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Preface

This book has been a long and evolving process. It is also but a snapshot in time since the insight
and understanding of cancer seems to be changing by the hour. One may initially ask why
prostate cancer, and the answer can be embellished with many reaisfvaskly it just seemed

to fall into my lap as the greatest of the challenges. The work of Vogelstein two decades ago was
the start of the thinking. He presented the first set of pathway dependent models. The work on
CML is also a benchmark and theeatwork on melanoma as well. But prostate cancer is most
interesting both as a model but equally well as a cancer mixed in the political debates on health
care. As basically and engineer, | really think that way, not a scientist nor a physician, | look at
systems not specific entities, all too often the people get in the way, | see that prostate cancer has
been viewed by many as a single entity and massive Goverboneaiucraticlecisions are

being made that will impact the lives of maiijwus what we appach herein is an approach to a
holistic problem, not just a recapitulation of what is known but a recasting of that in a systems
approach, where the system is not only the patient but the patient in the society in which they

find themselves.

This is nota medical work, it is not a scientific work, rather it is an engineering work. That

means that certain levels of detail are irrelevant. It is akin to neglecting all the quantum effects of
holes and electrons when considering a transistor circuit. Just éocthe physical and
phenomenological elements at the uppermost level. The level where theatetaii®dels give
reliable analtical and synthetic capabilities. One does not necessarily have to understand protein
folding nor ADP and ATP interactions in any detail. Just remember that they are there and look
to what is necessary to explain the phenomenon. Also look at it in a Ropgense, namely

what can make the result be proved wrong.

The work is an engineering work, namely one which tries to use the basic science and yet distill
what is essential, then create models which are predictive, tests the models for deficiencies and
then makes modifications. The intent from an engineering perspective is twofold; observable,
namely to use measurements to the extent that we can deliver models which reflect reality and
second controllable, from the models ascertain what can be usautitol the result. The depth

of the models must be adequate to meet the two goals. Thus we are challenges with such effects
as methylation and miRNAs, which can be handled as elements in the model or noise factors
which are just so random that they areddtcult to model. In the previous statement we reflect
the engineers view of probability, namely something is random if we cannot truly model it in
detail but that we know it has a significant and measurable effect, and yet we know also how
great an peurbation the effect may have. Thus we call it noise.

We have written previously on the genetics of plants and plant color, looking at secondary
pathways and their observables, namely flower color. We have found that as one would expect
there is a greatedil of complementarity between the two.

This works has tried to remain current. However the challenge is continually one of keeping up
with progress in the field, a broad field. On the research side there is often a focus on compiling
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new facts about knowor recently uncovered genes and their products. However many of these
discoveries lack a system structure, a set of temporal and spatial relationships, one that can be
articulated and tested. Thus as a new set of genes or gene markers are foundtetsaheGa
there is often the tendency to announce then as the next best marker. PSA has often been the
grail or the whipping boy of those with other agenda. PSA we believe serves a purpose,
especially if one tries to understand it in a system manner.

However it is one of many such markers. We have argued elsewhere, in our book on Health Care
Economics, that one of the major forthcoming advances with be the use of genomics in diagnosis
and staging, and soon thereafter in detection and prevention. Yehéhis not yet here and we

believe that it is essential that a systems model be available before such can be effectively
accomplished.

Terrence P McGarty

Florham Park, NJ
March 2011
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1 INTRODUCTION

This is a work on a sy@sms view of a specific cancer, prostate cancer. This is a highly complex
cancer and is also one of the most common in men. It is also one which has caused a great deal
of debate because it is often indolent but when not it is a deadly killer. Thus by Haati a

person has prostate cancer is not an adequate diagnosis, one must delve much deeper to
understand what of the many variations that patient has. The changes in health care however

suggest that simple adincompassing answers are ought soithatu | e 6 may be appl i e

costs. Thus the development of Government centered and controlled Comparative Effectiveness
Research and its ensuing guidelines leaves little room to understanding the subtlety of this
disease. As we have seen in the lagtfyears with our understanding of leukemias, prostate
cancer has many faces.

The engineering approach we take herein differs from a medical or scientific approach in several
ways. The Medical approach general focuses on diagnosis and treatment. Wéhassary to
diagnosis at cell or even gene level, and then using those diagnostic elements how does one lay
out a treatment path. Treatment is chosen based generally upon proven efficacy. Physicians are
generally reluctant to try treatments whose effidaas not been established for legal as well as
ethical reasons.

In contrast the scientific approach is one focused on establishing the understanding of basic facts,
cells elements, genes. gene influences, presence of gene expressions in varioustatseadse
is the very essence of new discoveries that drive the scientific approach.

In contrast the engineering approach is somewhat in the middle ground. There is an emphasis on
using and integrating proven knowledge and in selecting those elemeadtsamauseful and
neglecting until proven otherwise elements which are more cumbersome. The engineering
approach looks at synthesizing the elements into a holistic systematic whole. The engineering
approach looks to build verifiable models and from thoedeats seek ways to change outcomes,
control the process, and effect possible improvements or cures. In many ways the patient gets in
the way as an overly complex and multifaceted presenter of the disease state. Thus as the
physician must deal with the emtiperson, and the scientists deals with the cell with almost total
disregard of where it came from, the engineering approach can have tension regarding the
ultimate carrier of the process being controlled.

We have divided this work into three sectionaclfocuses on a different aspect but they are in
effect a totality of the elements of the systems approach.

1.1 SecTION ONE: PSAAND PROSTATE CANCER

In the first section we examine in some detail the PSA controversy. PSA can be used and has
been used as aarker for prostate cancer, PCa. However in the past few years there has been a
massive amount of controversy regarding this use driven mostly by the exploding costs of health
care.A similar but smaller controversy has arisen in the area of breast camceiike breast
cancermenwhohaveC@ar e now being asked to be treated
euphemism for doing nothing. That is the low cost approach and yet if may work in many cases

15|page
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whereas for those in which it does not the resuésagonizingly painful and deadly. Thus the
guestion we examine in this section is the issue of PSA, its effectiveness, and the politics around
which it is examined.

1.2 SecTioN Two: PSAAS AMEASUREMENT

In this section we look a bit further into the PBAue but introduce certain cellular metrics and
temporal statistics. Cancer like any disease is a process, a slow at time process but if
measurements are made we can then utilize those measurements and ascertain better diagnostic
and prognostic results. 8o that in this section. It introduces the dynamics of the disease.

1.3 SECTION THREE: PROSTATE CANCER, PATHWAYS AND A SYSTEMS APPROACH

In this section we enter the details of the genetic makeup of the prostate cells and specifically
those genes which puiteely are involved in PCale first review the PCa development through
various stages and then focus on the major genes involved. We then present the current pathways
for each of the genes and from this we develop a systems model foMe@aamine the

approaches other are also taking in this area and specifically we discuss the need for
understanding pathways rather than just presenting genesamadasis. We examine various
methodologies for building both steady state and dynamic pathway models.

1.4 DEFICIENCIES
There are certain deficiencies we have in this effort. Let us look at a few:

1. PCa is Complex: We would argue that PCa is not just one disease. There may be several
different genetic presentations which are reflected in the histologicalatindlogical

presentation. Thus PCa may be more akin to leukemias as we understood them forty years ago.
There may be many different subclasses identifiable only through complicated genetic markers.
Thus there may therefore be multiple models for the désea

2. Exogenous Factors: There are many exogenous factors which have come to the fore. These are
the methylation effects and the impact of mMiRNAs. These are most likely just two of many which
will impact pathway dynamics. If they are dominant or recessi still do not know.

3. Intracellular and Intercellular Pathways: The pathway models generally focus on a single cell.
Yet there are intercellular communications which may play a significant role. We have examined
that in other species and find theeirgellular effect must not be neglected. In the approach

herein we have neglected them deliberately. The reason, we have little or no science on them at
this stage.

4. Cancer Stem Cells: The cancer stem cell hypothesis is another piece of sand irstfidgear
cancer stem cell, CSC, is basically the theory that only a few of the cancer cells are pluripotent
and involved in growth. If so we need to understand the dynamics of that cell apart from the
others. Thus the techniques we use and propose assurtieethacroarray data is used as if the

16jpage
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cells all acted the same. Yet what we may truly need is a set of cells which can allow us to
separate the CSC from the others and examine them alone.
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Section One

The Debate on PSA and
Prostate Cancer
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2 INTRODUCTION : SECTION ONE; PSA AND ITS IMPLICATIONS

This paper deals with the use of one specific marker for prostate cancer. It looks at PSA and it
develops quantitative methods and evaluates others which are useful in the application of PSA.
There has &en a great deal of confusion regarding this test as walyeesat deal of

misstatements on the part of many researchers. The recent publication of the of the American and
Europearstudies on the use of PSA and their conclusions that the monitoring\afié 8ot

affect any change in outcomes we believe is grossly in error. We make the argument herein that
PSA is a useful tool albeit a limited one.

PSA is excreted by luminal cells in the prostate gland and is absorbed into the blood stream. The
more suclcells the higher the concentration of PSA and thus one could conceive, rightly so, that
monitoring PSA is in effect monitoring the cells in the prostate. Exceptionally high growth of the
prostate cells is often associated cancer. Thus PSA may be ageadiicancer and if it

exceeds certain levels further studies should be performed. However PSA alone is not the sine
gua non in this process. One must look at this in the context of the patient as a totality. The
patient family history oftentimes trumph since a first degree relative with an aggressive form

of prostate cancer is more of a concern than just an elevated PSA. Prostate size in and of itself is
a cause just because there are more cells. The change of PSA over time is also a significant
facta. All too often the physician has little if any notion of that change. We believe that

temporal factors of a patient are key to effective medical records, especially electronic medical
records and this factor seem to play second seat to other admiesimators. The PSA velocity

is a major factor ascertainable only by having the access to all records.

Finally and most importantly is the PSA assay itself. Measuring of PSA may vary38p25
from assay to assay. This is a clinical problem when seekiagcertain such factors as PSA
velocity.

We will now look at PSA and its clinical use as well as looking at the methods and techniques by
which various researchers have tried to reach the conclusions that they have. The work of
Punglia and other have denstrated, in 2003, that the thresholds for PSA tests vary dramatically
from the young to the old. What has not been analyzed has been using PSA as a measure for
ascertaining aggressive versus indolent prostate cancer, PCa. This has yet to be deteemined. W
know the pathways but even using various stains to ascertain the presence or absence of certain
proteins in the pathways has not evolved into a useful and predictable set of tests for aggressive
types. That type of test will be the sine qua non for nooinig PCa.

3 PSA FUNCTION

Before detailing the cellular level of the pathology it is worth while discussing the PSA issue and
the controversies related thereto.

The prostate is a 40 cc globe like gland just below the bladder and surrounding the lursthra.
composed of 350 glands and between the glands is a stroma composed of nerves, muscles, and
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blood supplies, with some other connective tissues. A typical gland is shown below along with
an adjacent blood flow.

The following Figure graphically degis the gland in the prostate and the PSA released mostly
into the lumen of the gland but a small percent gets released into the blood supply.

