17437801

Palapattu GS, Meeker A, Harris T, Collector MI, Sharkis SJ, DeMarzo AM, Warlick C,
Drake CG, Nelson WG. Epithelial architectural destruction is necessary for bone
marrow derived cell contribution to regenerating prostate epithelium. J Urol.
2006;176:813-8. PMID: 16813953

Sutcliffe S, Giovannucci E, De Marzo AM, Leitzmann MF, Willett WC, Platz EA.
Gonorrhea, syphilis, clinical prostatitis, and the risk of prostate cancer. Cancer
Epidemiol Biomarkers Prev 2006;15:2160-6. PMID: 17119041

Dunn TA, Chen S, Faith DA, Hicks JL, Platz EA, Chen Y, Ewing CM, Sauvageot J,
Isaacs WB, De Marzo AM, Luo J. A novel role of myosin VI in human prostate cancer.
Am J Pathol. 2006;169:1843-54. PMID: 17071605

De Marzo AM, Platz EA, Epstein JI, Ali T, Billis A, Chan TY, Cheng L, Datta M, Egevad
L, Ertoy-Baydar D, Farre X, Fine SW, Iczkowski KA, Ittmann M, Knudsen BS, Loda M,
Lopez-Beltran A, Magi-Galluzzi C, Mikuz G, Montironi R, Pikarsky E, Pizov G, Rubin MA,
Samaratunga H, Sebo T, Sesterhenn IA, Shah RB, Signoretti S, Simko J, Thomas G,
Troncoso P, Tsuzuki TT, van Leenders GJ, Yang XJ, Zhou M, Figg WD, Hoque A, Lucia
MS. A working group classification of focal prostate atrophy lesions. Am J Surg Pathol.
2006;30:1281-91. PMID: 17001160

Sutcliffe S, Giovannucci E, Alderete JF, Chang TH, Gaydos CA, Zenilman JM, De
Marzo AM, Willett WC, Platz EA. Plasma antibodies against Trichomonas vaginalis and
subsequent risk of prostate cancer. Cancer Epidemiol Biomarkers Prev 2006;15:939-45.
PMID: 16702374
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Sutcliffe S, Zenilman JM, Ghanem KG, Jadack RA, Sokoll LJ, Elliott DJ, Nelson WG, De
Marzo AM, Cole SR, Isaacs WB, Platz EA. Sexually transmitted infections and prostatic
inflammation/cell damage as measured by serum prostate specific antigen
concentration. J Urol 2006;175:1937-42. PMID: 16600802

Sutcliffe S, Giovannucci E, De Marzo AM, Willett WC, Platz EA. Sexually transmitted
infections, prostatitis, ejaculation frequency, and the odds of lower urinary tract
symptoms. Am J Epidemiol 2005;162:898-906. PMID: 16177142

Platz EA, Rohrmann S, Pearson JD, Corrada MM, Watson DJ, De Marzo AM, Landis
PK, Metter EJ, Carter HB. Nonsteroidal anti-inflammatory drugs and risk of prostate
cancer in the Baltimore Longitudinal Study of Aging. Cancer Epidemiol Biomarkers Prev
2005;14:390-6. PMID: 15734963

Palapattu GS, Sutcliffe S, Bastian PJ, Platz EA, De Marzo AM, Isaacs WB, Nelson WG.
Prostate carcinogenesis and inflammation: emerging insights. Carcinogenesis
2005;26:1170-81. PMID: 15498784

Rohrmann S, De Marzo AM, Smit E, Giovannucci E, Platz EA. Serum C-reactive
protein concentration and lower urinary tract symptoms in older men in the Third
National Health and Nutrition Examination Survey (NHANES IIl). Prostate 2005;62:27-
33. PMID: 15389816

Faith DA, Isaacs WB, Morgan JD, Fedor HL, Hicks JL, Mangold LA, Walsh PC, Partin
AW, Platz EA, Luo J, De Marzo AM. Trefoll factor 3 overexpression in prostatic
carcinoma: prognostic importance using tissue microarrays. Prostate 2004;61:215-27.
PMID: 15368473

o Dr. Meeker has continued to publish on telomeres, telomerase, and related
pathways in cancer.

