
AD 

Award Number:  DAMD17-01-1-0111 

TITLE:  A Study of Transrectal Tumor Oxygen Measurements in 
Patients with Clinically Localized Prostate Cancer 

PRINCIPAL INVESTIGATOR:  Michael F. Milosevic, M.D. 
Doctor Ants Toi 
Doctor Joan Sweet 
Doctor Robert Bristow 
Doctor David Hedley 
Mr. Tony Panzarella 
Doctor Richard Hill 

CONTRACTING ORGANIZATION: University Health Network, Toronto 
Toronto, Ontario M5G 2C4  Canada 

REPORT DATE:  August 2002 

TYPE OF REPORT:  Annual 

PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland  21702-5012 

DISTRIBUTION STATEMENT: Approved for Public Release; 
Distribution Unlimited 

The views, opinions and/or findings contained in this report are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 

20030220 072 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 074-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathenng and maintaining 
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for 
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of 
Management and Budget, Paperwort< Reduction Project (0704-0188), Washington, DC 20503 

1. AGENCY USE ONLY ILeave blank) 2. REPORT DATE 
August   2002 

3. REPORT TYPE AND DATES COVERED 
Annual (1 Aug 01 - 31 Jul 02) 

4. TITLE AND SUBTITLE 
A Study of Transrectal Tumor Oxygen Measurements 
in Patients with Clinically Localized Prostate 
Cancer 
6. AUTHOR{S) 
Michael F. Milosevic, M.D., Doctor Ants Toi, Doctor Joan 
Sweet, Doctor Robert Bristow, Doctor David Hedley, Mr. Tony 
Panzarella, Doctor Richard Hill 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

University Health Network, Toronto 
Toronto, Ontario M5G 2C4  Canada 

E-Mail: mike.milosevic@rmp.uhn.on.ca 

5.  FUNDING NUMBERS 
DAMD17-01-1-0111 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9.  SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army Medical Research and Materiel Command 
FortDetrick, Maryland 21702-5012 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION /AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited 

12b. DISTRIBUTION CODE 

13. Abstract (Maximum 200 Words) (abstract should contain no proprietan/ or confidential information} 

The primary aim of this clinical study is to determine the relationship between pre-treatment prostate cancer oxygen levels and long- 
term disease control following treatment with radiotherapy, and the independent prognostic effect of oxygen measurements relative to 
established prognostic factors. In addition, the study will determine the relationship between pre-treatment tumor oxygen levels and 
mutations of the p53 tumor suppressor gene, and the impact of this interaction on patient outcome. A total of 40 patients were accrued 
to the study in year 1. This is below the anticipated accrual of 65 patients per year. Measures have been implemented to increase accrual 
in year 2, and the ultimate goal of determining the independent prognostic significance of tumor oxygenation in patients with prostate 
cancer will be achieved. The micro-regional distribution of oxygen in prostate cancer biopsies will be studied using one of the intrinsic 
markers of oxygenation rather than EF5 as described in the initial proposal. The molecular studies of p53 and apoptosis are proceeding 
as outlined in the proposal. 

14. SUBJECT TERMS 
hypoxia, radiotherapy, malignant progression, clinical study, 
prostate cancer 

15. NUMBER OF PAGES 
6 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

20. LIMITATION OF ABSTRACT 

Unlimited 
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 

Prescribed by ANSI Std. Z39-18 
298-102 



Table of Contents 

Cover 1 

SF298 2 

Introduction 4 

Body 4 

Key Research Accomplishments 5 

Reportable Outcomes 5 

Conclusions 6 

References 6 



Introduction 

Hypoxia is known to impair the effectiveness of both surgery and radiotherapy at curing a variety of solid 
human tumors. This may result from an hypoxia-induced increase in genetic mstability leading to altered expression 
of genes that are important in tumor growth and progression. These genetic changes are manifested clinically as more 
aggressive tumor behavior. The primary aim of this clmical study is to determine the relationship between pre- 
treatment prostate cancer oxygen levels and long-term disease control following treatment with radiotherapy, and the 
mdependent prognostic effect of oxygen measurements relative to established prognostic factors. In addition, the 
study will determine the relationship between pre-treatment tumor oxygen levels and mutations of the p53 tumor 
suppressor gene, and the impact of this interaction on patient outcome. 