‘Normal Prostate Gland and PSA

PSA, prostate specific antigen, is a gene product of chromosomEng&P SA gene is androgen
regulated. PSAs synthesized in the epithelial cells. It is secreted into the lumen of the prostate
gland ducts and works its way into the serum most likely by diffusion. PSA tends to increase

with hypertrophy and PCa. This most likely is due to cell proliferatiortlamsla larger base of
excretion of PSA into the lumen. There does not however seem to be any studies relating serum
PSA to prostate size, volume. A normal prostate is about 40 cc in volume and large prostates say
of 60 cc may have more epithelial cells d@nds putatively a larger PSA in the serum, however

there does not appear to be evidence supporting this conjecture.

Most serum PSA is bound to proteins and there is some free. Thus the Percent Free PSA is often
also measured. PSA released from canels however is often not processed by intracellular
proteolytic chains and thus is not free. High percent free is often a sign of no malignancy

PSA velocity is another measure of malignancy potential. The definition of PSA velocity is the
three samp@ average of PSA change per year or percent change per year. That is we take three
time samples, and then calculate two velocities, from the second less first, and the third less

! See Kantoff, Prostate, p 213.
23u, Prostate, p 5.
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second, and annualize each and take the average. If the velocity excesd Baf&® a threshold
which requires examinatién

3.1.1 PSA

We can now look at a typical PSA history. We show below a 20 year PSA history of a patient
where we also show velocity as well as PSA change. The first problem we would have here is
that there are mos$ikely a dozen different assays so that any comparisons are difficult. Secondly
we have a 20 year temporal change in assays as well so any consistent baseline is in question.

2.50 200%

150%

100%

50%

PSA and PSA Vel Abs
PSA Vel %

(050)

(1.00)

(1.50)

(2.00)

2.50) -100%
( d 2/21/ | 3/819 | 2/22/ | 1/17/ | 1/271 | 4123/ | 8/16/ | 7/14/ | 8/4/0 | 10/16{ 11/10| 11/5/ | 11/22| 11/1/ | 12/20| 11/13| 11/18| 11/24] 2/2/2 | 2/4/2 | 5/6/2 | 10/28
4 0

93 95 | 96 | 97 | 98 | 99 | 00 /01 | /02 | 03 | /04 | 05 | /06 | /07 | /08 | /09 | 010 | 010 | 010 |/2010]
= PSA 062|053 |150| 062|070 077|095 1.10| 1.10| 1.10| 1.30 | 1.19| 1.53 | 1.22| 1.60 | 1.49| 1.49| 2.20| 2.10| 1.80| 1.70 | 2.00

4 PSA Velocity Absolutj (0.09) 1.01 |(0.98)( 0.08| 0.06| 0.14| 0.16 | - - 0.19 | (0.11)] 0.32(0.33)] 0.34((0.12)] - 0.70 | (0.52)| (2.03)| (1.57)| 0.27

PSA Velocity % -15%)| 176%)| -53%)| 13%| 12%| 31%| 14%| 0% | 0% | 19%| -8% | 30% | -19%)| 35%| -6% | 0% | 48%| -1% | 0% | -1% | 8%

Thus looking at the above we see a 4 fold increase in 20 years. Thia imée from 5670

years of age. The change in the prostate during that period may be significant. It may grow in
size and thus have increasing cells, it may have PIN, prostatic intraepithelial neoplasia, and also
have more luminal cells, or it may haveoalgrade PCa. Thus looking at this patient one must

ask what to do next? It will of course depend on family history more than the PSA changes.

3.1.2 PSA Velocity

In a paper by Carter et al the authors provide an excellent review and analysis of the use of PSA
velocity. As the authors state, a driver for this study is:

Recently, D6 Amico et al. showed that, when co
per year or less in the year before diagnosis, men with a PSA velocity above 2.0 ng/mL per year
wereat an increased risk of prostate cancer death after surgical treatment. An unanswered

guestion is whether a lower PSA velocity could identify those men withrefening prostate

cancer during a window of curability.

This PSA velocity is a significaactor. As defined by Carter et al:

3 Su, prostate. p 5.
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PSA velocity in ng/mL per year was calculated for each subject (n = 788) as the running average
of the rate of change over three consecutive visits (the index visit and the two preceding visits),
when more than two PSAeasurements were availal§ld ), or as the simple rate of change, if

only two measurements were available.

Or we can use the following:

X PSA(n) PSA(n1 )
-« s Date(n)- Date(n-1 |

Vesa(K)= 3

We have used this formula on the data above and have shown the velocity whereimes uise
years. The negative values are driven by a single poor PSA reading. One must be careful in
performing this analysis to include consistent assays. That is often the problem.

PSA Velocity Calculation using Carter et al, Journal NCI Vol 98 Nov 2006

(0.20)

(0.40)

(0.60)

(0.80)

(1.00)

(1.20)

(1.40)

(1.37)

(1.60)

The results by Carter et al are:

PSA velocity measured 15 yearsbefore diagnosis (when most men had PSA levels below 4.0
ng/mL) was associated with cancer specific survival 25 years later;

survival was 92% (95% confidence interval [CI] = 84% to 96%) among men with PSA velocity
of 0.35 ng/mL per year or less

and 5446 (95% CI = 15% to 82%) among men with PSA velocity above 0.35 ng/mL perear (
<.001).

Furthermore, men with PSA velocity above 0.35 ng/mL per year had a higher relative risk of
prostate cancer death than men with PSA velocity of 0.35 ng/mL per year or less (RR = 4.7, 95%
Cl=1.3t016.5P =.02);

22|Page



DRAFTT REVIEW COPYONLY i NOT FORATTRIBUTION

the rates per 100 000 persgears werel240 for men with a PSA velocity above 0.35 ng/mL per
year and 140 for men with a PSA velocity of 0.35 ng/mL per year or less.

Thus in looking at the above patient we should conclude with Carter that even if PCa is
discovered it should have a reasonajgd chance of survival. Yet again the issue is always
one of assay consistency.

3.1.3 Percent Free PSA

The percent free PSA is a measure of the PSA generated by benign luminal cells which is
unbound to proteins in the circulation. The majority of PSA in thedstream is bound to

pr ot ei ns -antighyrmotmgsini The/remaining amount, from about 5% to 35%, is free.
PSA released from cancer cells is generally bound and not free. Thus the increase in PSA with a
concomitant reduction in percent free isimplication of PCa. On the other hand, if PSA

slightly rises and free PSA also rises, or stays at peak, then one would suspect a benign process
of hyperplasia or benign or ngnalignant neoplasia. As we progress to PCa, the luminal cells
which are malignat clones do not have free PSA and thus the percent free drops.

In the case of the patient we have been examining we see a percent free in excess of 39% which
appears to indicate no malignancy.

PSA % Free

11503 11122/04 11/1/05 12020006 | 111307 | 1118/08 | 1172409 | 2/212010 | 2/4/2010 | 5/6/2010 | 10/2812010
[wPsasorret smw [ saw [ msw [ s [ saw | [ EEEEEEE |

This the above Percent Free PSA appears to be bé&ggm we also must note the change in
values may be driven more by the assay than any underlying process. The chart below is
modified from Yang and the data taken from Catalona et al. It shows that the higher the percent
free the lower the risk of cancer.
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Probability of Cancer Vs Age for Various % Free PSA
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3.2 THE PSACONTROVERSY

The use of PSA has become quite controversial over the past few years and especially as the new
health care laws have been mandated by the Democratic Congress. The main putative issue is the
subsequent biopsies required and thest€ as well as the resulting prostatectomies and their
morbidities as well as costs, given the putative prevalence of indolent PCa. Namely there are
groups who argue that PCa is generally a benign factor and that with death as an end point, the
actions reulting from PSA measurements are often lacking in changing the end point, namely

men die at the same rate whether treated or not.

Professonblin, the researcher who discovered saantigen which is used in testing for
prostate cancepca wrote a sathing editorial in the NY Times this decrying the test and its
implications. He starts by stating:

The testdos popularity has |l ed to a hugely exp
painfully familiar withd | discovered P.S.A. in 1970. Bsngress searches for ways to cut costs

in our health care system, a significant savings could come from changing the way the antigen is
used to screen for prostate cancer.

Americans spend an enormous amount testing for prostate cancer. The annual bill for P.S.A.
screening is at least $3 billion, with much of it paid for by Medicare and the Veterans
Administration.

There is significant disagreement here. That the PSAltst has some problems, which is well
recognized. Yet this test alone, as a single measurement upon which to act dramatically, was
never intended to be used that way. Thus the whole basis for his argument lacks any substantial
merit. | will make my argumeras follows.

4 http://www.nytimes.com/2010/03/10/opinion/10Ablin.html
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1. psaby itself as a onetime test with a threshold of 4.0 as applied to all men does not
significantly reduce mortality. This is a true fact. The Professor states:

The medical community is slowly turning against P.S.A. screening. LasiheaNew England
Journal of Medicine published results from the two largest studies of the screening procedure,
one in Europe and one in the United States. The results from the American study show that over
a period of 7 to 10 years, screening did natuee the death rate in men 55 and over.

The European study showed a small decline in death rates, but also found that 48 men would
need to be treated to save one I|ife. Thatos
sexually or stay out ohe bathroom for long.

As we will demonstrate, these studies used the 4.0 level as the benchmark and the European
study had long periods between testing and the US study did two year testing and again applied
4.0 for all.

None of the studies recognizec thewer research that said that 2.0 was the threshold for those
under 60 and that velocityaslamajor component to be added. Velocity, the averaged change in
PSAper year, is recognized as a major factor and that if the velocity exceeds 0.75 per year for
men over 65 and with a stalsieaover 4.0 then the sensitivity and specificity rises appreciably.
Second for men under 60 or with a baseline long term PSA under 2.0, if the velocity exceeds
0.25the sensitivity and specificity also is quite high.

Also we know that fre@SAand % Fre€?SAare further indicators d?Cgq since théCacells
bind the freeeSAwhereas the normakinarcells do not.

Finally, family history is critical. It falls into three categories; RG3 PCaof an indolent form,
and PCaof a virulent form.

Thus if one has necain one's family then most likely you have a lesser chance of having a
virulentpca If your family history is of indolent forms then there is a good chance you too with
have that form. If your family histg is of a virulent form then you too may most likely have
that form. What is a virulent form, well my father had that farsawent from 4 to 40 in two
years and 40 to death in two years! Why did that happen, well we do not yet fully know the
dynamics othe cancer pathways, we do know thegn and its pathway were knocked out at
some point and off it went.

Using a Bayes methodology, we really want to measure the following probability:

P[pca| Psa, Psa Velocity, Percent Free, Percent Free Velocity, Family History]

Then given the ariori data we can determine apaterioriprobability and act accordingly.

Professor Albin appears teglectall of these facts. Albin continues his exhortation:
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So whyis it still used? Because drug companies continue peddling the tests and advocacy groups
push Aprostate cancer awarenesso by encouragi
American Urological Association still recommends screening, while the Natiomake€a

Institute is vague on the issue, stating that the evidence is unclear.

