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Abstract

Background: Standard traditional parameters relied on for estimating the risk of disease

recurrence after curative radiotherapy in prostate cancer are stage, Gleason score and PSA.

Objectives: To elucidate the prognostic role of biomarkers: P-53, MIB-1, MVD, Bax and

BCL2 in prostate cancer.

Method: Cox proportional hazard model was used to estimate the risk of disease progression
associated with these biomarkers and develop models based on traditional parameters only
or incorporating biomarkers. Models were compared for their predictive potential using

Akaike information criteria and concordance index.

Results: Statistically significant associations were found between all biomarkers and risk of
progression. MVD, Bax and Bax/BCL2 were independent predictors of outcome. Models
incorporating biomarkers were superior to the traditional one in identifying patients at risk

of local progression.

Conclusions: Biomarkers may be useful in forecasting the risk of local recurrence following

radiotherapy in prostate cancer patients. The results require validation in a separate cohort.
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1. INTRODUCTION

Prostate cancer makes up 26% of all newly diagnosed cancers amongst Canadian men.
In 2002, 18,200 new cases will be diagnosed in Canada. The risk of prostate cancer
increases dramatically with age(1,2). As a result, the number of new cases of prostate
cancer is expected to triple in the twenty-five year period during which the “baby boomer”

population becomes seniors(3).

Prostate cancer that has not spread to adjacent nodes or outside the pelvic area is
potentially curable by external beam radiotherapy (EBRT). The five year progression free
survival of patients treated with EBRT ranges between 50-82%, depending on the extent of
disease burden at the time of diagnosis and pathological features of the tumor(4,5). Under
the current standard treatment approach, patients receive 66-78 Grays (Gy) to the small field
in the pelvic area that contains the prostate using three dimensional conformal radiotherapy
techniques(6,7). Patients considered at higher risk of recurrence may be eligible for high
doses of radiotherapy and may be given adjuvant androgen deprivation therapy for a period
of 3 months or more, depending on their estimated risk level(8,9). Because these
approaches can increase the risk of morbidity associated with treatment, they should be
reserved for those patients who can be reliably identified to have a significantly elevated risk

of recurrence.

Clinicians currently rely on the patient’s stage, tumor grade (Gleason score: a measure of
the tumor’s differentiation level; or having the appearance of its tissue of origin) and pre-
treatment prostatic specific antigen (PSA) scores (a measure related to overall tumor burden)
to establish risk levels. In Canada, clinicians use a nomogram that is based on these factors

to categorize patients into low, intermediate or high risk levels(10). Other more




sophisticated models have been developed, but despite their complexity they still have
limited predictive ability(11,12). Another limitatioﬁ of currently available models is that
they do not distinguish between the local and distant recurrences(12-20). Patients treated
with EBRT may recur within the irradiated field (local recurrence) or may develop
metastatic disease (distant recurrence). If a patient is known to have an elevated risk of
recurrence within the irradiated field, the local management approach selected for that
patient may be more aggressive. For example, higher doses of radiotherapy may be given,
or radiotherapy may be administered with a radiosensitizer to enhance its tumoricidal effect.
In contrast, this more aggressive approach would likely have no impact on the risk of
developing metastatic disease and would produce unnecessary morbidity. Therefore, if
predictive models are to be used to plan therapy, the site of recurrence is considered by the

author an essential component that must be incorporated in the model development.

Investigators have sought new factors that could improve the prediction of recurrence.
In the past decade, an increasing volume of information has become available suggesting
that biomarkers may play a role in determining the recurrence risk level in cancer patients.
The National Institute of Health defines a biomarker as a characteristic that is objectively
measured and evaluated as an indicator of normal biologic processes, pathogenic processes,
or pharmacologic responses to a therapeutic intervention. Potentially valuable biomarkers in
the prediction of outcome in prostate cancer include microvessel density (MVD), Ki-56

(detected by MIB-1), P-53, Bax and B-cell leukemia/lymphoma 2 (BCL2).

Microvessel density is a measure of tumor tissue vascularization level. All normal tissue
is vascularized to support its nutritional and oxygen requirements. Growing tissue, like

neoplasms, must stimulate the production of new blood vessels (angiogenesis) to




survive(21). The density of that new vasculature has been found to be associated with a

more aggressive phenotype in various cancers(22-25), including prostate cancer(26).

Normal tissue homeostasis is achieved by a well-orchestrated balance of cell
proliferation and apoptosis (programmed cell death). Cancer develops from an uncontrolled
cell proliferation. Biological factors that have a role in cell cycle regulation may therefore
influence the risk of cancer growth or re-growth following treatment; Examples of these cell
cycle regulators include P-53, a tumor suppressor gene, and BCL2 and Bax, apoptosis

regulators.

P-53 is important in the regulation of cell growth because it controls cell cycle duration,
DNA repair, and apoptosis(27). P-53 mutations are frequently found in cancer tissue(28-
33). Overexpression of mutated P-53 has been associated with radioresistance in

some(34,35) but not all(36,37) prostate cancer studies.

BCL2 is an oncoprotein that inhibits apoptosis, and Bax is an apoptosis inducer.
Overexpression of BCL2 promotes oncogenesis by inhibiting cell death and extending cell
life. Overexpression of BCL2 was associated with reduced disease control in two studies
following EBERT(34,38), but an improved outcome in another prostate cancer study(39).

Bax has been poorly studied in prostate cancer.

Ki-67 is nuclear antigen associated with cell division detected. Because ki-67 is
elevated during cell division, it is postulated to reflect biological aggressiveness(40). Ki-67
expression levels are determined by MIB-1 antibody staining. A larger proportion of cell
staining positive for MIB-1, reflecting the presence of higher ki-67 levels, was found

associated with a higher risk of local recurrence in prostate cancer(41). Specimens from




locally recurrent tissue were also observed to have a ki-67 measure of proliferation rate two

times higher than their pre-treated counterparts(42).

In sum, there is evidence that the biological markers MVD, P-53, Bax, BCL2 and MIB-1
may be useful in helping to estimate the risk of disease recurrence following EBRT in
prostate cancer. The present study aims to determine whether these biomarkers add to the
predictive value of the traditional factors relied upon (stage, PSA and Gleason score) in
estimating recurrence risk level in prostate cancer patients treated curatively with EBRT.
This was studied in a cohort of patients having received EBRT at the Ottawa Regional
Cancer Center (ORCC). Because of the reasons presented above, the value of the
biomarkers in predicting local progression and distant progression were assessed separately.
To allow a comparison to be made with published models, the predictive value of these
markers in quantifying the risk of biochemical progression was also studied. Biochemical
progression is detected based solely on PSA levels without regard to the site of progression.
The objectives of the present study were to determine whether any association between the
biomarkers and outcome was present, and to evaluate whether the information provided by
the biomarkers supplemented that already available from the traditional factors of stage,
Gleason score and pre-treatment PSA levels; all of which are currently standard assessments

performed at diagnosis.

To do so, models for the prediction of each outcome that is based on the traditional
factors only were developed. The analysis strived to optimize the predictive ability of each
variable by closely studying its relationship with outcome and selecting the best traditional
factor variable transformation to include in the model. Independently predictive biomarkers

were then added to the traditional factor model, and the larger biomarker model was




compared to the nested traditional factor model to determine whether its predictive value

was superior.




2. BACKGROUND

2.1 Epidemiology

Prostate cancer is the most commonly diagnosed malignancy in North American men.

In Canada, prostate cancer makes up 26% of all newly diagnosed cancers in men. In
comparison, lung and colorectal cancer represent 18% and 14% of all cancers, respectively.
Based on Health Canada estimates, 18,200 new cases were diagnosed in 2002, and the
current lifetime probability of developing prostate cancer is 12%(1).

An individual’s genetic predisposition plays a significant role in the risk of developing
prostate cancer. Studies have reported that Americans of African descent are two times
more likely to develop prostate cancer than white North American men, and are 50 times
more likely to be diagnosed with prostate cancer than Chinese men(2,43,44). Environmental
factors are also implicated in risk determination, but these are not yet well understood. Diet,
exercise and smoking are some of the environmental factors cited as influencing risk(45,46).
Supporting this notion, migration studies have reported that, while Asian men are generally
at a lower risk of developing prostate cancer, the risk for Asian immigrants’ progeny living
in North America and having adapted local culture eventually reaches that of the American
nation(45).

Within North America, by far, the largest determinant of risk is age(1,2). In Canada, the
probability of being diagnosed with prostate cancer is 60 times higher amongst men between
the ages of 70 and 79 years (6.1%) compared to men between the ages 40 and 49 years
(0.1%). In contrast, the comparable magnitude of risk increase for lung or colorectal cancer

is 15 to 20 times(1). The crude incidence of prostate cancer is dramatically increasing, in




part owing to the increase in the prevalence of PSA testing and the incidental detection of
carcinoma through TURP and in part due to the aging Canadian cohort (47,48). The
incidence amongst Canadian men is projected to triple between the years 1990 and 2016 as
the population continues to age, thereby considerably increasing the burden to our health

care system associated with that disease(3).

2.2 Treatment and outcome

Prostate cancer clinically confined to the prostate is curable. Standard treatments for
localized prostate cancer include prostatectomy and EBRT, with both approaches providing
comparable disease control(49,50). The five year progression free survival (PFS) following
standard EBRT ranges between 50-82%, depending on the extent of disease burden at the
time of diagnosis and on the pathological features of the tumor(4,5). Three dimensional
conformal radiotherapy (3D CRT) is a precise form of EBRT that enables irradiation of
tumorous tissue with reduced normal tissue exposure and, consequently, morbidity(6,7).
The advent of 3D CRT in the past decade has permitted higher doses to be delivered to the
prostate, and has produced significant improvement in PFS and overall survival(4,51,52).
Studies suggest that the 5 year PFS amongst patients with a predicted 50% risk could

potentially be improved to 75%-85% if higher doses of radiation are delivered(4,53-55).

Following the discovery in the early 1980s that prostate cancer was sensitive to
testosterone levels (in a similar way that breast cancer is dependent on estrogen for its
growth), androgen deprivation therapy (ADT) was introduced in the management of
disseminated prostate cancer. Prostate cancer cells deprived of testosterone through ADT

undergo apoptosis. Historically, androgen deprivation was realized through surgical

castration. Today, ADT is achieved by medical castration consisting of the combined use of




an oral steroidal or non-steroidal anti-androgen agent combined with parenteral injections of
a luteinizing hormone-releasing hormone agonist. ADT is currently the standard first line
treatment of patients with metastatic disease and achieves one-year progression free control
of 50% in that patient population(56). In the 1990s, ADT was studied as an adjunct therapy
to curative EBRT. Prospective randomized Radiation Therapy Oncology Group (RTOG)
and European Organization for Research and Treatment of Cancer (EORTC) trials have
recently demonstrated that the combination is superior to EBRT alone(8,9). The most
impressive risk reduction gained was in patients with intermediate or high risks of

recurrence(57).

Today, innovative approaches such as anti-angiogenic therapy and gene therapy are
being investigated for their roles in controlling the growth and spread of prostate cancer and
are showing promising results(58,59). Because of the morbidity generally associated with
more aggressive therapy like higher doses of EBRT or prolonged adjunct ADT, these
approaches should be reserved for patients with a significantly elevated risk of recurrence.

Improved tools are required to more reliably identify these patients.

2.3 Traditional factors

The current standard nomograms for establishing individual patients’ risk levels are
based primarily on three tumor-related assessments available at the time of diagnosis: tumor

Gleason score, clinical tumor stage, and baseline PSA levels.

The Gleason score is a tumor grading system constructed by Donald Gleason to measure
the extent of cell differentiation, a measure of the proliferative potential of the tumor(60).

More differentiated cells (i.e. having the appearance of their tissue of origin) have less




proliferative potential than cells with a less differentiated morphology (appearing more like
stem cells). Prostate cancer tissue is heterogeneous, and within a tumorous tissue section,
more than oné level of differentiation may be observed. For that reason, the Gleason score
is a summated measure of the two most prominent architectural patterns that reflect the
differentiation levels, each scored on a scale of 1 to 5. The Gleason score is therefore
reported on a scale of 2 to 10, with 10 representing the least differentiated, most malignant
form. The Gleason score measured from prostatectomy specimens is especially valuable in
identifying patient risk level. However, for patients receiving EBRT, Gleason score must be
determined from the small tissue block samples derived from biopsy specimens. These
estimates are less reliable and are reported to underestimate the true grade(61,62). Despite
this limitation, the Gleason score has been shown to be a useful independent predictor of

outcome following treatment with EBRT in most studies (63-66), but not in all(67,68).

Clinical tumor stage is a measure of the extent of tumor spread(69), Like all solid
tumors, prostate cancer is staged according to three factors: the extent of organ involvement
at the primary site (T1-T4); the spread to regional lymph nodes (NO-2); and the presence of
distant metastases (M0-1). In the absence of resection, as is the case for patients treated
with EBRT, clinicians cannot rely on a pathological evaluation of the tumor and excised
nodes to determine stage. Instead T and N stages are determined clinically, a measure
predictably less reliable than a pathological determination(70). The extent of spread to the
regional lymph node (N status) can be inferred only by imaging studies. The absence of
abnormalities within the regional lymph node on CT scan suggests a lack of nodal
involvement. Since this has not been confirmed pathologically, the staging nomenclature is

Nx (instead of NO which is traditionally reserved for the pathologically confirmed absence




of regional lymph node involvement). Because of the localized nature of radiotherapy, it
has traditionally been reserved for patients with disease localized to the prostate and
immediately adjacent tissue. However, enlarged treatment fields that encompass regional
lymph nodes have recently been introduced in an attempt to curatively treat patients with
suspected nodal involvement (N1-2). Therefore, until recently, patients undergoing EBRT

had to be deemed Nx and MO.

The presence of distant metastases is only investigated in patients at high risk of having
metastatic seeds as indicated by PSA levels greater than 10 ng/ml. Since bone is the
principal site of distant spread for prostate cancer, the main imaging evaluation required to
confirm the absence of metastatic disease (MO0) is a bone scan. Patients with evidence of
metastatic disease are treated palliatively with ADT. Patients are required to be MO to

receive curative EBRT.

Therefore, stage assignment for patients undergoing EBRT is only based on the extent of
organ involvement by the primary tumor (T staging) as determined by clinical studies. The
clinical T stage classification according to the 1992 edition of the TNM prostate cancer

staging system is as follows(69):

T1 - Clinically inapparent tumor; not palpable or visible. These are limited to tumors
identified on biopsy only which was indicated by elevated PSA levels at screening.

T2 — Tumor confined within the prostate. The extent of prostatic involvement
determines the subcategory of T2:

T2a - Involving < 50% of one lobe
T2b — Involving > 50% of one lobe
T2c — Involving both lobes.
T3 — Tumor extending through the capsule or invading the seminal vesicles.

T4 — Tumor fixed to or invading adjacent structures other than seminal vesicles.
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Clinically determined T stage is directly associated with the risk of progression
following EBRT(57,66,71). More recently, the distinction between T2a and b has been
abolished because of the apparently poor reliability in assessing the extent of lobar
involvement. However, at the time this project was initiated, this distinction was still being

used and, as the results will demonstrate, remains relevant.

PSA is a glycoprotein produced at low levels by normal prostatic tissue. Because it is
abnormally elevated in individuals with prostate cancer, it is being studied in screening
programs of prostate cancer. However, PSA screening has mediocre specificity, and its use
in that setting remains controversial(72). The uncontroverted utility of PSA level remains in
predicting the risk of recurrence with curative therapy, and in detecting the presence of that
recurrence following curative therapy. PSA levels measured at the time of diagnosis (pre-
treatment PSA levels) have been well documented to be highly predictive of the progression
free and disease specific survivals following curative EBRT(20,68,73). During and after
EBRT, PSA levels will drop as cancerous prostate cells are abolished. A consistent rise in
PSA indicates that the disease bulk is increasing, and reflects disease progression (see

section 3.4.1)(74).

While treatment itself is not considered a prognostic factor, it must be considered in
studies where it was heterogeneous. The standard approach to EBRT at the ORCC during
the period studied in this report was modified in keeping with changes in standards. Until
the early 1990s, patients were treated with daily fractions of 1.8 Gy for 36 days, and
received a total dose of 64.8 Gy. Subsequently, the daily fraction dose was increased to 2.0
Gy and the treatment was delivered for 33 days over 6.6 weeks, for a total dose of 66 Gy.

Despite the apparent similarity in total dose level, the tumoricidal potential of the lower
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daily fraction size (1.8 Gy) is smaller. Radiobiologically, a total dose 64.8 Gy delivered at
1.8 Gy daily fractions is equipotent to 60 Gy delivered at 2.0 Gy fractions(75). More
recently, escalated doses of 68-78 Gy (2.0 Gy daily) have been used because they have been
demonstrated to provide better control(4,51,52), but few patients received that treatment

during the period covered by the present analysis.

Although age has only rarely been demonstrated a significant predictor of recurrence in
prostate cancer(15,18), because it is important in estimating the risk of death associated with
prostate cancer, studies continue to evaluate its risk in predicting progression. Therefore,
while age is not expected to be a significant factor in predicting recurrence following EBRT,
age will be included in the analysis to ensure that all patient information readily available

prior to EBRT is considered in the traditional factor model.

2.4 Biomarkers

Biomarkers have been implicated in the risk of developing cancer as well as the risk of
recurrence following curative treatment in various cancer types. There is a wealth of studies
reporting the value of biomarkers in predicting failure following prostatectomy(76), but
fewer considered patients treated by radiotherapy. Understanding the prognostic value of
biomarkers in patients treated with EBRT could lead to improved prediction of disease
recurrence and could potentially be valuable in developing innovative treatment approaches.
Potentially promising biomarkers include MVD, MIB-1, P-53, Bax and BCL2. A brief

review of these biomarkers follows.

All normal tissue is vascularized to support its nutritional and oxygen requirements.

When new tissue is formed, as in tumor growth, signals are released that stimulate the
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development of new vasculature (angiogenesis). In fact, induction of neovascularization is
required for the transition from benign growth to neoplasia(21). Angiogenesis has also been
shown to be a pre-requisite for prostate cancer growth and development of metastases(77).
The most common technique used to assess the tumor’s neo-vascularization levels is the
immunohistochemical evaluation of endothelial cells presence level. Endothelial cells make
the vasculature wall. One measure of the vascular density is derived from the extent of
staining by the monoclonal antibody to vascular endothelial cells CD-34. In the present
study, the microvessel density was detected by an automated process that estimated the
proportion of pixels on a computer screen with CD-34 stain. An example of this is shown in
Figure 1. Higher levels of MVD have been found to be significantly correlated with disease
progression in several prostatectomy studies (22,78-83) and one EBRT study (26).

Figure 1: Microvessel density in prostate cancer tissue section.
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Computer picture of a
histological stain with
CD-34 showing pixels
involved with stain

Histochemical section of prostate cancer tissue stained with endothelial antibody CD-34
showing tumor vasculature measured by an automated electronic process (x40).
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P-53 is a tumor suppressor gene that plays a role in cell cycle control, DNA repair, and
apoptosis(27). The P-53 protein is important in the regulation of cell growth. P-53 mutations
are a common genetic alteration found in several human cancers(84). Mutated P-53 ‘is
theorized to have lost its ability to control cell growth, potentially resulting in or promoting
neoplasm development. In keeping with this hypothesis, studies have shown that mutated P-
53 levels correlate with stage as well as tumor differentiation in prostate cancer (28-33,85).
The mutated, but not normal, form of P-53 protein is detectable immunohistochemically. An
example of P-53 stain is found in Figure 2. P-53 overexpression was found to be
significantly associated with radioresistance in some prostate cancer studies (34),(35) but not
all (36,37).

Figure 2: P-53 expression in prostate cancer tissue section

€83 WY el nuce positively

Histochemical section of prostate cancer tissue stained with Novacastra monoclonal antibody
DO7 showing presence of mutated P-53 protein in a small proportion of cell nuclei (x40).
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Tumor cells divide at different rates. Ki-67 is a nuclear antigen elevated during cell
division. Ki-67 is measured using the MIB-1 antibody. Reports of this test in the literature
use the two names interchangeably. Examples of MIB-1 staining are found in Figure 3.
MIB-1 is an indicator of the proliferation rate, and therefore, is expected to reflect biological
aggressiveness(40). Clinical evaluations of MIB-1 in prostate patients receiving EBRT
suggest that the MIB-1 as a measure of proliferation rate is a predictor of disease recurrence.
One study reported that patients with recurrences following EBRT were more likely to have
elevated MIB-1 activity in their pre-treatment specimens (78%) compared to patients
without recurrence (32%)(41). Another study found that specimens from locally recurrent
tissue have a proliferation rate two times higher than their pre-treated counterparts(42).

Figure 3: MIB-1 expression in prostate cancer tissue section

- Cell nuclei positively
stained for MIB-1

Histochemical section of prostate cancer tissue stained with monoclonal antibody to MIB-1
demonstrating presence of MIB-1 in 3 of positive cell nuclei (x40)

Normal tissue homeostasis is maintained by a balance between cell proliferation and

apoptosis. BCL2 is an oncoprotein that inhibits apoptosis. Therefore, overexpression of
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BCL2 promotes oncogenesis by inhibiting cell death and extending cell life.

Overexpression can also lead to increased cell cycle duration by prolonging of the G1 phase
of the cycle. BCL2 immunoreactivity (see Figure 4) was found to be significantly
associated with outcome following EBRT in several studies, although reports of its
predictive effect are conflicting. One study described BCL2 immunoreactivity to be
associated with a better disease control(39) while others report it associated with a higher
risk disease progression in EBRT(34,38). BCL2 is also believed to play a role in response
to ADT. One study found that cancer growth inhibition following castration of nude mmice
was significantly higher in BCL2 negative tumors compared to BCL2 overexpressing
tumors(86).

Figure 4: BCL2 expression in prostate cancer tissue section

BCL2 positive: BCL2
cytoplasmic staining in
the majority of cells

BCL2 negative: BCL2
cytoplasmic staining in
less than 50% of cells

Histochemical sections of BCL2 immunoreactive prostate cancer tissue stained with
monoclonal antibody for BCL2 showing BCL2 positive and negative sections (x40)

Bax protein regulates apoptosis in cellular pathways involving both BCL2 and P-53.
While BCL2 is an apoptosis suppressor, Bax is an apoptosis inducer. Bax has not been

extensively studied in prostate cancer treated with EBRT. One study found that Bax
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immunureactivity (Figure 5) may be marginally predictive of good disease control, and
suggested an interaction between the two apoptosis regulators BCL2 and Bax in predi cting

outcome(38).

Figure 5: Bax expression in prostate cancer tissue section

| Bax negative: Bax
. cytoplasmic staining in
. less than 50% of cells

Bax positive: Bax
cytoplasmic staining in
the majority of cells

Histochemical section of Bax immunoreactive prostate cancer tissue stained with Coulter
monoclonal antibody to Bax :

2.4 Prediction models

Prediction models are nomograms or equations that rely on prognostic factors to help
distinguish those patients in whom the treatment planned is more likely to be successful
from those that could potentially benefit from more aggressive treatment. Currently
available models have limited clinical usefulness in predicting outcome for prostate cancer
patients treated with EBRT for two reasons. The first is that the current prognostic factors
can only explain some of the variability in outcome, and the second is that the choice of

outcome measure studied.
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All models currently available to predict outcome following EBRT were developed to
estimate the risk of biochemical progression. While a rise in PSA is indeed usually the first
indication of treatment failure, it does not identify the site of recurrence. Patients treated
with curative radiotherapy may suffer a local relapse (within the site of radiotherapy) or
develop distant metastases, both of which are accompanied by a rising PSA. The biological
basis for tumor regrowth at the site of original disease (local failure) and for dissemination
of disease (distant progression) are different. Therefore, combining these two outcomes into
a single category (biochemical or PSA failure) would confound the effect of a factor on one
outcome by its effect (or lack of) on the other outcome. Also, if a model does not
distinguish between treatment failure within the irradiated field and disease recurrence
outside that area, it cannot be effectively used to determine what change in the management
of the patient would potentially improve control. For example, patients at a higher risk of
local failure may benefit from more aggressive local treatment like higher doses of EBRT or
use of a radiosensitizer in combination with EBRT, while patients at higher risk of
developing distant metastatic disease may have better disease control if a systematic form of
therapy is used adjunctively to EBRT.

I propose that models should be developed separately for the prediction of local and
distant progression. I postulate that biomarkers associated with a generally more aggressive
phenotype would contribute to the overall risk of disease recurrence, regardless of site,
whereas those conferring radioresistance would identify patients at risk of local but not
necessarily distant recurrences, and those facilitating dissemination and survival of

metastatic seeds would be associated with a higher risk of distant progression.
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All algorithms/models currently available for the prediction of treatment failure
following EBRT consider PSA levels, Gleason scores and clinical T stage(12,13,13-
18,87,88) and, in some cases, age(15,18). All these measures are routinely available at the
time of diagnosis and, because they have been demonstrated very useful, they have become
part of standard patient care assessments. In a subset of studies, the model developed also
relies on information that becomes available only after the start of therapy to make a
determination about the probability of disease control. For example, the model developed
by Ben-Josef and colleagues considered the nadir PSA level following EBRT as a covariate
in the model. This measure is understandably highly predictive of the long term risk of
recurrence since PSA nadir is itself a surrogate measure of outcome (87% sensitivity and
80% specificity)(15). However, since PSA nadir information only becomes available after
the treatment selection has been made and treatment implemented, it cannot be used to make
a prospective determination of the optimal treatment. Only models based on pre-treatment
information can be used to select optimal management. In 1999, Vollmer studied several
major models developed for predicting treatment failure following EBRT. He attempted to
validate a subset of the best models in a cohort of 240 men treated with curative EBRT.
Using a logistic regression analysis, he reported that the best model could only explain
approximately 18% of the variance, and concluded that the models evaluated have limited
usefulness. He suggested that models could be improved by adding new variables, such as
biomarkers(11). More recently, Kattan and colleagues performed a similar evaluation of
available models. They measured the validity and accuracy of various pre-treatment EBRT
models, including one model developed by their group, in an independent patient cohort of

912 patients. Some of the models included in their analysis had been developed in very a
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large cohort of patients and were expected to perform rather well. A measure of
concordance was used to estimate the models’ ability to discriminate between risk levels.
That analysis compared models for their ability to select between two patients the one likely
to have a better outcome. They reported on the concordance measure Somer’s D, a value
from which a more easily interpreted concordance measure, the ¢ index, could be derived.

A model without any predictive ability would randomly correctly identify the patient with
the better outcome 50% of the time, and would produce a ¢ index of 50%. Kattan reported
Somer’s D values for the models studied ranging between 30 and 52, indicating that the
models could correctly identify the patient with the better outcome (c index) 65% to 76% of
the time(12). His results demonstrate that currently available models have limited predictive
ability, and other measures of disease aggressiveness are required to improve the predictive

ability of models.

Since biomarkers have been shown to be associated with the risk of risk of biochemical
recurrence, information derived from biomarker evaluation may improve the accuracy of a
model that is based on traditional factors only. The majority of studies evaluating
biomarkers in prostate cancer were conducted in patients undergoing prostatectomy(80,89-
103). Fewer studies have been performed in patients receiving external beam

radiotherapy(12-14,17,18,87,88).

To date, only two studies have incorporated biomarker information in model
development. Both were performed in patients undergoing radical prostatectomy(97,104).
Liebovich found P-53 to be an independent predictor of biochemical recurrence and reported
a 5% improvement in the model’s ability to discriminate risk level (¢ index) compared to the

model excluding P-53 and based on traditional factors only(97). Bauer found P-53 and
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BCL2 to be significant independent predictors of treatment failure, but did not quantify the

improvement in predictive value by adding these markers to a model based on traditional

factors only(104).

The present study is the only report of prediction model containing biomarkers
performed in a cohort of patients receiving curative radiotherapy. Since each marker has a
biologically distinct role in regulating cell growth and survival, it follows that their effects
may be dependent on the type of therapy given, and therefore, interpretations must be
limited to the context of that treatment type. More studies are required to elucidate the
association between biomarkers and the risk of disease progression amongst patients
receiving EBRT. These studies must also distinguish between the risks associated with local
progression from those associated with distant progression so that therapy may be tailored

appropriately.

For patients undergoing EBRT, the current supplemental therapeutic options include use
of a short or prolonged course of neoadjuvant ADT and dose-escalated radiotherapy. Other
adjunctive approaches are a prospect of the future. Scientists believe that targeted gene
therapy is a plausible future therapeutic approach for prostate cancer(105), and current
experimental studies support this notion. For example, if P-53 is demonstrated to be a risk
factor in patients receiving EBRT, then patients expressing mutated P-53 proteins may be
candidates for P-53 gene therapy. Pre-clinical evaluation of P-53 suggests that transfecting
wild type P-53 into cells with the mutated gene reinstates the suppressive properties of its
protein and resulted in significant cell growth inhibition and apoptosis(106,107), reduced
risk of metastatic formations(106), and improved sensitivity to radiation in culture(108) and

in vivo(109).
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2.6 Objectives

The primary objective is to assess the value of biomarkers over that of traditional factors
in predicting the risk of treatment failure following radical radiotherapy for prostate cancer.

The secondary objectives were 1) to elucidate the prognostic value of biomarkers in
prostate cancer patients undergoing definitive radiotherapy (univariate analyses) and 2) to

describe the relationship between traditional factors and biomarkers.
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3. METHODOLOGY

3.1 Study design

This study is based on a retrospective cohort from a single large cancer treatment and
research institution, the Ottawa Regional Cancer Center (ORCC). The ORCC is the only
cancer treatment facility in the Capital region and serves a population of approximately one

million in Eastern Ontario.

3.2 Patient population
In order to maintain a relatively uniform patient population, eligibility was limited to
individuals meeting the following criteria:
1. Pathologically confirmed prostate carcinoma treated with curative intent at the ORCC.
2. Clinical stage T1-4, Nx (assumed NO) and MO.
3. Having received radical radiotherapy treatment (EBRT) at the ORCC between June 1987
and June 1997 (to ensure that adequate follow-up was available).
4. Availability of sufficient archival biopsy tissue for biomarker analysis (at least one
marker).
Patients were required to meet all inclusion criteria. They were excluded if they had
undergone radical prostatectomy or had suspected nodal disease. Patients having received
adjuvant hormonal therapy were permitted in the study. In total, 199 patients were

identified.
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3.3 Data extraction

Data extraction was performed without the knowledge of biomarker expression level
(and usually prior to that assessment). Approximately 75% of the data required for this
study had been previously collected by a research assistant as part of an ongoing effort to
capture patient clinical information for future research questions. For the purpose of the
current study, information was extracted from this databank and tested for internal
consistency. Missing information and unusual data were checked against original source
documents (patient cancer clinic electronic and paper charts, and pathology reports of
biomarker). Details of therapy and outcome were all independently reviewed and updated
specifically for this analysis. The information collected is listed below.