Subhawong AP, Heaphy CM, Argani P, Konishi Y, Kouprina N, Nassar H, Vang R,
Meeker AK. The alternative lengthening of telomeres phenotype in breast carcinoma is
associated with HER-2 overexpression. Mod Pathol 2009;22:1423-31. PMID: 19734843

Koorstra JB, Hong SM, Shi C, Meeker AK, Ryu JK, Offerhaus GJ, Goggins MG, Hruban
RH, Maitra A. Widespread activation of the DNA damage response in human pancreatic
intraepithelial neoplasia. Mod Pathol 2009;22:1439-45. PMID: 19668150

Vander Griend DJ, Konishi Y, De Marzo AM, Isaacs JT, Meeker AK. Dual-label
centromere and telomere FISH identifies human, rat, and mouse cell contribution to
Multispecies recombinant urogenital sinus xenografts. Prostate 2009;69:1557-64.
PMID: 19562732

Wang Y, Kowalski J, Tsai HL, Marik R, Prasad N, Somervell H, Lo PK, Sangenatrio LE,
Dyrskjot L, Orntoft TF, Westra WH, Meeker AK, Eshleman JR, Umbricht CB, Zeiger MA.
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Differentiating alternative splice variant patterns of human telomerase reverse
transcriptase in thyroid neoplasms. Thyroid 2008;18:1055-63. PMID: 18816183

Cummings SD, Ryu B, Samuels MA, Yu X, Meeker AK, Healey MA, Alani RM.
Id1 delays senescence of primary human melanocytes. Mol Carcinog 2008;47:653-9.
PMID: 18240291

Bechan GIl, Meeker AK, De Marzo AM, Racke F, Jaffe R, Sugar E, Arceci RJ.
Telomere length shortening in Langerhans cell histiocytosis. Br J Haematol 2008;
140:420-8. PMID: 18162125

Stewénius Y, Jin Y, Ora |, de Kraker J, Bras J, Frigyesi A, Alumets J, Sandstedt B,
Meeker AK, Gisselsson D. Defective chromosome segregation and telomere
dysfunction in aggressive Wilms' tumors. Clin Cancer Res 2007;13:6593-602. PMID:
18006759

Kawai T, Hiroi S, Nakanishi K, Meeker AK. Telomere length and telomerase expression
in atypical adenomatous hyperplasia and small bronchioloalveolar carcinoma of the lung.
Am J Clin Pathol 2007;127:254-62. PMID: 17210516

Hansel DE, Meeker AK, Hicks J, De Marzo AM, Lillemoe KD, Schulick R, Hruban RH,
Maitra A, Argani P. Telomere length variation in biliary tract metaplasia, dysplasia, and
carcinoma. Mod Pathol 2006:19:772-9. PMID: 16557277

Meeker AK. Telomeres and telomerase in prostatic intraepithelial neoplasia and
prostate cancer biology. Urol Oncol 2006;24:122-30. PMID: 16520276

o Drs. Platz (Hopkins) and Giovannucci (Harvard) continue to collaborate on prostate
cancer, other prostate diseases, and other cancers in the HPFS (exclusive of those
already listed above). Many of these factors are hypothesized to influence either cell
proliferation or oxidation and thus could affect telomere length. In the future we will
investigate whether these exposures or biomarkers are correlated with telomere length
either in tissue or peripheral blood lymphocyte DNA.