The federal panel empowered to evaluate cancer screening tests, the Preventive Services Task
Force, recently recommended against P.S.A. screening for men aged 75 or oldeg.@atfh
has still not made a recommendation either way for younger men.

Prostatespecific antigen testing does have a place. After treatment for prostate cancer, for
instance, a rapidly rising score indicates a return of the disease. And men withyahfstorly of
prostate cancer should probably get tested regularly. If their score starts skyrocketing, it could
mean cancer.

The testwhencombined with other variables has been shown to have merit. Yet one of the factors

is the patients history, the Igriermpsadata, not a singlesameasurement. One of the problems

with a singleesameasurement is that there is a5@% variation irrsameasurements. ThresA

may vary from say 1.5 to 1.8 to 2.1, to 2.1 in the same person but using differing asaays. Th

itself would set off alarms. Yet, if there were a 20 year history then one could better determine

the velocity and watch for results and not jump to surgery. Albin seems to reject the volume of
clinical data with hi salf®ocemnionandaone worderswhy.bi n o s

One can also look at more Facts. For example, prostate biopsies, using the classic sextant or 6
core forms, have been notoriously poor in detecting cancer. In addition the biopsy cannot as
current performed determinedolent versus virulent forms, that is a genetic marker issue. One
could do an assay on the cells #gen marker presence but that is still an experimental

procedure. One could use thea3 test which determines Gleason 7 or greater with reasonable
specifcity and sensitivity but that is only a recent development and by the time one gets to
Gleason 7 one may have@awhich will have positive margins aftgiostatectomy

One would like to getcaat Gleason 5 or 6 with negative margins. This often mewsme cores.

Thus for say a 40 cc prostate one needs 12 to 14 cores, and yet one may still have a 20% or
greater chance of missing a cancer. In a larger prostate, say 60 cc one may need 20 cores and yet
still have an almost 20% chance of detectimga#on the next biopsy say 6 months later.

The problem is that we do not have the genetic tools to detgend in fact almost all Cancers,

at the earliest a stage. The problem withis that we do not know the indolent from the virulent

from even at biopsy.

Is the answer as Albin argues seems to be to just abandon the testing. Deatiaisarot a
pretty picture, it is akin to breast cancer, especially with mets to the hasi. bones, collapse
of the spine, result in disseminateghvasculacoagulation, and is not a pretty picture.

TheHouse Oversight Committdes held hearings on prostate cancer and testing and their intent
seems to influence CMS to reduce the screénirigeAmerican Cancer Societgsued new

5 http://oversight.house.gov/index.php?option=com_jcalpro&ltemid=1&extmode=view&extid=126
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guidelines for screeningnd they seem to retain PSA screehing recountsthe ACS guidelines
as follows:

I n new guidelines released é the societdy (the
get an annual screening if their level of prostgiecific antigen, or PSA, is 2.5 nanograms per

milliliter (ng/mL) or higher. But men whose PSA is under that threshold can be safely screened

every two years. Men with a PSA level of 4.0 ng/mL or higneuld consider getting further

evaluation, such as a biopsy. Previous guidelines had suggested that men with a PSA of less than
4.0 ng/mL should be screened annually.

While the cancer society does not recommend screening for any@ren men at risk it does
offer suggested intervals for screening if men choose to be tested.

The ACS specifically states:

Studies are being done to try to figure out if early detection tests for prostate cancer in large
groups of men will lower the prostate cancer deate. The most recent results from 2 large
studies were conflicting, and didn't offer clear answers.

Early results from a study done in the United States found that annual screening with PSA and
DRE did detect more prostate cancers, but this scredidngpt lower the death rate from

prostate cancer. A European study did find a lower risk of death from prostate cancer with PSA
screening (done about once every 4 years), but the researchers estimated that about 1,400 men
would need to be screened (andrted) in order to prevent one death from prostate cancer.
Neither of these studies has shown that PSA screening helps men live longer (lowered the overall
death rate).

The statement is wrong about the two studies released in 2009 and we wilhaetaiatysis

later in this paper. However to summarize our objections to the two studies, they both used the
4.0 PSA level and the testing was sporadic at best, failing to do annual tests, lacking % Free PSA
data, and especially failing in any meaningfulasierement of PSA velocity. The answer is that
mortality will most likely not change if one waits until a 4.0 is reached in mangsuips. The

set point was reduced to 2.0 in the Punglia et al work we discuss herein as data was obtained but
the trial nevetested the lower level thus by leaving it at 4.0 they allowed the cancers to grow to

a terminal stage.

They continue:
Prostate cancer tends to be a slow growing cancer, so the effects of screening in these studies

may become clearer in the coming ye&sth of these studies are being continued to see if
longer followup will give clearer results.

% http://caonline.amcancersoc.org/cgi/content/full/caac.20066v1

" http://mww.nlm.nih.gov/medlinepluséws/fullstory 103229.html
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This is also in error. Prostate cancer falls in two categories; slow growing or indolent and this
represents about 90% of all such cancers and fast growadjy type which Kills in 4 years or

less. The recommendation of the ACS could be a death verdict for the men in the latter category.
The problem is that we do not know genetically how to determine this category.

For example, we now know that two factgpercent free PSA and PSA velocity are major

factors and not just PSA. Percent free is a measure of the percent of cells which are functioning
normally, albeit they may be PIN cells, prostatic intraepithelial neoplasia, high grade, HGPIN,
which may be angcursor to prostate cancer. HG PIN must be monitored by biopsy on a
schedule of three to four times a year! Not ignored. Velocity is critical since it is a reasonable
measure for the growth of cells. Also a measure for both PIN and prostate cancer.

We krow that even a biopsy can at best be2%@o in error. A 20 core biopsy can still miss
cancer with a 10% probability. In addition a second biopsy using 14 or more cores may find
cancer 25% of the time or more on a second testing!

The aggressive prostatencar can kill a man in less than 4 years! Do we want that risk? If you
are in that group | would think not. What further helps, family history. If you have had a first
degree relative who died in a short period then it is highly likely that you havet@thére

genetic errors that allow rapid growth, namely the elimination of the PTEN gene and thus
metastasis.

The ACS also states:

Because of these complex issues, the American Cancer Society recommends that doctors more
heavily involve patients in thaecision of whether to get screened for prostate cancer. To that
end, ACS's revised guidelines recommend that men use deussiimy tools to help them make

an informed choice about testing. The guidelines also identify the type of information that should
be given to men to help them make this decision.

The problem is how do you involve a man if the physician has no understanding and in fact is
confused given the literature. Biopsy is not a gold standard, it may be a silver or bronze. If the
biopsy yieldsa Gleason 6, rarely less since most pathologists will grade 3+3 yielding Gleason 6,
and almost never grade a 1 nor even a 2, then one still does not know the genetic makeup, the
true determinant. In fact most physicians do not understand the genetis,fatiuding many
urologists. Thus in many ways it is the blind leading the blind, and the ACS has done nothing
more than put stumbling blocks in the way. Further by testifying before Congress they have done
men a disservice. Yet it does reduce Medicass; we just let those old folks die, and yes many
young ones two.

3.3 THE CONFLICT IN PSASTUDIES

In a recent Urology Today posting they discuss the variatiopsatesting andcs prostate
cancer, in Europe and the US

8

http://www.urotoday.com/61/browse_categories/prostate _cancer/editorial__prostatespecific_antigen_screening_in_t
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Specifically they state:

This study compareesascreening performance for detectiogp in theerspcRotterdam with

the US population. The authors report tikrahscreening performance in this analysis could
provide quantitative explanations for the different mortality resultsrePcRotterdam and the

US Prostate, Lung;olorectaland Ovarian trial. .. The model includes 18 detectable preclinical
states in the natural history ohrthat are derived from combinations of clinical stage, grade,

and metastatic stage. In this modedatesting and subsequent biopsy is modeled as a single test,
thereforepsatest sensitivity also depends on whether a positive test is followed by a biopsy.

...The predictedar incidence peak in the US was higher than the obseraerhcidence Peak
(13.3 vs. 8.1 cases per 1,000 merars), suggesting a lower detectiorces in the US than in
ErsPGRotterdam. The lower sensitivityrdfascreening in the US compared wiRspc
Rotterdam may be due to a higtrencutoff level for recommending biopsiaghe US. Data
suggests that the biopsy compliance rate is over twice as high in the screeningeasweof
Rotterdam. However, other differences included racial differences between the US and
Rotterdam, frequency ebatesting, explanations for the drvan carincidence after 1992 and
the inability to compute 95% confidence intervals for the sensitivity parameters.

The study found thasascreening in the US did not detects as maawgas inErspcRotterdam
due to the lower sensitivity p$atestirg followed by a biopsy.

This study presents in a bit convolved way the problemspaithesting. They are:

1. psatests are not consistent. One assay will give different results from another assay. The
difference that we have measured can be as ggeab@% variation from assay to assay. The
stated variation is less than 10% but the measured is closer to 50%. Thus a single test can have
great variability.

2. Repeat testing with the same assay also has testing variances due to life style. Naatesly irrit
prostates and the like cause variationssnas much as 25%.

3. psaVelocity, vpsa, is the dominant test metric and that requires many years of tracking. It is
the average of three consecutive measurements and the derivation of velocity therefrom. Thus
one needs a good baseline of ten years of amsuaalata at a minimum to determingiablepsa
velocity. The three sample test is an attempt to reducertiigity from the above two causes.

4. There is a recent tendency to delay biopsy from an exaggesatet. In fact many
internists and family physicians do not pay attentowuelocity because they do not have access
to the data! It is questionable if they are even aware of the velocity testing.

he united states vs in_the european randomized study of screening for prostate cancerrotterdam03112010.ht
ml
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5. The problem today is thasatesting looks at just orresasample and we know they are
highly variable. Thus rather than samplingabnually the test should be performed annually and
the long term data recorded and analyzed.

The problem of having data on patient histories is pandemic. For exampktadutone yet

S0 too isHbAalc, and even blood pressure as welimsand many other variables. Medicine is a
science and art which is often driven by a change, change in some chemistry measurement,
change in weight, sight, moles, and the like. Thus it is iatperthat a good HIT
notwithstanding that the patient develop their own records, and bring them with them to the
physician. Noticing a change can save a life.

3.4 PSAAND COMPARATIVE EFFECTIVENESS RESEARCH

We have argued elsewhere against CER in the nelthloaae bill. Our argument is that CER as
so structured takes away from the open clinical field the results and codifies them in a
Government panel and uses the hammer of reimbursement as the motivator for employing the
new mandates. IReJm there was aacent article describing the next steps that are to be taken
with cer They state them as follofvs

Institute of Medicineods Re cod@mpearativeEffectiveness ResearclcgR).Nat i onal Syst e

1. Prioritization ofcertopics should be a sustained and continymesess, recognizing the
dynamic state of disease, interventiars] public concern.

2. Public participation (including participation by consumeratients, and caregivers) in the
priority-setting process isnperative for ensuring that the process is transparentlaiithe
public has input into the delineation of research questions.

3. Consideration ofertopics requires the development of robaensistent topic briefs
providing background informatiomnunderstanding of current practice, and assessment of the
researctstatus of the condition and relevant interventions.