Traditional characteristics:

1. Age: Date of diagnosis — Date of birth

2. Clinical stage: Recorded by the physician at the time of diagnosis

3. Gleason score: Available in the diagnostic pathology report derived from biopsy
specimens

4. Pre-treatment PSA score: Last PSA evaluation prior to any form of therapy (hormonal
or radiation)

Biomarkers (provided blinded by Dr. S Robertson (pathologist) using immunhistochemical

studies of diagnostic biopsy specimens)

1. MVD: % pixel area involved by endothelial cells

2. MIB-1: Percent of cells stained positive

3. P-53: Percent of cells stained positive

4. Bax : Positive or negative
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5. BCL2: Positive or negative

Treatment:

1. Adjuvant androgen deprivation therapy: Use and duration of ADT

2. Radiotherapy: Daily fraction size and total number of treatment fractions

Outcomes:

1. Biopsy status: Date of post therapy trans urethral ultrasound (TRUS) guided biopsy and
pathological results throughout follow-up (coded as follows)
a. Viable cells with little or no radiation effect (damage) — unequivocal positive biopsy
b. Viable cells with moderate or severe radiation effect — Equivocal results, assumed

negative, to re-evaluate

c. No viable cells — Negative biopsy

2. Post therapy PSA levels — Date and serum level of total PSA throughout follow-up
period

3. PSA progression status - Date and PSA progression status (occurred/did not occur), see
outcome definition section 3.4.1

4. Local progression status — Date and local progression status (occurred/did not occur), see
outcome definition section 3.4.2

5. Distant progression status — Date and distant progression status (occurred/did not

occur/censored), see outcome definition section 3.4.3

3.4 Patient follow-up and outcome definition

Patients were followed with TRUS guided biopsies at two years following the end of
radiotherapy, and then as clinically indicated by a rise in PSA or symptom development.

PSA assessments were performed twice yearly for the first year, then yearly unless indicated

25




by symptoms. When a rise in PSA was documented, the interval between PSA assessments
was usually reduced to 3-6 months so that the presence of biochemical progression (which
requires repeated evaluations) can be reliably assessed. Imaging tests (primarily bone scan)
to evaluate the presence of distant metastases were carried out only when indicated by a rise
in PSA levels or symptom development. Patient outcome was divided into 3 clinically

relevant categories: biochemical (PSA) failure; local failure; and distant failure.

3.4.1 Biochemical failure

In the majority of patients, EBRT produces a considerable drop in the PSA levels present
before treatment start. In many patients, EBRT is successful in reducing PSA levels to
within normal range. Because PSA is a measure of disease bulk, a rise is the first indication
of disease progression(74,110). PSA assessments were performed every six months for one
year, then yearly subsequently. However, the presence of symptoms prompted an
immediate PSA evaluation. If that evaluation showed a rise in PSA levels, subsequent
evaluations were performed at 3-6 months intervals to document (or exclude) progression.
PSA failure was determined according to the American Society of Therapeutic Radiology
and Oncology (ASTRO) consensus definition(74,110). According to that definition, 3
consecutive rises in PSA levels must be documented to establish biochemical failure. The
time to biochemical failure was the interval from the end of radiotherapy until the midpoint

between the last non-elevated PSA value and the first rise as exemplified in Figure 6.
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Figure 6: Example of time to biochemical progression estimate

Time to biochemical progression: 63.2 months

06/19/90 09/22/95
PSA’ 15.3 16.3 12.1 2.1 0.04 0.03 1.2 2.2 5.2
Date | 05/01/00 | 05/05/90 | 06/19/90 | 12/12/90 05/31/91 06/21/95 | 12/22/95 | 05/15/96 | 09/31/96
Event | Diagnosis | XRT start [ XRTend | 6mopost | 1yrpost S5yrspost | 1#rise | 2rise | Failuret

Patients having not had a confirmed biochemical failure were coded as having “no

biochemical recurrence” for the interval between treatment end and last follow-up.

3.4.2 Local failure

The definition of local failure (or local recurrence) required a confirmed biochemical
failure (as defined above) AND an unequivocal positive biopsy (see section 3.3 “Biopsy
status” for definition). A single scheduled biopsy was performed at two years.
Subsequently, biopsies were only performed if the patient reported pelvic symptoms
suggesting a local recurrence or in the presence a biochemical progression to document the
site of disease progression. Time to local failure was the interval between the end of
radiotherapy and the date of biochemical failure or positive biopsy; whichever came later.
Patients with no documented local failure were coded as having “no local recurrence” for

the interval between treatment end and last follow-up.

" PSA levels in mg/ml
t Confirmed treatment failure
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3.4.3 Distant failure

Distant failure is the presence of metastatic disease. The definition required confirmed
biochemical failure (as defined above) AND the presence of radiologically documented
tumor outside the pelvic area. There were no scheduled radiological evaluations after the
start of treatment. These evaluations were only ordered if the patient reported symptoms
that could have been associated with the development of a metastasis or in the presence of
biochemical progression so that the site of disease progression could be established. Time to
distant failure was the interval between end of radiotherapy and date of biochemical failure
or radiological evidence of metastasis; whichever came last. Patients with no evidence of
distant failure were coded as having “no distant recurrence” for the interval between

treatment end and last follow-up.

3.4.4 Outcome assignment

Patients undergoing EBRT are at risk of recurring locally and/or of developing
metastatic disease. The risk of one event is likely not independent of the other. Specifically,
patients having recurred locally may be at a higher risk of developing metastatic
disease(111-115). Also, patients with local progression usually received systemic treatment
consisting of androgen ablation therapy shortly following progression to control local
symptoms. Since the two events are not independent, and treatment intervention usually
follows recurrence, patients having had a documented progression at one site could not
continue to be followed for the recurrence at the other site without compromising the risk
estimate. For that reason, individuals with a biochemical progression were coded as having

had local OR distant progression, whichever came first, unless both occurred within 3
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months. That is, unless an individual had documented local and distant progression
occurring within 3 months, patients were always assigned the failure site documented first.
In this cohort, when the two events were observed in the same patient, local recurrence
always preceded distant progression. For these patients, the follow-up for distant
progression was censored at the time of local recurrence. Patients who had simultaneously
documented local and distant failures were considered in both analyses because the temporal
relationship between the two events precluded an impact of one event on the risk of the

other.

3.5 Sample

Based on the eligibility criteria listed above, 199 patients were included in this study.
All biomarkers could not be evaluated in the entire cohort because tissue availability was
limited to the core biopsy tissue extracted at diagnosis. Tumor vascularity (MVD), MIB-1
levels, P-53 status, Bax status, BCL2 status were measured on a subset of 166, 156, 149,
150, and 150 archival pretreatment biopsies specimens, respectively. A group of 126

patients had results for all biomarkers.

3.6 Inmunohistochemistry measures of biomarkers

Biomarkers expression was determined from the diagnostic biopsy specimens. MVD, P-
53, MIB-1 and BCL2 were visualized using the Avidin Biotin immunohistochemical
method. Bax was visualized with the peroxidase antiperosidase (PAP) method. Tissue
evaluated for P-53, MIB-1 and BCL2 (but not MVD or Bax) were primed using the heat
induced epitope retrieval (HIER) with decloaker biocure at pH 6.0, then incubated with their

respective antibody. Only BCL2 required overnight incubation. For MVD and Bax, HIER

29




was not required. Antibodies and their dilutions were as follows: for MVD - Vector NCI-
end diluted at 1/75; for P-53 - undiluted NCICP53-D07 (vector laboratories), for MIB-1 -
DAKO M722240 diluted at 1/150, for BCL2 - DAKO M887 diluted at 1/10, and for Bax -
DAKO A3533 diluted at 1/50.

The measure of vascular surface area was determined from areas of highest vascularity,
the so-called “hot spots”. Hot spots were identified by scanning the biopsy sections under
low power fields. MVD was estimated using an automated image analyzer and is expressed
as a percentage pixel area on the computer screen containing CD34 stain. This was referred
to as the microvessel density or MVD. MIB-1 and P-53 are expressed as a percentage of
nuclei containing positive stain. BCL2 and Bax are expressed as positive or negative based

on the cytoplasmic staining of the majority of tumour cells.

3.7 Statistical analysis

3.7.1 Data description

Patient demographic, treatment, biomarker, and outcome information are reported in
frequency tables and/or diagrams. To demonstrate the relationship between biomarkers and
traditional factors, cross tabulations and correlative graphs were produced. The purpose of
evaluating the relationship between biomarkers and traditional factors was to visually
evaluate whether an association was present that could help explain the loss of biomarker
correlation with outcome measures in the multivariate setting. For that reason, no statistical

analysis was carried out to evaluate the statistical significance of any association.
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3.7.2 Imputing the site of progression

Since the palliative therapy prescribed to patients having progressed after EBRT is not
dependent on the site of that progression (local versus distant), clinicians often do not see
the need to carry out extensive investigations to identify that site, but rather begin palliative
treatment based principally on the extent of disease measured by PSA levels. For this
reason, there was a subset of patients (24%) with documented biochemical progression but

in whom investigations were insufficient in determining the site of progression.

Since this study aims to establish risk factors associated with local recurrence and distant
progression separately, identifying the site of progression was essential. Therefore,
imputation of the site of progression was done where it was not known. PSA doubling time
at the time of biochemical progression was used as an indicator of the recurrence site. PSA
doubling time had previously been demonstrated to be considerably shorter in patients with
distant metastases compared to those with local recurrences(116-118). The PSA doubling
time could therefore be used to ascribe the site of recurrence. To establish the optimal PSA
doubling time cut off mark for imputing the site of recurrence, a receiver operating
characteristic (ROC) curve was developed that identifies patients with a local recurrence.
By elimination, patients having not met the criteria for local recurrence were assigned a
distant progression site. Only patients with a biochemical recurrence and clearly
documented site of recurrence were used to produce the ROC curve.

Sensitivity of the cut off marks evaluated is the proportion of cases with local
progression that would have been correctly assigned that site of progression using PSA

doubling time. It was calculated as follows:

Correctly predicted local progression
Total observed local progression
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Specificity of the cut off marks evaluated is the proportion of cases with absence of local
progression (i.e. documented distant progression) that were also correctly assigned to have

had no local progression when using PSA doubling time. It was calculated as follows:

Correctly predicted non-local progression
Total observed non-local progression

3.7.3 Univariate survival analyses of time to progression

3.7.3.1 Survival and hazard functions background

The survivorship function is the probability of observing a survival time (T) greater than
or equal to some stated value t, and is denoted as:
S(t) = Probability (T>t)

Under the proportional hazards assumption, the survivorship function for a subject with

6,2 o

a covariate “x” is denoted as:
S(t,x,B) = [So ()] P where [So ()] is the baseline survival function.

The Cox model is a semi-parametric method of estimating a survival function since it
does not explicitly describe the baseline function (ho (t)). The hazard function for a subject

with covariate equal to x is denoted:
h(t,x,B) = e "B B = h, (1) & where [hy (t)] is the baseline hazard function.

Since the proportional hazards model does not explicitly specify the baseline function
(and the error component of the model), it is not possible to use the log-likelihood function
used in other regression models to evaluate the best fitting model. Instead, the Cox model

uses a partial likelihood function. Without knowledge of the baseline survival function, only
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ratios of the hazard for one group with a set of variables (vector) compared to another group

can be estimated(119).

The hazard ratio (HR) for a subject with covariate equal to x; compared to one with

covariate equal to the reference (xo) is therefore denoted:
HR(t,x1,X0) =€ Bx: - x0)

Three statistics exist to evaluate the contribution of a variable to a model. These are the
score test, the partial likelihood ratio test and the Wald test. These tests are founded on

different statistical properties and assumptions but provide similar results.

The score test is useful in evaluating the potential significance of individual variables
prior to entering the equation. The score test, denoted Z', follows a standard normal
distribution with degrees of freedom equal to the number of categories in that variable. Z" is

a derivative of the log partial likelihood.

The log likelihood ratio (LR) test provides the significance level of adding an individual
variable or a set of variables to the equation. That is, it compares the — 2 log likelihood (-2LL)
values of the two nested models. The log likelihood ratio test, denoted by G, follows a chi-
square distribution with degrees of freedom equal to the number of new variables in the more
complex model. The likelihood ratio test is the preferred choice for evaluating the contribution

of (a) variable(s).
G = (-2LL of larger model) - (-2LL of nested model)

The Wald statistic provides the significance level of variables (and their individual
strata) contained in the equation. The Wald statistic, denoted Z, follows a standard normal

distribution with degrees of freedom equal to the number of categories for that variable.
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Z = P/standard error of ()

3.7.3.2 Methodology

Kaplan Meier(120) and Cox regression(119) univariate analyses were used to depict and
quantify the prognostic value of the variables on the risk of local, distant and biochemical
progression separately. Univariate Cox regression analysis was also used to evaluate the
linearity of the relationship between continuous variables and outcome as well as identify

potential categorization of continuous and ordinal variables.

Linearity
The following procedure was applied to evaluate linearity:

1. The variable was coded into small groups. The size of these groups varied based on the
number of events available in that each analysis (local, distant or biochemical). When
events were clustered, the size of groups were adjusted to ensure that at least one event
was present in each group. The coded variable was regressed (Cox model) against the
outcome and the resulting coefficient value (B) associated with each stratum was plotted
against the median value of the stratum. To produce a smoother curve, plotted
coefficient values were weighted for the number of patients in the strata and running

averages of three neighboring strata were plotted.

2. Linearity was visually assessed. Variable having a linear relationship with outcome
were left untransformed. Variables found to be non-linear, were categorized into groups
with apparently homogenous risk levels. Categorization was the simplest approach to
correcting linearity in this preliminary phase of the evaluation. The best transformation

for these variables was carefully evaluated in the multivariate setting.
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Univariate risk

The risk associated with each variable was established using a Cox regression analysis

and depicted with a Kaplan Meier plot. P values associated with Wald statistics for the

variable in the Cox equation are reported.

Biomarker hormone interaction

ADT could potentially modify the effect of biomarkers in predicting disease control.
That is, the prognostic value of a biomarker may be different amongst patients having
received ADT then those ADT naive. To evaluate the effect modifying properties of ADT
on biomarker related prognosis, a Cox regression analysis stratified according to ADT was
performed, and the resulting hazard ratio in the two strata reported. The statistical
significance of that interaction was investigated by adding an interaction term between
biomarker and ADT to a Cox regression containing that biomarker and ADT (see section

3.7.4.3). A p value < 0.05 was required to establish the presence of interaction.

3.7.4 Model building strategies

Each model was built in three steps. The initial step was used to select the variables that
should be included. The second step consisted of re-evaluating the continuous variable
linearity in the multivariate setting, and adjusting their form, where appropriate. And the
final step consisted of investigating the presence of interaction, and adding interaction terms
to the model, if required. The same strategy was used to build the traditional factor and
biomarker models. Model development was guided by the procedures described by Harrell
and colleagues for data reduction, model verification and model validation(121). To enforce

parsimony and avoid overfitting, only variables with a significance level < 0.10 were
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included. For local and biochemical models, the ratio of events to number of variable in the
equation was not to exceed 10. Because of the small number of distant events, this criterion

could not be adhered to in the distant progression model.

3.7.4.1 Step 1: Variable selection

Variable selection for inclusion into the multivariate model was carried out using a
forward stepping model-building strategy. The process was as follows:

1. The best form of each variable, as determined in univariate analysis, was considered.

2. All variables were entered sequentially into the equation based on the score test
significance level.

3. At each step, the value added by the new variable was measured using the LR test.

4. Because of the small sample size, variable selection p-value cut-off was established at p
<0.10. This permitted inclusion of variables that were meaningful contributors to the
equation but did not reach significance because of the small cohort sample.
Exceptionally, because there is strong evidence that pre-treatment PSA levels, Gleason
score and clinical stage are significantly associated with outcome invprostate cancer, and
because current clinical nomograms rely upon these parameters, these three variables

would be forced into the equation if any did not meet the p value requirement. }

During model building, close attention was paid to the size of the standard error.

Unusually large standard errors (as well as unusually large coefficient estimates) can be

! Changes in the coefficient estimates of variables already in the equation are considered a
measure of the confounding effect of the new variable added and is sufficient basis for
including that variable in some model building strategies. However, since the goal of this
analysis was not to evaluate a main effect, changes in coefficient estimates induced by the
entry of a variable were not considered.
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indicators of numerical problems such as monotone likelihood (absence of events ina
vector) or extreme collinearity between two variables, which require correction. Duration of
ADT was not incorporated into the variable selection list, but was studied in the interaction

analysis.

The biomarker models were extensions of the final traditional factor models (including
variable transformation and interaction terms). For these models, the variables included in
the final traditional factor model were forced into the model, and biomarkers individually
stepped into the equation using the process described above. The traditional factor model is
therefore always nested within the larger model containing biomarkers. Since results for all
markers are only available on a subset of patients (63%), including all biomarker variables
in a single analysis would considerably diminish the power of the analysis due to case-wise
deletions. For that reason, biomarkers were manually forward stepped in separate equations
individually. The LR significance level obtained from incorporating each biomarker in its
equation was used to determine the order in which the biomarkers were entered in the
model. After the first biomarker was incorporated into the model, the analysis was repeated,
entering each of the remaining biomarkers in separate analyses to determine their

significance levels, until no more biomarkers were found significant.

3.7.4.2 Step 2: Linearity verification and variable transformation

The best transformation for continuous variables was evaluated in the multivariate
setting. Two approaches were used:
1. Visual evaluation: The graphical method of representing the relationship between the

various levels of a continuous variable and the outcome as described in section 3.7.3.2
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(Linearity) was repeated in the multivariate setting, and a visual evaluation of linearity

was performed.

Fractional polynomials: This analytical process detects deviations from linearity and

allows the presence of other forms of relationships to be evaluated. The process was as

follows:

a. Continuous variables were transformed to the following individual powers: p = {-2, -
1,-0.5,0,0.5, 1, 2, 3}(122), where p = 0 denotes the log of the variable and the other
p values represent the variable raised to that power. Negative powers represent
1/transformed variable.

b. Multivariate regression analyses were performed in which each transformed version
of the variable was added to the equation separately. The LR was evaluated to
determine the significance level of each transformation and identify those most
appropriate.

¢. When more than one transformation appeared adequate, each were visually evaluated
for linearity using the visual approach described above, and the most appropriate

form selected for inclusion in the model.

3.7.4.3 Step 3: Interactions

The following procedure was used to investigate the effect-modifying property of one

variable on another (interaction):

1.

An interaction term between the two variables of interest was added to the model and the
significance of the resulting LR measured.
The interaction term was maintained in the model if the p value of the Wald statistics for

the LR test was < 0.05.
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3. If the interaction term was included, the corresponding main effects were also

maintained in the model regardless of whether a reduction in their significance level

occurred.

When an interaction variable was found significant and included in the model, the risk

associated with the groups formed by that interaction were calculated as shown in Table 1.

Table 1: Dichotomous variable interaction computation

Coefficient of | Coefficient of | Coefficient of| Sum of
variable 1 variable 2 | interaction | Coefficients
X 1 reference * X 2 reference 0 0 0 0
X 1 other strata * X 2 reference B: 0 0 B:
X 1 reference * X 2 other strata 0 B. 0 B,
X 1 other strata * X 2 other strata By B, Bis B+ Bat+ Bisa

3.7.5 Verifying the proportional hazard (PH) assumption

In a proportional hazard model, the hazard function for a subject with a covariate set

(vector) equal to x is denoted:

m(t,x,B) =e PN therefore,

In [A(t:x,B)] = In [ho(t)] + xB

(log of the baseline function + linear predictor)

The hazard ratio is a comparative measure of survival experience over the entire time

period. Therefore, the hazard ratio must not depend on time, and the Cox model is

contingent on the PH of the variables it contains. The PH assumption was evaluated

visually using the —In (-In(S)) approach and mathematically through a time-dependent

interaction term.
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3.7.5.1 Using the univariate graphical approach: -In (-In (S))

The —-In (-In(S)) plot was used to evaluate the proportional hazard of categorized
predictors. The In (-In(S)) is the natural log of the negative natural log of the cumulative
survival at any time (t). It can be mathematically equated to the cumulative hazard function.
The negative of this second log may be produced to graphically depict mostly positive
results. When visually evaluating —In (-In(8)) plots, the cumulative hazard of an individual
strata is compared to the strata forming the reference group. To obtain —In (-In(S)) plots, a
stratified Kaplan Meier analysis was done within levels of the predictor, and the —In (-In(S))
of each stratum was computed and plotted against time. The assumption of PH is not met if
the curves intersect or are not parallel in some other way. It is generally recommended that
a conservative approach be used so that only those curves that clearly diverge from

parallelism be said to have not met the PH(122).

3.7.5.2 Using a time-dependent interaction variable

An interaction term between the variable being evaluated and time (a time-dependent
variable) was introduced in the model to evaluate whether hazard rate was proportional over
time. If that interaction variable was statistically significant (p<0.05), then the assumption
of proportionality of hazard was rejected. For variables with non proportional hazard, an
extended Cox model was developed in which a time-dependent interaction variable was

included.

3.7.6 Depicting models
Mathematical models provide numerical estimates of risk ratios but, in the absence of

graphical representations, these estimates are difficult to interpret. Most published models
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use Kaplan Meier curves to illustrate the relationship between the risk level measured by a
model and the corresponding patient outcome(13,13,14,17,18,87,88). Risk estimates
obtained from the models are usually categorized into 3-6 strata, and the corresponding
Kaplan Meier PFS curves for each stratum is plotted. In keeping with this practice, the PFS
of the models developed in this study were also depicted graphically. The hazard ratio
scores derived from model equation were divided into four strata of equal size (cut offs were
established between 0-25% (strata #1), >25%-50% (strata #2), >50%-75% (strata #3) and
>75% (strata #4) percentiles for the hazard ratios) and Kaplan Meier plots of the observed

PFS in each strata was generated.

3.7.7 Comparing models

To quantify the impact of adding a biomarker to the model based on traditional factors
only, each biomarker model was compared to its nested traditional factor model to
determine the extent to which the additional variable(s) improved to the model’s predictive
value. Models were evaluated for their predictive accuracy and discrimination using two

approaches: Information Criteria and ¢ index.

3.7.7.1 Information criteria

In the Cox regression model, the —2LL is the measure of explanatory power of a model.
However, the LR increases monotonically with number of independent variables in the
model. Therefore, basing the comparison of models on the LR value alone is contrary to the
parsimony principal. Alternative forms of evaluations that incorporate a penalty for larger
models include the Akaike (AIC)(123) and Bayesian or Schwartz (BIC) information

criteria(124). The AIC and BIC are useful for nested and non-nested models and have been
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used in the prostate predictive model literature(12,15,125) . The premise of these measures
is that the —2 LL of one model can be compared to the —2LL of another model if an adequate
penalty is added for the larger number variables. The concept is that, to be selected, the
larger model must have more explanatory power than the effect of adding more variables.
The AIC and BIC represent trade-offs between underfitting and overfitting the sample data,
which is the fundamental principle of parsimony. In these tests, the smaller AIC and BIC

values reflect the better model. The computations are as follows:

Akaike information criterion:

AIC = -2 Log likelihood + 2 K, where K = number of parameters estimated in the model
Schwarz information criterion:

Schwarz adapted the AIC by adjusting the penalty component to include a measure of

the sample size in which the model was developed.
BIC = -2 Log likelihood + log (N) K, where N = sample size of the model
Corrected Akaike information criterion:

When the ratio of the sample size to the number of parameters in the model (N/K) is
smaller than 40, a bias adjustment to the AIC is recommended. The adjusted (or corrected)

AIC has the following form:

AlICc=-2 Log likelihood + 2 K + 2 K (K+1)
N-K-1

The corrected Akaike information criterion was determined to be the least biased
estimate of the goodness of fit in the present study because the ratio of sample size to

number of parameters in the model was smaller than 40 in all analyses. All three criteria
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will be reported so that changes in other information criterion may be available for

comparisons with other reports in the literature.

3.7.7.2 Concordance index (c index)

The ¢ index is a widely accepted measure of predictive discrimination that is related to
the ROC curve(126). It reflects the ability of the model to discriminate between those
patients less likely from those more likely to relapse. In the survival analysis, the risk level
measure derived from the model is the hazard ratio. The ¢ index is derived from comparing
the hazard ratios for pairs of patients to the real outcome to determine whether the two are
concordant. In survival analyses, the only evaluable pairs are those in whom the event has
occurred in both patients, or has occurred in one patient and that survival duration was
surpassed by the other. For pairs where the PFS of the second patient did not attain a
follow-up equal to or greater than that in the patient who had progressed, or where both
patients are progression free, the accuracy of the model cannot be assessed (non-evaluable).
For all others, if the PFS duration is consistent with the hazard ratio (e.g. a longer PFS is
observed in the patient for whom the PFS was predicted to be larger (smaller hazard ratio)),
the pair is said to be concordant and is assigned a score of “1”. Discordant pairs are
assigned “0”, and pairs in whom the PFS or hazard ratio is the same are assigned “0.5”. The
¢ index is generated by summing the scores obtained for all evaluable pairs and dividing it
by the total number of evaluable pairs. A c index of 50% reflects the absence of predictive
value, and would be expected from randomly assigned risk levels, whereas a ¢ index of
100% would reflect 100% predictive accuracy. The c index has been used to measure the

predictive value in some prostate models(15,97), and can be converted to a related measure
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of concordance called Somer’s D rank which has been used in others(12) by simply

subtracting 0.5 from the measure and multiplying the result by two.

3.7.8 Reporting the results

Tables and figures have been used throughout the text to help display results. Tabular
and graphical representations of results that are germane to the principal objectives of this
study are included in the result section. Those determined to be ancillary to the main
objectives of the study but relevant, were relegated to appendices. The appendices are
grouped into 4 main sections (A, B, C and D) supporting analyses in section 4.1-4.3, 4.4,
4.5, and 4.6, respectively. When a table or figure contained in an appendix is referred to in
the text, the appendix section label precedes its number. For example, Figure 1 refers to the

first figure in the text whereas Figure A-1 refers to the first figure in appendix A.
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4. RESULTS

4.1 Data verification and summary

4.1.1 Eligibility

Patients were only eligible for the present analysis if at least one biomarker evaluation
had been performed. Patients had been identified for biomarker assessment from a cohort of
patients identified for research and for whom clinical information had been partially
captured in a clinical databank. At the time the clinical databank was created, the lead
investigator carried out her clinical activities at the General division of the ORCC, and only
patients treated at that division were included in the databank. In the mid 1990s, patients
treated at both divisions, the Civic and General, were prospectively included in the
databank. The only criterion for inclusion in the database was a diagnosis of organ confined
prostate cancer treated with curative intent with radiotherapy. For the period specified for
inclusion in this study, clinical information on 496 patients had been extracted and stored in
the clinical information bank. On a subset of these subjects, biomarker evaluation had also
been performed. Biomarker evaluation required that diagnostic biopsy tissue be available.
Since special permission is required to obtain samples collected outside the Ottawa Hospital,
only patients having had their biopsy at the Ottawa Hospital were selected initially.
Amongst the 496 patients identified, biopsy tissue for 212 patients was archived at the
Ottawa Hospital. Biomarker evaluation had been requested for all but 9 patients. These
patients had apparently been overlooked. Amongst the 284 remaining patients, 152 had
their diagnostic biopsy performed at the Queensview Carleton Hospital, the Riverside

Hospital or outside the province. No attempt was made to collect these samples. Diagnostic
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biopsies were performed at the Montfort Hospital for 132 patients, 20 of which were
obtained by special request to increase the number of biomarker evaluations performed. In
total, 223 patients were identified for biomarkers evaluation. Twenty-four (24) could not be
analyzed because we were unable to obtain the tissue from the hospital at which the
diagnosis was made. Of the remaining 199 samples, only a partial analysis of the
biomarkers could be performed on 73 samples either because the small volume of tissue
available precluded complete analysis or because only a partial analysis was requested to

save tissue for future studies.