Body 

Progress m the first year of the research award has focused on Task 1 of the Statement of Work: 

Task 1. Accrual of patients (years 1-3) 

Patients will be accrued to this study at a uniform rate of 65 per year (52 eligible patients per year 
allowing for 20% attrition), over the three years from January 2001 to December 2003. Clinical and surgico- 
pathologic prognostic information will be collected prospectively at the time each patient enters the study. 
Eppendorf oxygen measurements will be made. A biopsy will be obtained immediately after the oxygen 
measurements and evaluated for mutations of the p53 tumor suppressor gene and apoptosis. The biopsies will be 
processed in batches during the accrual period. A portion of each biopsy will be stored for future study of other 
hypoxia-related genes. 

Patients will be accrued to the EF-5 component of the study in the second and third years once phase I 
testing of this agent is complete in Canada. 

Accrual to this clinical study began in August 2001 after the protocol was approved by the Human Subjects 
Research Review Board of the U.S. Army Medical Research and Materiel Command, and our local institutional 
Research Ethics Board. A total of 40 patients were accrued in the first year. All patients had trans-rectal needle- 
electrode measurements of prostate cancer oxygenation and prostate biopsies as described in the protocol, and 
received high-dose conformal radiotherapy. 

The expected accrual to this study was at the rate of 65 patients per year over 3 years, to achieve a total of 
156 eligible patients after allowing for attrition. Accrual to date has been slower than anticipated, at 65% of 
predicted. This is attributable to several factors that could not have been anticipated in advance, including staff 
absences, measurement equipment malftinction and a short-term 20% reduction in the number of patients receiving 
radiotherapy for prostate cancer at this institution to facilitate replacement of aging radiation treatment equipment. 
We have introduced a number of procedures m an attempt to increase accrual to the expected level of 65 per year: 

1. Potentially eligible patients will be identified by a research assistant in advance of their first clmic appointment, 
as a reminder to the attending radiation oncologist about the study. The radiation oncologist will introduce the 
study to the patient as part of the general discussion about radiotherapy. 

2. The research assistant will spend whatever time is necessary with the patient and his family explaining the study 
and the consent form, in an attempt to allay any concerns about the study. 

3. A clinical research fellow has been designated for this project and will also be responsible for identifying and 
accruing eligible patients. 

4. All of the oxygen measurements have to this point been done by a smgle ultrasonographer, in order to assure 
consistency of the technique from patient to patient. However, patients were lost to the study when this 
individual was absent from the hospital to attend academic meetings or for vacation. A second experienced 
ulfrasonographer has now been recruited to perform the studies at these times. 

5. The oxygen measurement equipment has been over-hauled and is now functioning reliably. 
6. The number of potentially eligible patients with prostate cancer who receive conformal radiotherapy at this 

institution is expected to increase over the next year from 250 to 300 as a result of improvements in equipment 
and process efficiencies. Therefore, the patient base is more than adequate to achieve the target accrual. 

A minor component of the project involves the use of the hypoxia marker EF5. As outlined in Section 4.6 of 
the protocol, this was to be administered to 30 patients in years 2 and 3 to evaluate the microscopic disfribution of 
oxygen in prostate cancer, and differences in gene expression between oxic and hypoxic regions. EF5 was m Phase I 
clinical testmg m the United States and Canada at the time that the protocol was developed. The Phase I study of 
EF5 was mdependent of our prostate cancer study, and was funded from other sources. The EF5 component of our 
prostate study was not submitted to either the U.S. Army Human Subjects Review Board or our local institutional 



Research Ethics Board pending completion of Phase 1 testing to establish the safety of this agent in humans. No 
patients have been accrued to the EF5 component of the study. 