4. Regular reporting of the activities and recommendatiotisegprioritizing body is necessary
for eval uat i disgibutioh,&s effectiort discoVery,addsts translation clioical
care in order to provide a process for continuous quatigrovement.

5. The secretary of HHS [Health and Human Services] should estabtfigithanisnd such as
a coordinating advisory ity d with the mandate tarategize Organize, monitor, evaluatand
report on the implementation and impact of ¢ige program.

6. Thecerprogram should fully involve consumers, patieats] caregivers in key aspects of
CER including strategic planmig,priority setting, researciproposal development, peer review,
and dissemination.

% http://healthpolicyandreform.nejm.org/?p=3017&query=home
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7. Thecerprogram should devote sufficient resources to reseandhinnovation ircer
methods, including the developmenihahodologigguidance forcerstudy desigrd for instance,
on the appropriate use of observational data and approache@ssigning more informative,
practical, and efficient clinicatials.

8. Thecerprogram should help to develop largeale clinicahnd administrative data networks
to facilitate better use afata and more efficient ways of collecting new data to inform

9. Thecerprogram should develop and support the workfésceerto ensure that the country
has the capacity to caroyt thecer mission.

10. Thecerprogram should promote rapid adoption of recommendabasesd orcerfindings

and conduct research to identify the neffctive strategies for disseminating new and existing
cerfindings to health care professionals, consumers, paterds;aregiverand for helping

them to implement changes basedhese results in daily clinical practice.

The analysis of these objectives leads to further insight as to where these folks are going. To
reiterate Cer, as best as | understand their meaning, albatentially, since one cannot find a
delimited definition, it is expansively defined by what it does, a typical Government program, is
a Government program targeting clinical studies, with the participation of a broad based of
interested parties, who wilhisome undefined manner develop and recommend, perhaps
mandate, clinical procedures related to the delivery of health care to Americans.

Frankly this is the antithesis of how medicine or any science is practiagideis we have had

such a group in plsjcs, chemistry, engineering, a centralized Government entity telling us what
the problems are that we should consider and then seeking the input from many third party
interest groups who may totally lacking in any expertise and then setting up whathhs.tr

Would we have an Einstein, a Schrodinger, a Feynman, a Wiener, or perhaps a Banting or Osler,
where would those ideas come from that were initially-oomformists? Frankly are these

people just plain Orwellian!

The authors, clear supporters aktplan, state:

First, the nationater program must develop an overall fundsiategy. It could follow the
traditional biomedical researafodel by inviting proposals on any of the 100 Riglority topics
and awarding grants to the scientifically sgest proposalslowever, the research interests of
individual investigatorsvould then define the national priorities. Instead, we betleatethe
nationalcerprogram should decide on a coordingtedfolio consisting of research on priority
topics, ifrastructureenhancement, and studies of translation and adoption.

Medical research has been around for over a century and it continues to evolve as we learn more.
It is iterative and it modifies itself as we learn more. Some studies are well posdd at the

initiation but flawed by the time they are completed. | come back to the classic prostate cancer
studies. They were started whepsa of 4.0 was considered the gold standard. Over the years

we have found thatrsaof 2.0 is as important for a young®ean as 4.0 is for an older and also
thatpsavelocity is more a predictor. It is iterative and in some ways combative. A natemal
program is consensus driven, worst of all worlds.
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Second, theerprogram should establish an initial listpsfority topics and evaluate the current
state of knowledgabout each. For the first of these tasks, it should buitbepriority-setting
work of theiom committee. It could develapportfolio chosen from the top &&w topics by
applying thealreadypublishedprioritization criteria of theom

The portfolio is already there as a matter of ongoing research. Why redo the effort? Is this
nothing more than justification for billions of more dollars spent by the Government. The money
is spent well now why do we ed change.

Third, thecerprogram, with the help of expert advisory committed the research
community, should choose the research metti@dswill fill gaps in the evidence for a specific
topic. Inan investigatcinitiated research program, the grapplicantypically chooses the
methods. The cost of studies usingritethods ofer (whether clinical trial, observational
study,or qualitative research) varies widely.

Evidence is always changing. Back to my prostate example. We know alseltRatdd

prostate cancers are highly aggressive. The question is why? Perhaps the four or five gene hits,
ultimately knocking oubTEN, leads to the aggressiveness. Perhaps many men have genetically
had the hits and they are predisposed, possibly theepigreticfactors as well. These are the

issues we should be working on, and these are the issues which the highly motivated and
competent researchers are already working on. Why do we need another group? That question
has never been answered. Perhaps e pproved methods to just "kill of the old folks" and
replace the "death panels" with "death procedures".

Fourth, the program should strive for a balanced portfolibigh-impact research topics.
Although it could simply rank topias order of imporance and fund them in ranked order until
themoney ran out, we recommend developing a portfolio that addressdanced distribution
of topics, outcomes, and target populati@syell as keeping the total portfolio cost within
budget angbroducing a bdy of evidence sufficient to influence heaklhe decisions.

The nature of the portfolio changes as we learn more each step. Dynamic portfolios are common
in the way we do research now. The "hot topic" appears and researchers follow the path. Having
a lunch of Government chart preparers do this is frankly insane!

Fifth, thecerprogram should evaluate progress and repoth®public. To meet this
obligation, it should do largscale,ongoing observational research and evaluation to measure
cer) affects on clinical practices and patient outcomes.

This | really do not understand. Medical research is always publicly avail@bieis on line, as
is JAMA and the list continues. Clinical trials are an everyday affair, justnemadandiama and
the hundreds of other journals. So what is the point? Just spending more money.

The only possible reason foeris Government control. Control over what the Government will

pay for and worse the control over what physicians can do. This is not the code of civil

procedure used in Federal Courts, this is science, and as such changes. Having the Government
as the regator of change is not just stupid it is immoral.
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The British Journal of Cancer has just published an interesting article regarding Prostate
Cancef. They state:

There is evidence that prostate cancer (PC) screening with pregégiéic antigenqsA serum

test decreases PC mortality, but screening has adverse effects, such as a pghkifaisdr)

rate. We investigated the proportionFetin a populatiorbased randomized screening trial in
Finland...Anrp result is a common adverse effect of 8teening and affects at least every

eighth man screened repeatedly, even when using a relatively high cutofFedsepositive

men constitute a special group that receives unnecessary interventions but may harbor missed
cancers. New strategies are ahee for risk stratification in PC screening to minimize the
proportion ofFP men.

The last statement is the most powerful. It states that despite the false positive, namely a man is
told that an increasetsamay be an indicator for Prostate Cancer, dueh after a biopsy there

does not appear to be any, then shortly thereafter they do come dovcavifamely false

positives may not truly braise positives but early true positives. Specifically the histological test

of looking at cells may not be the correct early assessment method.

The Cancer Research UK states in their assessment of the article the féllowing

The study, a clinical trial of #hcontroversiabsatest for prostate cancer, tells us that false
positives are common. It also shows that men who get a false alarm:

are likely to get another one the next time they go fasadest
are likely to refuse future invitations to screeniagd
are likely to actually be diagnosed with prostate cancer the next time round

The third result, in particular, is a fascinating one. It suggests that men who getpo$itise

result throughpsat e st i ng, i n the wor dise oaf stpheec iraels egarrocuhpe
could well go through unwarranted tests, but they could also harbor missed cancers that only turn
up | ater.... As we mentioned above, thereds a

calledesprc The new results,yblished in the British Journal of Cancer, (which Cancer
Research UK owns) come from the Finnish part of thisitried largest component.

It involves more than 80,000 men, some of whom were randomly invited to three rowsds of
testing, with fouryea gaps between each round. Roughly 30,000 men attended their first round
of screening and more than 10,000 of these men went on to attend all three rounds.

The study showed that falp®sitives are a common partreatesting. In any individual round
of testing, the majority of positive results are false alarms (between 60 and 70 per cent), while

10 hitp://www. nature.com/bjc/journal/v102/n3/absds6 1 2a. htm

1 http://scienceblog.cancerresearchuk.org/2010/01/2@feeningof-false-alarmsin-prostatescreening/
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just over a quarter lead to an actual cancer diagnosis. Among the men who attended at least one
round of screening, 1 in 8 had at least one fatsstive result

Il tds worth noting that t he-offlevel efesk(4nbinel)i se. wer e u
the level above which they were thought to have suspected prostate cancer. This sets a pretty

high bar for a positive result and should minimize thealper of false positives. Nonetheless,

many still crept through.

Among the men who get a false alarm in one round, more than half will get another false alarm

in the next one. Many men without tumors have persistentlyrsglevels for some other

reasons o t hey keep on testing positive. Thatods a
unneeded tests.

Indeed, in this trial, every third man who got a false alarm went through two biopsies within 4
years of their resul t. od &sddbedds parcckwamity faomr wmdy
private doctors.

However, the study also shows that fgi®sitivesared0t ent i rely meani ngl ess.
alarm during one round of screening, they wegetiBnes more likely to be diagnosed with
prostate cancer during the next round...."

The analysis of the poor trials mentioned above is what we had commented on a year ago when
the results were issued. Namely they used thesh@vel which we now know to be wrong,
especially for men under 6 addition we also now know that the better measureAs

velocity, namely the change msAin a year's time. If the change is 0.75 or greater then there is a
90% chance of Prostate Cancer. That is a fairly good metric. Thus is you#savaf 4.5 inone

year and the next year it is 2,25, you have a 90% chance of incipient PC.

4 BASIC PROSTATE CANCER GENETICS

The 2003 EJm article by Nelsoretal on Prostate Cancer lays out the genetic progression of
Prostate Cancer and it is that progression whsgisomewhat follows. Yet it is that progression
that most histological exams, using say a Gleason framework, do not follow. It is worth a simple
review to see what we mean. Let us go through 4 simple steps:

1. Cancer is simply a breaking down of the norodil cycle as shown below. Cells duplicate
themselves via mitosis and it is that mitotic process wherein say old cells "die" and new cells are
created. In fact the old cell just repairs itself and then duplicates itself. The classic process is as
below.
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Cell Cycle

M: Cell duplication |

G2: Preparing
nutrients for cell GO: Resting
duplication

G1: Preparing

{
S: DNA Replication J nutrients for DNA

replication

Most of the time the cell is resting in GO. The cell when in G1 is getting ready to reproduce. For
itis in S that the DNA copies itself and then goes on to M for separation into new cells. The skin,
blood, and many other cells are doing this all theetirhowever there may be problems. The cell
DNA may be hit by radiation, some chemical which damages the DNA, or the like. Cell DNA is
quite fragile.

2. The cell begins its change to reproduce and there are many internal control mechanisms. They
take thecell almost through G1 up to an R point, at which if the cell DNA has any problems the
corrective mechanism will kill the cell. However if the genes controlling this protective

mechanism are not working duestaneattack, then the cell goes past this Rnpaind does it

again and again. That is the beginning of cancer.

R Point Late G1
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3. Now there are many chemical pathways that try to stop errors from propagating. We show
some of them below.