Wu K, Platz EA, Willett WC, Fuchs CS, Selhub J, Rosner BA, Hunter DJ, Giovannucci
E. A randomized trial on folic acid supplementation and risk of recurrent colorectal
adenoma. Am J Clin Nutr 2009;90:1623-31. PMID: 19864409

Stark JR, Judson G, Alderete JF, Mundodi V, Kucknoor AS, Giovannucci EL, Platz EA,
Sutcliffe S, Fall K, Kurth T, Ma J, Stampfer MJ, Mucci LA. Prospective study of
Trichomonas vaginalis infection and prostate cancer incidence and mortality:

Physicians' Health Study. J Natl Cancer Inst 2009;101:1406-11. PMID: 19741211

Roddam AW, Allen NE, Appleby P, Key TJ, Ferrucci L, Carter HB, Metter EJ, Chen C,
Weiss NS, Fitzpatrick A, Hsing AW, Lacey JV Jr, Helzlsouer K, Rinaldi S, Riboli E,
Kaaks R, Janssen JA, Wildhagen MF, Schroder FH, Platz EA, Pollak M, Giovannucci
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E, Schaefer C, Quesenberry CP Jr, Vogelman JH, Severi G, English DR, Giles GG,
Stattin P, Hallmans G, Johansson M, Chan JM, Gann P, Oliver SE, Holly JM, Donovan
J, Meyer F, Bairati |, Galan P. Insulin-like growth factors, their binding proteins, and
prostate cancer risk: analysis of individual patient data from 12 prospective studies.
Ann Intern Med 2008;149:461-71, W83-8. PMID: 18838726

Mikhak B, Hunter DJ, Spiegelman D, Platz EA, Wu K, Erdman JW Jr, Giovannucci E.
Manganese Superoxide Dismutase (MNSOD) Gene Polymorphism, Interactions with
Carotenoid Levels, and Prostate Cancer Risk. Carcinogenesis 2008 Sep 10. [Epub
ahead of print] PMID: 18784358

Platz EA, Clinton SK, Giovannucci E. Association between plasma cholesterol and
prostate cancer in the PSA era. Int J Cancer 2008;123:1693-8. PMID: 18646186

Mondul AM, Rimm EB, Giovannucci E, Glasser DB, Platz EA. A prospective study of
lower urinary tract symptoms and erectile dysfunction. J Urol 2008;179:2321-6.
PMID: 18423761

Sutcliffe S, Giovannucci E, Isaacs WB, Willett WC, Platz EA. Acne and risk of prostate
cancer. Int J Cancer 2007;121:2688-92. PMID: 17724724

Giovannucci E, Liu Y, Platz EA, Stampfer MJ, Willett WC. Risk factors for prostate
cancer incidence and progression in the health professionals follow-up study. Int J
Cancer 2007;121:1571-8. PMID: 17450530

Mikhak B, Hunter DJ, Spiegelman D, Platz EA, Hollis BW, Giovannucci E. Vitamin D
receptor (VDR) gene polymorphisms and haplotypes, interactions with plasma 25-
hydroxyvitamin D and 1,25-dihydroxyvitamin D, and prostate cancer risk. Prostate
2007;67:911-23. PMID: 17440943

Rohrmann S, Giovannucci E, Willett WC, Platz EA. Fruit and vegetable consumption,
intake of micronutrients, and benign prostatic hyperplasia in US men. Am J Clin Nutr
2007;85:523-9. PMID: 17284753

Sutcliffe S, Giovannucci E, Leitzmann MF, Rimm EB, Stampfer MJ, Willett WC, Platz
EA. A prospective cohort study of red wine consumption and risk of prostate cancer. Int
J Cancer 2007;120:1529-35. PMID: 17211860

Platz EA, Leitzmann MF, Visvanathan K, Rimm EB, Stampfer MJ, Willett WC,
Giovannucci E. Statin drugs and risk of advanced prostate cancer. J Natl Cancer Inst
2006;98:1819-25. PMID: 17179483

Michaud DS, Platz EA, Giovannucci E. Gonorrhoea and male bladder cancer in a
prospective study. Br J Cancer 2007;96:169-71. PMID: 17164760