4.1.2 Patient characteristics

One hundred and ninety nine (199) patients were available for analysis. Patient
characteristics for traditional prognostic factors are listed in Table 2. The median age at
diagnosis was 68 years. The majority of patients (74%) had a Gleason score of 6 or 7.
Since only 5 patients had Gleason scores of 4 or 9, these categories were combined with
their neighboring group (i.e. 4 + 5 and 9 + 8) for most analyses. Clinically assessed t-stage
varied from stage 1 (16%) through stages 3 or 4 (26%). Since only four patients had stage 4,
stages 3 and 4 were combined into a single group for most analyses. All patients were
clinically determined to have no lymph node involvement (assumed NO) and absence of
metastatic disease (M0). Median pre-treatment PSA level was 10.7 ng/ml (range 0.90 ng/ml

to 218 ng/ml with first and third quartile value of 6.8 ng/ml and 22.4 ng/ml, respectively).
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Table 2: Frequency distribution (%) of traditional prognostic factors

Number (%) of patients

Age at diagnosis Gleason score Clinical T-stage Pre-treatment PSA
(years) (ng/ml)
<60 26 (13) 4 5 3| 1 32 (16)| 0-<8§ 21 (11)
60-64 32 (16) 5 19 (10)] 2a 47 (24| 5-<10 67 (35)
65-69 52 (26) 6 86 (43)| 2b 60 (30)| 10<15 30 (16)
70-75 53 (27) 7 62 (B 2 9 ()| 15<20 13 ()
>75 36 (18) 8 22 (11| 3or4 51 (26)| 20-<30 24 (13)
Total 199 9 5 (3)]| Total 199 30-<40 9 ()
Total 199 40-<50 8 @
50+ 17 9
Total 189
Mean 69 Mean 28.1
Median 68 Median 6 Median 2b Median 10.7
Range'  50-83 | Range' 4-9 Range' 1-4 Range' 0.9-218

'Range = minimum and maximum values of the variable

Five biomarkers were evaluated in this cohort of 199 patients. A summary of biomarker
results is listed in Table 3. The distribution of continuous variables (MVD, MIB-1 and P-
53) is also depicted graphically in Figures A-1 through A-3. Bax and BCL2 were evaluated
in 150 patients each and found to be positive in 33% and 25% of samples, respectively. The
combination of negative Bax and positive BLC2 was present in 15% of tissues. The percent
pixel area reactive to CD-34 stain, reflecting tumor microvessel density (MVD) was
evaluated in 166 patients. The median MVD was 1.88% (range 0.01% -12.09%, with first
and third quartile value of 0.96% and 3.40%, respectively). MIB-1 values were assessed in
156 tissues and found to be immunoreactive in the majority (97%). The median percentage
of nuclei staining for MIB-1 was 5% (range 0%-45%, with first and third quartile values of
2% and 8%, respectively). The presence of P-53 mutations was evaluated in 149 samples
and found absent in 53%. Amongst immunoreactive samples, the proportion of positively
staining nuclei for P-53 ranged from 1% to 98% (median, first and third quartile values of

7%, 5% and 18%, respectively).
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Table 3: Frequency distribution (%) of biomarker status

Number (%) of patients

Bax and BCL2 MVD (%) MIB-1 (%) P-53 (%)
Bax
Negative 101 (68)| <035 29 (17) | O 5 (3410 79 (53)
Positive 49 (33)| 05<1.0 20 (12) 1 21 (13)| 1-5 27 (18)
Total 150 1.0-<2.0 35 (21) 2 15 (10) | 6-10 14 (9
BCL2 20-30 26 (16) | 3 18 (12) | 11-20 14 (9
Negative 113 (75)| 3.0-<4.0 20 (12) | 4 14 ()| 21-50 6 )
Positive 37 (25)| 4.0-<5.0 7 @ | S 11 (7)| =50 9 (6
Total 150 5.0-<6.0 8 (5| 6 13 (8) | Total 149
Bax-ve & BCL2+ve 6.0-<7.0 9 5| 7 1 @
Nottrue 128 (85)| 7.0-<8.0 4 | 8 10 (6)
True 22 (15)| >8.0 8 B | 9 5 Q)
Total 150 Total 166 10 6 4
11-15 19 (12)
16-20 3 ()
>20 5 3
Total 156
Mean 27 Mean 6.6 Mean 19
Median 1.88 Median 5 Median 0
Range!  001-12.09 | Range'  0-45 | Rangel 0-98

'Range = minimum and maximum values of the variable

4.1.3 Treatment

Details of EBRT and ADT given in this cohort of patients are shown in Table 4. All

patients received curative intent EBRT. The majority (90%) were prescribed a daily fraction

size of 2.0 Gy. The intended total doses ranged from 66 Gy to 70 Gy. All received a dose

within accepted standard for that period (between 60 Gy and 70 Gy). Nineteen patients

(10%) treated before the daily 2.0 Gy protocol was implemented received a 1.8 Gy daily

fraction. These patients were treated with 36 fractions for a total dose of 64.8 Gy. Because

of the smaller daily fraction size, the tumoricidal potential for that dose was determined

radiobiologically to be equipotent to 60 Gy delivered at 2.0 Gy fractions(75).
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One third of patients were prescribed ADT. Approximately half of these patients
received ADT for a period ranging between 3 and 6 months, and 15% were treated for up to
one year. Four patients continued to receive hormonal ablation therapy following EBRT for
a period ranging between 2 and 3 years. The prolonged use of ADT was introduced in more
recent times as a means of improving outcome amongst patients at high risk of recurrence.
Because of the known impact of prolonged ADT on the risk of recurrence, these 4 patients
had an artificially reduced risk of recurrence and will not be considered in the model
development. In 30% of the patients prescribed ADT, the documented duration of the
treatment was less than the standard 3 months usually prescribed to patients with an
intermediate risk level of recurring. Details of ADT are not systematically documented in
clinical charts, and that information was derived from prescriptions and progress notes only.
For that reason, duration of ADT is likely inaccurate; specifically, the end date may be
underestimated. However, information about whether ADT had ever been used is likely
valid. With that exception, the treatment was within expected range based on the standards

for that period.

Table 4: Frequency distribution (%) of treatment types

Number (%) of patients

External Beam Radiotherapy Androgen Deprivation Duration of Androgen

(daily dose x no. fractions) Therapy Deprivation Therapy
2.0 Gy, x30-32 5 (3) | Neoadjuvant given 67 (34) | <3 months 21 (30)
2.0Gy,x 33 170 (85) | None given 128 (64) | 3-6 months 34 (49)
2.0 Gy, x 34-35 5 (3) | Peri-EBRT given 4 (2)|6-12months 10 (15)
1.8 Gy, x 36 19 (10) | Total 199 2-3 years
Total 199 Unknown

Total 71
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4.2 Outcome

At the time of analysis, the median follow-up from the end of radiotherapy was 4.5 years
(range 1-12 years). One hundred and four (104) patients (52%) had documented
biochemical recurrence. The site of recurrence (local or distant) could be ascertained in 79
patients (76%). In the remaining 25 patients, either insufficient investigations were carried
out to determine the site of recurrence or these evaluations failed to reveal that site (Table
5). Sixty eight (68) and 22 patients had documented local recurrence and distant
metastases, respectively. For patients with documented progression at both sites, local
recurrence always preceded distant progression, by an average of 31 months (range 12.7-

67.4 months).

Table 5: Frequency distribution (%) of patient outcome status and site of recurrence
associated with biochemical progression

Recurrence status Number (%) of
patients

No recurrence 95 (48)
Documented biochemical recurrence with: 104 (52)
no documented site of recurrence 25 (249)
documented local recurrence 57 (55)
documented distant recurrence 11 (11)
documented local and distant recurrence (< 3 months) 3 03)
documented local then distant recurrence (> 3 months) 8 @&

Total 199

4.2.1 Imputing site of failure

To establish the optimal PSA doubling time cut off for imputing the site of failure, a
receiver operating characteristic (ROC) curve was developed. The data from 74 patien ts
with biochemical recurrence and documented site of recurrence were used to develop the

ROC curve. Thirty (30) patients were excluded for the following reasons: 25 had an
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unknown site of recurrence, 2 had local progression but had incomplete PSA information,
and 3 had simultaneous local and distant progression. For patients with documented local
then distant recurrences (8 patients), the PSA doubling time at the time of their first
recurrence (always local) was used as an indicator of that progression only. Amongst the 74
patients used, 63 had local and 11 had distant progression. The ROC curve aimed at
determining the best cut off mark for PSA doubling time that identified local recurrence.
The ROC curve represents the relationship between the false positive rate (1-specifity) and
the true positive rate (sensitivity). PSA doubling time cut off < 2.5 months produced 100%
sensitivity but 45% specificity, and PSA doubling time cut off> 6.5 produced 100%
specificity but 83% sensitivity. The results of cut off points between 2.5 and 6.5 months are

depicted in Figure 7.

Figure 7: ROC curve for predicting local progression
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The cut off doubling time producing the best combination of sensitivity (92%) and
specificity (91%) was 5.0 months. This velocity was selected to classify 25 patients with
biochemical recurrence but no site for recurrence. Of these subjects, 18 were imputed as
having had a local recurrence, and 7 a distant recurrence (Table A-1). The final distribution

of recurrence sites is shown in Table 6.

Table 6: Patient outcome, including imputed sites of recurrence

Recurrence status Number (%) of patients
No recurrence 95 (48)
Documented biochemical 104 (52)
Local 83 (80)
Distant 18 (17)
Local and distant 3 3
Total 199
Patient outcome (%) based on documented and imputed sites of
first recurrence.

4.3 Relationship between traditional factors and biomarkers

The relationship between traditional variables and biomarkers was explored. The
purpose of this analysis was to reveal associations between the two groups of variables that
could help explain biomarker significance level in the multivariate setting. A biomarker
significant in predicting an outcome when investigated alone but which loses significance
when investigated into the multivariate setting may be related to a traditional factor
contained in the model.

Biomarker expression levels were found associated with clinical stage and Gleason
score, but not PSA levels (Table 7). The relationship observed was always positive; that is,
higher biomarker values (or positive markers) were associated with worse status of
traditional prognostic factors. Associations were apparent between MVD and stage; MIB-1
and stage; Bax and stage; BCL2 and stage; MVD and Gleason score; P-53 and Gleason

score.
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Table 7: Relationships between traditional factors and biomarkers.
Factor n Mean n Mean | n Mean n %Bax | n % BCILL2
%MVD %MIB-1 %P-53 +ve +ve

Gleason

4-5| 16 199 |23 6.70 |22 3.00 21 10 22 27
6| 72 239 {65 7.08 | 61 6.39 62 29 61 12
71 53 318 |46 624 [ 43 1093 | 44 46 44 36
8| 18 322 |14 6.07 |15 1100 | 15 27 15 20
9 3 285 {4 425 | 4 15.00 4 50 4 75

T stage
1-2a] 63 228 |63 544 |60 465 | 59 22 60 20

2b| 48 265 |47 645 |43 1042 | 45 29 44 21

2¢| 7 3.07 8 725 |7 443 7 57 7 29
3ord| 44 334 |34 879 |35 1123 | 35 46 35 34
PSA (ng/ml)
0-<5| 16 1.80 |19 595 |17 229 | 17 35 16 6
5-<10} 52 251 [5¢4 539 |51 500 | 50 26 51 23
10-<15| 26 209 |22 632 |23 1278 | 22 32 22 27

15-<20| 11 261 |9 478 |10 880 | 11 18 11 0
20-<30| 21 411 |15 767 |14 17.07 | I5 47 15 40
30-<40{ 7 198 |6 1167 |5 6.60 5 0 5 20
40-<50| 5 1.79 |4 425 |2 4.00 3 0 3 33

50+| 15 362 |14 836 |14 1221 | 14 64 14 43
Mean % MVD, % MIB-1 and % P-53 levels, and % positive Bax and BCL2 specimens cere
reported for each strata of traditional factor. The number of patients contained in each
analysis is shown in the adjacent column

Specimens extracted from the tissue of more advanced cancer were, on average, moxe
vascularized, contained a larger proportion of proliferating cells (MIB-1), and were
apparently more likely to express Bax or BCL2 in the majority of their cells. An analysis of
the association between stage and median biomarker immunnoreactivity level was cons istent
with these results for MIB-1 (Figure A-4) but suggested that the higher MVD averages
observed with higher stages were likely due to more frequent samples with dense vascu larity
rather than generally elevated density of all tissue (Figure A-5). Specimens with higher
tumor grade levels were more vascularized (Figure A-6) and were unequivocally expressing
higher average levels of mutant P-53 expression. The mean proportion of P-53

immunorreactive cells was 3% in specimens with Gleason scores 4-5 and increased
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gradually to 15% in specimens of Gleason score 9. A cross tabulation between Gleason
score and P-53 groups demonstrates that the increase in mean percent P-53
immunoreactivity with higher Gleason score is not due to a larger number of P-53 positive
nuclei in individual specimens but rather to the larger number of samples with high mutated
P-53 expression (P-53 > 20%) in tissue with higher Gleason score (Table A-2).

Surprisingly, Gleason score was not associated with MIB-1 immunoexpression.
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4.4 Local progression analysis

The purpose of this analysis was to produce the best traditional factor model predicting
for local recurrence against which an extended model containing biomarkers could be
compared. This approach could allow us to determine whether one or more biomarker was
useful in supplementing, not supplanting, information contained in the traditional prognostic
variables. To that end, the prognostic value of traditional factors, treatment and biomarkers,
as well as their interaction with ADT was studied in the univariate setting (section 4.4.1),
optimized traditional factors were incorporated into a multivariate model (section 4.4.2.1),
linearity of continuous variables verified (section 4.4.2.2), and presence of interactions
studied (section 4.4.2.3) to produce a preliminary model based on traditional factors only.
To that model, independently significant biomarkers were incorporated (section 4.4.3.1), and
linearity (section 4.4.3.2) and ADT interaction (section 4.4.3.3) of biomarkers re-evaluated
to produce a preliminary biomarker model. The proportional hazard assumption for
variables contained in the models were assessed and correction introduced, if required,
(section 4.4.4) to produce final traditional factor and biomarker models (section 4.4.5) that

were compared for their predictive discrimination value (section 4.4.6).

4.4.1 Univariate analysis of local progression free survival
At the time of analysis, 84 of the 195 patients eligible for analysis (43%) had progressed
within the prostate (local progression). Median local PFS was 82 months, and the 2, 5 and 8

year PFS were 80%, 56%, and 48%, respectively (Figure 8).
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Figure 8: Kaplan Meier estimate of local progression free survival

Cumulative progression free survival
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Number of patients remaining at risk is indicated below each time interval

Each traditional variable and biomarker was analyzed for its value in predicting local
progression. The local PFS associated with each stratum of categorized variables are
represented by Kaplan Meier curves. The risk (Hazard ratio) associated with each stratum
was estimating using a Cox regression analysis and is indicated on the graph. When
neighboring strata of a variable were determined to have similar risk levels, these were
collapsed to form new groups for subsequent analyses (model building). For these variables,

the original strata are represented in the Kaplan Meier curves to demonstrate the risk
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similarity (i.e. similar curves and hazard ratios) between the collapsed strata.

4.4.1.1 Traditional factors

The Kaplan Meier estimate of local PFS by Gleason score is shown in Figure 9. Gleason
scores of 6 and 7 were associated with similar risks of local progression (HR 2.0 and 1.8,
respectively) and were pooled for subsequent analyses. Using the 4-5 group as a reference,
increasing Gleason scores 6-7 and 8-9 were significantly associated with a higher risk of

recurrence (HR: 1.9, 95% CI: 0.9-4.3; and HR: 3.2, 95% CI: 1.3-7.8, respectively).

Figure 9: Kaplan Meier estimate of time to local failure by Gleason score
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Pre-treatment PSA levels are highly correlated with the risk of local recurrence but the
relationship is not linear (Figure B-1). The lack of risk discrimination for local recurrence
within values larger than 20 ng/ml is likely related to the increased risk of the competing

outcome, distant progression, in that population (Table B-1). In these patients, local

57




progression would have been censored at the time of distant progression. Eighty six percent
(86%) of all distant recurrences occur amongst patients with pre-treatment PSA levels >
20.0 ng/ml. Combining values between 0 and <8 ng/ml, and between 8 and 20 ng/ml forms
groups of relatively homogeneous local recurrence risk levels. In that form, PSA levels 8-20
ng/ml and >20 ng/ml are significantly associated with higher risk of local recurrence with
HR of 3.1 (95% CI: 1.6-6.1) and 6.1 (95% CI: 3.1-12.0), respectively (Figure 10).

Figure 10: Kaplan Meier estimate of time to local failure by PSA group
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Kaplan Meier curve depiction of time to local progression for clinical stage is shown in
Figure 11. Patients with extracapsular disease (T3-4) were combined into one group.
Patients with tumor involving less than 50% of one lobe (T2a) had similar risk level (HR:
0.9) to those with inapparent tumor (T1). Patients with stages 2b and 2¢ were more likely
to recur locally (HR: 2.0, 95% CI: 1.2-3.8; and HR: 3.3, 95% CI: 1.4-7.6, respectively),

whereas stages 3 or 4 were associated with an intermediate risk (HR: 1.7, 95% CI: 1.0-3.2).
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This is again consistent with the documented higher risk of developing the competing
outcome, distant recurrence, amongst patients with stages 3-4 (Table B-2). Seventy one
percent (71%) of distant recurrences occurred amongst patients with stages 3-4.

Figure 11: Kaplan Meier estimate of time to local failure by ¢ stage
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There was no apparent relationship between age and risk of local progression (Figure B-
2), and attempts to dichotomize the variable at different cut offs (> 70 or 75) did not produce
statistically significant results.

In summary, pre-treatment PSA levels, clinical T stage, and Gleason score were

significant determinant of the risk of local progression, but age was not (Table 8).
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Table 8: Traditional factors and local progression — Univaraite Cox regressions

Variable n Wald statistics Hazard ratio Hazard ratio
P value 95% ClI
| Age 195 0.85 1.002 0.97-1.03
Gleason score 0.040
4-5 24 Ref 1
6-7 146 0.097 1.94 0.89-4.25
8-9 25 0.013 3.15 1.28-7.75
PSA (ng/ml) <0.00001
0-<8 60 Ref 1
8-<20 69 0.0007 3.14 1.62-6.08
>20 56 <0.0001 6.12 3.11-12.04
Clinical T stage 0.0079
1-2a 79 Ref 1
2b 60 0.010 1.97 1.17-3.81
2¢ 9 0.0047 3.32 1.44-7.64
3or4 47 0.054 1.78 0.99-3.21
4.4.1.2 Treatment

Treatment consisted of EBRT alone or with ADT. EBRT was categorized according to
the daily fraction dose (1.8 Gy vs 2.0 Gy) and total dose delivered (<66 Gy vs > 66Gy).
Patients prescribed daily doses of 1.8 Gy were 1.9 (95% CI: 1.1-3.5) times more likely to
recur locally than those treated with 2.0 Gy daily doses for 33-35 fractions (Figure 12). The
risk level for the five patients treated with 2.0 Gy daily for <33 fractions was not different
from those receiving the larger number of fractions.

ADT was not found protective of local recurrence (p=0.48) in this setting because its
effect is obscured by the higher risk level associated with the population for whom it is
prescribed. Adjusting for disease severity factors will be considered in the multivariate
analysis. The duration of ADT ranged from 1-10 months (4 patients with longer treatment
duration were excluded). In no case was hormone therapy discontinued because of disease

progression. Duration of ADT was marginally predictive of a higher, rather than lower, risk
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of recurrence (Figure B-3) (p=0.098), likely due to the fact that prolonged ADT duration is
prescribed to patients at higher risk of recurrence.

Figure 12: Kaplan Meier estimate of time to local failure by dose of radiotherapy
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The relationship between treatment and risk of local recurrence is summarized in Table 9.

Table 9: Treatment and local progression — Univariate Cox regressions

Variable N Wald statistics Hazard ratio Hazard ratio
P value 95% CI
ADT 0.48
Notgiven 128 Ref 1
Given 67 0.85 0.53-1.35
Duration of ADT 65 0.098 1.17 0.97-1.41
EBRT 0.074
Daily 2.0 Gyx33-35 171 Ref 1
Daily 2.0 Gy x 30-32 5 0.53 0.64 0.16-2.60
Daily 1.8 Gy x 36 19 0.031 1.91 1.06-3.47
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4.4.1.3 Biomarkers

The value of biomarkers Bax, BCL2, MVD, MIB-1 and P-53 in predicting local
progression was studied. Since other investigators had reported that the relationship
between some biomarkers and outcome may be different amongst those patients receiving
ADT than amongst ADT naive patients, the effect modifying properties of ADT on the
biomarkers was investigated.

The presence of the apoptosis inducer Bax (Bax positivity) was not significantly
associated with local recurrence (HR: 1.6, 95% CI: 0.9-2.6) (Figure 13). The apoptosis
inhibitor, BCL2, also showed no association with outcome (Figure 14). Patients with
combination Bax positive and/or BCL2 negative immunoreactivity appeared more likely to
progress locally but this was not statistically significant (HR: 1.84, 95% CL: 0.8-4.3) (Figure
15). ADT did not modify the effect of Bax or BCL2 (p=0.54 and 0.94, respectively).

Figure 13: Kaplan Meier estimate of time to local failure by Bax status
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Figure 14: Kaplan Meier estimate of time to local failure by BCL2 status
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Figure 15: Kaplan Meier estimate of time to local failure by Bax/BCL2 combination
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MVD was strongly related to the risk of local recurrence but the relationship was non-
linear (Figure B-4). That is, the risk associated with each 1% rise in density is not equal
throughout the MVD range. For that reason, the variable was dichotomized into groups with
< 3% and > 3% vascular densities, and found highly predictive of local progression.

Patients with more highly vascularized tumors had 2.2 times (95% CI: 1.4-3.6) the risk of
local recurrence (Figure 16). There was no apparent interaction between ADT and risk of
progression associated with MVD (p=0.58).

Figure 16: Kaplan Meier estimate of time to local failure by MVD (%) categorized
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MIB-1 overexpression was linearly related to outcome for values up to 9%, after which
there was a loss of correlation (Figure B-5). Amongst the categorizations and linear log
transformation studied, MIB dichotomized at 0-2% vs >3% was found most the significant
predictor of local recurrence (Figure 17). Patients expressing MIB-1 in more than 2% of

their nuclei were at 1.9 times (95% CI: 1.0-3.6) the risk of recurring locally. ADT exposure
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had no impact on the risk associated with MIB-1 (p=0.89).

Figure 17: Kaplan Meier estimate of time to local failure by MIB-1 (%) categorized
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There was no apparent relationship between P-53 values and risk of local progression

(Figure B-6). Specimens expressing immunoreactivity in more than 50% of their nuclei

were associated with an apparently higher risk of recurrence, but this was not statistically

significant (Figure 18) (HR: 2.08, 95% CI: 0.8-5.2). The ADT stratified analysis was not

performed because of the small number of patients (9) in the P-53 > 50% group.
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Figure 18: Kaplan Meier estimate of time to local failure by P-53 (%) categorized
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Results of the Cox regression analyses evaluating the relationship between the
biomarkers and local progression is shown in Table 10, and results of the ADT stratified
analysis and interaction term analysis are shown in Table 11. In summary, MVD was
highly predictive of increase risk of local recurrence, MIB-1 was marginally predictive, and

Bax, BCL2 and P-53 were not significantly associated with the risk of local recurrence.
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Table 10: Biomarkers and local progression — Univariate Cox regression

Variable N Wald statistics = Hazard ratio Hazard ratio
P value 95% CI
Bax 0.082
Negative 100 Ref 1
Positive 46 1.58 0.94-2.64
BCL2 0.93
Negative 111 Ref 1
Positive 35 0.97 0.54-1.76
Bax -ve and BCL2 +ve 0.15
True 22 Ref 1
False 125 1.84 0.79-4.28
% MVD 0.0012
0-<3.0 108 Ref 1
>3.0 54 2.22 1.37-3.60
% MIB-1 0.049
0-2 41 Ref 1
>3 111 1.92 1.02-3.59
% P-53 0.12
0-49 136 Ref 1
50+ 9 2.08 0.83-5.22

Table 11: Biomarkers and ADT interaction in local progression

Variable N Wald statistics = Hazard Hazard ratio
P value ratio 95% CI
Bax Interaction term 0.54
No ADT Negative 77 Ref 1
Positive 25 0.048 1.87 1.01-3.49
ADT given Negative 23 Ref 1
Positive 21 0.63 1.28 0.47-3.43
BCL2 Interaction term 0.93
No ADT Negative 75 Ref 1
Positive 27 0.94 0.97 0.49-1.92
ADT given  Negative 36 Ref 1
Positive 8 0.97 0.98 0.28-3.34
% MVD Interaction term 0.58
No ADT 0.<3.0 72 Ref 1
>3.0 36 0.0020 2.44 1.37-4.36
ADT given 0.<3.0 36 Ref 1
>3.0 18 0.21 1.78 0.72-4.36
% MIB-1 Interaction term 0.89
No ADT 0-2 9 Ref 1
>2 44 0.11 1.88 0.97-10.50
ADT given 0-2 17 Ref 1
>2 83 0.23 1.96 0.31-5.94
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4.4.2 Model building: Traditional factors in local progression

4.4.2.1 Traditional factors: Variable selection

One hundred and eighty five (185) patients were eligible for inclusion in the multivariate
analysis. Ten (10) were excluded because of missing pre-treatment PSA information. The
traditional factor model was built in a stepwise fashion as described in section 3.7.4.1.
Using this approach, in the first step, all traditional factors are considered for their ability to
predict local progression, and the most statistically significant variable is incorporated in the
model first. In the second step, each of the remaining variables is evaluated for its
contribution in predicting for local recurrence while that first variable is in the model. These
steps are repeated until all variables are entered as shown in Table B-3. The selected model
is one for which all variables entered produced a change in the likelihood ratio that resulted
in a p value <0.10. Exceptionally, the three main traditional factors (pre-treatment PSA,
Gleason score, and clinical stage) would be included in the model, regardless of their
statistical significance. In this case, the model resulting from step #5 and containing pre-
treatment PSA levels, clinical stage, EBRT fraction size and ADT status would be selected.
Gleason score showed a trend for higher risk of local recurrence with lower grade, but this
was not statistically significant. However, since Gleason score is one of the three main
traditional factors found predictive of outcome in the literature, Gleason score categorization
was re-evaluated and forced into the equation.

Details of the resulting model are shown in Table 12. PSA categories are highly
predictive of local progression. The relationship between stage and the risk of local
progression observed in the univariate setting is maintained. That is, the risk increases with

stage 2b and 2c, but not for stage 3-4. As expected, ADT is demonstrated protective after
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adjusting for measures of disease severity (HR: 0.54, 95% CI: 0.3-0.99). Lower daily
fraction doses (1.8 Gy) remains associated with a higher risk of local recurrence (HR: 2.0,

95% CI: 0.9-4.3).

Table 12: Multivariate analysis of local progression using traditional factors

Variable N Wald statistics Beta value Hazard ratio Hazard ratio
P value 95% CI
[PSA (ng/ml) <0.0001
0-<g¢ 60 Ref 0 1
8-<20 69 0.0023 1.07 2.90 1.46-6.91
20+ 56 <0.0001 1.93 6.91 3.33-14.33
[Clinical T stage 0.0041
1-2a 74 Ref 0 1
2b 57 0.073 0.52 1.68 0.95-2.97
2c 9 0.0024 1.50 4.50 1.46-5.77
3-4 45 0.99 0.01 1.01 0.49-2.06
ADT 0.047
Not given 121 Ref 0 1
Given 64 -0.61 0.54 0.30-0.99
[EBRT 0.072
2.0 Gy daily 172 Ref 0 1
1.8 Gy daily 13 0.70 2.01 0.94-4.30
|Gleason score 0.22
<6 22 Ref 0 1
>6 163 0.53 1.69 0.73-3.92

4.4.2.2 Traditional factors: Linearity

The scale of PSA was re-evaluated in the multivariate setting using visual examination
and fractional polynomials as described in section 3.7.4.2 (Figure B-7 and Table B-4). The
relationship between PSA and local progression was linear for values <30 ng/ml only.
Amongst the three potential transformations suggested by the fractional polynomial analysis
(In (PSA), 1/sqrt (PSA), categorized PSA), the continuous forms (In (PSA) and 1/sqrt
(PSA)) had the best LR but both showed a loss of correlation with higher PSA values
(Figures B-8 and B-9). Ln (PSA) was selected because the term is easier to interpret and

other published models had used that transformation. The resulting adjusted model for local
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progression shown below suggests that PSA transformation had little impact on the risk

associated with other variables (Table 13).

Table 13: Multivariate analysis of local progression using traditional factors and
transformed PSA

iVariable N Wald statistics Beta value Hazard ratio Hazard ratio
P value 95% CI
[Ln (PSA) ng/ml 185 <0.0001 0.687 1.99 1.49-2.65
[Clinical T stage 0.0043
1-2a 74 Ref 0 1
2b 57 0.11 0.46 1.59 0.90-2.81
2¢c 9 0.0041 1.42 4.13 1.57-10.87
3-4 45 0.74 -0.13 0.88 0.41-1.88
ADT 0.024
Not given 121 Ref 0 1
Given 64 -0.70 0.50 0.27-0.91
[EBRT 0.030
2.0 Gy daily 172 Ref 0 1
1.8 Gy daily 13 0.83 2.29 1.08-4.85
|Gleason score 0.16
<6 22 Ref 0 1
>6 163 0.57 1.77 0.79-3.98

4.4.2.3 Traditional factors: interactions

To investigate the presence of interaction between the traditional factors, interaction
terms were considered as described in section 3.7.4.3. The principal interaction of interest
was for effect modifying properties of ADT. Since the majority of patients having received
ADT had a Gleason score >6 and all had received a 2.0 Gy daily dose of EBRT, these
interactions could not be studied. The relationship between ADT, PSA, Gleason score and
stage were found to be additive (Table B-5), that is, one variable did not significantly

modify the risk of local recurrence associated with another variable.
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The preliminary traditional factor statistical model to which biomarkers may be added is
therefore unchanged from Table 13. The coefficients associated with each variable are

shown in Table B-6.

4.4.3 Model building: Biomarkers in local progression

The traditional factor statistical model developed in the previous section was extended to
include independently significant biomarkers. The process only permitted new variables to
be entered but did not allow variables contained in the original traditional factor model to be
modified or removed. Since that model was determined to be the best equation predicting
for local progression, maintaining it static was required to evaluate whether biomarkers
supplemented the traditional factor information. For example, if traditional factors were
removed, significant contribution of a biomarker could have been a result of having

supplanted, not supplemented, the information contained in the traditional factors.

4.4.3.1 Biomarkers: Variable selection

The process of variable selection was performed as described earlier. However, since
the sample size available for the analysis of each biomarker varied according to the
population in which the biomarker was sampled, each step was performed manually to allow
the maximum number of samples to be included. Results of the stepwise analysis are shown.
in Table B-7. In the first step, MVD was found the most significant independent predictor
of local progression. Adding MVD to the equation produced a change in likelihood ratio
associated with a highly significant p value (p=0.0096). In contrast, Bax/BCL2 was
marginally predictive (p=0.076) (Table B-7). MVD was therefore incorporated in the model

and a second stepwise selection of biomarkers was carried out (Table B-8). In that analysis
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the combination of Bax/BCL2 was found to be an independent predictor of local progression
(p=0.011). Since the sample size on which this equation is based is small (115), and only a
small number of patients fall into the reference category for Bax/BCL2, these results may be
aberrant and a result of overfitting rather than reflect true biology. For that reason, separate
models will be investigated, one containing MVD only, and one containing MVD and the

Bax/BCL2 combination term. The two models are represented in Tables 14 and 15.