The Phase I study of EF5 was abandoned in Canada approximately 1 year ago due to lack of accrual. EF5 
needs to be administered intravenously to patients 24 to 48 hours before biopsy of the tumor. This proved to be 
impractical, and many patients were unwillmg to accept an intravenous injection of an experimental drug. Therefore 
the EF5 component of our prostate study will not proceed as initially planned. Nevertheless we will be able to 
achieve the goals initially set out in the protocol. Over the past 2 to 3 years there has been significant development in 
the area of intrinsic hypoxia markers. These are normal proteins which are known to be up-regulated m the setting of 
hypoxia, and can be used in the same manner as EF5 to evaluate micro-regional aspects of tumor oxygenation. The 
intrinsic markers have several advantages, in that administration of an external agent prior to biopsy is not required 
and the immimohistochemical analysis can be done on previously-obtained paraffm embedded tissue. We propose to 
use intrinsic markers of hypoxia instead of EF5 to accomplish the goals of this project. Candidate markers, mcluding 
carbonic anhydrase IX (CA-IX), glucose transporter (GLUT-1) and hypoxia inducible factor-la (HIF-la) [1-5] are 
presently being studied in prostate cancer xenografts, and the most promising of these markers will then be applied to 
the patient biopsy specimens. The analysis technique for the instrinsic markers will not differ significantly from that 
origmally proposed for EF5, and we therefore do not anticipate any change to the budget. 

The studies relating to the p53 status of the human tumors (DNA sequencing) and immunohistochemical 
endpoints of p53 related pathways (section 4.5 of the protocol) are entering their post-development stage. The first 
year of the project was devoted to creating selective primers for the DNA sequencing method, so that all eleven 
exons of the p53 gene could be sequenced. We have now laser-capture micro-dissected material from both formalin 
and frozen histologic sections using biopsies taken from patients prior to radiotherapy, and have sequenced all exons 
of the p53 gene by PCR-based DNA sequencing technologies. Furthermore, initial studies have supported the use of 
p53 and apoptosis-related (bax, bcl-2, survivin and TUNEL assays) immunohistochemical markers in relation to the 
frack lengths used for the needle-electrode oxygen measurements. Sufficient RNA has been amplified from laser- 
capture micro-dissected biopsies to form the basis for ftiture hypothesis-generating experiments utilizing DNA 
microarrays, and for in situ hybridization measurements of p21 WAF expression. 

To date, the p53 gene sequencing and related immunohistochemical studies have been completed for 10 
patients. We have recently acquire a new laser capture microdissector m our institution, which will allow more rapid 
throughput of human tissues (decreasing dissection time from 3 hours to 60 seconds per patient). We will be 
analyzing 10 patients per month over the next 12-18 months to drive correlative studies of hypoxia and gene 
expression in the patient cohort. 

Task 2. Follow-up (years 4-7) 

Patients will be followed for a duration of 3.5 years after completion of accrual in order to realize the 
required 46 PSA relapses. Patients will be assessed clinically and have PSA measured at regular intervals as part of 
their routine medical care. The database will be updated on an ongoing basis to reflect current disease and patient 
status. 

Patients who were accrued to the study in year 1 are being followed after the oxygen measurements and 
radiotherapy as outlined in section 4.8 of the protocol. 

Task 3. Analysis (years 4 and 7) 

The comparison of tumor oxygenation to other clinical and surgico-pathologic prognostic factors will be 
done after completion of accrual (early in year 4). The analysis of the influence of tumor hypoxia on outcome will 
be done after patients have been followed for an additional 3.5 years (midyear 7). 

No analysis of the data has been undertaken. 

Key Research Accomplishments 

Ongoing patient accrual 

Reportable Outcomes 

None to date 



Conclusions 

This study of oxygenation in human prostate cancer is accruing patients, although at a somewhat slower rate 
than originally anticipated. Measures have been implemented to increase accrual in year 2, and the ultimate goal of 
determining the independent prognostic significance of tumor oxygenation in patients with prostate cancer will be 
achieved. The microregional distribution of oxygen in prostate cancer biopsies will be studied using one of the 
intrmsic markers of oxygenation rather than EF5 as described m the initial proposal. The molecular studies of p53 
and apoptosis are proceeding as outlined in the proposal. 
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