Wu K, Giovannucci E, Byrne C, Platz EA, Fuchs C, Willett WC, Sinha R. Meat
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mutagens and risk of distal colon adenoma in a cohort of U.S. men. Cancer Epidemiol
Biomarkers Prev 2006;15:1120-5. PMID: 16775169
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REPORTABLE OUTCOMES

Aims 1 and 2: The final sample size was 623 surgically-treated men in the HPFS of
whom 48 died of their prostate cancers. The median follow-up was 10 years. Shown in
Figure 1 is the overall prostate cancer-specific survival in the 623 men with prostate
cancer in the HPFS (analysis time is in months since prostate cancer diagnosis),
irrespective of telomere length.

Figure 1.

Kaplan-Meier survival estimate
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Shown in Figure 2 is the primary result of Aim 1: Men whose prostate cancer cells had
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greater variability in telomere length (top third — dashed line) were more likely to die of
their prostate cancer than men whose prostate cancer cells had less variability in
telomere length (middle and bottom thirds — solid line). This difference was statistically
significant (log-rank p=0.002).

Figure 2.

Kaplan-Meier survival estimates, by variable_can
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Shown in Figure 3 is the primary result of Aim 2: Men whose cancer-associated stromal
cells had shorter telomeres (bottom and middle thirds — dashed line) were slightly more
likely to die of their prostate cancer than men whose cancer-associated stromal cells
had longer telomeres (top third — solid line). This difference was not statistically
significant (log-rank p=0.09).

Figure 3.

Kaplan-Meier survival estimates, by as_med_short
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We then combined the results from Aims 1 and 2 to generate the results shown in
Figure 4: Men whose prostate cancer cells had greater variability in telomere length and
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whose cancer-associated stromal cells had shorter telomeres (solid line) were more
likely to die of their prostate cancer than men whose prostate cancer cells had less
variability in telomere length and/or whose cancer-associated stromal cells had longer
telomeres (dotted lines). This difference was statistically significant (log-rank p<0.0001).

Figure 4.

Kaplan-Meier survival estimates, by cat_vcan_sas
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We then estimated the hazard ratio (RR) of prostate cancer death and 95% confidence
intervals for variable telomere length in cancer cells and short telomeres in cancer-
associated stromal cells using Cox proportional hazards regression adjusting for age
and year of diagnosis, pathological stage, and Gleason sum (Table 1). There was no
association between the length of the telomeres in cancer cells and death from prostate
cancer. However, men who had more variable length telomeres in their cancer cells
were more than 2 times more likely to die of their prostate cancer. Men whose cancer
associated stromal cells had shorter telomeres were 4 times more likely to die of their
prostate cancer.

In a post-hoc analysis, we combined over tertiles that had similar RRs and entered into
the model terms for both variable telomeres in cancer and short telomere in cancer-
associated stromal cells (Table 1). After mutual adjustment, men with variable
telomeres in cancer had 3 times the risk and men with short telomeres in cancer-
associated stromal cells had 6 times the risk of prostate cancer death.
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Table 1. Association* between telomere length in prostate tissue and risk of death from
prostate cancer after prostatectomy, Health Professionals Follow-up Study

Measurement Tertile of telomere length p- Mutual
trend adjustment**

Median of cancer cells

No. cases / PY 15/26,543 10/24,331 22/22,539
RR 0.71 0.46 1.00 0.18 NA
95% CI 0.36-1.38 0.21-1.00 Reference
Standard deviation of T3 vs
cancer cells T1/T2
No. cases / PY 11/26,107 11/24,018 24/23,117 24/23,117 vs
22/50,125
RR 1.00 1.16 2.61 0.004 3.24
95% ClI Reference 0.50-2.68 1.26-5.39 1.76-5.97
Median of cancer- T1/T2
associated stromal cells vs T3
No. cases / PY 18/26,207 23/23,564  7/24,029 40/49,376 vs
6/23,866
RR 4.12 4,58 1.00 0.003 6.44
95% ClI 1.61-10.51 1.87-11.24 Reference 2.57-16.13

*Adjusted for age (continuous) and year (ordinal) at diagnosis, pathologic Gleason sum
(ordinal), and stage (advanced vs nonadvanced)

*Among men who had both variability in cancer cell telomere length and median cancer-
associated stromal cell telomere length and entered into the model simultaneously; when not
mutually adjusted the associations were 2.43 (1.34-4.40) and 5.15 (2.05-12.92), respectively.