Table 14: Multivariate model of local progression containing MVD (%) (n=153)

Variable N  Wald statistics Beta value Hazard Hazard ratio
P value ratio 95% CI
Ln (PSA) ng/ml 153 0.0007 0.564 1.758 1.26-2.43
[Clinical T stage 0.019
1-2a 59 Ref 0 1
2b 45 0.039 0.71 2.03 1.03-3.96
2c 7 0.046 1.16 3.20 1.02-10.01
3.4 42 0.95 -0.03 0.97 0.41-2.30
ADT 0.0708
Not given 102 Ref 0 1
Given 51 -0.62 0.54 0.28-1.05
{[EBRT 0.020
2.0 Gy daily 143 Ref
1.8 Gy daily 10 1.13 3.09 1.19-8.00
|Gleason score 0.060
<6 14 Ref 0 1
>6 139 1.17 3.25 0.95-11.15
% MVD 0.0083
<3 103 Ref 0 1
>3 50 0.72 2.06 1.20-3.51
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Table 15: Multivariate model of local progression containing MVD (%) and Bax/BCL2

(n=115)
Variable N  Wald statistics Beta value Hazard Hazard ratio
P value ratio 95% CI1
Ln (PSA) ng/ml 115 0.023 0.447 1.56 1.06-2.30
[Clinical T stage 0.088
1-2a 43 Ref 0 1
2b 35 0.19 0.55 1.74 0.76-3.97
2c 6 0.10 1.04 2.84 0.81-9.94
34 31 0.76 -0.17 0.84 0.27-2.59
ADT 0.23
Not given 78 Ref 0 1
Given 37 -0.47 0.62 0.29-1.34
EBRT 0076
2.0 Gy daily 107 Ref 0 1
1.8 Gy daily 8 1.46 4.29 1.47-12.47
|Gleason score 0.13
<6 13 Ref 0 1
>6 102 1.18 3.24 0.71-14.75
% MVD 0.0006
<3 74 Ref 0 1
>3 41 1.13 3.09 1.62-5.88
Bax/BCL2 0.0585
Bax-ve/BCL2+ve 12 Ref 0 1
Others 103 1.95 7.00 0.93-52.56

4.4.3.2 Biomarkers: Verifying linearity

The scale of MVD was re-examined to determine the best transformation in this
multivariate setting using visual examination and fractional polynomials (Figure B-10 and
Table B-9). The results suggest that MVD was linear for values up to 4% only. When
categorized forms were investigated, a dichotomized variable separating patients with MVD
lower than 3% from those with >3% (MVD53,) had superior predictive value, as estimated

by its higher likelihood ratio, and will be considered in the models.

4.4.3.3 Biomarkers: Hormone therapy interactions

There was no interaction between MVDs3y, and ADT (p=0.59). Interaction between
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hormone therapy and Bax/BCL2 could not be evaluated because only 2 patients with
Bax-ve/BCL2 +ve had also received ADT.

Two biomarker models will be investigated, one containing MVD539, only and one
containing MVD539, and the Bax/BCL2 combination term. The coefficients associated with

these preliminary biomarker statistical models are shown in Table B-10.

4.4.4 Verifying the proportional hazard

The proportional hazard assumption for each variable contained in the models was
evaluated using the two approaches described in section 3.7.5. Results of the ~In (-In(S))
plots (Figures B-11 through B-16) suggest that, except for stage 3-4, all variables had
tolerable patterns of hazard, and the proportionality of hazard could be assumed. This
deviation from the PH assumption for stages 3-4 was confirmed in the results of the
extended Cox models (Table B-11). Since stage 1-2a and 3-4 are associated with similar
risk of local progression, the two strata were collapsed. The new variable coding for stage

then met the assumption of proportional hazard.

4.4.5 Final traditional and biomarker models

The three models (traditional factor, MVD, and MVD + Bax/BCL2) were regenerated
using the collapsed term stages 1-2a and 3-4 to correct for the hazard non proportionality for
stages 3-4. This had minimal impact on the coefficient of the variables, as shown in Table
B-12.

All models having been developed to predict progression in prostate cancer patients
undergoing radical prostatectomy or external beam radiotherapy have been depicted

graphically to allow the readers, usually clinicians, to obtain a more clinically relevant
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representation of the equation or nomogram. While caution is given against using the
disparity between curves within each model to visually compare the discrimination potential
between models, I do believe that the practice of representing the model graphically is
useful. Accordingly, the hazard ratios obtained with each equation (model) were
categorized into quartiles of equal sizes to produce 4 risk categories as described in section
3.7.6. A descriptive summary of the hazard ratios derived from each model is given in
Table B-13, and the stratification groups are defined in Table B-14. Curves derived from
the traditional model (Figure B-17), MVD > 3% model (Figure B-18) and MVD > 3% +

Bax/BCL2 model (Figure B-19) are represented in the appendices.

4.4.6 Comparing models: Local progression
To determine whether the addition of MVDs39, or MVD539, and Bax/BCL2 improved the
predictive value and discrimination potential of the model based on traditional factors only,

the two were compared using the AICc and ¢ index as described in section 3.7.7.

4.4.6.1 Information criteria

Results of the information criteria estimates are shown in Table 16. The Akaike
information criterion (AIC) is an estimate of the explanatory power of the model that is
based on the -2 log likelihood (-2LL) value. Since the —2LL increases monotonically with
number of independent variables in the model, the AIC incorporates a penalty related to the
number of variables in the model to enforce parsimony. The Bayesian information criterion
(BIC) and corrected Akaike information criterion (AICc) are directly related to the AIC but
make further adjustment for small sample sizes (BIC) and models in which the sample size

to parameter ratio is small (AICc). In all three, smaller values reflect a model with a
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superior predictive value, one with more explanatory value. As described in section 3.7.7,

the AICc is determined to be the least biased estimate of goodness of fit for the current

study. Based on that estimate, the model containing both MVD3, and Bax/BCL2 has more

predictive value because it produces a considerably smaller AICc value (difference of 11.4).

Table 16: Information criteria for the models predicting local progression.

Patient subset Model -2LL K n AIC AICc BIC
153 with MVD
Traditional factor model 530.1 6 153 542.0 547.6 560.2
Biomarker model: MVD5;3, 522.8 7 153 536.8 543.5 558.0
Difference in information criterion 5.2 4.1 2.2
115 with MVD & Bax/BCL2
Traditional factor model 362.7 6 115 374.7 3804 391.2
Biomarker model: MVD>;39, 344.7 8 115 360.7 369.0 382.7
+Bax/BCL2
Difference in information criterion 140 114 8.5

Each model is compared to the traditional model generated in the same subset of patients to

produce difference in information criterion.

4.4.6.2 Concordance (c) index

The ¢ index was computed for all evaluable pairs. A higher c index denotes a model

with superior predictive discrimination potential. The ¢ index of each biomarker model was

compared to the ¢ index of the traditional model derived from the same subpopulation

(Table 17). The traditional factor model ¢ index for the entire population is also shown to

demonstrate that results are consistent with those obtained in the subgroups. The results

suggest that the addition of MVD to the model improves discrimination, and that the

variable Bax/BCL2 adds further discrimination potential. The biomarker model based

MVD:34, could predict local progression with 2.4% more accuracy than the model based on

traditional factors only, while the model containing MVD53¢, and Bax/BCL2 improved

accuracy by 7.0%.
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Table 17: ¢ indices computations for models predicting local progression

Traditional | Traditional Biomarker| Traditional Biomarker
factor model | factor model model: [factor model in  model:
in all patients | in patients MVD 3% | patients with MVD 3% &

with MVD MVD & Bax/BCL2
data Bax/BCL2

All pairs 17020 11628 11628 6555 6555
Unusable pairs 7012 5009 5009 2961 2961
Total evaluable 10008 6619 6619 3594 3594
Count 7046 4643 4804 2492 2742
¢ index 70.4% 70.2% 72.6% 69.3% 76.3%

Difference 2.4% 7.0%

¢ indices for the traditional factor model were estimated in the entire patient population and
subpopulations in which the biomarker models were developed. Differences in c indices are
estimated from c indices computed in the same population.

4.4.7 Summary

The present analysis suggests that MVD and Bax/BCL2 both provide supplemental
information to traditional factors. Adding MVD to the model composed of traditional
factors improves the predictive discrimination of that model. Further addition of the

Bax/BCL2 combination term results in more enhanced discrimination ability.
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4.5 Distant progression analysis

In this section, a similar approach to section 4.4 (local progression analysis) is used to
establish a model predicting for distant progression that is based on traditional factors only
and one that incorporates biomarkers, and to determine the one with best predictive

discrimination value.

(4.5.1 Univariate analysis of distant progression free survival

At the time of analysis, 22 patients (11%) had a documented disseminated disease, and
another 8 (4%) were imputed to have had a distant progression based on the PSA doubling
rate. Amongst these 30 patients, 18 (9%) had documented or imputed metastatic disease
without prior local failure, and 3 are had local and distant progression documented within
three months of one another. These 21 events are the subject of this analysis. The
remaining 9 patients had progressed within the prostate before metastatic disease was
detected, and their follow-up for distant recurrence was censored at the time of local
progression. All events had occurred within the first 3 years following the end of EBRT.

The 2 and 3 year PFS were 92% and 89%, respectively (Figure 19).

The overall distant progression free survival was 89%. To permit better visualization of
risk levels separation between categories of the variables studied, the y axes of all
subsequent cumulative PFS curves are truncated at 40%. This approach provided a better
visual separation of the curves associated with different categories of each variable, which
should not be interpreted as larger hazard ratios. Also, because there were few events in
this analysis, to permit the reader to gauge the power of detecting a difference between the

categories of patient groups in tables representing the relationship between individual factors
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and distant progression, the number of events is provided alongside the sample size for each
category.

Figure 19: Kaplan Meier estimate of distant progression free survival for all patients
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4.5.1.1 Traditional factors

Amongst the traditional factors studied, only age was not related to the risk of distant
recurrence (Figure C-1). Individuals older than 70 were somewhat more likely to progress
distantly but this was not statistically significant (p=0.11).

The Kaplan Meier estimate of distant progression free survival by Gleason score is

shown in Figure 20. Patients with Gleason scores of 6 did not have a higher risk of
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developing distant progression compared to patients with scores of 4-5 (HR: 0.6), and these
groups were collapsed. Similarly, patients with Gleason scores 8-9 (HR: 2.1) did nothave a
higher risk of recurring distantly than patients with Gleason score of 7 (HR: 2.7), and these
two groups were collapsed. For future analyses of distant progression, Gleason scores were
dichotomized into 4-6 and 7-9. Gleason scores 7-9 were strongly associated with a higher
risk of distant recurrence compared to scores 4-6 (HR: 3.5, 95% CI: 1.4-9.1).

Figure 20: Kaplan Meier estimate of time to distant failure by Gleason score
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Only 2 distant events were observed amongst the 129 patients with PSA values <20
ng/ml. For the remaining 56 subjects, risk levels appeared clustered for PSA levels ranging
between 20 ng/ml and 50 ng/ml and above 50 ng/ml (Figure C-2). These PSA categories
were significantly predictive of distant recurrence. Patients with pre-treatment PSA levels

<20 ng/ml had a 3 year PFS of 98% compared to 76% and 44% for patients with PSA 20-50
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ng/ml and >50 ng/ml, respectively (Figure 21). The hazard ratios associated with these
categories were 11.6 (95% CI: 3.1-42.9) and 36.4 (95% CI: 9.6-137.6), respectively.

Figure 21: Kaplan Meier estimate of time to distant failure by PSA (ng/ml) group
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Patients with stages 1-2a, 2b and 2¢ had similar risks of distant progression (Figure 22).
In comparison, patients with stage 3-4 had a significantly elevated risk (HR: 9.6, 95% CI:

3.7-24.7).

The value of age, Gleason score, clinical T stage, pre-treatment PSA levels and
treatment in predicting distant progression are summarized in Table 18. Because few
patients had a distant progression, the number of events associated with each strata is shown

to allow the reader to appraise the power of each analysis.
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Figure 22: Kaplan Meier estimate of time to distant failure by t stage
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Table 18: Traditional factors and distant progression — Univariate Cox regressioms

Variable n n Wald statistics Hazard Hazard ratio
events P value ratio 95% CI
Age 0.11
<70 106 8 Ref 1
> 70 89 13 0.11 2.03 0.84-4.91
Gleason score 0.0055
4-6 110 6 1
7-9 85 15 0.0090 3.53 1.37-9.11
PSA (ng/ml) <0.00001
0-<20 130 3 Ref 1
>20-50 40 9 0.0002 11.59 3.13-42.87
>50 15 8 <0.0001 36.35 9.61-137.55
Clinical T stage <0.0001
1-2a, 2b, 2¢ 148 6 Ref 1
Jord 47 15 <0.0001 9.58 3.71-24.73
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4.5.1.2 Treatment

Radiotherapy was grouped into daily fraction size of 1.8 Gy vs 2.0 Gy. There was no
significant difference in the risk of distant recurrence with fraction size (Figure 23). ADT
status was also not significantly associated with outcome. These results are summarized in

Table 19.

Figure 23: Kaplan Meier estimate of time to distant failure by dose of radiotherapy
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Table 19: Treatment and distant progression — Univariate Cox regressions

Variable n n Wald statistics @ Hazard  Hazard ratio
events P value ratio 95% CI
ADT 0.95
Not given 128 14 Ref 1
Given 67 7 0.98 0.39-2.42
EBRT 0.46
2.0 Gydaily 176 18 Ref 1
1.8 Gydaily 19 3 1.58 0.47-5.36
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4.5.1.3 Biomarkers

Bax positivity was not a predictor of distant outcome (Figure 24), whereas BCL2
positivity was marginally associated with an increased risk (HR 2.4, 95% CI: 0.9-6.2)
(Figure 25). The combination term representing Bax negative and BCL2 positive was not
superior to BCL2 alone (HR: 1.8, 95% CI: 0.6-5.5) (Figure 26). In the ADT stratified
analysis, the effect of Bax immunopositivity was associated with a reduced risk of distant
recurrence amongst individuals receiving ADT (HR 0.21, 95% CI: 0.02-1.8), whereas in
ADT naive patients, it was associated with a higher risk (HR: 1.8, 95% CI: 0.6-6.4).
Consistent with this observation, the Bax ADT combination term approached statistical
significance (p=0.055). There was no interaction between ADT and the combination term
Bax negative and BCL2 positive (p=0.40). ADT BCL-2 interaction could not be evaluated
because of the small number of patients in some categories.

Figure 24: Kaplan Meier estimate of time to distant failure by Bax status
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Figure 25: Kaplan Meier estimate of time to distant failure by BCL.2 status
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Figure 26: Kaplan Meier estimate of time to distant failure by Bax/BCL2 combination
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MVD did not have a linear relationship with the risk of distant progression (Figure C-3).
The risk of distant recurrence in patients with MVD values between was apparently lower
amongst patients with MVD levels between 1.5% and 3.0%(Figure 27). This may be an
aberration related to our small sample size or may reflect true biology. Since the risk level
associated with these MVD values was not statistically significant(p=0.23), it was combined
with the reference strata (MVD 0-1.5%). Patients with more densely vascularized tissue
(MVD >3%) had a significantly increased risk of developing distant recurrence (HR: 3.9,
95% CI: 1.5-9.9). There was no apparent effect modifying properties of ADT on MVD

(p=0.85).

Figure 27: Kaplan Meier estimate of time to distant failure by MVD (%) categories
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MIB-1 immunoreactivity level was strongly related to the risk of distant progression

(p=0.0009). The relationship between MIB-1 and distant progression appears linear and was
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therefore not categorized. To depict that relationship, MIB-1 values were grouped and
regressed against distant progression (Cox regression). The resulting beta values (running
averages of three neighboring groups) are plotted against the median values of MIB-1
(Figure 28). The results suggest that for each 1% increase in MIB-1 value, the risk of distant
recurrence rises by 7%. ADT did not significant modify the effect of MIB-1 on distant

recurrence (p=0.40).

Figure 28: Risk of distant progression associated with MIB-1 (%) values
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Higher P-53 immunoreactivity levels were marginally associated with increased risk of
distant progression, but this was not statistically significant (p=0.32). Figure 29 represents
that relationship between these two variables using the same approach as described for MIB-
1. There was no apparent effect modifying properties of ADT on the risk associated with P-

53 (p=0.92).
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Figure 29: Risk of distant progression associated with median P-53 (%) values
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A summary of the value of biomarkers in predicting distant progression and their
interaction with ADT is shown in Tables 20 and 21, respectively. Because of the small

number of distant events only a drastic interaction would have detectable.

Table 20: Biomarkers and distant progression — Univariate Cox regressions

Variable n n Wald statistics Hazard Hazard ratio
events P value ratio 95% CI
Bax 0.85
Negative 100 12 Ref 1
Positive 46 5 0.91 0.32-2.57
BCL2 0.082 :
Negative 111 10 Ref 1
Positive 35 7 2.36 0.90-6.20
Bax-/BCL2+ 0.31
Others 125 13 Ref 1
True 22 4 1.78 0.58-5.46
% MVD 0.0045
0.-<3.0 108 7 Ref 1
>3.0 54 12 3.87 1.52-9.85
% MVD 0.019
0-<1.5 67 6 Ref 1
1.5-<3.0 41 1 0.23 0.27 0.03-2.26
>3.0 54 12 0.039 2.80 1.05-7.48
% MIB-1 152 17 0.0009 1.066 1.027-1.108
% P-53 145 17 0.32 1.011 0.99-1.03
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Table 21: Biomarker and ADT interaction in distant progression

Variable N Wald statistics Hazard Hazard ratio
P value ratio 95% CI
Bax Interaction term 0.055
No ADT Negative 77 Ref 1
Positive 25 0.32 1.87 0.55-6.40
ADT given Negative 23 Ref 1
Positive 21 0.15 0.21 0.024-1.77
Bax/BCL2 Interaction term 0.40
No ADT Negative 75 Ref 1
Positive 27 0.52 0.65 0.17-2.43
ADT given Negative 36 Ref 1
Positive 8 0.15 0.20 0.023-1.75
%MVD Interaction term 0.81
No ADT 0.-<3.0 72 Ref 1
>3.0 36 0.026 3.57 1.17-10.93
ADT given 0.-<3.0 36 Ref 1
>3.0 18 0.086 442 0.81-24.18
%MIB-1 Interaction term 0.40
No ADT Cont 100 0.036 1.055 1.004-1.109
ADT given Cont 52 0.005 1.103 1.030-1.181
%P-53 Interaction term 0.92
No ADT Cont 100 0.45 1.012 0.982-1.042
ADT given Cont 45 0.63 1.008 0.976-1.040

4.5.2 Model building: Traditional factors in distant progression

4.5.2.1 Traditional factors: Variable selection

One hundred and eighty five (185) patients were included in the multivariate analysis.

Ten (10) were excluded because of missing pre-treatment PSA information. Stepwise

selection of variables was performed as described in section 3.7.4 .1 and the results are

shown in Table C-1. Pre-treatment PSA levels, clinical T stage, ADT status and Gleason

score were all independent predictors of distant progression. Details of the resulting

equation are shown in Table 22. PSA categories 20-50 ng/ml and >50 ng/ml were

associated with risk levels 8.3 times (95% CI: 2.2-32.1) and 16 times (95% CI: 3.8-68.0)

higher than the reference group. Clinical stage and Gleason score also imparted significant
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prognostic information, identifying patients at 4.6 (95% CI: 1.6-13.6) and 3.0 (95% CI: 1.1-
9.4) times, respectively, higher risk of progression. As expected, hormone therapy is

demonstrated protective in this multivariate setting.

Table 22: Multivariate analysis of distant progression using traditional factors

Variable N Wald statistics Beta value Hazard ratio Hazard ratio
P value 95% CI1
{PSA (ng/ml) 0.0008
0-<20 130 Ref 0 1
20-<50 40 0.0021 2.12 8.33 2.16-32.09
>50 15 0.0002 2.77 15.98 3.75-68.02
[Clinical T stage 0.0054
1-2¢ 140 Ref 0 1
3-4 45 0.0061 1.53 4.62 1.57-13.58
ADT 0.016
Not given 121 Ref 0 1
Given 64 0.017 -1.23 0.29 0.11-0.80
IGleason score 0.040
<6 104 Ref 0 1
>6 81 0.043 1.09 2.97 1.05-9.35

4.5.2.2 Traditional factors: Linearity

The scale of PSA was re-examined using visual examination and fractional polynomials
as described in section 3.7.4.2 (Figure C-4 and Table C-2). The relationship betWeen PSA
and its associated risk remained non linear for higher PSA levels. Amongst the three
potential transformations determined superior in the fractional polynomial analysis (1/PSA,
1/sqrt (PSA) or categorized), the categorized form was considered the best representation of
the variable despite producing a somewhat lower likelihood ratio (19.3 compared to 22.1
and 24.5). This transformation was selected because it is easier to interpret and the risk
associated with PSA values within each group (PSA 20 ng/ml, PSA 20-50 ng/ml and >50

ng/ml) visually appear similar (Figure C-4).
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4.5.2.3 Traditional factors: interactions

To investigate the presence of interaction between the traditional factors, interaction
terms were investigated as described in section 3.7.4.3. Too few events were present to
permit an analysis between most variables except ADT and duration of ADT, and stage and
Gleason score. These relationships were determined to be additive only (p = 0.10 and 0.56,
respectively) (Table C-3).

The preliminary traditional factor statistical model to which biomarkers may be added is
therefore unchanged from Table 22. The coefficients associated with each variable are

shown in Table C-4.

4.5.3 Model building: Biomarkers in distant progression

4.5.3.1 Biomarkers: Variable selection

The stepwise variable selection process described earlier was repeated to build the model
incorporating biomarkers. In the initial step, both Bax (p=0.044) and MVD (p=0.052) were
marginally predictive of distant recurrence (Table C-5). Bax was added first to the model
because it produced the largest likelihood ratio (4.0 vs 3.8). Following the inclusion of Bax,
MVD was no longer significant and no further variables were added to the model (Table C-

6). The biomarker model containing Bax is represented in Table 23.
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Table 23: Multivariate analysis of distant progression with model containing Bax

Variable N Wald statistics Beta value Hazard ratio Hazard ratio
P value 95% CI
[PSA (ng/ml) 0.0018
0-20 100 Ref 0
>20-50 24 0.0028 2.46 11.66 2.33-58.52
>50 13 0.0004 3.18 24.03 4.09-141.16
[Clinical T stage 0.0058
1-2 103 Ref 0 1
3-4 34 1.85 6.34 1.70-23.55
ADT 0.15
Not given 102 Ref 0 1
Given 51 -0.83 0.44 0.14-1.34
leason score 0.033
<7 77 Ref 0 1
>7 60 1.32 3.74 1.12-12.57
Bax 0.056
Negative 93 Ref 0 1
Positive 44 -1.16 0.31 0.09-1.03

4.5.3.2 Biomarker: Hormone therapy interaction
In section 4.5.1.3, a univariate analysis had suggested that ADT may be an effect
modifier for Bax. However, after adjusting for other covariates, no significant interaction
between these two variables was detected (p = 0.18).
The coefficients associated with the preliminary biomarker statistical model that contains

Bax are shown in Table C-7.

4.5.4 Verifying the proportional hazard

The proportionality hazard for each variable contained in the models was evaluated
using the two approaches described in section 3.7.5. Results of the —In (-In(S)) plots shown
in Figures C-5 through C-8 demonstrate that all variables, except Bax, meet the PH

assumption. Results of the extended Cox model (Table C-8), however, did not reveal a
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significant departure from proportionality for Bax or any other variable. Therefore, no

model adjustment was carried out.

4.5.5 Final traditional and biomarker models

The final models are unchanged from those depicted in Tables C-4 and C-7.

The hazard ratios obtained with each equation (model) were used to produce a graphical
representation of the models. The hazard ratios were categorized into quartiles of equal
sizes to produce 4 risk categories as described in section 3.7.6. A descriptive summary of
the hazard ratios derived from each model is given in Table C-9, and the stratification
groups are defined in Table C-10. Curves derived from the traditional model and Bax

biomarker model are represented in Figures C-9 and C-10, respectively.

4.5.6 Comparing models: distant progression
To determine whether the addition of Bax to a model containing traditional factors only
improved its predictive value and discrimination potential, the two nested models were

compared using the AICc and ¢ index as described in section 3.7.7.

4.5.6.1 Information criteria
Results of the information criteria estimates are shown in Table 24. Bax does not add

predictive discrimination to the traditional factor model (AICc difference =0.86).

Table 24: Information criteria for the models predicting distant progression

Patients with Bax data -2LL K n AIC AlCc BIC
Traditional factor model 109.81 5 137 119.81 12425 13441
Bax model 105.77 6 137 11777 12338 135.29
Difference in information criterion 2.047 0.86 -0.88

The biomarker model is compared to the traditional model generated in the same subset of
patients to produce difference in information criterion.
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4.5.6.2 Concordance (¢) index

The ¢ index analysis demonstrates that the model based on the traditional factors only
has very good discrimination potential. That model could accurately identify between two
patients the one most likely to develop a distant progression 92% of the time. Incorporating
Bax into the model did not improve its predictive value (Table 25). The c index estimated in

the entire group (91.6%) is included to show consistency between the two populations.

Table 25: ¢ indices computations for models predicting distant progression

Traditional factor | Traditional factor Biomarker model:
model in all patients| model in patients Bax
with Bax data

All pairs considered 17020 9316 9316
Unusable pairs 13676 7319 7300
Total evaluable 3344 2026 2026
Count 31175 1877.5 1864
¢ index 91.6% 92.7% 92.0%
Difference -0.7%

C indices for the traditional factor model were estimated in the entire patient population
and subpopulations in which the biomarker model was developed. Differences in c indices
are estimated from c indices computed in the same population.

4.5.7 Summary

In summary, while the addition of Bax to the traditional factor model produced a
statistically significant improvement in the likelihood ratio, the resulting model did not have
a superior predictive and discrimination potential.

Note: Since the significance level of MVD was very similar to that of Bax, the analysis
was repeated allowing MVD instead of Bax to be contained in the biomarker model. MVD
did not improve the predictive value of the model based on traditional factors only (results

not shown).
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4.6 Biochemical progression

4.6.1 Univariate analysis of biochemical progression
At the time of analysis, 104 patients (52%) had a documented biochemical progression.
Median time to progression was 61 months, and the 2, 5 and 8 year progression free survival

were 73%, 50%, and 43%, respectively (Figure 30).

Figure 30: Kaplan Meier estimate of biochemical progression free survival for all
patients
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In this section, the ability of biomarkers to improve the prediction of the combined
endpoint, biochemical progression, was studied. The procedures carried out for developing
and comparing models based on traditional factors only and incorporating biomarkers which

were described earlier were repeated for this endpoint.

4.6.1.1 Traditional factors

The Kaplan Meier estimate of biochemical PFS by Gleason score is shown in Figure 31.
Gleason scores 6 (HR: 1.6) and 7 (HR: 1.9) were associated with similar risk levels and
were combined. Compared to patients with Gleason scores 4-5, those with scores 6-7 and 8-
9 had hazard ratios of HR: 1.7 (95% CI: 0.9-3.4) and 3.0 (95% CI: 1.3-6.6), respectively.

Figure 31: Kaplan Meier estimate of biochemical progression free survival by Gleason
score

1.0

*Gleason 4-5

8
leason 6, HR: 1.6

Gleason 7, HR: 1.9

Gleason 8-9, HR: 3.0

2

Cumulative progression free survival
(o]

* reference stratum
0.0

0 20 40 60 80 100 120 140

Time to PSA failure (mos)

96




Pre-treatment PSA levels were strongly predictive of biochemical recurrence, although
the relationship was not linear, especially for PSA values > 25 ng/ml. Since the variable is
highly significant and there were no apparent risk clusters, the variable was not categorized.
Transformation to achieve linearity will be evaluated in the multivariate setting. The
relationship between the untransformed variable and the risk of biochemical progression is
shown in Figure 32. To depict that relationship, PSA was categorized and regressed against
biochemical progression. The resulting beta values (running averages of three neighboring
groups) were plotted against the median values of PSA groups to demonstrate the
relationship between the two variables.

Figure 32: Risk of biochemical progression associated with PSA (ng/ml) levels
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The relationship between stage and biochemical progression is shown in Figure 33.
Stage was grouped into 3 categories containing patients with similar risk levels. Compared
to patients with stages 1-2a, patients with stages 2b and 2¢-3-4 had a significantly elevated
risk of biochemical recurrence (HR: 2.1, 95% CI: 1.3-3.5; and 3.1, 95% CI: 1.9-5.1,
respectively) (Figure 33).

Finally, age was associated with the risk of biochemical progression (p=0.58) (Figure 34).
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Figure 33: Kaplan Meier estimate of time to biochemical failure by t stage
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‘Figure 34: Risk of biochemical progression associated with age groups

Beta

0.3

Age and Biochemical Recurrence

0.2

0.1

55 60e ¢ 65 78 75% 80

0.1

-0.2
-0.3

-0.4

Median age group (years)

98




A summary of the relationship between traditional factors and the risk of biochemical

recurrence is shown in table 26.

Table 26: Traditional factors and biochemical progression — Univariate Cox regressions

Variable n Wald statistics Hazard ratio  Hazard ratio
P value 95% CI
Age 0.58 1.008 0.98-1.04
Gleason score 0.018
4-5 24 Ref 1
6-7 146 0.123 1.71 0.85-3.42
8-9 25 0.0073 2.97 1.34-6.59
PSA (ng/ml) <0.00001 1.011 1.007-1.015
Clinical T stage <0.0001
1-2a 79 Ref 1
2b 60 0.0031 2.12 1.29-3.49
2¢,3o0r4 56 <0.0001 3.13 1.92-5.10
4.6.1.2 Treatment

ADT status was not a significant predictor of outcome in the univariate setting (p=0.46).
However, a smaller daily radiotherapy fraction size (1.8 Gy) (Figure 35) was associated with
a higher risk of biochemical recurrence (HR: 1.9, 95% CI: 1.1-3.3). The relationship

between treatment and the risk of biochemical recurrence is summarized in Table 27.
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Figure 35: Kaplan Meier estimate of time to biochemical failure by dose of

radiotherapy
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Table 27: Treatment and biochemical progression — Univariate Cox regressions

Variable n Wald statistics Hazard Hazard radtio
P value ratio 95% CI
ADT 0.46
Not given 128 Ref 1
Given 67 0.85 0.56-1.30
Duration of ADT 0.67 0.98 0.89-1.07
EBRT 0.0224
2.0 Gy daily 176 Ref 1
1.8 Gy daily 19 1.90 1.09-3.28
4.6.1.3 Biomarkers

Bax (Figure 36, p=0.18) and BCL2 (Figure 37, p=0.40) were not statistically

significantly related to the risk of biochemical progression. The combination term

Bax+ve/BCL2-ve did not warrant investigation. There was no apparent interaction between

ADT and Bax (p=0.17). ADT and BCL2 interaction could not be evaluated because of the

small number of patients in one category.
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Figure 36: Kaplan Meier estimate of time to biochemical failure by Bax status
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Figure 37: Kaplan Meier estimate of time to biochemical failure by BCL2 status
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MVD was positively associated with outcome, for values < 4% only (Figure D-1).
Dichotomizing the variable into densities <3% and >3% identified patients at increased risk
biochemical recurrence (HR: 2.6, 95% CI: 1.7-4.0) (Figure 38). There was no significant
interaction between ADT and MVD levels (p=0.56).

The rate of proliferation measured by MIB-1 immunoreactivity was significantly
positively associated with outcome (p=0.0075). The relationship between risk of
biochemical progression and the untransformed variable is depicted in Figure 39. The risk
associated with MIB-1 immunoreactivity was somewhat higher in patients treated with ADT
(HR: 1.084) compared to ADT naive patients (HR: 1.029), but the corresponding interaction

term was not statistically significant (p=0.16).