[ nx ] [redm )

The most important for Prostate Cancer isfthen pathway. This gene dnts protein if in any
way damaged result in loss of control of cell growth. Many environmental factors control the
breakdown oPTEN. Once it goes thesastarts to explode. The cancer then also becomes
unmanageable. It is this final assault that witeafresult in death.

4. Cancer is a progressive disease of steps. The ones from Nelson, and there are updated version
of it now seven years later, but this is quite reasonable are shown as follows:

Gernline matatias Andiogen Receptar
of SNASEL, CLACL Cacreape x| Abetatcns

MIR)

hpermethndaton Lossat MIEN
Dettwasapd?

of 4 Wied 20002 348 T 31

A simple health cell starts on the left and spends its whole life happy and well. Then all we need
is one cell which gets attacked and the process starts. But it takes many attacks, one after the
other to take the cell from a slight problem to a deadlysmasderstanding these steps and
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being able to determine what is in the "bad" cells will be a much better path to take than what we
have now withpsabutpsais good. It works, and it does save lives.

Thus we argue three facts:

1. The clan of Comparativ@linical Effectiveness users is really a backward looking clan. In fact
thepsatesting controversy shows how backward looking they can be. Yesas result in

little improvement. For by the time it gets there especially in young men it isttodNl@ need a
forward looking clan of researchers on the clinical side. That however may be an oxymoron
since the clinical researchers most often look backward.

2. The genetic markers are truly the best measures of what the problem may be. Yet we need
beter means and methods to measure them We need to ham@dgaynologywhich will scrub

through the prostate and scape up telltales of the presence of the genetic markers. Are there any
PTEN negative cells, and if so then they are the clones which &viléproducing and kill the

patient. They are the ones which should be eliminated.

3. Genetic medicine is as we have argued recently the PC of medicine. It will be the sea change
necessary to finally attain scale in the practice of medicine.
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5 PROSTATE BIOPSY SAMPLING

The question of detecting prostate cancer upon biopsy is an interesting exercise in sampling. We
proceed to develop a simple model to determine the probability of missing cancer upon a biopsy.
To accomplish this we have to make a set oichassumptions. These may be modified and they

in turn will modify the results.

We first look at a simple model of cancer and focus on the prostate. The issue is simply at what
point should we be concerned. How large a collection of cells is a coll¢atimnconcerned

about. Thus we first review some issues of growth and size and then we examine the issue of
sampling and detection probability.

5.1 SOME PRELIMINARY FACTS

Cancer is a complicated disease and even at that it is an understatement. The control
mechanisms which set cancer in motion flow through the many pathways which are known. Yet
there is at the gross level some simplicity which we want to develop here for a clinical purpose
of evaluating the effectiveness of prostate biopsies. There arebm$smfacts.

1. Cancer is generally clonal, one cell goes wild and keeps reproducing. This is uncontrolled
mitosis or cell replication. Thus mitosis and its control is of major concern. The clonal theory
states that it is but one cell that goes into reecountrolled state and that all progeny are progeny
from that parent cell. There is some work recently with melanoma which counters this theory but
for our present interests we shall keep the clonal approach.

2. The reproduction rate is not quite doublisgme progeny do not survive, thus depending on

the status of the tumor the growth rate is between 1 and 2 per generation. Sometimes it is less
than 1 and it even regresses as seen in melanoma. The ability of clonal progeny to survive is also
a window to ancer control.

3. There are cell cluster sizes which are of interest. As Weinberg notes, when there are 10E6
cells the tumor can be seen under CAT or MRI. When there are 10E9 cells it is palpable, when
there are 10E12 the patient dies. AlImost always thmetgcs can be used. Thus when we look at
prostate cancer we are looking for the needle in the haystack, hopefully, namely the 1 million
cell clusters.

4. Cancer growth and evolution is a classic epigenetic systems process in cell growth and
replication.The cell loses its ability to die, it just keeps growing and replicating itself with its
functionality reduced to it replication and nothing else.

5. The mitotic cycle, the time from quasi doubling to quasi doubling is different for many
cancers. Ovarian cancer has a short doubling time, days. The mitotic cycle itself is about 16
hours and then the initiation of another cycle may start within a &s. d his is why ovarian

cancer is so aggressive. In contrast indolent prostate cancer may take months between doubling
and the reproduction rate itself may be quite low, well less than 2 and slightly more than 1.
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However, there is an aggressive form argpate cancer, the details of which are still not well

known, where the rate and the reproduction rate make for rapid growth. The rate may be quite
short, days or weeks for doubling and the reproduction rate may be near 2.

This is the simple story of cascso that we can look at the 1 million cell cluster. We show a
simple growth model for 4 cancers below. We depict the number of cells from the clonal

beginning for each of these cancers as a function of time. One can see how ovarian and breast

cancers kilso quickly.

Time (Days) Prostate
60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
1,020 3.23E+0 4.86E+0
1,080 | 7.80E+0 1.05E+0§
1,140 431E+1 1.88E+0]
1,200 1.77E+1 4.55E+0]
1,260 7.24E+1 1.10E+0{
1,320 2.96E+1 2.65E+0 |
1,380 1.21E+1/ 6.41E+0§ 4.94E+0 7.43E+0
1,440 4.97E+14 1.55E+0{ 1.07E+0 1.34E+0
1,500 2.04E+1 3.74E+0{ 2.30E+0 2.41E+0
1,560 8.34E+1 9.03E+0§ 4.98E+0 4.34E+0
1,620 3.42E+1 2.18E+1 1.08E+0 7.80E+0
1,680 1.40E+1 5.27E+1 2.32E+0 1.40E+0
1,740 5.73E+1 1.27E+1 5.02E+0 2.53E+0
1,800 2.35E+1 3.07E+1 1.08E+1 4.55E+0
1,860 9.62E+1 7.42E+1 2.34E+1 8.19E+0
1,920 3.94E+1 1.79E+1] 5.06E+1 1.47E+0
1,980 1.61E+2 4.33E+1] 1.09E+1 2.65E+0
2,040 6.61E+2 1.04E+1 2.36E+1 4.78E+0
2,100 2.71E+2 2.52E+1 5.10E+1 8.60E+0
2,160 1.11E+2 6.09E+1 1.10E+1 1.55E+0
2,220 = YT 2.38E+1 2.79E40
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Note that in this model we assume rapid growth for ovarian cancer and slow popitbstate.
This may not always be the case. For example there are certain prostate cancers which grow very
aggressively, the reasons are not yet known. We show the growth below in two scales.

Cancer Growth Rates
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The above is on logarithmic scale and the one beldiwear.
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This shows two factors. One is that certain cancers grow so quickly that one must have to screen
on a quarterly basis to have any effect. That is very costly. Second some cancers grow so slowly
that screening will result in surgeries that asemecessary since the cancer will never grow

large enough to kill the person. Thus between too fast and too slow are many others, and too fast
may not be too fast and too slow may not be too slow. That is the conundrum.
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In a recent JAMA article the autt®statd 2:

"Early detection may not be the solution for aggressive cancers because many may not be
detected early enough for cure. Some small "curable" breast cancers, categorized as low risk by
National Institutes of Health criteria, have a high mostalgk when analyzed using prognostic
molecular profiles such as the NKI 70 gene test. Biologically aggressive cancers present with a
higher stage despite screening. Interval cancers, those that present clinically between routine
screens, have a higher gith fraction and are more likely to be lethal compared with screen
detected cancers. In the neoadjuva8PIY (Investigation of Serial Studies to Predict Your
Therapeutic Response With Imaging and Molecular Analysis) trial, in which the mean tumor size
was6 cm (accrual 2002006 in the United States), 91% had poor prognosis biology27 (using

the NKI 70 gene test), which is much higher than the 33% poor prognosis proportion in women
undergoing routine screening.21 Of women undergoing routine screeningi8SERETRIAL,

85% of the malignancies were interval cancers and only 15% were screen detected, suggesting
that locally advanced cancers reflect the growth curve.... Similarly, the most lethal prostate
cancers are those with rapidly increasing...

Screenings most successful when premalignant lesions can be detected and eliminated as in the
case of adenomatous polyp removal during colonoscopy screening or cervical intraepithelial
neoplasia ablation by colposcopy after detection by pap smear. Perhaps pootritris that
screening for cervical and colon cancer and the removal ofgoplastic lesions have been
accompanied by a significant decrease in their invasive cancer counterparts; this has not been
seen in breast and prostate cancer. Ductal carciimosii, rare prior to widespread screening,

now represents 25% to 30% of all breast cancer diage8@80 new casdiagnoses annually areot

included in the invasive cancer statistics), the majority of these lesions are low and intermediate
grade. Dgtal carcinoma in situ is considered to be a precancerous lesion and standard of care is
excision and adjuvant treatment. However, after 2 decades of detecting and treating DCIS, there
is no convincing evidence of substantial reduction in invasive braaséecincidence. The 2002
decrease in incidence leveled off in 2005 and is attributed to a reduction in postmenopausal
hormone therapy use, not DCIS removal.”

The authors then suggest actions which we have detailed earlier in McGarty, Health Care, they
rephrase them as follows:

Biomarkers to Differentiate Significarsaind MinimatRisk Cancers. To help move toward a
more effective solution, the first step is a change in mindset in scientific discovery efforts and
clinical practice

Reduce Treatment Burdéor Minimal-Risk Disease. Many diagnosed tumors will follow an
indolent course for the patient's lifetime42 or are probably cured with surgical excision alone.

Develop Tools to Support Informed Decisions. Information about risks of screening and biopsy
should be shared with patients before screening. At the time of cancer detection, risks and
benefits of treatment for specific biological subtypes should be shared

12 http:/ljama.amassn.org/cgi/content/full/302/15/1685
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Focus on Prevention for the Highddisk Patients. Ultimately, prevention is preferable to

screening by reducing the risk that a patient will have a diagnosis, experience undesirable effects
of treatment, and confront the specter of recurrence. For both breast and prostate cancer,
available agents are proven to reduce cancer risk: finasteridarangifen or raloxifene.

Demonstration Projects: Tactics for the New Strategy. To reduce morbidity and mortality from
breast cancer and prostate cancer and to execute the proposed strategy, a comprehensive
approach, using large demonstration projectseate a learning system, integrating both clinical
care and research is needed. By spanning the spectrum from screening to treatment and
survivorship, learning from diagnosis, treatment, and outcomes can be applied to developing
tailored strategies for smening and prevention.”

The problem is a bit more complex, however. It requires screening first, then staging. Screening
is a difficult one since what is known today about the genetics of cancer growth for the most part
reflects what is activated in apidly growing cancer. There are certain genetic predisposing

genes but the problem is what turns them on and when.

5.2 BASIC ASSUMPTIONS

We now make certain assumptions.

Assume a spherical prostate. This is not unrealistic and we then state firasthge volume is
V and it has an effective radius of r. Recall that:

3

3

V =

We depict such a model below.

Now assuméhat there are cells in the prostate and that a cell is of a radius rcell and that the
number of cells in the prostate is determined as:

\Y/ ri

N _ Vprostate _ prostate
cells — V r3

cell

cell
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We present some of the basic assumptions below. We assume a standard prostate of @0 cc an
standard cell size of 100 em and from this we
million in a prostate. There may be fewer due to packing ratios and glands but for the purpose of

the analysis this is not unreasonable.