We next combined variability in cancer cell telomere length with telomere length in
cancer-associated stromal cells (Table 2). Using the cutpoints from Table 1 under the
column “mutual adjustment”, we generated Combination 1. Only 1 man who did not
have variable telomeres in cancer and did not have short telomeres in cancer-
associated stromal cells did not die of his prostate cancer, thus this analysis did not
yield stable estimates. Nevertheless, it can be seen that men who had both variable
cancer telomeres and short cancer-associated stromal cell telomeres had a
substantially higher risk of dying of their prostate cancer and importantly, men who did
not have variable cancer telomeres and did not have short cancer-associated stromal
cell telomere were very unlikely to die of their prostate cancers. We next tried several
other combinations to increase the stability of the findings. The findings of these
analyses were all consistent: men with more variable telomere lengths in cancer cells
and shorter telomere lengths in cancer-associated stromal cells are more likely to die of
their prostate cancers. Combination 3 is the same as shown in Figure 4.
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Table 2. Association* between combinations of variability in cancer cell telomere length
and telomere length in cancer-associated stromal cells in prostate tissue and risk of
death from prostate cancer after prostatectomy, Health Professionals Follow-up Study

Cancer cells / cancer-associated stromal cell telomeres

Combination 1** Not variable / Not variable / Variable / Variable /
not short short not short Short
No cases/PY 1/12,306 21/37,819 5/11,560 19/11,557
RR 1.00 14.14 8.37 41.09
95% ClI Reference 1.77-113.2 0.94-74.71 5.10-331.2
Combination 2** All others - - Variable /
Short
No cases/PY 27/61,685 - - 19/11,557
RR 1.00 - - 4.31
95% CI Reference - - 2.33-8.00
Combination 3** Not variable / Not variable / - Variable /
not short or short Short
variable / not
short
No cases/PY 6/23,866 21/37,819 - 19/11,557
RR 1.00 3.48 - 10.14
95% CI Reference 1.32-9.19 - 3.78-27.22
Combination 4*** Not variable / Not variable / Variable / Variable /
not short short not short Short
No cases/PY 4/26,863 4/34,648 26/8695 12/3,036
RR 1.00 2.45 2.02 10.52
95% ClI Reference 1.18-5.09 0.61-6.61 3.04-36.37
Combination 5*** All others - - Variable /
Short
No cases/PY 34/70,206 - - 12/3.036
RR 1.00 - - 5.59
95% ClI Reference - - 1.89-16.56

*Among men who had measurements of variability in cancer cell telomere length and cancer-
associated stromal cell telomere length and adjusted for age (continuous) and year (ordinal) at
diagnosis, pathologic Gleason sum (ordinal), and stage (advanced vs nonadvanced)
**\/ariable cancer cell telomere length in top tertile; not variable cancer cell telomere length in
bottom and middle tertiles; short telomere length in cancer-associated stromal cells in bottom
and middle tertiles; not short telomere length in cancer-associated stromal cells in top tertile
***\/ariable cancer cell telomere length in top sextile; not variable cancer cell telomere length in
bottom 5 sextiles; short telomere length in cancer-associated stromal cells below median; not
short telomere length in cancer-associated stromal cells at or above median
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Aim 3 is pending.