Figure 38: Kaplan Meier estimate of time to biochemical failure by MVD (%) level
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Figure 39: Risk of biochemical progression associated with MIB-1 (%) levels
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Specimens in which higher levels of mutated P-53 were detected had a significantly

elevated risk of biochemical recurrence (p=0.031) (Figure 40). The relationship between P-

53 and outcome was not linear, but since no apparent risk clustering was observed, the

variable was not categorized. Transformation will be considered in the multivariate setting.

Hormone exposure had no apparent effect on P-53 risk (p=0.85).
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Figure 40: Risk of biochemical progression associated with P-53 (%) levels
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The value of biomarkers in predicting biochemical progression and their interaction with
hormone therapy is summarized in Tables 28 and 29, respectively.

Table 28: Biomarkers and biochemical progression — Univariate Cox regressions.

Variable N Wald statistics Hazard ratio  Hazard ratio
P value 95% CI
Bax 0.175
Negative 100 Ref 1
Positive 46 1.38 0.87-2.20
BCL.2 0.399
Negative 111 Ref 1
Positive 35 1.24 0.75-2.07
% MVD <0.0001
0-<3.0% 108 Ref 1
>3.0% 54 2.58 1.68-3.98
% MIB-1 152 0.0075 1.036 1.009-1.063
% P-53 145 0.031 1.0129 1.001-1.025
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Table 29: Biomarker and ADT interaction in biochemical progression

Variable N P value Hazard ratio Hazard ratio
95% CI
Bax Interaction term 0.17
No ADT Negative 77 Ref 1
Positive 25 0.038 1.82 1.03-3.19
ADT given Negative 23 Ref 1
Positive 21 0.73 0.86 0.37-2.03
%MVD Interaction term 0.56
No ADT 0.-<3.0 72 Ref 1
>3.0 36 0.0001 2.84 1.69-4.77
ADT given 0.-<3.0 36 Ref 1
>3.0 18 0.068 2.09 0.95-4.62
%MIB-1 Interaction term 0.16
No ADT Cont 100 0.060 1.03 0.999-1.061
ADT given Cont 52 0.008 1.08 1.021-1.151
%P-53 Interaction term 0.85
No ADT Cont 100 0.068 1.01 0.999-1.029
ADT given Cont 45 0.25 1.01 0.992-1.030

4.6.2 Model building: Traditional factors biochemical progression

4.6.2.1 Traditional factors: Variable selection

One hundred and eighty five (185) patients were included in the multivariate analysis.

Ten (10) were excluded because of missing pre-treatment PSA information. Stepwise

selection of variables was carried out as described in section 3.7.4.1 and the results are

shown in Table D-1. Pre-treatment PSA levels, clinical stage, ADT status, Gleason score,

and EBRT daily fraction size were all significant independent predictors of biochemical

recurrence. Details of the resulting equation are shown in Table 30.
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Table 30: Multivariate analysis of biochemical progression usinglraditional factors

'Variable N  Wald statistics Beta value Hazard ratio Hazard ratio
P value 95% CK
PSA (ng/ml) 185 <0.0001 0.0111 1.0111 1.006-1.0164
[Clinical T stage 0.0016
1-2a 79 Ref 0 1
2b 60 0.0069 0.73 2.08 1.22-3.55
2¢,3-4 56 0.0005 1.04 2.82 1.57-5.05
ADT 0.0051
Not given 121 Ref 0 1
Given 64 -0.76 047 0.28-0.81
iIGleason score 0.028
4-5 24 Ref 0 1
6-7 146 0.18 0.50 1.65 0.79-3.44
89 25 0.012 1.11 3.03 1.27-7.21
[EBRT 0.030
2.0 Gy daily 176 Ref 0 1
1.8 Gy daily 19 0.77 2.16 1.08-4.33

4.6.2.2 Traditional factors: Linearity

The scale of PSA was re-evaluated in the multivariate setting using visual examination
(Figure D-2) and fractional polynomial analysis (Table D-2). The relationship appears
linear for values <30 ng/ml only. PSA transformation into In (PSA) produced the best
likelihood ratio, and this form was confirmed to meet the linearity assumption (Figure D-3).
Substituting the In transformed PSA for untransformed PSA into the equation lead to a
decrease in the risk associated with stage and Gleason score, likely because transformed
PSA had better predictive value than the untransformed variable. This resulted in little risk
difference between stages 2b (HR: 1.5) and 2¢ (HR 1.8) (Table D-3), and these strata were

collapsed. The revised model is shown in Table 31.
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Table 31: Multivariate analysis of biochemical progression using traditional factors
with PSA transformed and stage dichotomized

Variable N Wald statistics Beta value Hazard ratio Hazard ratio
P value 95% CI
fin (PSA) ng/ml 185 <0.0001 0.806 2.24 1.76-2.85
{Clinical T stage 0.062
1-2a 79 Ref 0 1
2b-¢,3-4 116 0.49 1.63 0.97-2.73
ADT 0.0015
Not given 121 Ref 0 1
Given 64 -0.82 0.44 0.26-0.796
IGleason score 0.078
4-5 24 Ref 0 1
6-7 146 0.27 0.41 1.51 0.73-3.12
89 25 0.036 0.92 2.50 1.06-5.89
[EBRT 0.016
2.0 Gy daily 176 Ref 0 1
1.8 Gy daily 19 0.84 2.31 1.17-4.56

4.6.2.3 Traditional factors: interactions

To investigate the presence of interaction between the traditional factors, interaction
terms were evaluated as described in section 3.7.4.3. Tumor grade and stage interaction was
found to be statistically significant (p=0.035) (Table D-4). Results of the Cox regression
incorporating that term is shown in Table D-5, and the coefficients are interpreted in Table
D-6. The results suggest that the increased risk associated with Gleason score is only
present amongst patients with stage 2b+. A Cox regression analysis stratified by stage
~ supports this notion (Table D-7). Gleason scores 6-7 and 8-9 are associated with a higher
risk of biochemical recurrence only amongst patients with Stages 2b+. Together these
results suggest that only patients with stages 2b+ and Gleason scores 6-7 or 8-9 have a
higher risk and should be considered separately to support model parsimony. A cross
tabulation between various Stage *Gleason score groups and the occurrence of biochemical

progression is also in keeping with this concept (Table D-8). Therefore, the six groups
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forming the stage*Gleason interaction were collapsed into 3 groups representing all patients
with stages 1-2a, those with stages 2b-4 and Gleason scores 6-7 and those with stages 2b-4
and Gleason scores 8-9. The resulting preliminary traditional factor model in which the
combination term is included is shown in Table 32, and the coefficient associated with each
variable is shown in Table D-9.

Table 32: Traditional factor model incorporation In PSA and Stage*Gleason score
interaction

Variable ‘ N Wald  Beta value Hazard ratio Hazard ratio
statistics 95% CI1
P value
iin (PSA) ng/ml 185  <0.0001 0.79 2.19 1.74-2.77
Stage * Gleason score 0.0022
[Stage 1-2a (all patients)
+ Stage 2b-4 & Gleason 4-5] 83 Ref 0 1
Stage 2b-4 & Gleason 6-7 86 0.0084 0.69 1.98 1.19-3.30
Stage 2b-4 & Gleason 8-9 16 0.0009 1.14 3.12 1.59-6.09
ADT 0.0010
Not given 121 Ref 0 1
Given 64 -0.86 0.42 0.26-0.71
[EBRT 0.011
2.0 Gy daily 176 Ref 0 1
1.8 Gy daily 19 0.86 2.37 1.22-4.60

4.6.3 Model building: Biomarkers in biochemical progression

4.6.3.1 Biomarkers: Variable selection
The stepwise variable selection was performed as described earlier. Only MVD was a
significant independent predictor of biochemical recurrence (p=0.0046) (Tables D-10 and D-

11). The model incorporating MVD is shown in Table 33.
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Table 33: Multivariate analysis of biochemical progression with model containing

MVD
Variable N Wald Beta value Hazard ratio Hazard ratio
statistics 95% CI
P value
iin (PSA) ng/ml 153 <0.0001 0.73 2.07 1.59-2.68
[% MVD 0.0046
<3 103 Ref 0 1
>3 50 0.68 1.97 1.23-3.15
Stage * Gleason score 0.0024
[Stage 1-2a (all patients) +
Stage 2b-4 & Gleason 4-5] 65 Ref 0 1
Stage 2b-4 & Gleason 6-7 76 0.0214 0.72 2.05 1.11-3.79
Stage 2b-4 & Gleason 8-9 12 0.0006 1.40 3.82 1.77-8.24
ADT 0.0026
Not given 102 Ref 0 1
Given 51 0.87 0.42 0.24-0.74
EBRT 0.0026
2.0 Gy daily 143 Ref 0 1
1.8 Gy daily 10 1.02 2.77 1.27-6.04

4.6.3.2 Biomarkers: Verifying linearity

The scale of MVD was re-examined to determine the best transformation in this

multivariate setting using visual examination (Figure D-4) and fractional polynomial

analysis (Table D-12). MVD was not linearly related to the risk of biochemical progression,

and the dichotomized form (MVD >3%) produced the best likelihood ratio.

4.6.3.3 Biomarker: Hormone therapy interactions

There was no significant interaction between MVD and ADT (p= 0.36).

The preliminary biomarker factor statistical model is unchanged from Table 33, and the

associated coefficients are shown in Table D-13.
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4.6.4 Verifying the proportional hazard

The proportionality hazard for each variable contained in the models was evaluated
using the two approaches described in section 3.7.5. Results of the ~In (-In(S)) plots
(Figures D-5 through D-8), and extended Cox models (Table D-14) suggest that all
variables, except the stratum combining stage 2b+ & Gleason score 7-8, meet the PH
assumption (p=0.021). For that stratum, the risk is higher than the reference stratum before
40 months after which, the curves approach suggesting that the hazard rate is lower in that
strata than the reference strata. Therefore, an extended Cox model was developed in which
a variable coding for time was incorporated into the Stage2b+/Gleason score 6-7 group as
shown below. That variable meets the PH (Wald statistics p value of In (time) interaction =
0.68). The resulting interaction term is interpreted for the traditional model and the

biomarker models separately in Tables D-15 and D-16, respectively.

4.6.5 Final traditional and biomarker models

The models were therefore each regenerated using the extended Cox model in which a
time-dependent covariate interaction with Gleason and Stage is incorporated. The
coefficients associated with the final models predicting for biochemical recurrence are
represented in Table D-17.

The hazard ratios obtained with each equation (model) were used to produce a graphical
representation of each model. The hazard ratios were categorized into quartiles of equal
sizes to produce 4 risk categories as described in section 3.7.6. A descriptive summary of
the hazard ratios derived from each model is given in Table D-18, and the stratification
groups are defined in Table D-19. Curves derived from the traditional model and MVD

biomarker model are represented in Figures D-9 and D-10, respectively.
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4.6.6 Comparing models: biochemical recurrence
To determine whether the addition of MVD:3¢, improved the predictive value and
discrimination potential of the model based on traditional factors only, the two were

compared using the AICc and ¢ index as described in section 3.7.7.

4.6.6.1 Information criteria

Results of the information criteria estimates are shown in Table 34. Based on the AICc,
a marginal improvement in predictive advantage of the model containing MVD over the
traditional factor model is observed. The AICc of the biomarker was smaller than the
traditional factor model by 1.46.

Table 34: Information criteria for the models predicting biochemical progression.

[Patients with MVD 2L K n AIC AICc BIC
Traditional factor model 593.7 6 153 605.70 611.25 623.88
Biomarker model: MVD >3% 589.06 7 153 603.06 609.79 624.27

Difference in information criterion 2.64 1.46 -0.39

The biomarker model is compared to the traditional factor model generated in the same
subset of patients to produce difference in information criterion.

4.6.6.2 Concordance (c) index

The c index derived from the biomarker model is compared to the ¢ index obtained with
the traditional model evaluated in the same subpopulation (Table 35). The predictive value
of the traditional model is high (82%), and adding MVD only marginally improved the

model’s discrimination (change in ¢ index = 1%).
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Table 35: ¢ indices computations for models predicting biochemical progression

All TF TF with MVD MVD

All pairs considered 17020 11628 11628
Unusable pairs 4567 3209 3209
Total evaluable 12453 8419 8419

Count ' 10259.5 7019.5 7107.5
¢ index 82.4% 83.4% 84.4%
Difference 1.0%

c indices for the traditional factor model were estimated in the entire patient population and
subpopulations in which the biomarker models were developed to demonstrates consistency.
The difference in the c indices is computed from the patients with MVD data.

4.6.7 Summary
MVD was a significant independent predictor of biochemical recurrence (p<0.0001).
However, it only marginally improved the overall predictive value of the model based on

traditional factors.
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5. DISCUSSION

5.1 Overview

The biological foundation of cell regrowth within the field of radiotherapy and for
micro-dissemination is different. Deficits or anomalies in the cellular pathways involved in
the biological response to radiotherapy may be responsible for radioresistance and reduce
the probability of achieving local control, whereas conditions favorable for the
dissemination and survival of tumor cells may increase the risk of developing metastatic
disease. It follows that biomarkers that confer increased risk of radio-resistance may not
necessarily also be associated with an elevated risk of dissemination, and vice versa. For
that reason, biomarkers were studied for their value in quantifying risk associated with local
and distant progression separately in a cohort of patients undergoing radical EBRT.

. Individual mathematical models were developed to predict local and distant progression that
were based on traditional factors alone, and to which biomarkers could be included. Since
biochemical recurrence is the benchmark endpoint on which previous models had been
developed, that outcome was also studied. This study considered: apoptosis associated
proteins Bax (inducer) and BCL-2 (inhibitor); cell proliferation marker, MIB-1; cell cycle
regulator, P-53; and a measure of microvessel density (MVD) for their value in improving
the accuracy of risk level measurements obtained from the traditional factor model. The
cohort of patients in whom the biomarkers were evaluated had received standard curative
radiotherapy in combination with adjuvant hormone therapy, where indicated. The subjects

pre-treatment profile with respect to Gleason score, tumor stage and pre-treatment PSA
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levels were grossly similar to those of other cohorts on which prediction models were based

(12,13,18,67).

In this cohort, P-53 was not a significant predictor of local or distant progression but was
associated with the combined measure of biochemical progression. The findings suggest
that higher proliferation levels measured with MIB-1 antibodies were related to a higher risk
of local, overall (biochemical) and, to a lesser extent, distant recurrence when studied alone,

but not after adjusting for traditional factors.

Bax and BCL-2 immunopositivity were associated with conflicting risk direction in local
compared to distant progression. In the univariate setting, Bax immunopositivity was
marginally correlated with an elevated risk of local recurrence. In the presence of traditional
factors, it was associated with a reduced risk of distant recurrence, and was therefore
incorporated into the biomarker model predicting for distant recurrence. However, the
larger model containing Bax did not provide better risk discrimination over the model based
on traditional factors alone. BCL-2 immunopositivity was marginally correlated with a
higher risk of distant progression in the univariate analysis but not after adjusting for
traditional factors. A combination term identifying patients with tissue immunopositive to
Bax and/or immunonegative to BCL2 was associated with a statistically significant reduced
rate of local control, and was therefore incorporated into the biomarker model predicting for

local recurrence.

Tumor microvessel density was found significantly associated with poor disease control
in general. Higher MVD values were associated with elevated risks of local recurrence,
hematogeneous spread of tumor cells and overall biochemical recurrence. MVD was also an

independent predictor of the risk of local and biochemical recurrences and was therefore
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incorporated in both models. That quantitative estimate of intratumor microvessel density in
combination with the interaction term Bax/BCL2 provided a statistically independent and
clinically valuable supplemental measure of the risk estimate for local progression. The
model incorporating the biomarkers could discriminate with a 7% higher accuracy patients’
risk levels. That model also had a lower AICc index than the traditional factor model,
suggesting it contained more explanatory potential. When contained in the the model
predicting for biochemical progression, MVD only provided a marginal discrimination

benefit.

5.2 Methodological approach

5.2.1 Imputing the site of disease progression

Biochemical progression was documented in 52% of patients. In 13%, the site of
progression giving rise to the elevated PSA was not known and PSA kinetics was used to
impute that site. The PSA doubling time at the time of disease progression had previously
been demonstrated to be longer in patients with local progression compared to distant
progression (116-118). A receiver operating characteristic curve was used to determine a
cut off point that would allow us to assign site of failure. Based on that analysis, a PSA
doubling time larger than 5.0 months was determined to provide a sensitive measure (92%)
of detecting local progression and was adequately specific (91%). Two other studies have
estimated the PSA doubling velocity discrimination level between local and distant
progression. Both studies were conducted in prostatectomy patients and determined that a
6.0 month doubling time was an appropriate discriminator of progression site(127,128).

Using the PSA cut off mark of 5.0 months, 18 biochemical recurrences were assigned to be
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local recurrences. Only one more patient would have been included in that group had a 6-
month cut off level been used. The result of incorrectly imputing the site of recurrence
would have been to reduce the ability of the analysis to detect an association that might have
been present between a factor and outcome, resulting in an effect size estimate with a
tendency to migrate towards the null effect. Since the analyses detected profound
associations between some factors and outcome, the potential bias introduced in imputing

sites of progression was likely minimal.

5.2.2 Outcome assignment

Because the study required that the risk associated with each type of progression be
measured independently, separate models were developed to predict local and distant
progression. Since the two risks are likely not independent, a competing risk analysis was
performed in which patient follow-up for progression at one site was stopped if progression
at the other site was documented. The association between local and distant progression has
also been demonstrated in other disease sites like lung and breast cancer. A small number of
the studies performed a competing risk analysis to evaluate the association between a factor
and outcome using approaches documented by Kalbfleish and Prentice or Lagakos
(129,130). These are sophisticated methods in which the correlation between a variable and
the site and time to progression is evaluated simultaneously. The advantage these
approaches provide over standard Cox regression modeling is that risk measurement for
variables that are related to both outcomes is based on a larger number of events. The
disadvantage is that the risk estimate for covariates associated with local and distant
outcomes is a combined one. Therefore, a variable that would have been significantly

associated with twice the risk of local progression and 5 times the risk of distant progression
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would generate an intermediate risk level. In this study, individual covariates were found
statistically significant in predicting both outcomes, but in some cases, were associated with
different levels and even direction of risk. For example, in the present analysis, using
patients with PSA levels 0-20 ng/ml as a reference, patients with levels >20-50 and > 50
ng/ml were found to have a 12 and 36 times higher risk of distant recurrence, respectively
(Table 18). In contrast, that PSA categorization was not appropriate for estimating the risk
of local progression because the risk level with the reference strata were very heterogeneous
(Table B-1). Had these categories been used, the estimated risk level associated with levels
>20-50 and > 50 ng/ml would have been estimated at 3 and 2 times the reference category,
respectively (results not shown). For that reason, the Kalbfleish and Prentice or Lagakos
approach to competing risk was not selected. Instead, separate analyses were performed for
estimating the risk of local and distant progression, and the outcome was assigned from the

first observed event.

5.3.3 Biomarker distribution

Findings of biomarkers expression levels consistent with the literature lend credence to
the results. Unusual deviations might suggest poor performance of antibodies used or
inadequate immunohistochemical techniques. In this section, I briefly compare the results
obtained in the present study with previous reports.

Since higher biomarker immunoreactivity may be associated with more aggressive
tumor phenotype, their expression in the population studied will be dependent on the profile
of that cohort. The present cohort included patients with any T stage (T1 - T4) and without

clinical evidence of nodal involvement or metastatic disease. The comparison of the
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biomarker expression level in the present study to the literature was therefore limited to
studies of patients with disease confined to the prostate.

Mutated P-53 phenotypic expression was found in 47% of tissues that were analyzed.
These results are lower than those reported from studies of prostatectomy specimens (57%
t0 97%)(92,96,99,100,131), but are consistent with biopsy evaluations in which
immunoreactivity is detected in 16%-66% of tissues(92,100,132-134). The present
estimates of the extent of cells expressing mutated P-53 within immunoreactive specimens
are also consistent with other reports of biopsy specimen studies. In this cohort, 10% of the
tissue expressed mutated P-53 in more than 20% of their nuclei, consistent with values of
7%-18% established in previous studies, including an RTOG trial (35,135).

Proliferative cellular activity was detected in most tissues. The median proportion of
cells immunoreactive to MIB-1 was 5% in our cohort, an estimate that is consistent with
studies of prostatectomy and biopsy specimens that report the median proportion of
immunoreactive cells at 7% and 8%, respectively(94,133).

BCL-2 and Bax immunoreactivity was determined to be positive in 25% and 33% of
patients, respectively. These results are grossly consistent with prostatectomy and biopsy
studies in which these apoptosis regulators were detected in 12%-45% of tissue
(92,96,99,100,134).

CD-34 monoclonal antibody was used to evaluate the extent of angiogenesis (MVD)
because it reported to be better associated with outcome than other antibodies(93). Reports
of MVD suffer from heterogeneity in their approach to quantifying not visualizing the
vascularity. MVD can represent the manually or digitally estimated count of vessels within

a predefined microscope field size (22,78,136,137) or the digitally estimated absolute count
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of involved pixels on a computer screen within a predefined field size(138). While the
digitally derived estimate correlates very well with manually obtained counts (1=0.95,
unpublished results), the results would be dependent on the screen resolution and make
comparison with other studies difficult. In the present study, the proportion (and not
absolute number) of digitally estimated pixels involved with CD-34 stain relative to the total
number of pixels was reported. Since this percentage is independent of field size and screen
resolution (except in the amount of random variability expected), it would permit better
comparison across studies in the future. The MVD measures obtained in this study could

not be directly compared to those of other studies in which variant approaches were used.

5.3 Biomarkers analysis

5.3.1 Correlation with Traditional factors

The primary purpose of evaluating the relationship between biomarker expression levels
and traditional factors was to detect associations that could help explain a loss of correlation
with progression from univariate to multivariate analysis. Results obtained in this analysis
are in general agreement with previously published findings. Denser vascularization was
found in specimens with higher Gleason scores(26,32,139,140) and higher stage(141,142).
A positive association between the proliferation marker, MIB-1, and stage(96,102), but,
surprisingly, not Gleason score, was observed. Gleason score is a measure of tissue
differentiation and, therefore, potential for proliferation. Other studies had reported a
correlation between Gleason score and MIV-1 immunopositivity levels(96,102,133). The
lack of correlation with tumor grade in this study is likely not due to the inherent variability

of Gleason scores derived from biopsy specimens, since Gleason score was strongly
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associated with MVD and P-53, consistent with multiple previous reports(28,28-33,85,143).
Bax and BCL-2 immunoreactivity were marginally associated with stage only. These results
are consistent with other reports that failed to detect a relationship between BCL-2 and other
measures of disease severity (31,96,133,144). No correlative studies of Bax with traditional

factors were found in the literature.

5.3.2 Predictors of outcome

I postulated that biomarkers associated with a generally more aggressive phenotype
would contribute to the overall risk of disease recurrence, regardless of site, whereas those
conferring radioresistance would identify patients at risk of local but not necessarily distant
recurrences, and those facilitating dissemination and survival of metastatic seeds would be

associated with a higher risk of distant progression.

5.3.2.1 Local progression

MVD was significantly associated with the risk of local progression. Using a density
measure cut off of 3%, one third of the population could be identified that had a significantly
increased risk of local progression alone (HR 2.2) and after adjusting for other variables,
including Bax/BCL-2 (HR 2.1). One other study reported on the risk associated with MVD
amongst prostate cancer patients treated with EBRT. Hall found generally higher risk of
recurrence with higher MVD levels, including local recurrence, but the risk level was not
quantified(26). MVD has been studied more extensively in prostate cancer patients
undergoing prostatectomy. In that population, it was found to be significantly associated
with a worse clinical outcome in the majority of studies(22,78-81,83,145,146). Studies of

MVD relationship to outcome in other patient populations receiving radiotherapy reported
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very significant, albeit conflicting, correlation with local control. In one study of laryngeal
carcinoma, elevated MVD levels were found associated with increased radiosensitivity
(147). However, consistent with the present report, results of others investigations in
oropharyngeal and cervical cancer reported MVD to be associated with an elevated risk of
local failure(23-25). How MVD mediates its effect on outcome remains unclear. It is well
established that tumor growth depends on neovascularization for its nutritional and
oxygenation requirements. We also know that better oxygenated tissue is more
radiosensitive(148). Therefore, if MVD measures had reflected enhanced tissue perfusion,
and therefore higher oxygenation, MVD levels would have been expected to correlate with
superior, not reduced, local control. In a study of oral carcinoma, histopathological
evaluation of the response to radiotherapy also showed no correlation between MVD levels
and improved tissue response(23). MVD is therefore not likely measuring oxygen perfusion
levels. West et al examined the relationship between two measures of vascularity
determined immunohistochemistry, and tissue hypoxia measured from Eppendorf needle
electrodes(25). The first measure of vascularity was the microvessel density and the second
was a measure of interacapillary distance. He showed that high intercapillary distance was
related to lower tissue 0xygen concentration, whereas MVD was not associated with oxygen
levels(25). He further demonstrated that larger intercapillary distances and higher MVD
levels were both significantly and independently associated with a higher risk of local
recurrence. Because vascular endothelial cell density is not associated with tissue perfusion,
the vessels identified with CD-34 stain are likely not structurally or functionally sound.

These results suggest that MVD reflects a generally more aggressive phenotype, rather than
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a predictor of response to radiotherapy. The elevated risk of distant recurrence observed
with higher MVD values is consistent with that hypothesis.

Most studies(34,42,149,150), but not all(36,37), have reported reduced radiosensitivity
in P-53 overexpressing specimens. In the present cohort, elevated levels of mutated P-53
phenotypic expression were not significantly associated with the risk of local recurrence.

Bax positivity was associated with an apparently elevated risk of local progression in the
univariate setting (HR:1.6) but this was not statistically significant. BCL-2 status alone was
also not significantly related to the risk of local recurrence. However, in the multivariate
model predicting for local progression, the combination term identifying patients in whom
Bax immunoreactivity was found positive and/or BCL-2 negative, was significantly
associated with an elevated risk of developing a recurrence within the irradiated field (HR:
7.0). Since Bax is an apoptosis inducer and BCL-2 an apoptosis suppressor, the results are
contrary to expectations based on present knowledge. Another study has reported that
patients with BCL2 negative phenotypic expression had a significantly reduced cancer
specific survival following radiotherapy(39), while two other studies have found higher
BCL-2 levels to be associated with a poorer outcome. BCL2 levels were elevated in locally
recurrent tumors compared to pretreatment specimens in one study(42), and were predictive
of an increased risk of local progression in interaction with Bax in another(38). Since only
12 patients were contained in one stratum of the combination term, the results in this
analysis may be an aberration of the small sample size. The potential effect of Bax and
BCL-2 on local control requires further study.

In this cohort, MIB-1 labeling index was strongly correlated with risk of local recurrence

before adjusting for other variables only. The loss of correlation with outcome in the

Ay
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presence of traditional factors may be due to the observed association between MIB-1 levels
and clinical T stage. There were no reports directly correlating MIB-1 activity with disease
control in EBRT. However, MIB-1 immunoreactivity is indirectly linked to outcome in
reports showing that levels of MIB-1 immunoreactivity is higher in the prostate biopsy
specimens obtained at the time of local failure following EBRT than the pre-treatment

specimens from the same patient(41,42).

5.3.2.2 Distant progression

The proliferation index measured with MIB-1 and MVD were strongly associated with
the risk of distant recurrence alone, but not after adjusting for traditional factors (MVD was
marginally significant). The apparent association between both biomarkers and stage may
be responsible for the observed loss of correlation. MVD and MIB-1 proliferation rate were
both significantly associated with local and distant progression, suggesting that these
markers may reflect generally a more aggressive tumor phenotype(40,77).

Addition of Bax status to the traditional factor model produced a statistically significant
improvement in the equation. After adjusting for traditional factors, patients with Bax
positive phenotypes were found to have a reduced risk of developing distant metastases
(HR:0.31, 95% CI: 0.1-1.0). The association between higher Bax immunoreactivity and
improved outcome may be a result of the apoptosis inducing activity attributed to Bax.

An RTOG trial in which the association between P-53 association and outcome was
evaluated reported that, amongst patients treated with adjuvant ADT, those with tumors
overexpressing P-53 were more likely to develop distant metastasis(151). Results of studies

conducted in patients treated palliatively with ADT also suggest the presence of a P-53
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interaction with ADT(152,153,153-156,156,157). In the present study, mutated P-53 levels

correlated poorly with risk of distant metastasis, and no interaction with ADT was detected.

5.3.2.3 Biochemical progression

MVD measure of tissue vascularity, MIB-1 index and P-53 were all significantly
associated with an elevated risk of biochemical recurrence. Their impact on risk was not
significantly modulated by ADT. Only MVD was an independent predictor of outcome.

The current knowledge on the role of biomarkers in predicting disease recurrence
following EBRT in patients with prostate cancer was reviewed in the previous sections, in

the context of the site of progression.

5.4 Supplemental value of biomarkers

The biological basis for tumor regrowth at the site of original disease (local failure) and
for dissemination of disease (distant progression) are different. I believe that combining
these two outcomes into a single category (biochemical failure) confounds the effect of a
marker on one outcome by its effect (or lack of) on the other outcome. I therefore studied
the association between biomarker expression levels and the risk of local or distant
progression separately. Independent models were built for the prediction of local recurrence
and distant progression. Since all nomograms reported in the literature were developed
exclusively to measure the risk of biochemical failure, that endpoint was also studied. The
aim was to determine whether the addition of biomarkers to a model based on traditional

prognostic factors only would improve its predictive discrimination.

Several studies have quantified the value of traditional factors in predicting recurrence

risk levels amongst patients treated with radical EBRT(65,68,158-161), but few provide a
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complete nomogram incorporating all three basic factors: PSA, tumor grade, and stage (12-
20). Unfortunately, all models were developed to measure the risk of biochemical failure,
and could therefore only be directly compared to the results of the biochemical progression

model developed in this study.