When performing a bpsy we use a needle of 1.2 mm in diameter and of length 15 mm for each
core samplé.

Basic Units Units um
Prostate Size (cc) 40.00 40,000,000,000,000
Prostate Radius 212 21,219
Cell Size um 100.00
Cell Volume 4,186,667
Cells per Prostate 9,554,140
Probe Diameter mm 1.20 12
Probe Length mm 15.00 15.00
Core volumecmm 1,696
Core Volume cum 1,695,600,000,000
Core Vol % Prostate Volume 4.239%
Cells in Core 405,000
Number Cores 14.00
Total Cells in All Cores 5,670,000
Percent Cells Sampled 59.346%
Tumor Size in Cells 1,000,000
Tumors Size as % Prostate 10.47%

Assume that the tumor cells are of the same size as normal cells and that the tumor volume has
reached a minimal perceptible size of 1 million cells.

We now set the level of cells as 1 million or 10% of the prostate cell size for a 40 cc prostate. We
canalter this based upon a set level. This means that 10% of a normal prostate is composed of
cancer cells. Based upon our analysis done above, this may or may not be an important issue. It
is the result of 20 binary cell divisions. There may have beeg tight divisions to get to that

mass. The time between divisions may be weeks or months depending on the loss of control in
the cell. If we assume a month between division then we have a three year window from when
the first malignant cell was created amiden a sample of 1 million are present.

We graphically depict this situation below. We show a cluster of normal cells and a single
malignant cluster. It should be noted that there may be diffuse malignant clusters and not just one
depending on the growth.

13 http://www.jurology.com/article/S0028347%2807%2900738/abstact
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i Prostate Cance|

5.3 ANALYSIS OF THE DETECTION

We now proceed to determine the detection of the malignant cells as well as the probability of
not detecting them.

The literature states:

The rectal wall is thin, so it is possible to place the needle more accurately and with less injury
to other tissues. When activated, the needle can remove a slender cylinder of tissue (about 1/2"
by 1/16"), called &ore, in a fraction of a second. Biopagedles are tiny- only 1.2 millimeters

in diameter and less than 1/2" lorgand very precise. A sliding sheath opens once the needle
enters the prostate, closes onto a sample of tissue and the needle is withdrawn

And

It is widely reported that arpstate biopsy gun needle advances 0.5 cm and then obtains the
subsequent 1.5 cm of tissue. Based on this presumed skip area it is recommended that the needle
tip must be placed 0.5 cm from the capsule before firing to obtain the capsule with the specimen.
Contrary to this longstanding recommendation, in our experience we have observed that there is
no such skip area. We determined the actual content of a needle core by obtaining biopsies from
an apple model with clinical correlation to validate our findstig

We make the following assumptions.

1. Assume that we use a core which has a diameter of some know amount and a core length of
some known amount. This yields the volume per core.

1 http://www.upmccancercenters.com/cancer/prostate/biopsyneedle.html

15 http://www.jurology.com/article/S0028347%2807%2900738/abstract
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2. Assume that the prostate has a known volume and that the cekri@sraradius. Assume

that the cells have a volume based upon their spherical radius and that the number of cells is
simply the ratio of the prostate spherical volume to the volume of a single cell. We know that the
number of cells may be a fraction loweredto packing and due to a mixture of cells in the

stroma. However we can always adjust for that change.

3. Assume that we use several cores and that the location of the cores are independent and non
overlapping.

4. Assume total randomness in the caheestion. Assume that there are 1 million cancer cells
as we have suggested above.

Then we want to find the probability that we can detect the 1 million cancer cells using the above
set of assumptions.

Let

4
Vel = 5:0 r3Ce||

3
VProstategp Ferostate

V

— VProstate
NCells - V.
Cell

Cell density 7, = Near (cells/cc

Prostate

Now we assume that tlodbuster of cancer cells is uniformly distributed across the prostate so that
the probability of placing a core in a cancer cell is determined by the chance of hitting the cancer
cells with a probe. We determine this as follows:

p = P[ Hitting a Cancer Cluster with one c@r@m

ProstateCells

P[Miss a cluster with single cdre1 - p
P[Miss Cluster with N Cors (1 - )p

Then using the data provided above for the samples we obtain the following curves for the miss
probability.
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Probability of Missing PCa Versus Number Cores Dependent
on Prostate Volume (cc)
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The high miss rate even for average prostates fdr21€ores is significant. This will play a role

in later studies which often neglehts dominant factor. The only gold standard is the biopsy of
the total prostate. This is why when a prostatectomy is performed the Gleason grade is often
increased. The samples are just too small.

We also show below the same data as above but we pitdsesatifferent manner. Here we
show by different prostate volumes the required number of cores to reach a certain level of
cancer miss.
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Probability of Missing PCa Versus Number Cores
Dependent on Prostate Volume (cc)
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Thus we will argue that the prostate biopsy, albeit useful, it not a gold standard. It has not
generally biopsiethe tumor space even if assisted with ultrasound.
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6 VERIFICATION BIAS

There are many biases in statistical tests and the verification bias is but one, but a critical one in
medical testing. Let us consider a test whose usefulness we wish to testimmag the

presence of a disease. In this case we will assume that we use a PSA test and we are looking for
prostate cancer. We may use the test to screen and if the PSA is above a certain level we will
them do a biopsy. We would assume the biopsyegtid standard but as we have just shown it

is clearly not due to its own sampling errors. With those whose test is below a threshold we
should do a biopsy but that is costly and invasive so we choose a small sample only. This may
most likely lead to a & with a verification bias.

The procedure may look as follows:

Total Sample of]

Patients: N

Sample with PSA
x :Nhigh

Sample PSA <
Nlow

Biopsy Positive:
Nhigh,pos

Choose Proportia
to Verify: p

Biopsy Negative
pNlow,neg

Biopsy Negative Biopsy Positive:
Nhigh,neg pNlow,pos

6.1 THE PROBLEM

The problem is that although we choose all high values to test and validate we choose only a
portion of the low values to test.

We seek a Table of the following form:

§ Disease State

S:J Present Absent
7 Positive N(P,P) N(A,P)
2 Negative N(P,N) N(A,N)
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Now the above assumes we use all patients in a large sample. What if we use all who are positive
but the fraction who are negative. We get the following table:

2 Disease State

h Present Absent
3 Positive N(P,P) N(A,P)
e Negative Np(P,N) Np(A,N)

Where Np represents the proportion of the negative test sampled. It should be noted that if we
choose p as the fraction sampled that we are not in anasgayed that Np=p*N. That is the

fraction who are diseased in the subset may not equal thatgfraction diseased from the
larger set.

Now we wish to determine the following:

Numberg D= PC& PSA> ng =,. psa.
Numberg D= PC& PSA< ng =,. psa.
Numberg D= noPCh PSA> g S8, psa.

Numberg D= noPCh PSAS 1§ S8, psa
and

s n
Sensitivity= PCat, PSA+
npca+’ PSA++ n PCa,+PSA -

and

R Noc. .
Specificity= PCa- ,PSA
nPCa— , PSA- +n

PCa,- PSA +

However this is a measure based upon sangpldsiot a measure based upon probabilities. Let
us consider a simple example of trying to detect two signals in noise. Let is assume we have:
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S (1) + w()

and
s() + w9
and
r= r“JTr(t)dt

and

We will assume that when we do this we have the following for the variables, cagturae w

i s Gaussian with mean 0 and standard deviati o
the false alarm probability as follows:

P[D]=Pgs|s gP Sy.$ Was:
P[FA=Pgs|s @

These are the detection and false alarm probabilities. The detection probsiilty the
sensitivity. Now:

Assume s=0
Assume s E
Then:

_ 1 1 2
p(r/s.l.)_\/zp seXp( 2S(r E))

and

_ 1 1,4
D(r/%)—sz seXIO( Zs(r) )

Then we can plot P[D] versus P[FA] and this is the ROC or receiver operating characteristic. We

do this calculation by varying the selection boundary of choosing what was sent. Analytically we
have:

P[D]:ﬁp(rlq)dr
PIFAI=} B(r/g)dr
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Clearly if we make T small then we get a better P[D] but we get a larger P[FA] as well. It of
course also depends on E and the variance of the noise.

Now returning to the counting case, we can determine the probabilitiesHeodata. Simply:

P[D] =fjp(r/s,)dr
as

IE[ D] = Number of Cases PCa when PS/
Total Number of PCa for all

but
PW]ﬂmﬁQM

That is the measure variable approaches the true statistic only as the sample gets very large. Thus
even if we were to sample all in all categories we would have some error due to limited
sampling.

We now have a different problem. Let us return to the analysis we presented at the
commencement of the section. Here we have a set of N patients upon whom we perform a
diagnostic test, the PSA, and then we break it into two groups, those above and below a
threshdd, and then we biopsy all those above and only a select number below. What can we say
about this test. The term validation bias has been used to determine if we have created some
distortion on the end result. Frankly we totally disregard a set of tleel test urbiopsied group

then clearly we have created a bias. If so how do we modify that?

Recall:

Number PSA>x and Biopsy Positive

B[D] =
(D] Number PSA>x and Biopsy Positive Numb&ARXx and Biopsy Positiv

But we have delimited part of the above denominator by selecting out a limited number as
follows:

IE[D] _ Number PSA>x and Biopsy Positive
Number PSA>x and Biopsy Positive Numb&ARXx and Biopsy Positive and in Group
Clearly we will then overestimate P[D] because there may be fewer in the group. There is also
the problem that we may not have detected cancers because as we have shown before, a negative
biopsy does nanean cancer. We should be saying a negative biopsy and not PCa! We will
return to that later.

6.2 APPROACHES TOELIMINATING VERIFICATION BIAS
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There are several ways to address the bias. We examine two of them here. The first is that of
Punglia. In that papehey take data and then adjust the cells that have not been verified in a
manner using the other variable they have at hand. The second approach uses a maximum
likelihood approach by Jhou.

6.2.1 Punglia Approach

The Punglia model is shown below. We have preseit as they have. Note the large number
not tested.

Disease
‘ Present Absent |
Test Positive 92 27
Negative 46 72
Not Tested 89 108

Now recall:

Number(TestPositive; Disease Prese
Number( Disease Present)

Number( DiseaseAbsent; TestNegati\
Number( DiseaseAbsent)

Sensitivity=

Specificity=

For this case:

Sensitivity=92/(92+46)=67%
Specificity=72/(72+27)=71%

Now they adjust the negatives, which are all the not tested as follows. They take the patients not
sampled, all of whom have a negative test, and then adjust the entries to reflect the occurrence of

PCa in such a group.

We candetail the Punglia data as follows, which makes it align with the Jhou formulation.