For Aim 4, we found that white blood cell telomere length was positively correlated with
variability in telomere length in prostate cancer cells (Spearman r=0.70, p=0.0039) and
was inversely correlated with telomere length in normal stromal cells (r=-0.49, p=0.07),
normal basal cells (r=-0.56, p=0.03), and cancer-associated stromal cells (r=-0.53,
p=0.04). White blood cell telomere length was not correlated with prostate cancer cell
telomere length normal luminal cells or cancer associated luminal cells.

For the new aim, first we documented that age was inversely associated with white
blood cell telomere length in the controls (Spearman r=-0.15, p=0.07). We then
compared white blood cell telomere length between the prostate cancer cases to
controls and between the advanced cases and controls. Telomere length was
statistically significantly shorted in the advanced cases than in the controls, but there
was no difference between total prostate cancer cases and the controls (Table 3).

Table 3. Telomere Length in Prostate Cancer Cases and Control Nested in the Health
Professional Follow-up Study

Controls Cases P-value (versus
controls)
Total Advanced Total Advanced

Number 135 158 18
Mean + sd age at 66.4+7.1 65.8+7.1 70.1+5.8 0.39 0.09
blood draw (yr)
Telomere length*

Mean * sd 6.5+1.8 6.7+24 53+1.8 0.56** 0.02**

Median (IQR) 6.4 (5.1-7.6) 6.1(5.1-7.7) 5.4(3.7-6.2) 0.94 0.009

* Interpreted as the number of times longer the telomere amplicon was than the single copy gene
amplicon.
**Adjusted for age at blood draw these p-values were 0.64 and 0.02, respectively

Next, we evaluated the association between white blood cell telomere length and risk of
prostate cancer. We found that white blood cell telomere length was not associated with
risk of prostate cancer overall, pathologically organ-confined disease, or risk of high or
low Gleason sum, but men who had short telomeres were more likely to be diagnosed
with prostate cancer that was advanced stage at diagnosed, to progress, or to cause
death (Table 4). The association appeared to be the strongest when comparing
advanced cases to those that were localized. White blood cell telomere length was not
associated with risk of prostate cancer death after prostatectomy (data not shown).
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Table 4. Association between white blood cell telomere length and risk of prostate
cancer, Health Professionals Follow-up Study

Prostate cancer Tertile of white blood cell telomere length p-trend
Total vs controls 52/45 53/46 53/44
OR* 0.99 0.99 1.00 0.98
95% ClI 0.56-1.76 0.56-1.74 Reference
Advanced** vs controls 10/45 5/46 3/44
OR* 2.80 1.39 1.00 0.11
95% ClI 0.73-11.4 0.31-6.24 Reference
Advanced** vs localized 10/42 5/48 3/50
OR* 3.72 1.61 1.00 0.05
95% ClI 0.94-14.7 0.36-7.23 Reference

*Adjusted for age at blood draw and for history of PSA screening before blood draw
**Advanced at diagnosed or during follow-up or fatal

CONCLUSIONS

Greater variability in telomere length in prostate cancer cells and short telomere
length in cancer-associated stromal cells was associated with a higher risk of
prostate cancer death in men surgically treated for prostate cancer. These
findings were independent of pathologic prognostic indicators. We anticipate that
determination of telomere length at the time of prostate cancer diagnosis and/or
surgery coupled with information on stage and grade will enhance the ability to
predict prognosis. If so, then it may be possible to make better decisions about
who to treat and the intensity of treatment beyond the current approach.

White blood cell telomere length was inversely correlated with normal and
cancer-associated stromal cell telomere length and positively correlated with the
variability in telomere length in cancer cells. However, white blood cell telomere
length was not associated with risk of prostate cancer death after prostatectomy.
This result suggests that measurement of white blood cell telomere length may
not have clinical utility in predicting risk of prostate cancer with the worst
phenotype.

REFERENCES

None

APPENDICES

None



	0510030_Final_Nov_2008_Disprovd.pdf
	ADP78.tmp
	Body…………………………………………………………………………………..1