5.4.1 Local recurrence

The main objective of the present analysis was to determine whether biomarkers add
prognostic value beyond that already contained in traditional factors. The fact that a
biomarker is independently statistically significant (i.e. in the presence of traditional factors)
does not necessarily demonstrate added value. For example, in the distant recurrence model,
Bax was a significant independent variable, but did not improve the predictive value of that
model. The AICc and c index were used to quantify the change in predictive ability. The
AICc is an estimate of the explanatory value of the model founded on the —2LL value but
that introduces a penalty proportional to the number of variables (enforcing parsimony) and
another for small numbers of events. Essentially, the AICc is a value that represents a trade-
off between underfitting and overfitting the sample data. Comparing the AICc values for
two models estimated in the same patient population provides an objective estimate of the
true difference in explanatory value between the models. The c index is a measure of a
model’s ability to discriminate between those patients who will benefit from treatment and
those more likely to relapse. The ¢ index is derived by determining, for each pair of
patients, whether the clinical outcome of the two patients is concordant to the model’s
prediction for these patients.

In the local progression model, the addition of MVD and Bax/BCL2 was found to

improve the predictive ability of the model based on traditional factors alone. When the —
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2LL associated with these models were compared, the biomarker model provided more
explanation of the variance, even after penalties were introduced to correct for the biomarker
model’s larger size and small sample size to parameter ratio. The AICc was reduced by 11.4
points in the biomarker model compared to the traditional factor model. The biomarker
model could also distinguish with 7% higher accuracy individual patient risk levels (i.e.
increase in ¢ index by 7%). Because one strata of the Bax/BCL2 interaction term contained
only 12 patients, it raised the concern that the model may be overfitting idiosyncrasies in the
data rather than predicting true biological associations. For that reason, a biomarker model
based on MVD and excluding the combination term Bax/BCL2 was also evaluated. That
model was also found superior to the traditional factor model using the AICc estimate and ¢
index. However, the improvement was not as impressive in the absence of Bax/BCL2.

The present study did not attempt to produce a clinical decision tool upon which risk
level determination could be based and from which treatment decision could be made. The
goal was to determine, using the strictest criteria, whether biomarkers provided
supplemental value to the currently used factors. For example, during model development, I
strived to optimize the predictive value of traditional factors so that improvement obtained
from adding biomarkers would represent truly complementary information. The results
suggest that biomarkers do contain supplemental information to traditional factors. We plan
to validate the results obtained in this study in a separate cohort. If the biomarkers value is
confirmed, a clinical decision tool may be developed that incorporates biomarkers. A cost-
effectiveness analysis could then help determine whether incorporating biomarker

evaluation in standard clinical practice is warranted.
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The traditional factors were less reliable in predicting local progression (¢ index = 70%)
than in predicting distant progression (c index = 92%). Biomarkers were more contributory
to local than distant progression risk estimates. This is likely due to generally weaker
correlation of traditional factors with local compared to distant progression, leaving more of
the variance to be explained. In the univariate setting, PSA categories were associated with
smaller hazard ratios for local (HR: 3 and 6) compared to distant progression (HR: 12 and
36). Gleason score was only marginally significant at predicting local progression in the
univariate setting and was not an independent predictor after adjusting for PSA and stage. It
was, however, more strongly associated with distant progression. Other studies conducted
in patients undergoing radiotherapy reported similar loss of correlation with tumor grade
after the addition of PSA, supporting the notion that the poor correlation observed in the
present cohort is not a result of poor variable definition(67,68). Because of the same
approach was used to develop the local and distant model and because every effort was
made to optimize the variable, reduced reliability of the local progression model is likely not
due to sub-optimal performance of the traditional factor resulting from the analytical

approach.

5.4.2 Distant recurrence

The model based on traditional factors alone had very good discrimination. That model
could correctly identify between two individuals the one with the higher risk of developing
distant recurrence 9 out of 10 times (¢ index 92%). The addition of Bax to the traditional
factor model did not add predictive value.

In this cohort, all traditional variables were strongly associated with the risk of distant

progression. Pre-treatment PSA level was the single most influential measurement in
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predicting distant recurrences. Based on PSA levels alone, a cohort of patients making up
70% of the population (PSA <20 ng/ml) and for whom the risk of distant recurrence was
negligible could be identified. The remaining 30% could also be divided into cohorts with
12 and 36 times higher risk levels. Gleason scores (HR: 3.0) and stage (HR: 4.6) were also
powerful determinants of distant progression. Although Bax was an independently
significant variable associated with a HR of 0.3, it did not contribute supplemental
information to the model.

MYVD and Bax were both independent predictors of distant progression. Bax was
selected for inclusion because it was associated with a marginally better likelihood ratio than
MVD. Because of the exceptional performance of the traditional factor model, any
improvement in discrimination with the addition of biomarker could likely only be

demonstrated in larger patient cohorts.

5.4.3 Biochemical

MVD was a significant independent predictor of biochemical progression but added little
prognostic value to the model. The model containing MVD produced a marginally smaller
AICc (1.5) and a 1% increase in concordance index. I postulate that because the model
based on traditional factors alone has a high performance (c index = 82%), the additional
value of biomarkers was minimal.

All previously published models were based on the prediction of biochemical
recurrence. Comparing the predictive discrimination of the current model to those in the
literature is problematic when correlative indices or other measures of discrimination are not
provided. The Kaplan Meier curves built from strata derived from a model are a useful

visual representation of the model. They facilitate clinical interpretation of the model. A
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model that can identify a group of individuals with very little risk of recurrence and another
with almost certain recurrence is attractive. However, that separation between the curve of
different strata cannot be used to compare models since the number of strata with which a
model is depicted, number of patients in each stratum and overall progression free survival
in the cohort varies between studies. That variability prohibits direct comparisons.

Models can only be compared when an objective measure of discrimination is reported.
Kattan evaluated the validity and accuracy of a model developed by his group(12) to the
main nomograms developed in EBRT(13,14,17,18,87,88) by computing the nomograms’
Somer’s D indices within a separate validation cohort. Somer’s D is a measure of
concordance related to the ¢ index. Somers’ D indices reported in Kattan’s study were
converted to ¢ indices by dividing the measure by two and adding 0.5 as described by
Harrell and colleagues (126) to allow comparison with the present results. Derived ¢ indices
ranged from 65%(87) to 73%(14) for the nomograms evaluated in that study. Kattan’s
model estimated ¢ index was 76% (Somers’ D = 0.52). In the present study, the ¢ index
estimated from the biochemical risk model was 82%. Although this estimate likely
represent an inflated measure of correlation because it was estimated in the same population
in which it was developed whereas the estimates obtained in Kattan’s study were all
externally validated measures, it may be useful in explaining the minimal contribution of
biomarkers.

The present study is the first to report a model that includes biomarkers for the
prediction of outcome after EBRT. Two models developed to predict disease control
following prostatectomy and incorporating biomarkers have been reported(97,104).

Leibovich et al studied the added value of mutated P-53 expression, and found that it
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provided 5% increase in the ¢ index over a model containing traditional factors only
(reported ¢ index increased from 66% to 71%)(97). Bauer and colleagues considered MIB-
1, P-53 and BCL-2 in the prediction of biochemical failure. Using a backward elimination
model building approach in which variables were excluded based on their significance level,
they produced a model containing P-53, BCL-2, PSA and one measure of stage but not
tumor grade. The ensuing predictive hazards were used to create three risk groups. The
authors depict the results graphically with Kaplan Meier estimate and conclude that the
model has good discrimination, but did not quantify the added benefit of the

biomarkers(104).

5.5 Conclusions and future work

Traditional factors, clinical stage, PSA levels and Gleason scores are routinely available
clinical parameters that are highly predictive of disease control following radiotherapy.
Several biomarkers were also correlated with outcome, and in some settings provided a
significant improvement in predictive power over traditional factors alone. Clinical decision
tools incorporating biomarkers may be useful in categorizing patient risk level and
identifying those potentially eligible for biomodulator or gene therapy. For example, if
MVD is confirmed useful in identifying patients at higher risk of recurrence, MVD may be
incorporated into a model to stratify patients into risk categories and may provide a rational
for anti-angiogenic therapy in the population with elevated MVD. In athymic mice carrying
prostate cancer, treatment with a monoclonal antibody to human angiogenin, the peptide
responsible for angiogenesis, was associated with a reduced rate of distant metastases(162).

Clinical studies of thalidomide and other drugs with angiogenic properties are underway,
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and preliminary results also suggest promising activity(58,59). Biomarkers warrant further
investigations in patients receiving EBRT.

The results obtained in the present study suggest that MVD, Bax and BCL2 may provide
supplemental information to traditional factors in identifying patients with higher risk of

local progression. Further investigation is warranted.

5.6 Limitations

Outcome prediction models are useful only if they predict a clinically relevant endpoint
and provide a reliable and discriminating measure of risk. The present models predict two
clinically significant endpoints (local and distant recurrences) as well as a combined
measure of biochemical failure. The biomarker models also have good predictive
discrimination in the cohort of patients in whom they were developed (c indices 72%-92%)
but these results remain to be validated in a separate cohort. Because of the small number of
patients for whom biomarker results were available, data splitting techniques could not be
used to develop the model. In that approach, the data set is divided into a training sample in
which the model is developed, and a validation sample in which the generalizability of the
model developed is measured(163). I plan to validate the present models in a separate
dataset on which biomarker assessments are currently being performed.

In developing the models, other known measures of disease severity related to tumor
volume such as number of biopsy core involved and percentage of tissue involved within
positive biopsies were not considered. Although these measures are readily available today,
for the cohort of patients studied, these results were not consistently documented.

Biomarker studies are a relatively new field of research. The field lacks consistency in

methodological approach and reporting. Current reports are based on analyses carried out
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using a variety of techniques, antibodies with increasing sensitivity in more recent years, and
are reported in the absence of standardized scales. These disparities make comparisons
between studies less reliable. Despite this, results between studies are largely congruent, at
least in prostatectomy specimens where multiple foci of immunoreactivity may be sampled.
Prognostic models in EBRT rely on biopsy estimates of biomarkers and Gleason score, both
of which have been shown to have reduced reliability when measured in biopsy specimens.
Prostate cancer samples are heterogeneous in their biomarker P-53 and BCL-2
expression(164) and measures obtained from needle biopsy apparently underrepresent the
actual level of biomarker expression. In fact, some studies have found that in the same
patient population where P-53 and BCL-2 activity evaluated from prostatectomy specimens
were found to be independent predictors of outcome, the biopsy correlates of these studies
were not(103,133). To compensate for lower accuracy of measurements obtained from
biopsy specimens, models predicting for outcome following EBRT should be developed in
large cohorts of patients where biologically meaningful association may be statistically
~ separated from the inherent variability and idiosyncrasies of the data. The cohort available
for model development in this study was relatively small. To avoid ovefﬁtting the data, data
reduction techniques were used, limiting the number of parameters permitted in the model to
no more than 1 in 10 events for local and biochemical progression by setting the significance
level to p<0.10. The numbers of parameters could not be limited to one tenth of the events
in the distant progression models because of the small number of events observed.

Each biomarker expression level was evaluated in a subset of patients (149-166 patients)
either because we had insufficient tissue or because tissue was preserved for future analyses.

This could have introduced a bias in the estimated effect of the biomarkers if there was a
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non-random exclusion of tissues from a biomarker analyses. For example, insufficient
tissue availability may be due to smaller tumor volumes and may therefore be associated
with stage. This potential preferential exclusion of patients with lower stage from some
analyses could have produced a biased estimate of biomarker effect only if that effect was
dependent on stage. The present study did not reveal this type of interaction.

The limitations discussed above, taken overall, do no invalidate the findings in this

study.
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Figure A-1: Frequency histogram of grouped MVD (%) scores
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Figure A-2: Frequency histogram of grouped MIB-1 (%) scores

MIB-1 distribution (n=156)
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Numbers at the top of each bar represent the percentage of patients with that MIB-1 range.
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Figure A-3: Frequency histogram of grouped P-53 (%) scores
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Numbers at the top of each bar represent the percentage of patients with that P-53 group.




Table A-1: Imputed outcome based on PSA doubling time cut off value of 5.0 months

PSA doubling time (months) Status Revised status
1.7 Unknown Distant
3 Unknown Distant
3.2 Unknown Distant
3.6 Unknown Distant
3.8 Unknown Distant
43 Unknown Distant
4.8 Unknown Distant
5.5 Unknown Local
6.3 Unknown Local
7.5 Unknown Local
7.6 Unknown Local
8.3 Unknown Local
8.7 Unknown Local
10.2 Unknown Local
11.5 Unknown Local
12.8 Unknown Local
14.6 Unknown Local
15 Unknown (then distant) Local (then distant)
18 Unknown Local
19.2 Unknown Local
214 Unknown Local
214 Unknown Local
25.1 Unknown Local
27.7 Unknown Local
41.9 Unknown Local
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Figure A-4: Box plot of the MIB-1 (%) summary information for stage
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The boxes represent the interquartile range, the dark line inside each box is the median, the
whiskers are the ranges excluding outliers and extreme values, the symbols outside the
whiskers are values >1.5 the box length. Sample sizes are reported above each category.




Figure A-5: Box plot of the MVD (%) summary information for stage

14

124 O

104

8«

@)
O

0

MVD

44

2

0O

gl

N= 63 48
1-2a 2b 2c 3o0r4
Stage

The boxes represent the interquartile range, the dark line inside each box is the median, the
whiskers are the ranges excluding outliers and extreme values, the symbols outside the
whiskers are values >1.5 the box length. Sample sizes are reported above each category.
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Figure A-6: Box plot of the MVD (%) summary information for Gleason scores
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The boxes represent the interquartile range, the dark line inside each box is the median, the
whiskers are the ranges excluding outliers and extreme values, the symbols outside the
whiskers are values >1.5 the box length. Sample sizes are reported above each category.

Table A-2: Cross tabulation between P-53 (%) groups and Gleason score

P-53 (%) % of patients in each Gleason score category
range 4-5 6 7 8 9
0 64 61 35 67 50
2-5 14 18 23 13 0
6-9 14 2 19 0 0
10-19 9 12 12 0 25
20+ 0 8 12 20 25

Percentages of cases within each Gleason category are shown for each P-53 group.

A-6




APPENDICES B




Figure B-1: Risk of local progression associated with PSA (ng/ml) levels

PSA and risk of local recurrence
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PSA was categorized and regressed against local progression (Cox regression). The
resulting beta values (running averages of three neighboring groups) are plotted
against the median values of PSA groups to demonstrate the relationship between the
two variables and evaluate linearity.

Table B-1: Median PSA (ng.ml) values and the proportion of distant progression

PSA (ng/ml) range N Number (%)with distant progression
0.9-10.0 88 0 (0
10.1-20.0 40 2 (109)
20.1-218 37 18 (86)
Unknown 10 1 (%
Total 195 21

Table B-2: Clinical stage and the proportion of distant progression

Clinical T stage N Number (%)with distant progression
1 32 0 O
2a 47 1 (5
2b 60 5 (24)
2¢ 9 0 (0
3ord 47 15 (71)
Total 195 21
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Figure B-2: Risk of local progression associated with age (years)

Age and risk of local recurrence
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Age was categorized and regressed against local progression (Cox regression). The
resulting beta values (running averages of three neighboring groups) are plotted
against the median values of age groups to demonstrate the relationship between the

two variables and evaluate linearity.

Figure B-3: Risk of local recurrence associated with the duration of hormonal therapy

(months) amongst patients having received hormonal therapy

Beta

1.2

0.8

Duration of ADT and risk of local recurrence

0.6

04

0.2

[ 4

1 2 3 4 5 6

Duration of hormonal tx (mos)

Duration of ADT was categorized and regressed against local progression (Cox
regression). The resulting beta values (running averages of three neighboring groups)
are plotted against the median values of ADT treatment duration groups to
demonstrate the relationship between the two variables and evaluate linearity.




Figure B-4: Risk of local progression associated with median MVD (%) values
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MVD was categorized and regressed against local progression (Cox regression). The
resulting beta values (running averages of three neighboring groups) are plotted

against the median values of MVD groups to demonstrate the relationship between the
two variables and evaluate linearity.

Figure B-5: Risk of local progression associated with MIB-1 (%) values
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MIB-1 was categorized and regressed against local progression (Cox regression). The
resulting beta values (running averages of three neighboring groups) are plotted

against the median values of MIB-1groups to demonstrate the relationship between the
two variables and evaluate linearity.
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Figure B-6: Risk of local progression associated with P-53 (%) values

P-53 and risk of local progression
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P-53 was categorized and regressed against local progression (Cox regression). The
resulting beta values (running averages of three neighboring groups) are plotted
against the median values of P-53 groups to demonstrate the relationship between the
two variables and evaluate linearity.




Table B-3: Variable stepwise selection of traditional factor for local progression model

Step | PSA Stage XRT ADT Gleason | Age LR | df | Pvalue
(ng/ml) fraction

<0.0001 | 0.0065 | 0.023 0.46 0.143 0.85

<0.0001 § 0.0053 | 0.021 0.079 0.55 0.83 3247 <0.0001

<0.0001 | 0.0083 ]0.014 0.021 0.65 0.54 10.33 0.016

<0.0001 | 0.0025 | 0.11 0.079 0.22 0.71 3.33 0.072

AW =~

<0.0001 | 0.0041 |0.072 0.047 0.22 0.72 1.67 0.20

2

3
<(0.0001 | 0.0068 | 0.017 0.077 0.39 0.69 465 |1 |0.032

1

1

1

7 <0.0001 | 0.0040 |0.079 0.048 0.22 0.72 0.13 0.72

Variables were entered in sequence based on their significance level. For each step, the
overall LR, degrees of freedom and corresponding p value for adding that variable is
represented in the last three columns, respectively. P values of individual variables are
represented in each box and for each step. P values found to the left of the bold line
represent the Wald statistics for that variable that is entered in the equation. P values found
to the right of the bold line represent the Score p value of the variable not in the equation.
For example, in step two, the equation was composed of PSA and stage. The Wald statistics
for these two variables were highly significant (<0.0001 and 0.0083, respectively). While
these two variables are in the equation, the Score p value for radiotherapy, hormone
therapy, Gleason and age are 0.0139, 0.0208, 0.6526, 0.5350, respectively. Based on
inclusion of variables in order of significance, radiotherapy will be the next variable to
enter the equation. To the right of the double line, the LR, corresponding degrees of
freedom and p value for stage is indicated.
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Figure B-7: Linearity verification of PSA (ng/ml) and local progression in the
multivariate setting: Visual examination

PSA and risk of local recurrence in multivariate setting
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PSA was categorized and included in the multivariate Cox regression against local
progression. The resulting beta values (running averages of three neighboring group.s) are
plotted against the median values of PSA groups to demonstrate the relationship between
the two variables and evaluate linearity in the multivariate setting.

Table B-4: Linearity verification of PSA and local progression in the multivariate
setting: Fractional polynomial analysis

Model LR (1df) LR p value PSA Wald statistics
PSA1 7.54 0.0060 0.0020
PSA-3 0.29 0.5925 0.6271
PSA-2 2.07 0.1502 0.2636
PSA-1 15.61 0.0001 0.0015
PSA-0.5 2281 <0.0001 <0.0001
PSA0 22.30 <0.0001 <0.0001
PSA0.5 14.89 0.0001 <0.0001
PSA2 2.29 0.1304 0.0746
PSA3 1.49 0.2222 0.1455
PSA0-<8, 8-20,>20 31.03 (2df) <0.0001 <0.0001

The change in —2LL from adding the transformed variable into the model is shown along
with its associated p value.
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Figure B-8: Linearity verification of In PSA (ng/ml) and local progression in the
multivariate setting: Visual examination
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Ln PSA was categorized and included in the multivariate Cox regression against local
progression. The resulting beta values (running averages of three neighboring groups)
are plotted against the median values of In PSA groups to demonstrate the rel ationship
between the two variables and evaluate linearity in the multivariate setting

Figure B-9: Linearity verification of i/sqrt PSA (ng/ml) and local progression in the
multivariate setting: Visual examination
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1/sqrt PSA was categorized and included in the multivariate Cox regression against
local progression. The resulting beta values (running averages of three neigfaboring
groups) are plotted against the median values of 1/sqrt PSA groups to demonstrate the
relationship between the two variables and evaluate linearity in the multivariaite setting.
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Table B-5: Interaction between variables in the traditional factor local progression
model

Factor #1 Factor #2 LR P value
ADT PSA transformed 0.422 (1df) 0.52

Stage 2.242 (3df) 0.52

ADT treatment duration 0.7541 (1df) 0.37
Ln PSA (ng/ml) Gleason 1.196 (1df) 0.27

Stage 5.146 (1df) 0.16
Stage Gleason 0.585 (3df) 0.90
Table B-6: Preliminary local progression traditional factor model
Variable | Gleason XRT Stage InPSA | ADT
Category 6+ 1.8Gy 2b 2¢ 3-4 ng/ml | given
Beta 0.574 0.829 0.464 1.418 -0.131 0.6871 | -0.702
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Table B-7: Variable stepwise selection of biomarkers in the local progression model

Since biomarkers were measured in different subsets of patients, stepwise selection was
carried out manually with each biomarker evaluated separately. Each variable was added to
the model containing the traditional model and the corresponding LR p value recorded.
Results of the analysis are shown below and the number of available records for each
analysis is indicated in parenthesis.

Steps 0 and 1:

MVD (n=153)
Ln PSA | ADT XRT Stage Gleason | MVD 3% | LR df | P valne
(ng/ml) fraction

0] <0.0001 | 0.032 0.027 0.024 0.028 0.0074

1{0.0007 ] 0071 0.020 0.019 0.061 0.0083 6.700 |1 |0.0096

P-53 (n=136) (similar results were obtained with P-53 cut off at 20)

LnPSA | ADT XRT Stage | Gleason | P-53:50% | LR df | P vale
(ng/ml) fraction

0] 0.0045 | 0.042 0.076 0.018 | 0.17 0.084

1] 0.0042 | 0.034 0.058 0.010 |0.22 0.093 2379 |1 {0.12

MIB-1 (n=143) (similar results were obtained with other forms of MIB, including log
transformed)

LnPSA | ADT XRT Stage Gleason {MIB:2% | LR df | P valaae
(ng/ml) fraction
0{ 0.0003 0.17 0.022 0.0091 | 0.21 0.44
1] 0.0004 0.20 0.029 | 0.011 0.27 0.44 0.600 | 1 |0.44
Bax (n=137)
LnPSA | ADT XRT Stage Gleason | Bax LR | df | Pvale
(ng/ml) fraction
0{ 0.0017 0.029 | 0.046 0.0085 0.12 0.10
1] 0.0014 0.016 | 0.028 0.011 0.17 0.10 2552 |1 |0.11
BCL2 (n=137)
InPSA | ADT XRT Stage Gleason | BCL2 LR df | P valLae
(ng/ml) fraction
0] 0.0020 0.079 | 0.048 0.015 0.232 0.68
1{ 0.0019 0.077 0.046 0.015 0.025 0.67 0.185 {1 | 0.67

Bax/BCL2 (n=137)

LnPSA | ADT XRT Stage Gleason | Bax/BCL2 | LR df | P valuae

(ng/ml) fraction
01 0.0016 0.065 | 0.049 0.014 0.23 0.10
1] 0.0012 0.054 |0.031 0.017 0.40 0.11 3.141 {1 | 0.076-
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Table B-8: Variable stepwise selection of biomarkers in the local progression model
following inclusion of MVD

Each variable was added to the model containing the traditional variables and MVD, and the
corresponding LR p value recorded.

Steps 1 and 2: Models with MVD

P-53 (n=114)
Ln PSA | ADT | XRT Stage | Gleason | MVD P-53% | LR df | P value
(ng/ml) fraction 3%
1/0.074 024 |0.012 | 0.051 | 0.044 0.0037 10.89
2| 0.081 026 {0.012 | 0.064 | 0.043 0.0046 [ 0.89 0.021 |1 | 0.89
Bax (n=115
LnPSA | ADT |XRT Stage | Gleason | MVD: |Bax |LR df | P
(ng/ml) fraction 3% value
1/0.028 | 0.36 0.0075 |0.036 | 0.060 0.0014 § 0.32
2{0.026 |0.26 0.0068 | 0.045 |0.068 0.0027 1031 J1.011 (1 10.32
BCL2 (n=114)
LnPSA | ADT | XRT Stage | Gleason | MVD: | BCL2 | LR df | P
(ng/ml) fraction 3% value
1{0.034 [0.41 0.0071 ]0.034 | 0.059 0.0015 ] 0.35
21 0.031 0.42 0.0074 [ 0.050 | 0.072 0.0009 {0.35 J0917 [1 [0.34
Bax/BCL2 (n=115)
Ln PSA | ADT | XRT Stage | Gleason | MVD: | Bax/ | LR df | P
(ng/ml) fraction 3% BCL2 value
110.028 [0.36 0.0075 10.036 | 0.060 0.0014 1 0.029
2{0.023 [0.23 0.0076 |{0.088 |0.13 0.0006 | 0.059 ] 6.531 {1 | 0.0106
MIB-1 (n=114)
Ln PSA | ADT | XRT Stage | Gleason | MVD: | MIB- | LR af [P
(ng/ml) fraction 3% 1% valae
1] 0.093 | 0.50 00068 |0.092 | 0.077 0.0012 1 0.97
21 0.095 0.50 0.0080 | 0.092 | 0.082 0.0013 1 0.97 ]10.002 |1 0.97
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Figure B-10: Linearity verification of MVD (%) and local progression in the
multivariate setting: Visual examination
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MVD was categorized and included in the multivariate Cox regression against local
progression. The resulting beta values (running averages of three neighboring group.s)
are plotted against the median values of MVD groups to demonstrate the relationship
between the two variables and evaluate linearity in the multivariate setting.

Table B-9: Linearity verification of MVD (%) and local progression in the multivariate
setting: Fractional polynomial analysis

Model LR (1df) LR p value Wald statistics
MVD1 5.48 0.0193 0.0204
MVD-3 0.75 0.3882 0.7476
MVD-2 0.34 0.5550 0.6363
MVD-1 043 0.5117 0.5305
MVD-0.5 1.51 0.2185 0.2092
MVDO 4.19 0.0408 0.0467
MVDO0.5 5.14 0.0234 0.0218
MVD2 5.29 0.0214 0.0231
MVD3 6.37 0.0264 0.0131
MVD cut off 3% 6.70 0.0096 0.0083

The change in —2LL from adding the transformed variable into the model is shown along
with its associated p value.
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Table B-10: Preliminary local progression biomarker models

Variable Gls' EBRT Stage InPSA ADT MVD B/B’
Category 6+ 1.8Gy 2b 2c 34 ng/ml  given >3%  Other
Beta of Model
MVD +1.171 +1130 +0707 +1.162 -0030 +05642 -0618 +0720  NA3
MVD+BB2 +1.179 +1457 +0547 +1.042 -0169 +04468 -0473 +1.130 +1.953

TGls = Gleason score; 2 BB = Bax/BCL2 variable; ° NA = Not applicable

Figures B-11 through B-16 represent the —log-log plot.

In these curves, each stratum should be compared to its reference stratum to evaluate the
assumption of proportional hazard. For example, considering stage T1-2a to be the
reference strata, all other strata appear to meet the assumption of proportionality (PH). That

is, the distance between the curves appears proportional to the risk in the reference strata

over time for stages 2b and 2c. For stages 3-4, the risk appears diminished after 3 years and
the two curves (stage 1-2a and 3-4) approach, suggesting that the hazard is not proportional

over time but rather that it is reduced for stages 3-4 after year 3. The variable coding for
dose of radiotherapy meets the PH. The curves for MVD and Gleason intersect very early

on. This is deemed a tolerable pattern, not violating the PH. The hormone therapy variable

is not predictive in the univariate and the two curves overlap. The PH assumption of this

variable can only be tested in the adjusted multivariate setting. Therefore, based on the

graphical representation, all variables, except hormone therapy and stage 3-4, meet the PH

assumption.

Figure B-11: Verification of PH assumption for daily fraction dose (Gy) in the
equations predicting for local progression: Univariate evaluation of -log log plot
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Figure B-12: Verification of PH assumption for MVD (%) in the equation predicting
for local progression: Univariate evaluation of -log log plot
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Figure B-13: Verification of PH assumption for Gleason score in the equation
predicting for local progression: Univariate evaluation of -log log plot
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Figure B-14: Verification of PH assumption for stage in the equation predicting for
local progression: Univariate evaluation of -Log log plot
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Figure B-15: Verification of PH assumption for Bax/BCL2 in the equation predicting
for local progression: Univariate evaluation of -log log plot
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Figure B-16: Verification of PH assumption for ADT status in the equation predicting
for local progression: Univariate evaluation of -log log plot
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Table B-11: Verification of PH assumption for variables in the equations predicting for
local progression: Extended Cox model

Interaction term Wald statistics
Ln (time) * Gleason 0.61
Ln (time) * Radiotherapy fraction size 0.18
Ln (time) * Prior hormone therapy 0.15
Ln (time) * In PSA 0.18
Ln (time) * Stage 2b 0.46
Ln (time) * Stage 2¢ 0.58
Ln (time) * Stage 3 or 4 0.017
Ln (time) * Stage 1-2a + 3-4 0.31
Ln (time) * MVD 3% 0.14
Ln (time) * Bax/BCL2 0.86

Results of the extended Cox model in which a product term built between a time dependent
variable (In time) and, in turn, each variable is incorporated in the model. The tests were
used to evaluate deviation from the PH assumption. A significant product term suggests that
the effect of the variable changes over time and the PH assumption is not met. The results
suggest that only stage 3-4 does not meet the proportionality assumption. Since patients
with stage 3-4 had a similar risk of local recurrence to the reference strata stage 1-2a in the
multivariate setting (HR 0.96), the two strata were collapsed. When these are combined, the
product term (In (time) * Stage 1-2a, 3,4 is not significant. All other variables met the PH
assumption. The PH assumption for the traditional factors was investigated in the
traditional factor model and for MVD and Bax/BCL2 in the biomarker model.