Test

Positive Negative Total

Disease Present 92 46 138
Absent 27 72 99

Not Tested 0 197 197

Total 119 315 434

Note that we here align the 197 tatalgative tests in the not tested category. There were 434
total patients. Now the question is how to assign the 197 non tested to PCa and to non PCa
status. The authors make the jump apparently by using a logistic analysis based upon several
variables; namly DRE, race, family history, and category of PSA, as well as aged (under and
over 60). Thus they created a logistic model where:
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P[PCd _ N
"Plpcd ° @ a

They then did a regression analysis on some data set to determine the logistic constants and
adjusted the table accordingly. The result is below:

Test
Positive Negative Total
Disease Present 92 115 207
Absent 27 180 207
Total 119 295 414

This yields a Specificity of 87% and a Sensitivity of 44%. The problem is that placing so many
with negative biopsies in the Disease state is done under the logistic analysis and is questionable.

Under 60 Over 60
PSA Sensitivity Specificity PSA Sensitivity Specificity
0.90 100% 56% 1.10 84% 43%
1.40 74% 79% 2.10 68% 70%
2.60 36% 94% 4.10 35% 88%
4.10 18% 98% 6.10 19% 94%
6.10 8% 99% 10.10 8% 99%

What Punglia states ion the above is that there is great variability in the levels of PSA and the
ability to test for PCa. Namely, if the patient is under 60, then the level should be lowered
substantially for follow up with biopsy. Yet recall, as we hakrewn, the biopsy has itself a 25%
failure rate to detect PCa.

Punglia ROC Data
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6.2.2 Zhou Approach
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The Zhou approach uses a maximum likelihood detector. Whereas the Punglia approach uses a
variant of the Greenes and Begg approach, the Zhou approach is fairly direngia 4L
analysis.

Test=Positive (1) Test=Negative (0)
V=1 Diagnosis=Positive(1) X11 X10
V=1 Diagnosis=Negative(0) X01 X00
V=0 (Not in Validation) XB1 XbO0
Total nl n0

Note we have in the not validated section some which have positive tesnaadvith

negative. The question is how to assign them across the groups but to do so such that Sensitivity
and Specificity are estimated. Also not that if the XB are both zero then the best we could do is
to calculate the two desired variables directbnirthe data.

To understand Zhou we follow his simplified analysis:

Let V be the group selected and let Dithe diagnosis and T the te
Then

P@/:1|D,T gP Vg BT g

or that the selection to V is indepentdehdiagnosis D
We want the following:

Se:PgT:1| D4g

Sp= PgT 9| D 6o

The above defined specificity and sensitivity
notes accordingly:

Note :
o= No(T=1,D 4)
No(D=1)
In reality this is the estimate of

Now we assumadependence of V on D the diagnosis. It may depend solely upon T the test.
Thus we can write using classic probability notation the following:

No(V=1T 4,D &) No(V 1sT 1}
No(D=1T =) No(T ¥)

or

P(V,T,D)= P(V,T)P(DV,T)=P(V,T)P(DT

P(D,T)= P(D|T)P(T)

thus

P(V,T,D)_ P(V.,T)

P(D,T) P(T)
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Thus we can write the following using the Zhou notation we have adépted

No(D=1,T =)
“No(V 4T £D 13 No(T=1)
No(V=1T )
_ n
=X
"X X,

In a similar manner we have:

No(D=1,T =0)

“No(V 4T &D 13oT=0)
No(V=1,T =0)

nO
Ox +
X0 F Xoo

=X
We also can determine the following:

_ n N
No(D=1) =x
' X11+ X01 *10 XlO E:00

We can now use these in determining Sp and Se as féllows

Xllnl
Se- X * X1
(Xllnl)/(xll+ XOl) +(X10n0)(X10 -'XOO)
XOOnO
_ X0+ X0
(XOInl)/(X11+ xOl) +(X00n0)(X10 -‘D(OO

Sp

These are thBeggGreenes estimators. Also called B&G estimators. We now compare the three
estimators:

Direct Zhou Estimate Punglia Estimate
Sensitivity 66.7% 84.0% 44.4%
Specificity 72.7% 50.4% 87.0%

Note the substantial difference. The BG estimate follows from the above. The Punglia uses the
logistic fill and the Direct disregards the data not validated. The Zhou approach appears to be of

'® Note that we are proportioning the total n in the sample on a pro rata basis. This is allowable since we have made
the reasonable assumption of independence on V.

71t should be notechtt this reduces to the standard calculation if we have walidated samples.
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more credibility. However there is a substantial spread ieséilinates. The only solution is to
biopsy all in both groups.

There is also the case of determining the ROC, or the receiver operating characteristics. This is
the plot of Sensitivity versus-3pecificity. To do this one must look at the data and thenther
decision point and plot the result. In a more classic case, we would have chosen a metric for the
decision point and then mapped out the ROC as some variation in signal to noise. In this case we
have not such variant only the cutoff point, namelyRB&A level for determining when to take

the next step.

6.3 BAYESIAN APPROACH

We now look briefly at a Bayesian approach suggested by Vollmer. This has not received as
much attention as the previous write ups but it has substantial merit.

Vollmer starts withithe expression:
PgPCd PSA xg

PgPSA> % PCagp PCa
PgPSA> % PCagp PCa+ P @SA> x NoPCq @ Nok

This gives the Bayes approach of determining the probability of PCa given a specific value of
PSA. This can then be parameterized. The term on the left is called by Vollmer as the Positive
Predictive Value, PPV

Vollmer now reorganizes the equation as follows:

where

Sen= Sensitivity= B PSA> x PCg

FP=PgPSA>X No PCag

Thus we can obtain the PPV by knowing:

The probability of cancer over some defined cohort

The sensitivity

The FP or false positive probability which also ispkcificity.

Note that this approach makes some drastic assumptions. Clearly the determination of PCa over

some cohort is obtainable via SEER or other types of data bases. The FP is a result of some well
defined and broad based trials. The sensitivity is also dengedrhany studies.
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Positive Predictive Value P[PCa|PSA]

Positive Predictive Value versus PSA Range by Age (Vollmer)
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7 THE AMERICAN AND EUR OPEAN STUDIES

The New England Journal of Medicine published two studies today on prostate cancer screening.
Before presenting their results for analysis let me first show what the NY Times said. Their
headlire was: "Prostate Test Found to Save Few Lives"

First the NY Times author, Gina Kolata, states:

"The PSA test, which measures a protein released by prostate cells, does what it is supposed to
dod indicates a cancer might be present, leading to biopsieetermine if there is a tumor.

But it has been difficult to know whether finding prostate cancer early saves lives. Most of the
cancers tend to grow very slowly and are never a threat and, with the-¢geteing ones, even

early diagnosis might be toatk."

The PSA test is not just one test. It is not a black and white thing. It is a process that has evolved
over time. There is not a good and bad PSA per se. Admittedly if you are 65 and have a PSA of
60 you are in some trouble. But as we now know a BfSA1 when you are 50 is of concern.

But more critically the rate of change in PSA is almost diagnostic. Thus a 25% rate of increase
per year should be followed up.

In July 2003 Punglia et al in the New England Journal of Medicine published angtiaty
demonstrated that the then current set point for PSA missed many cancers. They stated:

"Adjusting for verification bias significantly increased the area under the ROC curve (i.e., the

overall diagnostic performance) of the PSA test, as comparecwitimadjusted analysis (0.86

vs. 0.69, P<0.001, for men less than 60 years of age; 0.72 vs. 0.62, P=0.008, for men 60 years of
age or older). If the threshold PSA value for undergoing biopsy were set at 4.1 ng per milliliter,

82 percent of cancers in yoger men and 65 percent of cancers in older men would be missed.

A digital rectal examination that is abnormal but not suspicious for cancer does not affect the
overall performance characteristics of the te
recommendingrostate biopsy, particularly in younger men, may improve the clinical value of

the PSA test."

They presented the following Figure:
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A Age, <60 Years

09 Adyusted for bais

1- Specificity

The PSA test has been refined over the period of these studies, the PLCO Study, "Prostate, Lung,
Colon, Ovary".

Now to issue two, Let us assume that a biopsy is performed. If a Gleason score of 7 is noted then
you best have some attention paid, even a 6 is a problem. You have cancer! It will grow. It may
very well kill you! That is if you do not die of something elsaeTproblem is twofold; first, the
doubling time of the cancer cells may be short, and second, the metastatic potential could be
great. For Prostate cancer has the habit of metting to the bones, especially the spine. Does one
want to take that risk?

The Euopean study states the following protocol:

"We identified 182,000 men between the ages of 50 and 74 years through registries in seven
European countries for inclusion in our study. The men were randomly assigned to a group that
was offered PSA screenimg an average of once every 4 years or to a control group that did not
receive such screening. The predefined core age group for this study included 162,243 men
between the ages of 55 and 69 years. The primary outcome was the rate of death from prostate
cancer. Mortality followup was identical for the two study groups and ended on December 31,
2006..."

The European trial is akin to a Fire House which uses an answering machine which it checks
every three days to see if there is a fire. They then studguhewith this Fire House and a
town without a Fire House and discover that there is no difference in destroyed houses. Well one
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would perhaps think that having someone there to answer the phone when it rings and then
immediately dispatching a fire engim®uld improve things.

Let me explain. PSA screening once every year, this is based upon a tumor doubling time of 3
months, a DRE and PSA are performed. If the PSA is measured as per Punglia statistic then we
would use 2.6 for men under 60. Punglia states:

"These findings, as well as recent data from a randomized trial showing that prcesteter
treatment improves diseafee survival, 28 indicate that reduction of the threshold PSA level at
which biopsy is recommended to 2.6 ng per milliliter, at leasten under 60 years of age, may
be reasonable."

Subsequent studies indicate that the added measurement of velocity or rate of change per year is
also critical. Thus a 25% per year rate of change should be used as a way to seek an examination.

The Ameican Group provides the following results:

"From 1993 through 2001, we randomly assigned 76,693 men at 10 U.S. study centers to receive
either annual screening (38,343 subjects) or usual care as the control (38,350 subjects). Men in
the screening group we offered annual PSA testing for 6 years and digital rectal examination

for 4 years. The subjects and health care providers received the results and decided on the type
of follow-up evaluation. Usual care sometimes included screening, as some orgasibatien
recommended. The numbers of all cancers and d
the screening group, rates of compliance were 85% for PSA testing and 86% for digital rectal
examination. Rates of screening in the control group increasad40% in the first year to 52%

in the sixth year for PSA testing and ranged from 41 to 46% for digital rectal examination. After

7 years of followup, the incidence of prostate cancer per 10,000 peysams was 116 (2820

cancers) in the screening groapd 95 (2322 cancers) in the control group (rate ratio, 1.22;

95% confidence interval [CI], 1.16 to 1.29). The incidence of death per 10,000 p&amwas

2.0 (50 deaths) in the screening group and 1.7 (44 deaths) in the control group (rate ratio, 1.13;
95% ClI, 0.75 to 1.70)."

This American group was one with PSA at 4.0 and a second where PSA may or may not have
been used as was a DRE. This is NOT a comparison of two distinct samples. The control group
is a mix of anything and everything. Thus thereianay opinion two major faults;

First, the PSA numbers were set too high since we now know they should be set lower.