Table B-12: Final local progression traditional factor and biomarker models

Variable Gleason EBRT Stage InPSA ADT MVD B/B’
Category 6+ 1.8Gy 2b 2¢ (ng/ml)  given >3% Other
Beta of model

Traditional ~ + 0.581 +0806 +0517 +1487 +0664 -0.728 NA:? NA?
MVD  +1.182 +112 +0719 +1.180 +0559 -0626 +0.719 NA?
MVD +BB2  +1.165 +1456 +0633 +1.144 +0416 -0508 +1.105 +1.938

" BB = Bax/BCL2 variable;  NA = Not applicable
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Table B-13: Summary information of hazard ratios derived from the 3 models
predicting for local progression

Traditional factor MVD >3% MVD >3% & BaxBCL2
model biomarker model biomarker model
Mean .88 2.98 34.49
Median .60 1.80 14.99
Range
Minimum .01 0.05 0.79
Maximum 8.44 35.57 626.04
Percentile
10 .19 0.56 3.95
20 31 0.83 6.13
30 42 1.15 9.28
40 53 1.33 11.37
50 .60 1.80 14.99
60 73 2.39 20.38
70 .99 2.93 31.20
80 1.28 4.21 4148
90 1.84 5.23 62.74

Table B-14: Hazard ratios derived from equations predicting for local progression
categorized into quartiles

Traditional MVD 3% MVD 3% & BaxBCL2
Quartile # and figure label  factor model biomarker model biomarker model
First quartile = ¢ 0.01-0.37 0.05-1.19 0.79-7.55
Second quartile = A 0.38-0.60 1.22-2.13 7.91-14.44
Third quartile= V¥ 0.61-1.14 2.14-3.90 14.99-34.36
Fourth quartile=m 1.17-8.44 4.15-36.18 34.95-626.04

Patients were grouped into quartiles based on their hazard ratio to evaluate the spread
provided by the models. The table lists the hazard ratio intervals falling within each
quartile.
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Figure B-17: Kaplan Meier curves of the 4 strata derived from the traditional factor
model in all patients
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Figure B-18: Kaplan Meier curves of the 4 strata derived from the MVD>3¢, biomarker
model
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Figure B-19: Kaplan Meier curves of the 4 strata derived from the MVD;39, +
Bax/BCL2 biomarker model
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APPENDICES C




Figure C-1: Risk of distant progression associated with age (years)
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Age was categorized and regressed against distant progression (Cox regression). Tl he
resulting beta values (running averages of three neighboring groups) are plotted
against the median values of age groups to demonstrate the relationship between the
two variables and evaluate linearity.

Figure C-2: Risk of distant progression associated with PSA (ng/ml) levels

PSA and risk of distant failure

0 20 40 60 80 100 120
Median PSA value (ng/ml)

PSA was categorized and regressed against distant progression (Cox regression). The
resulting beta values (running averages of three neighboring groups) are plotted
against the median values of PSA groups to demonstrate the relationship betweer the
two variables and evaluate linearity.
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Figure C-3: Risk of distant progression associated with median MVD (%) values

MVD and risk of distant progression
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MVD was categorized and regressed against distant progression (Cox regression).
The resulting beta values are plotted against the median values of MVD groups to
demonstrate the relationship between the two variables and evaluate linearity.
Exceptionally, running averages were not used to depict the beta values to allow the
lack of events for MVD values between 1.75 and 3.0 to be visualized.

Table C-1: Variable stepwise selection of traditional factor for distant progression
model

Step | PSA Stage ADT Gleason | Age LR df | P value
(ng/ml)
<0.0001 | <0.0001 | 0.68 0.0022 | 0.083
<0.0001 | 0.031 0.079 0.055 0.38 36.93 <0.0001

2

0.0009 ] 0.036 0.018 | 0.048 0.60 457 |1 10.033
1
1

0.0003 [ 0.0095 | 0.024 0.032 0.45 5.59 0.01830
0.0008 [ 0.0054 |0.016 0.040 0.60 4.85 0.028

6 0.0010 | 0.0059 | 0.015 0.046 0.60 0275 | 1 0.60
Variables were entered in sequence based on their significance level. For each step, the
overall LR, degrees of freedom and corresponding p value for adding that variable is
represented in the last three columns, respectively. P values of individual variables are
represented in each box and for each step. P values found to the left of the bold lire
represent the Wald statistics for that variable that is entered in the equation. P values found
to the right of the bold line represent the Score p value of the variable not in the equation.
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Figure C-4: Linearity verification of PSA (ng/ml) and distant progression in the

multivariate setting: Visual examination
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PSA was categorized and included in the multivariate Cox regression against distant
progression. The resulting beta values (running averages of three neighboring
groups) are plotted against the median values of PSA groups to demonstrate the
relationship between the two variables and evaluate linearity in the multivariate

setting.

Table C-2: Linearity verification of PSA (ng/ml) and distant progression in the
multivariate setting: Fractional polynomial analysis

Model LR (1df) LR p value PSA Wald statistics
PSA1 5.09 0.0241 0.0141
PSA-3 Unstable

PSA-2 Unstable

PSA-1 24.49 <0.0001 0.0003
PSA-0.5 22.11 <0.0001 0.0001
PSA0 17.48 <0.0001 0.0001
PSA0.5 10.86 <0.0001 0.0007
PSA2 0.54 0.47 0.42
PSA3 0.003 0.96 0.96
PSA 0-<20, 20-50, >50 ng/ml __ 19.34 (2df) 0.0001 0.0008

The change in —2LL from adding the transformed variable into the model is shown afong

with its associated p value.
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Table C-3: Interaction between variables in the traditional factor distant progression
model

Factor #1 Factor #2 LR P value
ADT PSA NA
Stage NA
Gleason NA
Duration of ADT 2.66 0.103
Duration of ADT (<>5 months) NA
PSA (ng/ml) Gleason NA
Stage NA
Stage Gleason 0.345 (3df) 0.56

Table C-4: Preliminary distant progression traditional factor model

Variable Gleason Stage PSA (ng/ml) ADT
Category T+ 3-4 20-50 >50 given
Beta +1.087 +1.531 +2.120 +2.771 -1.229




Table C-5: Variable stepwise selection of biomarkers in the distant progression model

Since biomarkers were measured in different subsets of patients, stepwise selection was
carried out manually with each biomarker evaluated separately. Each variable was added to
the model containing the traditional model and the corresponding LR p value recorded.
Results of the analysis are shown below and the number of available records for each

analysis is indicated in parenthesis.

Steps 0 and 1:
MVD 3% (n=153)
PSA ADT Stage Gleason | MVD%: A-2LL | df | Pvalue
(ng/ml) cont
0] 0.0005 | 0.013 0.027 | 0.073 0.57
11 0.0001 | 0.0039 | 0.0048 | 0.019 0.063 3.774 1 10.052
P-53 (n=136) (similar results were obtained with P-53 20 and P-53 50)
PSA ADT Stage Gleason | P-53%cont | A-2LL [ df | P value
(ng/mi)
0/ 0.0034 [0.075 |0.011 0.039 0.88
11 0.0036 |0.092 |0.011 0.041 0.88 0.024 1 |0.88
MIB-1 (n=143) (similar results were obtained with other forms of MIB)
PSA ADT Stage Gleason | MIB%: 2 A-2LL | df | Pvalue
(ng/ml)
0] 0.0040 | 0.056 | 0.0067 | 0.036 0.75
1] 0.0054 | 0.061 0.0087 | 0.035 0.75 0.099 1 |0.75
Bax (n=137)
PSA ADT Stage Gleason | Bax A-2LL | df | Pvalue
(ng/ml)
0] 0.0043 | 0.073 0.0084 | 0.036 0.048
11 0.0018 | 0.15 0.0058 | 0.033 0.056 4.046 1 | 0.044
BCL2 (n=137)
PSA ADT Stage Gleason | BCL2 A-2LL | df | Pvalue
(ng/ml)
0] 0.0043 | 0.073 0.0084 |0.036 0.78
1] 0.0041 | 0.070 0.0098 | 0.038 0.78 0.082 1 [0.78
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Table C-6: Variable stepwise selection of biomarkers in the distant progression model
following inclusion of Bax

Each variable was added to the model containing the traditional variables and Bax, and the
corresponding LR p value recorded.

Steps 1 and 2: Models with Bax

MVD 3% (n=115) (similar results were obtained with other forms of MVD)

PSA ADT Stage | Gleaso | Bax MVD3% | A-2LL | df |Pvalue
(ng/ml) n
11 0.0009 |0.028 [0.016 |[0.038 [0.025 ]0.96
2/ 0.0010 [0.036 |0.019 |[046 0.039 | 0.96 0002 |1 0.96
P-53 (n=133)
PSA ADT Stage | Gleaso | Bax P-53% A-2LL | df |Pvalue
(ng/ml) n
1] 0.0014 | 0.17 0.0076 10.039 [0.043 }0.98
2| 0.0014 | 0.17 0.0076 |0.044 |[0.044 |0.98 0.001 1 1098
Bcl2 (n=114)
PSA ADT Stage | Gleaso | Bax BCL2 A-2LL | df | Pvalue
(ng/ml) n
1 0.0018 | 0.15 0.0059 |0.0059 |0.056 ]0.58
2] 0.0017 |0.22 0.0088 | 0.054 |0.053 [0.58 0.305 1 0.58
MIB-1 (n=133) (similar results were obtained with other forms of MIB-1)
PSA ADT Stage | Gleaso | Bax MIB% A-2LL | df | Pvalue
(ng/ml) n cont
1{ 0.0014 | 0.17 0.0076 |0.039 [0.043 ]0.70
21 0.0016 | 0.15 0.0067 |0.043 [0.042 |0.70 0.151 1 0.70

Table C-7: Preliminary distant progression biomarker model

Variable Gleason  Stage PSA (ng/ml) ADT Bax
Category 7+ 34 20-50 >50 given _ positive

Beta +1.320 +1846 +2457 +3.179  -0.830 -1.164
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Figures C-5 through C-8 represent the —log-log plot.
In these curves, each stratum should be compared to its reference stratum to evaluate the

assumption of proportional hazard.

Figure C-5: Verification of PH assumption for Bax in the equation predicting for
distant progression: Univariate evaluation of -log log plot
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Figure C-6: Verification of PH assumption for Gleason in the equation predicting for
distant progression: Univariate evaluation of -Log log plot
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Figure C-7: Verification of PH assumption for stage in the equation predicting for
distant progression: Univariate evaluation of -Log log plot
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Figure C-8: Verification of PH assumption for PSA (ng/ml) in the equation predicting
for distant progression: Univariate evaluation of -Log log plot
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Table C-8: Verification of PH assumption for variables in the equations predicting for
distant progression: Extended Cox model

Interaction term Wald statistics
Ln (time) * Gleason 0.7487
Ln (time) * Prior hormone therapy 0.7524
Ln (time) * PSA (ng/ml) 0.3817
Ln (time) * Stage 0.7294
Ln (time) * Bax 0.9408

Results of the extended Cox model in which a product term built between a time dep endent
variable (In time) and, in turn, each variable is incorporated in the model. The tests are
used to evaluate deviation from the PH assumption. A significant product term suggests that
the effect of the variable changes over time and the PH assumption is not met. All variables
meet the PH assumption. The PH assumption for the traditional factors was investigated in
the traditional factor model and for Bax in the biomarker model.
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Table C-9: Summary information of hazard ratios derived from the 2 models
predicting for distant progression

Traditional factor model Biomarker model
Mean 44.14 50.92
Median 10.13 2.68
Range
Minimum 1.00 0.31
Maximum 748.45 1306.75
Percentile
10 1.00 1.00
20 342 2.29
30 342 2.29
40 342 2.29
50 10.13 2.68
60 10.13 8.58
70 17.58 16.00
80 46.84 47.54
90 121.12 169.47

Table C-10: Hazard ratios derived from equations predicting for distant progression
categorized into quartiles

uartile # and figure label Traditional factor model Biomarker model
First quartile = ¢ 1.00-3.42 0.31-2.29
Second quartile = A 3.42-4.62 2.29-2.68
Third quartile= ¥ 10.13-24.69 2.69-26.75
Fourth quartile = m 28.45-748.45 31.28-1306.75

Patients were grouped into quartiles based on their hazard ratio to evaluate the spread
provided by the models. The table lists the hazard ratio intervals falling within each
quartile.
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Figure C-9: Kaplan Meier curves of the 4 strata derived from the traditional factor
model in all patients
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No events were observed in the first and second quartiles. The two curves overlap.
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Figure C-10: Kaplan Meier curves of the 4 strata derived from the Bax model
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No events were observed in the first and second quartiles. The two curves overlap.
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Figure D-1: Risk of biochemical progression associated with MVD (%) levels

MVD and risk of biochemical recurrence
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MVD was categorized and regressed against biochemical progression (Cox
regression). The resulting beta values (running averages of three neighboring groups)
are plotted against the median values of MVD groups to demonstrate the relationship
between the two variables and evaluate linearity

Table D-1: Variable stepwise selection of traditional factor for biochemical pro gression
(n=185)

Step | PSA Stage ADT Gleason | XRT -2LL | df | Pvalae
(ng/ml) fraction

0 <0.0001 | <0.0001 | 0.44 0.037 0.0094

1 <0.0001 §0.0023 0.0339 | 0.035 0.0032 }17.59 {2 | <0.0001

2 0.0013 | 0.0033 0.0014 | 0.097 0.011 1228 {2 | 0.0022

3 0.0001 | 0.0002 0.0017 ]0.067 0.13 10.81 |1 0.0019

5 0.0001 | 0.0004 0.0011 ]0.072 0.027 492 |2 |0.086

6 <0.0001 | 0.0016 | 0.0051 | 0.028 0030 ]4.08 |1 |044

Variables were entered in sequence based on their significance level. For each step,
the overall LR, degrees of freedom and corresponding p value for adding that variadle
is represented in the last three columns, respectively. P values of individual variabl es
are represented in each box and for each step. P values found to the left of the bold’
line represent the Wald statistics for that variable that is entered in the equation. P
values found to the right of the bold line represent the Score p value of the variable not

in the equation
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Figure D-2: Linearity verification of PSA (ng/ml) and biochemical progression in the
multivariate setting: Visual examination

PSA and biochemical recurrence in multivariate setting
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PSA was categorized and included in the multivariate Cox regression against
biochemical progression. The resulting beta values (running averages of three
neighboring groups) are plotted against the median values of PSA groups to
demonstrate the relationship between the two variables and evaluate linearity in the
multivariate setting.

Table D-2: Linearity verification of PSA (ng/ml) and biochemical progression im the
multivariate setting: Fractional polynomial analysis

Model LR (1df) LR p value = PSA Wald statistics
PSA1 19.81 <0.0001 <0.0001
PSA-3 0.354 0.58 0.55

PSA-2 2.87 0.099 0.090

PSA-1 28.71 <0.0001 <0.0001
PSA-0.5 31.67 <0.0001 <0.0001

PSA0 40.27 <0.0001 <0.0001
PSA0.5 26.94 <0.0001 <0.0001

PSA2 2.96 0.075 0.086

PSA3 0.946 0.35 0.33

The change in —2LL from adding the transformed variable into the model is shown along
with its associated p value.

D-2




Figure D-3: Linearity verification of In PSA (ng/ml) and biochemical progression in the
multivariate setting: Visual examination
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In PSA was categorized and included in the multivariate Cox regression against
biochemical progression. The resulting beta values (running averages of three
neighboring groups) are plotted against the median values of In PSA groups to
demonstrate the relationship between the two variables and evaluate linearity in the
multivariate setting.
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Table D-3: Multivariate analysis of biochemical progression using traditional factors
stratified by PSA transformation

Prior to PSA transformation With PSA In transformed
Wald Wald
statistics statistics
Variable P value Beta value HR P value Beta value HR
{PSA (ng/ml) <0.0001 0.011 1.01 <0.0001 0.79 2.20
{Clinical stage | 0.0016 0.14
1-2a] Ref 0 1 Ref 0 1
2b, 0.0069 0.73 2.08 0.13 0.43 1.53
2¢, 34  0.0005 1.04 2.82 0.053 0.61 1.84
ADT 0.0051 0.0013
Not givenL Ref 0 1 Ref 0 1
Given| -0.76 0.47 -0.88 0.41
[Gleason score | 0.027 0.065
4-5 Ref 0 1 Ref 0 1
6-7| 0.18 0.50 1.65 0.26 0.42 1.52
89 0.0124 1.11 3.03 0.0302 0.96 2.62
[EBRT 0.0304 0.0228
2.0 Gy dailyy Ref 0 1 Ref 0 1
1.8 Gy daily] 0.77 2.16 0.81 2.24

Transformation of PSA into In PSA diminished the significance level of Gleason and stage




Table D-4: Interaction between variables in the traditional factor biochemical

progression model

Factor #1 Factor #2 LR , P value
ADT PSA 5.2638 0.2180
Stage 0.8284 0.3627
Gleason 2.2076 0.3316
Dose of XRT NA
Duration of ADT 0.0000 0.9967
PSA (ng/ml) Gleason 0.6805 0.7116
Stage 1.9055 0.1675
Stage Gleason 6.6811 0.0354

Table D-5: Multivariate model of biochemical progression with Gleason*Stage

interaction term

With the interaction term

P value Beta HR
in (PSA) ng/ml 185 <0.0001 0.82 2.27
ADT 0.0010
Not given 79 0 1
Given 116 -0.86 0.42
[Clinical stage 0.13
1-2a 121 Ref 0 NA
2b-c, 3-4 64 -1.14 NA
iGleason score 0.36
4-5 24 Ref 0
6-7 146 0.24 -0.57 NA
8-9 25 0.90 0.092 NA
[Gleason * Stage 0.058
Stage 1-2a * Gls 4-5 93 Ref 0
Gls 6-7*Stg 2b-4 86 0.017 1.88 NA
Gls 8-9*Stg 2b-4 16 0.080 1.70 NA
[EBRT 0.0130
2.0 Gy daily 176 Ref 0 1
1.8 Gy daily 19 0.8659 2.38
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Table D-6: Interpretation of Gleason * Stage interaction term

Group N Hazard ratio
Stage 1-2a * Gleason 4-5 13 1
Stage 1-2a * Gleason 6-7 54 0.57
Stage 1-2a * Gleason 8-9 7 1.10
Stage 2b-4 * Gleason 4-5 9 0.32
Stage 2b-4 * Gleason 6-7 86 1.18
Stage 2b-4 * Gleason 8-9 16 1.91

Table D-7: Multivariate analysis of traditional factors in biochemical progression
stratified by stage

Stage 1-2a (n=74) Stage 2b+ (n=111)
Wald Wald
statistics statistics
Variable N Pvalue Betavalue HR Pvalue Betavalue HR
fin (PSA) ng/ml 185 0.0001 1.498 447 <0.0001  0.7433 2.10
ADT 0.51 0.0023
Not given 121 Ref 0 1 0 1
Given 64 -0.384 0.68 -0.86 0.43
IGleason score 0.29 0.037
4-5 22 Ref 0 1 Ref 0 1
6-7 140 0.18 -0.35 0.50 0.043 1.26 3.51
89 23 0.97 0.031 1.03 0.012 1.71 5.50
[EBRT 0.49 0.013
2.0 Gy daily 176 Ref 0 1 Ref 0 1
1.8 Gy daily 19 0.54 1.72 0.87 2.38

Table D-8: Prevalence of biochemical progression amongst groups of Stage*Gleason

Gleason score category Stage 1-2a Stage 2b,c,3,4
4-5 6/15 (40%) 3/9 (33%)
6-7 18/56 (32%) 56/90 (62%)
8-9 4/8 (50%) 15/17 (88%)

Table D-9: Preliminary biochemical progression traditional factor model

Variable Ln PSA XRT Stage (stg)* Gleason (Gls) ADT
Category ng/ml 1.8Gy Stg >2b&Gls 6-7 Stg >2b&Gls 8-9 given
Beta +0.7851 +0.864 +0.685 +1.136 - 0.856
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Table D-10: Variable stepwise selection of biomarkers in biochemical progression

model

Since biomarkers were measured in different subsets of patients, stepwise selection was
carried out manually with each biomarker evaluated separately. Each variable was added to
the model containing the traditional model and the corresponding LR p value recorded.
Results of the analysis are shown below and the number of available records for each
analysis is indicated in parenthesis.

Steps 0 and 1:
MVD (n=153
PSA ADT Stg *Gls | XRT fraction | MVD:3% | A-2LL |df | P valuae
(ng/ml)
0] <0.0001 | 0.0016 | 0.0006 0.013 0.0041
1} <0.0001 [ 0.0026 |0.0024 0.010 0.0046 7.89 1 [0.0050
MIB-1 (n=143) (similar results were obtained with other forms of MIB)
PSA ADT |Stg*Gls | XRT fraction | MIB%: A-2LL |df |Pvalue
(ng/ml) cont
0] <0.0001 |0.022 |0.0079 0.032 0.66
1] <0.0001 |0.027 |0.0076 0.0482 0.66 0.186 1 ]0.67
P-53 (n=136) (similar results were obtained with P-53 20 and P-53 50)
PSA ADT Stg * Gls | XRT fraction | P-53%: A-2LL |df [Pvalue
(ng/ml) cont
0f <0.0001 | 0.0082 [ 0.0069 0.049 0.18
1{<0.0001 | 0.0074 |0.012 0.041 0.18 1.576 1 10.21
Bax (n=137)
PSA ADT Stg * Gls | XRT fraction | Bax A-2LL | df |Pvalue
(ng/ml)
0] <0.0001 | 0.0064 | 0.0061 0.032 0.65
1] <0.0001 [ 0.0059 | 0.0067 0.031 0.65 0.205 1 ]0.65
BCL2 (n=137)
PSA ADT Stg * Gls | XRT fraction | BCL2 A-2LL |df [Pvalue
(ng/ml)
0] <0.0001 | 0.015 0.0093 0.035 0.95
1] <0.0001 |0.015 0.0096 0.038 0.95 0.005 1 1095
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Table D-11: Variable stepwise selection of biomarkers in the biochemical progression
model following MVD inclusion

Each variable was added to the model containing the traditional variables and MVD, and the

corresponding LR p value recorded.

Steps 1 and 2: Models with MVD

MIB-1 (n=111) (similar results were obtained with other forms of MIB)

PSA ADT Stg *Gls | MVD XRT MIB%: | A-2LL | df [P value
(ng/ml) 3% fraction | cont
1] 0.0001 | 0.066 0.014 0.0009 | 0.035 0.42
2| 0.0001 | 0.054 0.012 0.0009 | 0.12 0.42 0.634 1 1043
P-53 (n=114) (similar results were obtained with P-53 20 and P-53 50)
PSA ADT Stg * MVD XRT P-53%: | A-2LL | df | P value
(ng/ml) Gls 3% fraction | cont
11 0.0001 | 0.042 0.0072 | 0.0010 | 0.042 0.673
2} 0.0001 | 0.058 0.0065 | 0.0011 0.043 0.673 0.183 1 |0.67
Bax (n=115)
PSA ADT Stg * MVD XRT Bax A-2LL | df | Pvalue
(ng/ml) Gls 3% fraction
11 <0.0001 [ 0.062 0.0069 | 0.0003 | 0.028 0.69
2| <0.0001 | 0.082 0.0065 |0.0002 |0.027 0.69 0.165 1 |0.69
BCL2 (n=115)
PSA ADT Stg * MVD XRT BCL2 A-2LL | df | Pvalue
(ng/ml) Gls 3% fraction
1] <0.0001 | 0.068 0.0068 | 0.0003 | 0.028 0.96
2| <0.0001 [ 0.069 0.0081 |0.0004 |0.029 0.971 0.002 1 |0.97
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Figure D-4: Linearity verification of MVD (%) and biochemical progression in the
multivariate setting: Visual examination
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MVD was categorized and included in the multivariate Cox regression against
biochemical progression. The resulting beta values (running averages of three
neighboring groups) are plotted against the median values of MVD groups to
demonstrate the relationship between the two variables and evaluate linearity in the
multivariate setting.

Table D-12: Linearity verification of MVD (%) and biochemical progression in the
multivariate setting: Fractional polynomial analysis

Model LR test (1df) LR p value PSA Wald statistics
MVD1 6.14 0.03 0.014
MVD-3 0.61 0.43 0.86
MVD-2 0.29 0.59 0.68
MVD-1 0.80 0.37 0.4679
MVD-0.5 1.97 0.16 0.15
MVDO 4.84 0.028 0.032
MVDO0.5 6.04 0.014 0.015
MVD2 4.69 0.030 0.020
MYVYD3 5.75 0.017 0.018
MVD cut off 3% 8.26 0.0041 0.0046

The change in —2LL from adding the transformed variable into the model is shown along
with its associated p value.
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Table D-13: Preliminary biochemical progression biomarker model

Variable InPSA XRT Stage (stg)* Gleason (Gls) ADT MVD
Category ng/ml  1.8Gy  Stg>2b&Gls 6-7 Stg>2b&Gls8-9  given 3%
Beta +0.7255  +1.019 +0.719 +1.340 -0.866  -0.679

Figures D-5 through D-8 represent the —log-log plot.

In these curves, each stratum should be compared to its reference stratum to evaluate the

assumption of proportional hazard.

Figure D-5: Verification of PH assumption for radiotherapy fraction (Gy) dose in the
equation predicting for biochemical progression: Univariate evaluation of -log log plot
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Figure D-6: Verification of PH assumption for Gleason score* stage interaction term in the
equation predicting for biochemical progression: Univariate evaluation of -log log plot
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Figure D-7: Verification of PH assumption for ADT in the equation predicting for
biochemical progression: Univariate evaluation of -log log plot
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Figure D-8: Verification of PH assumption for MVD (%) in the equation predicting for

biochemical progression: Univariate evaluation of -log log plot
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Table D-14: Verification of PH assumption for variables in the equations predicting for

biochemical progression: Extended Cox model

Interaction term Wald statistics
Ln (time) * radiotherapy fraction size 0.084

Ln (time) * Prior hormone therapy 0.12

Ln (time) * In PSA (ng/ml) 0.083

Ln (time) * Stage 2b+ & Gleason 6-7 0.021

Ln (time) * Stage 2b+ & Gleason 8-9 0.64

Ln (time) * MVD (3% cut off) 0.32

Results of the extended Cox model in which a product term built between a time dep endent
variable (In time) and, in turn, each variable is incorporated in the model. The test is used
to evaluate deviation from the PH assumption. A significant product term suggests zhat the
effect of the variable changes over time and the PH assumption is not met. All variables
except the combination term for Stage and Gleason meet the PH assumption. The PH
assumption for the traditional factors was investigated in the traditional factor model and
Jor MVD in the biomarker model.
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Table D-15: Interpretation of time dependent variable component in the traditional

factor model

Beta of the Beta of Total Beta |Hazard ratio
Stage*Gleason |G0*Stage*Gleason
interaction
Stage *Gleason reference 0 0 0 1.000

Stage2b+*Gleason 6-7

<40 months 2.01 2.01 7.46
Stage2b+*Gleason 6-

~40 month 201 -2.85 -0.84 0.43
Stage2b+*Gleason 8-9 1.26 1.26 3.52

Table D-16: Interpretation of time dependent variable component in the biomarker

model
Beta of the Beta of Total Beta [Hazard ratio|
Stage*Gleason |G0*Stage*Gleason
interaction
Stage*Gleason reference; 0 0 0 1.000

Stage2b+*Gleason 6-7

<40 monthg| 2.13 2.13 8.41
Stage2b+*Gleason 6-

>40 month 213 -2.92 -0.79 0.46
Stage2b+*Gleason 8-9 1.55 1.55 4.69

Table D-17: Final biochemical progression traditional and biomarker models

Variable InPSA XRT Stage (stg)* Gleason (Gls) ADT MVD
Category ng/ml 1.8Gy Stg >2b&Gls 6-7 Stg >2b given
<40months  >40months & Gls 8-9
Beta of model
Traditional +0.5677  +0.563 +2.010 ~0.836 +1.258 -0.598 NA?
Biomarker +0.5256  +0.491 +2.130 -0.785 +1.545 -0598  +0.549

"NA = Not applicable
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Table D-18: Summary information of hazard ratios derived from the 2 models
predicting for biochemical progression

All'TF MVD
Mean 15.98 20.32
Median 349 3.97
Range
Minimum 0.32 105.17
Maximum 0.59 143.69
Percentile
10 1.21 1.22
20 1.52 1.94
30 242 247
40 3.11 2.89
50 3.49 3.97
60 5.31 5.85
70 15.22 20.95
80 29.15 33.61
920 53.58 67.83

Table D-19: Hazard ratios derived from equations predicting for biochemical
progression categorized into quartiles

Quartile # and figure label Al TF Bax model
First quartile = ¢ 0.59-1.86 0.59-2.13
Second quartile = A 2.07-3.49 2.13-3.20
Third quartile= V¥ 3.51-21.40 3.27-27.35
Fourth quartile=m 21.82-105.17 29.29-143.69

Patients were grouped into quartiles based on their hazard ratio to evaluate the spread
provided by the models. The table lists the hazard ratio intervals falling within each

quartile.
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Figure D-9: Kaplan Meier curves of the 4 strata derived from the traditional factor
model in all patients
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Figure D-10: Kaplan Meier curves of the 4 strata derived from the biomarker model
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together, they engage eplstemologlcal ques‘uons about the formal quahty of true
ﬁeﬁatlves as well as about the hlStOI'lOgI'apth pfocess in relatlon to the pubhc
elfculatlon of facts. To begin, the. ﬁrst preface sets a clear traj eetery for the formal
and aethetic considerat1ons that o:rgamzeCarey 'S collectlon of “mterestmg
oceurreﬁces” into a hister‘ikcalnarrat‘i’ve Wh()seplirpose itkw'ould be to reflect on the
epidemic, and to edﬁcete the local commumty a’b‘out the inner wo‘rykings of a public
' :yhealfth'disaster still fresh ’in its me‘mory.z ’I’nft'hi‘sfcentext, Carey draws ak clear
; kf'disti\netion between the factual content of his naffative and its formal :sty1istic

, features His claim to authentieity is foimded en an address to the reader in which
he expl‘e‘tins tha’;[: “1 have’not attempted aﬁy embellishﬁlent or fbrnament of stile; but
have mefelgf eimed'at telling plain facts in plain language. I have taken every | :

precaution to arrive at the tru 7 (v). Although Carey defines ornament and style

! The first three editions appeared on November 13, 23, and 30, 1793. A
fourth edition appeared shortly afterward, and was followed by the “improved”
ed1t1on on January 16, 1794.

- Benjamin Rush first identified the epidemic as “bilious remitting yellow
fever” on August 19, and believed that its cause lay in a cargo of rotting coffee that
had been left to putrefy on Ball’s wharf (Powell 12). The yellow fever epidemic
was very short and extremely deadly. The disease appeared in Philadelphia in mid-

2 N

- . August, and began to abate in late October The vector of transmission, for yellow

fever is the A&des aegypti — a mosquito that could not survive the fall frost. More
than four thousand people died during the epidemic, with a death rate that exceeded
one hundred persons per day during its early October peak. Ph11ade1ph1ans had no
knowledge of the modes of transmission of yellow fever (whether, for example, it
was contagious or not), and spent considerable energy debating whether it was of
local or foreign origin.
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throUgh their absence from the textr(“I have not attempted any”); ‘his assertion is
,tentatlve as 1f the attempt were not entlrely successful
Whlle the self-consmous effort to avoid artlﬁce suggests an uneasy relation

between truth and style as 1f the presence of one detracted from the other, the -
attentron that Carey draws to th1s relation 1mphes that a true narrative of the
, 'epldemlc could be told: w1th precautlon and wrth a careful attention to language,
 the event could be understood as a'comp()site aggregatiouof facts that were in turn
susceptible to historicizing narratives. In thls manner, even as the‘preface points to
the text’s potentiatf formal and stylistic‘ﬂaWS, it does so in order to posit an irlternal
eohereuce to the epidemic. The arg‘urhenti‘s, of course, tautological: if the first
’ edition does not yet reflect the cohereuc'e that it suggests is central to the epidemic,
'this posited coherence would assuredly appear fink futureeditions; Ihdeed, Carey
does not hide the fact that his 'w_ork is marredby formal problems, or that these
problems could be corrected with additional effort. Far from it, he argues that such
problems are integralk to the text, but that they are a product of external pressures
induced by the necessrty of sendlng atextto market and c1rcu1at1ng it in public:

For the desultory plan of some part of the pamphlet, I have to

offer the following apology; many of the circumstances and

reflections towards the conclusion, which would have come

with more propriety in the beginning, did not occur, until

some of the first half-sheets were not only written, but printed.

I had no choice, therefore, but either to omit them, or place
them somewhat out of order. I preferred the latter. (v)
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The Scene of Carey composing his pamphlet while proof sheets returned from the
prmter hlghhghts the art of bringing a work to the public. In the case of his Short
Account the mechamcs of pubhcatlon undermine what he claims would otherwise
have been a well-ordered narrative. But they also stand in as a guarantor of the

k truth that thetextpurportsto fe\{eeli the rush to publish implies that he did not have

; the time o refine his work, so that the form of this narrative is guided not by the
nature of the‘epi‘demie,“ but hy the medium through which its history circulates.

4 ’DespifeCarey”s’ eerlier claim fo the contrary, the distinction he draws between
plain language and the ornament of style is one that he willingly subordinates to the
consfraints of print technology. Although he does not use “form” and “style”
interchangeably, together these terrhs afe /imagined as elements external to truthful
hi’sto'ricaI accounts, and their absence from Carey’s text — indeed the promise of
their future absence (or in the case of form, its future transparenoe) — calls attention
to its factual nature.

This interplay between composition and publication locates the text’s
formal prohlems no’t as antithetical to truth, but as temporary placeholders that
point to its further engagement with a reading public in order to assume ite proper
coherence. Carey follows up on the provisional nature of his earlier statements
with a conditional offer to amend and perfect the pamphlet if market forces would
allow him to do so:

Desirous of having this account correct and complete, I have
printed off but a small number of copies of the present
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’ ediﬁbn: and shall ésteem myself most particuiarly obliged to

any person who will be so kind to point out errors, to be

corrected in, or suggest facts, to be added to, a new edition,

which I propose to put to press very soon, and which will, I

hope be found moré ample than the present one. (vi)  '
’By printihg a small initial run with the infention of adding subsequent editions to
correct any errors, Cé.réy mserts e(k:(k)‘r’l’omic ébnsiderations into the truth-form dyad
?thaylt’he sets up at the outset and cfeates a temporal frameWo‘rkk for the circulation of /
kndwledgc in whic’h futurity holcis the promiég of truth, and is accessible through
" the ‘distfiijutvi’o‘n'of multiple ‘edit‘i‘(r)ns.' Thé,urgency WithWhikCh‘ the several editions
madé itto the public’ suggests anfontolégical ambiguity that appropriates its claim
to trqth via ifs circulation in print: truth is available throilgh succeséive revisions,
and thrbﬁgh repeated ﬁegotiations with a feading ’public. |
| As the ‘pér‘nphlet‘ attains 1ts aur,d kc’>f 'aﬁthénﬁcity, formal concerns presumably
recede ——or become transpareﬁt; the fourth preface‘k makes no mention of form or
Style; khavingk apparently disengaged those questions. This disengagement is, of
‘coﬁrse,, illusory, be¢éuse Careyﬁ’s show of moving beyond formal and stylistic
pfoblems in the fQurth preface is a well-contrived niisdirection founded in the
inckluksiokn of the d‘ist’incﬂt prefaces. When broﬁght togéther in the fourth improved
edition, they offer a progression that draws attention to the pamphlet’s formal
history as evidence of its aut’henticityf in\point of fact, the prefaces not only

highlight the fact that Carey is deeply concerned with form, but reveal the artifice

of his stance to the contrary. Where the pamphlet was once tentative, and had a
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;f‘desultory'plan,” the fouﬁh preface implies (by its siience on the matter) that the
ktext‘Was now well ordered. In this manner, the evolution of prefaces simultaneously
foregfoundscarey’s formal and stylisﬁc interest‘s,rand acts as a testimonial to the
‘ pamohlet’s factual nature. Where Carey had ﬁrsf claimed that style could hinder -
the pfe‘sentation of facts, and that his ill-formed narrative Waé due to temporal
:con‘étraVints, the text now suggested that a transparent form was a sign of felicity,
“and presumably offered itlsélf:'as a model for factual nar’ratives.V Ironically, the
| claim to guthenticity is all based on e,u"tiﬁce;3

: The inj‘u_nction for readers to correct Carey’s errors rand niisrepresentations
kikmplie‘s an iioportant role for the economics of print circulatioh in fhe production of

| knowledge. A:lthou'gh‘he may haVe been unable to articulate this notion concretely

5 ThlS progressmn is apparent in the two middle prefaces as well. In the
second preface Carey announced that despite his intention to enlarge the pamphlet,
and “to have new-modelled it, so as to preserve a connexion between its several
parts, in which it is extremely deficient...its speedy sale, and the demand for more
copies, render it impossible for me to do more, at present, than make such
~corrections as the kindness of a few friends had led them to point out” (vi). This
statement displaces any formal or factual issue that might be raised with respect to
the second edition onto the economic network that prevented Carey from
~ completing the work in the manner he would have liked to. He writes that the third
edition “comes before the public...in some measure; in a new form, I have reduced
it to as methodical a state, as in my power, but not as much so as I could wish, nor,
I fear, as the reader may expect” (vii). While this progression describes the
evolution of the text explicitly, and explains that its was still coming into its proper
form, Carey goes on to say (still in the third preface), that temporal constraints
continued to plague its overall shape, although he is unwilling to let this problem
disrupt his project: “I beg to inform the reader, that this day ends one month, since
the writing of the pamphlet commenced. I know that the shortness of the time
employed, is no justification of a bad performance; but it may somewhat extenuate
the defects of a middling one” (vii).
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in his first edition, he was: quitelelear about it mthe fourth No longer aimed at a
| loeal audience, thls ‘ fourthedition drops its affect of self-conSC‘ious formal critique.
Rather than drawing attention.,to style, the fourth preface is expressly addressed toa
’ cornrnunityof readers beyond Philadelphia7s bOrders, and recornnlendsfitself to this
wider pubhc asa repository of information for resurreetirrg lost eeonomic
networks Always with aneye toyVard ‘educatingth‘e‘ public, Carey articulates the
. stakesbehmd his Workon a scale that shifts they:central medical preoccupation of
theeprdemlc toward{: individual and famiflial‘ struetures of ownership and |
inheritance. Noting that a number of the epidemic’s vietirns were not native
Philad‘elphians, Carey contends that arnong these strangers; “were probably some,
by vyhose death, estates haye fallen to heirs at a distance” (viii). This assertion
leads to the centralinnovation of the fourth edition: a”necrology that claims to
COI}?C’? the inaccuracies of official ‘morbidity statistics and that was largely
: und’erWritten by Carey hirnself who '\'says that he employed suitable persons to go
‘ thro the city and liberties, and make enquiry at every house, without exception, for
the narnes and occupatlons of the dead” (V111)
While blllS of mortality tradltionally group v1ct1ms accordlng to broad
demographic critena (age, sex, race, geographic location) thls necrology
pa1nstak1ngly lists the more than four thousand victims of the epidemlc

alphabetically, adding, where possible, kinship ties among the dead. In doing so, it

+ An earlier copy. of the necrology appeared in the third editron but the

preface does not include a reference to it (Powell 28 1).
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«cr”ea_teys’ a ¢ompelling portrait of the epidemic that is remarkable in its simplici,ty‘: ;
few inférenées can be drawn about the progressio’h of yellow fever in the fall of
- 1 793 (addresse’sand détés of death, for’ example, are not included), but this
. sﬁaﬁéhét, géVe Phiiédelphiéﬁs aﬁ"aécounting of 'their losses as well as the means by
whic’hr to re'-imég'iné thei; much transformed ponimunity. Despite the
impréési\:/enes‘s of this private census, Carey acknowledged that the Iist itself was
:n'e‘ither completé, nor Wholly accurate. If, as he c“laimed, the purpose behind the
necfology waé to ideﬁtify foi‘eign victims, one is left to puzzle the anonymous
| feferénce td “k‘seyven Frenchkstranger‘s,k”k Whjch could in no way help their next-of-kin
~idéntify them. Nevertheleés; Carey ask§ ‘his audience to ignore thesek shortcomings,
and kqﬁiyckly points out that the necfology is a crucial artifact of thé epidemic: .
Imperfect;asﬁthe list still rémains, I hope it will be found
useful in removing anxious doubts, and conveying to persons
in different countries, the melancholy information of the
decease Qf relatives, which, but for such a channel of
communication, would, in many cases, be difficult, if not
impossible to acquire for years to come. (Vviii) ‘
A‘lthough his :stated reasons for publiéhing the neérology seem unlikely,v*the drive to
; identikrfy, each of the victims and to circulate the hst as a testimonial to the |
épidemic’s effects dOubtiess has value as a public serVice: the focus on improving
channels of cofnmunicatidn, for example, offers ’an economic framework for post-
epidémic markefs in Which information éxchange becomes an increasingly |
important product to be packaged and traded. In doing so, the Short Account

creates value for itself first by identifying communication as a market, and then by
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advértising its utility in such markets. In this sense, regardless of how far the
pamphlet was disseminated beyond Philadelphia’s borders, it served as a model for
openpubhc discéﬁir:seié ﬁrst T‘ac::c.:okrding to the interplay between aﬁdie'nce and
authdrk (as revealed by _the forrﬁal evolution of the text), and second, in its
engégement with ~10cal; Vr‘ia'tional, and international markets.

F ortnélly;‘the;héc;roflogy;stands on its own as an addendum to the Short
- ‘:Ac‘c;fouﬁtk with Irir’ttlé'com’mentéryi‘o‘r context inétructing its audience about how it
shoﬁld kbe ’read. Becausé:ity seems to speak for itself, it is the exemplary model for
Carey’s goal of using plzﬁn language to speak plain facts unfettered by stylistic and
formal considerations. On the surface, the necroiogy’s form is transparent: an
alphabetical list of victims suggests little in the way of ideological apparatus, unless
it is a democratic ideology in which no victim is more important than an other, or is
given preference over fellow citizens. And yet the illusory nature of such
transparence is the hallmark of modern epidemiological analysis. The necrology is
certainly not intended to explain how the epidemic developed, but it organizes its

effects into two easily recognizable categories: familial and professional.” That

> In truth, the necrology is not simply drawn along familial and professional

lines. There are occasional references to nationality and, in the case of African-
Americans, to race. In fact, the necrology’s very first entry is for “Abigail, a
Negress.” Abigail’s race stands in the place of family name and occupation,
framing race in a socio-economic arena. This figures much more prominently in
the debate over the role of African-Americans during the epidemic. The belief that
they were immune (or had a heightened immunity) to yellow fever led Benjamin
Rush to call on the black community to attend to the sick. Absalom Jones, Richard
Allen and William Gray of the African Society organized these efforts, although
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- these categories W,ould appear QbQious‘ er tranSpa;rent ways to represerit the effects
| kof yellow fever on Philadelphia anderscores the socio-ecohomicr axes. ralong which
Carey orgamzes hlS hJstory of the epldemle and thus reVeals the taxonomy of the
market that he exp101ts Of course, the clearest beneﬁc1ary of this market was

; Carey, because the necrology was the prlmary motwatlng forcefor pubhshmg the
. yfeurt‘h ‘edition ef his paniphlet. »Furthel;mOre, by asserting itself as a model chaﬁnel
of communiCation, the necrology yoffers\'a‘ guideline for ,rknodes of informatibh
exchange in the/\x’/ake of local ahd national disasters: it represents a prototypical
‘narrative that SmeitS plain facts in plaiﬁ 1aagaage, and therefore helps to anchor
‘the restief the pamphlet by positierkxingi’tself as ‘thetext’s logical and chronological

| end.

the reward for their efforts was, at times, surprising (Powell 95). Carey singled out
the three men for praise, but he railed against what he called “the vilest of the
blacks [who] extorted two, three, four, and even five dollars a night for such
attendance, as would have been well paid by a single dollar. Some of them were
even detected in plundering the houses of the sick” (63). In response to this attack,
Jones and Allen published A Narrative of the Proceedings of the Black People,
During the Late Awful Calamity in Philadelphia. In it, they take Carey to task for
singling them out for praise. Despite what appear to be good intentions, they wrote
that “by naming us, he leaves those others in the hazardous state of being classed
with those who are called the “vilest’ (13). Finally, and perhaps most damning,
Jones and Allen expose the economic impetus behind Carey’s Short Account,
turning his charges of extortion back against him: “he was wrong in giving so
partial and injurious an account of the coloured nurses; if they have taken
advantage of the public distress, is it any more than he hath done of its desire for
information? We believe he has made more money by the sale of his “Scraps” than
a dozen of the greatest extortioners among the coloured nurses” (8).
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In this vein, the most intriguing chapters of the Short Account are the so-
called ‘,‘s”c':raps” or fragments that Carey presents without attempting to create fa
coherent narratiVe.‘ Not all of these scraps pertain directly to the immediate causes
or remedies of the epidemic, but they provide a wider glimpse of its social and

cultural effects on the community. © The absence of any obvious narrative frame
for the scraps implies a certain journalistic detachment, as if the information could
have been gathered by Carey’s census takers while they were compiling the
L necrology. V'Among"these scraps isa startling pasSage that provides insight into
“early Repubhcan anxretles about the exchange of information. Takmg the notlon of
‘ c1rculat10n literally, the fragment dramatizes fears of infection on local and national
scales through the hldden dangers posed by postal systems
Some of the postmasters in the different states, used the
precaution to dip Philadelphia letters into vinegar with a pair
of tongs, before they handled them. Several of the
_subscribers for Philadelphia papers, made their servants -
sprinkle them with vinegar, and dry them at the fire, before
~ they would venture to touch them. (79)

This fragment superimposes fears of contagion onto correspondence networks by

suggesting that the postal system could act as a vector for the transmission of

6 " One such entry speaks directly to the way that epidemics can frame
temporal spaces in a community, albeit in an unexpected, if not uncanny, manner.
Carey makes note of an anecdotal curiosity relating to the fact that among the

refugees to leave Philadelphia at the height of the epidemic were a great many
watchmakers. Since few people were left to pay “attention to how time passed,”
the watchmen who remained literally lost track of time, and began to call out the
hours incorrectly (78). :
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k yellow fever Whrle the example pertams specrﬁcally to the 1793 eprdemrc the
w1der nnphcatron is clear: crrculatlon of correspondence is a potentral physrcal
“danger to 1nd1v1duals This danger is ﬁgured on two scales locally, through the
‘ pubhc drstrrbutron of newspapers and natronally, through the c1rcu1at10n of prlvate
correspondence Although Carey doesn t spell 1t out, the step from dlstnbutmg
gpat}hogemc agents to drssemrnatrng Vdangerouskand seditious 1nforrnat10n is an easy,
if not obviousone to make Because p‘riyate 5cor°rcspondenc‘:e is, by its very nature,
ahrdden discourse, postal networl{s b,oth rnaintain open channels of communication
and pose a\grave danger to the body;politicthrough the incipient and potentially
contagrous threat of natlonal rebelhon B
As rs SO often the case durrng pubhc health crises, the anxrety about the

dangers of correspondence plays on the tensron between individual and communal
~"bod1es Certamly, when the mechamsm of transnussron fora disease is unknown,
the body politic — like the crtlzen $ body ~ 1s threatened w1th d1ssolut10n unless it
\;can 1solate and treat pathogemc agents And where a public document like Carey’s

‘f"Short Account is intended to alleviate the fear of spreading dangerous 1nformat10n,

74 Thrs is all the more apparent because the natron was so young. Carey opens
his Short Account w1th a commentary about the recent political stability of the
United States, ‘which he traces to its open’ rnarkets and its “manufactures, trade and
comrnerce” (9) Nevertheless, he makes it clear that this stability — even if
promising —is buta recent development in America, and by virtue of the fact that
the chance was so rap1d it could just as easﬂy reverse: “a few revolving years
exhrbrted the interesting spectacle of a young country, with a new form of
government emerging from a state which approached very near to anarchy, and
acqulrmg all the stability and nerve of the best-toned and oldest nations” (9).
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prrvate correspondence does not. By the Iate fall of 1793, at the tail end of the
eprdermc in Phrladelphla the anxrety over yellow fever could be overshadowed by ‘
an anxrety in Wthh correspondence rmght threaten not Just the citizens of one crty
"“,b‘ut" of anentire nation. Alth‘o‘ugh' ‘the physical threat that yellow fever presented to
the'rest VOf the Umon Was not ygr‘eat,? the threat of dissolution liter'aliy carne to a head
‘ When the United States government was forced to evacuate Philadelphia during the |
| eprdernrc nearly causmg a constrtutlonal crisis over where and When the congress
: and cablnet could meet and who had the authorlty to reconvene them (Powell 261) :
The political and medralg crises of the epidemic found therr conﬂuence in the
rnost likely source of the infection. -While Carey does notseem overly conCer'ned
‘wrth a fear of forelgn contaglon he is convinced that it was unquestlonably
' krmported from the West Indles” (67) As evrdence he provrdes alist of vessels that
arrrved from San Domingo just prror to the outbreak, and also rncludes ‘extracts”
from English papers describing the prevalence of the disease in the West Indies
(68); These facts clearly suggest a correlationbetween yellow fever and emigration
from the Carihbean. This correlation i’s further strengthened by the fact that earlier
in the: summer there had b‘een a vastinflux of French refugees from San Domingo
who sought to escape the slave revofution; many refugees headed to Philadelphia
after evacuating Cap Francois, and arrived “just a few weeks” before the epidemic
erupted, and very likely brought the fever with them (11): Although these refugees

were very likely the source of the epidemic, what is remarkably left unsaid in
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Carey’s account is the fear that a slave revolt could spread to the United States
from San Domingo, threatening the nation even more than the yellow fever. These
pdliti¢al anxieties about revolt were heightened by the widely held belief that
 African-Americans were immune to the disease. Their immunity, when considered
in conjunction with white susceptibility to yellow fever could Presumably leadtoa
great miiitary advaﬁtage, as the siaves of San Domingo discovered over the next
ten years.  While slaves would presumably not communicate to each other yia
“dfﬁ"cial péstél kriﬁet‘“‘k(ofkl‘i{s,‘the con;[eigion of revolution could potentially spread
thréugh the United Statesysecretly, aided by hidden channels, until it erupted into

public view and destroyed the body politic.

I1. Epidemiology and Fiction

Charles Brockden Brown’s 1799 novel Ormond; or, the Secret Witness
opens with a similar set of formal and epistemological concerns to the ones
expressed by Carey in the first preface to his Short Account. But rather than
including an author’s advertisement or a note to the reader, as Brown often does,
the task of introducing the novel falls on its fictional narrator, Sophia Courtland.
Sophia frames the story in a letter to her German correspondent, I.E. Rosenberg,

explaining the nature of her tale, and justifying its formal qualities as follows:
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My narrative will have little of that merit which flows from
‘unity of design. You are desirous of hearing an authentic,
“and not a fictitious, tale. It will, therefore, be my duty to
relate events in no artificial or elaborate order, and without
‘that harmonious congruity and luminous amplification which
might justly be displayed in a tale flowing merely from ,
invention. It will be little more-than a biographical sketch, in
which the facts are distributed and amplified, not as a
poetical taste would prescribe, but as the materials afforded
‘me, sometimes abundant and sometimes scanty, would
permit. (37) '
Unlike Carey’s first edition, Ormond is a tale “flowing merely from invention,” so
that Brown’s decision to ventriloquize this set piece through a fictional character
calls attention to itself as a rhetorical device, and immediately raises questions
about fact, fiction, and form in a novel that is concerned with forgery and
conSpiracy; This means that Ormond’s formal and stylistic flaws — such as they
might be — arekqounterfeit; that they' serve to enhance the novcl’s central conceit in
which Brown writes himself out of the text. This manipulation gives notice that
truth — both in the story and in the novel — will be a deeply contested categofy:
where Carey insisted that truth, propetly told, could be made free of sty1istic
embellishments and formal flaws, Sophia complicates this notion by pointing to the
supposed formal unity of fictional tales. Much as in Carey’s preface, Sophia
explains that her narrative has been shaped by the availability of information, and
that the novel’s form therefore stands as evidence of its factual nature.

Furthermore, she echoes Carey’s claim with respect to the ornament of style and

“luminous amplifications,” but because these echoes exist in a fictional narrative,
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they undermine the truth-claims that she makes: if the novel has the same formal
qualities as a true narrative, Brown blurs the boundaries of fact and fiction, and

 suggests that the question of form is much more complicated than either Sophia or

a . “CareykWOuld admit. ]Ultimately, Sophia’s letter displaces anxieties about the text’s

fonnal strucrure onto epistemologieal grounds only to bring thdse grounds into
: quesﬁon themselves |
These anx1et1es are readlly apparent in the novel s opemng chapters when
~k Craug Mansﬁeld’s crime agamst the Dudley fa.mrly is ﬁnally revealed after five

) years of apparently faithful service. Craig ﬁrst appeared at Stephen Dudley’s

“ ‘pharmacy under the name of Wakeﬁeld as a model of Frankhman youth He
claimed to have left England because he “conceived it his duty to provide for
| hlmself .[and came] to America, in search of the means of 1ndependent
, sub51stence (41). Rarsmg hlmself in Dudley s opmrons through hard work‘, and |
building a reputation for ‘~F$tabllity and integrity” (42), Craig advances frorn
I apprentlceto partner until Dudley offers to take his (ﬁctional) younger brother as

| ‘a‘napprentice as:yyel,l. All of ‘this‘advancer‘nent{ is buil’r upon an elaborate

musquerede. The fact that Craig could reinvent hirnself and presenr a false front so
; 'conyineingly and without raising suspicions is the ultimate nightnlare of self- |
represjentation’s gone bad. Even more so than his counterfeit English background,
Craig’s true history — with his humble beginnings in Portsmouth, New Hampshire -

- implies that he has a deep affinity for exploiting social and economic opporfun’ities
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for advancement in Americat But in Craig’s case, such opportunities are merely

the means toward more ‘lucratiye:’“fraudulent schemes. Craig therefore dramatizes

o the‘fear that Amerrcan rnarkets 2 1f they are structured to encourage opportunities
- kfor self—advancement are nonetheless hrghly susceptlble to fraud by virtue of the

fact that they provrde for nearly seamless and potentlally unhmrted advancement,

and that thlS advancement can be mampulated through mlsrepresentatlons of the

: ’ self. ~

s The problem wrth self-representatron as: Cra1g exploits it in the novel lies

not only in the danger that it poses to pubhc markets but to domestic spaces as

| yvell At the same'time that he insinuates himself mto Stephen Dudley S

. professronal realm Crarg infiltrates the Dudley household and destroys it desplte

~ his apparent affectlons for the famrly In domg S0, he reveals how permeable the

t " ~bounda;ry between famrly and professmn is, in ea:rly Repubhcan America. If

Craig’ s’act10ns .mrmre a form of secret contag1on, it is noaccrdent that the Dudley
family’s tribulationsbegin w1thhrs crime and reach their cllmax k‘during the
’Phil‘adelphia yellOw fever epidemic.: The dlss'olution of the Dudley family —
1nclud1ng therr removal from New York to Phlladelphra Stephen’s unemployment
and eventual bl1ndness hlS wife’s death, and the fact that the1r young daughter

k Constantra (aged 17 at,the tlme of the eprdemrc) must support the family — adds a
third, familial ,body (besides ‘indlvidual and national) to those that can be threatened

by contagion. Indeed, while domestic 'sp'aces were not an explicit concern in the
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debatesabout the epidemics discussed thus far, both Brown’s ,‘rep‘resentation of the
= Dudley family, and C‘arey’,s insiStence onl_listi‘ng’ familial bonds 1n his necrology ,
dennonstrate a’shift in the publick discoui'se‘surronnding‘ disease.
k And as in Cafey S narra‘nve the ﬁgure of contaglon in the early part of the

tnovel is split between the yellow fever and Cralg s mampulatlon of .
: c0rrﬁespondence. ~ The fact that he not only invents his history, but that he forges the

: c'offobol‘ating evidence for it — including a series of letter beﬁNeen he and his
ﬁctional family — demOnstrateé the way in which private correspondence can be
used for nefarious ends. In additionto this, Craig interCepts Stephen D’udleyk"s
letters, 1m1tates his: handwrmng, and alters itto serve his conﬁdence scheme
' Iromcally, Cra1g s lie is eventually brought to llght by a letter frorn his real mother
| that arrives when he is out of town. If postal serv1ces can be’ explmted for fraud
then‘ so too can they regulate crunlnal behav1or by' V1rtue of the fact ‘that anyone — .
' inclnding Craig’s illiterate mother - can use thernas Channels of communication.
) Buffor Brown’s purpose‘s; the fact that prlvate correspondence can so eaeily
nndennine familial and economic bonds becomes an:i‘mpor'tant iasue with regard to
‘, " the text, which is, after all framed as a quaSi-epistolary narrative. The novel
therefore enacts the tensions that it describes while trying to use those ena’ctnlents
to anchor its formal and epistemological structure. The book prOvides a ’model -
much like Carey’s Short Account does — for the proper circulation of information; it -

is a secret history made public. In this manner, the epistemological questions that
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Brown raises at the outSei of fhe novel serve to educate the 'reade’rk abdut the dangers
; Qf«taking information at’face value. Indeed Sophia says as much when, at the end
of her opening epistle, she tells Rosenberg: “Society" and mahners constitute your
favourite study; and I am willing to believe that my relation Will supply you with
"k‘nowledg‘e, on these heads, not to be otherwise obtained. -If these details be, in that
reépect, unvsatisfactory, all that I can ’addk is m‘y‘c()unsel to go and examine for
: yoursclf’" (38). \ | |
While the first part bf Ormqnd explores the dangers that pfivate
;ﬁorrespyokhidenc‘ek can pos“e“t‘c’)’ ,‘fam"iliall order, this danger is literalized with the
appearénce of yellow féver in the novel. Itisno yksmallfcoincidence that in the same
/ momént that the fever is first mentioned, it is transformcd in Constantia Dudley’s
cohsciousness from an existénce “Cﬁieﬂy in the form of rumour” (64) to an event in
fact; the fictive appearance of Vyelloiw fever in the novel mirrors its passing from
~ narrative to reality in the' stdry, and this transformation oécurs at the intersection of
Brown’s ‘model of circulatidh. % As soon as Constantia discovers that her education

in the sciences and the classics leaves her unqualified to teach female students and

8 A second place where illness and narrative intersect occurs in the character

of Whiston, the Dudley’s hysterical neighbor, who acts as a vector for rumors until
he flees the city: “the rumours and conjectures industriously collected [by Whiston]
during the day were, in the evening, copiously detailed to his neighbours, and his

~ own mind appeared to be disburdened of its cares in proportion as he filled others
with terror and inquietude” (70). Ironically, after he abandons his sister and flees
to the country, Whiston dies alone and is “suffered to decay piecemeal” (74). It
appears that the model for his death may have been taken from Carey’s account of
a poor man who died while villagers refused to help him for fear of being infected
with the yellow fever (84).
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therefore unable to earn extra income with which to support her father, she devises
a plan to better her chances of employment by teaching herself Italian and 'Frehch.
In order to do so, however, she must purchése a second-hand grammar book from
her fofmer book and paper seller — Mr. Watson. As Constantia makes her way to
Watson’s shop, however, she discovers that he has died of the yellow fever in the
night prior to her arrival.

The fact that Watson was a book and paper seller only reinforccs anxieties
éb’dut coi‘re‘:spondénce being an agent of infection. Spat‘iéﬂy, Watson’s shop is the
nexus where readers: and writers Would congregate t'o“ begiﬁ the process of
circulating books and letters. it is therefore a natural focal point for the eruption of
epiderpig if cérrespondence too iiS to be considered a vector of c’ontagio'n. The fact
that‘his:is the first c‘ase: hieﬁ;cionéd,in/the nbvel oniy underscores the relation
between contagi“on and narrative all the more éXplicitly. His death is therefore
fdoubly cha;rged, b‘ec"éu'kse it repféSents’ thé adVeht of disease as well as a fuﬁher
danger of uncontrollable epidemic in the community: when four thousand people
can die in just over ten weeks, the prospects for the young Republic’s health seem
kteryluous indeed, especially given the revolutionary fervor in France and San |
Domingo.

Ultimately, Charles Brockden Brown was not a contagionist, subscribing
instead to Benjamin Rush’s ideas about putrefaction. But his novel plays both

theories off of each other in order to dramatize the interconnectedness of illness and
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. i narrative. And because the mystery regarding the source and modes of
: ’\t’fgnsmisjs’ikon of yellow fever iysiyonke that seemed to béfﬂe eighteenth-century
| phy51c1ans, writers such as Carey ahd Brown were left to éhroniclethéepidemic by
resortmg to sdéial, pdlitical; and economic ‘frameworks. ‘Their attention to the |
formal kdifﬁculties of fheif téxté is not Sirhply an aesthetic QéﬁsidefatiOn. Insteéd,
\tﬁék}siéklf-kt:onécious engagcment of form in fheir rfespeétivé yl‘arefa‘lt(’)ry remarks :
" : sugge:s;t-sk a serious epis’temologicalc problem: the‘QntologiCal‘_amt)’iguities,that Carey
) and“BroWn reveal, reﬂeéts unc‘ert’ainty“aboutwhat disease is, and how itny’lnct'i'okn‘s.
For thesekwriter’s, this uricertainty has its analogue in the vefyk nﬁture'of
répfesentation, so that the céhﬂuence of illnesé and narrative in'this~ history, agd in
this novel is not unexpected. It is, however, their exprgSsidn df this confluence as a
k’ formal 'k(fa‘th'er than ksir’nkply thematic) qualify that démonsﬁates the 'p'articular
elegance of thgir epidemiological modes of inquiry. And it is this same expression
kthat”is' déeply, béund to early Ameriéan hjstory, American rhetoric, ‘andﬁnally,’to

American narrative.
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