Second, the Control group was not the untested group as may be inferred, it was unlike the
European study which alleges no treatmend, iawas tested but just haphazardly.

Thus we have four groups:
Group 1 (American): PSA at 4.0 and DRE annually

Group 2: (American) PSA at 4.0 and DRE haphazardly
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Group 3: (European) PSA at 4.0 but only once every 4 years
Group 4: (European) No screeg

What is missing is what we now know to be the case. A PSA at 2.0 and an age dependent PSA
with velocity measurements.

Thus our conclusion is that the Bayesian analysis, namely determining the probability of death
given PSA measurements is or is matependent of the PSA measurement. We believe that the
Bayesian approach of using screening at 2.0 under 60 and then testing and addressing a
malignancy will reduce the a posteriori mortality. The data assessing that hypothesis appears to
bear that out.

The NY Times headline is confusing, and frankly in error. The study proved at best that the
specific screening protocol did not result in longer lives. That has been known now for six years!
The question is what protocol will prolong life. It is not thaAR®es not work; it just does not

work as it was being used ten years ago. This study only shows that.

The Times further states:

"In the European study, 48 men were told they had prostate cancer and needlessly treated for it
for every man whose death wargevented within a decade after having had a PSA test. Dr. Peter

B. Bach, a physician and epidemiologist at Memorial Sidatiering Cancer Center, says one

way to think of the data is to suppose he has a PSA test today. It leads to a biopsy thateeveals
has prostate cancer, and he is treated for it. There is a one in 50 chance that, in 2019 or later, he
will be spared death from a cancer that would otherwise have killed him. And there is a 49 in 50
chance that he will have been treated unnecessarily éancer that was never a threat to his

life. Prostate cancer treatment can result in impotence and incontinence when surgery is used to
destroy the prostate, and, at times, painful defecation or chronic diarrhea when the treatment is
radiation."

Againthat is not what the data says. The data shows that men were treated and did not die in
either case. The two US cases are so overlapping that a bright line is not there and the European
cases due to the longer time between screenings also merge to betiwaidThe statement

about impotence and the like are scare statements since we know that if you have cancer and if
we do not know the true level of malignancy then we just remove it, we don't want to be sued.

This leads to the final issue, geneti@aluation. Namely as we have discussed elsewhere we
believe that genetic testing for predisposition, presence, staging, and prevention is slowly making
progress. It is this effort which will eventually bear fruit.

In a 2005 paper in Science by Tomlingakthey state:

"A central aim in cancer research is to identify altered genes that play a causal role in cancer
development. Many such genes have been identified through the analysis of recurrent
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chromosomal rearrangements that are characteristic ofdeudis, lymphomas, and sarcomas

(1). These rearrangements are of two general types. In the first, the promoter and/ or enhancer
elements of one gene are aberrantly juxtaposed to ajmmtogene, thus causing altered
expression of an oncogenic protein. Tiyise of rearrangement is exemplified by the opposition

of immunoglobulin (IG) and T cell receptor (TCR) genes to MYC, leading to activation of this
oncogene in B and T cell malignancies, respectively (2). In the second, the rearrangement fuses
two genestesulting in the production of a fusion protein that may have a new or altered
activitye"

Their conclusion is:

"The existence of recurring gene fusions of TMPRSS2 to the oncogenic ETS family members
ERG and ETV1 may have important implications for urtdaeing prostate cancer

tumorigenesis and developing novel diagnostics and targeted therapeutics. Several lines of
evidence suggest that these rearrangements occur in the majority of prostate cancer samples and
drive ETS family member expression. "

Thus gene expression will be essential as a diagnostic tool. In a recent 2008 NEJM article by
Zheng et al they state:

"Multiple SNPs in each of the five regions were associated with prostate cancer in single SNP
analysis. When the most significant SNP from ediche five regions was selected and included

in a multivariate analysis, each SNP remained significant after adjustment for other SNPs and
family history. Together, the five SNPs and family history were estimated to account for 46% of
the cases of prosta cancer in the Swedish men we studied. The five SNPs plus family history
had a cumulative association with prostate cancer ... In men who had any five or more of these
factors associated with prostate camzer, the
compared with men without any of the factors. The cumulative effect of these variants and family
history was independent of serum levels of prostpézific antigen at diagnosis...SNPs in five
chromosomal regions plus a family history of prostateceahave a cumulative and significant
association with prostate cancer."

This further indicates that significant gene progress is being made.

The key fact to take from this exercise is that the results proved something which has some
merit. It did not adress the true question of what PSA testing if any can reduce mortality. It
proved that there was no difference between two sets of PSA testing protocols. However as we
have argued one would not have expected a difference. Furthermore the work doressince t
trial has begun has firened this testing. The true question will ultimately be a genetic question.

TheNew York Time$® had areditorialon the prostate papersNEM* which wecommented
upon yesterday. The Times says:

18 hitp://www.nytimes.com/2009/03/20/opinion/20fri3.html? r=1&ref=opinion

19 http://www.nejm.org/doi/full/10.1056/NEJM0a0810696
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"The studie® one done in the United States, one in Eur@pleoth show that screening had
little or no effect in reducing prostate cancer deaths."

That is NOT what the papers said. They said that the protosetsto screen had little or no
effect. NOT that "screening had little or no effect".

The question the researchers should have asked was:
"What level oPSAyields a positive result regarding the reduction of mortality?"
or even better:

"What level oPSAand what level oPSAvelocity yields a positive result regarding the
reduction of mortality?"

They did not ask that question. They asked the question:
"Does aPSAtest of 4.0 threshold reduce mortality as compared to two sample groups."

Well, as wealso said the American sample groups were both "tested" albeit not as frequently,
and the European sample groups were for all purposes untested. Thus frankly the level was
wrong, which was known since 2003 ad\iBJM, in the paper bPungliaetal*®, whichshowed
that aPSAof 2.3 was required to get reasonable levels! The 4.0 levebwidatedor six years.

No wonder there was no positive resultadditionto the samples used.

Consider if we did a test that said for women we screen for palpeddstesions only larger
than 4 cm in diameter. Then we would likely conclude that breast screening is ineffective since
those screened and those sieenedliiedat the same rate!

This demonstrates two issues:

First, the newspapers do not have the baswpetence to read and report the facts. Words mean
something and in this case lives hang in the balance.

Second, you may get answers to a question but it may very well be the wrong question. Ten
years ago this may have been the right question, but wettaomething. So does that mean
we just continue a flawed study.

20 http://www.nejm.org/doi/full/10.1056/NEJM0a021659
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8 CONCLUSIONS

In this paper we have provided a summary overview of PSA and its usefulness and then we have
spent time looking at the many trials that have been conducted with PSdoamd at its

efficacy. The problem with PSA is that it is in the midst of a massive political debate. The debate
is one where with the changes in health care provisioning, namely the significant takeover of
health care by the Federal Government, now @attog for almost one third of the population,

and growing, the need to keep costs down drive medical care rather than providing for the
patient. We have argued this extensively elsewhere.

We have addressed the following issues:

Is PSA a useful test? Tlamswer clearly is yes but it has it problems. One would never use the
PSA alone. Family history is often a more of a factor than PSA alone.

Are the Trials showing the limited use of PSA valid? We have shown that the trials, European
and American, were idamentally flawed. Although they were originally well focused, as we
learned more about PSA we learned that the point at which one should perform follow up are
variable are oftentimes should be done sooner at lower PSA values. The Trials used protocols
that were 20 years old and new information was obtained including PSA velocity and percent
free PSA.

Is PSA testing cost effective? This is the QALY issue, the cost effectiveness of the test measured
in years of life saved. However given the uncertaovgr indolent and aggressive cancers the
determination is still at issue.

Is the PSA issue at a point of certainty that a policy can be developed and promulgated via a
CER approach. The answer is clearly no. There is no consistent basis of agreeneecitriicéth
research. Moreover there is no agreement scientifically as how best to grade PCa. After a biopsy
we have at best the Gleason scoring system, albeit useful, it does not necessarily reflect the best
modalities of treatment. Considerable researabtratill be done on the topic.
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Section Two

PSA and its Cellular Dynamics
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9 INTRODUCTION : SECTION TWO,; PSA CELLULAR DYNAMICS

Currently there are a few readily measurable factors which we can ascertain whether a patient

has PCa or not. The use of BS#SA velocity and % Free PSA are three measures we often see
used and when used they result in considerable debate. One of the issues is that the gold standard
test, namely biopsy of the prostate, itself has substantial error in determining if PCalbeists.

only true standard currently available is biopsy of the removed prostate. The latter gold standard

is hardly one useful in clinical studies of patients with no overt signs upon normal evaluation.

We thus are looking at other measures for ascertppatient status regarding the PCa presence.
Clearly if we had a better understanding of cellular pathways and if in so understanding there
were more useful markers which could be readily available, then perhaps we could have a more
robust set of tests. Maver, lacking such, we are left with the tree measures and other

exogenous variable such as age, family history, race. In this paper we use these factors as a
means to ascertain the efficacy of various approaches to determining is the patient hassPCa. Thi
is not a staging approach, it is merely a monitoring effort, a screening effort, which could be used
assuming that long term consistent data is available. The latter point is often a handicap since the
assays used over some period of time are oftenyhiginiable in their results. We model this

with a noisy measurement variable.

We thus analyze several various approaches with a primary focus on a systems approach. The
systems approach is consistent with the Dougherty dictates which we try to adhatte to,
predictability and reproducibility being the dominant ones. The system model we develop herein
is a simple model based upon measurable parameters which can be validated by its predictable
capacity. The approach is to view the resulting data sucBAo®er time to be capable of
providing, along with other data, more reliable metrics for assessing the potential for PCa.

The key risk in such a model is the ability to use measurable parameters across some wide base
of patients. There is not reliablasaver to this at the current time. Perhaps this is just a problem

of Akicking the bal/l down the streetodo with s
uncertainty on another portion.
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10 THE PROBLEM

We present a simple model of the problenelrerWe look at the study but Punglia et al as a
baseline upon which to understand the issue. We also look at the analysis we have performed
regarding the probability of missing a PCa on a biopsy, which is not inconsequential.

Let us look at a simpleersion of Punglia model. We show this below:

| TestPositive Test Neatlve ]

100 150
50 250 300
— 150 300 450

This simple model then gives the probabilities of Sensitivity as 100/150 and Specificity of
250/300.However we know that if there were a PCa, then depending on its size we would expect
a P[Missing PCa] of 25% or somewhere in that range. The question then is how does one modify
this Table to account for that. Punglia modifies it for verification biasgehajust filling in those

who were tested but not biopsied in some rational manner. Punglia alleges used data predicated
on patient statistics. The approach was unfortunately not detailed in the paper. We performed
another analysis wherein we looked ahgsihe Zhou analysis based on Begg and Greenes
approach. The answers were dramatically different.

Now using the above we get a Sensitivity of 66% and a Specificity of 83%. But let us make a
simple set of assumptions for this case. We will arbitrarilyrassiinat the miss rate in the case

where there is PCa is 40% and where there is
__

130 150

75 225 300
_ 205 245 450

Then we have:

Sensitivity = 130/150 = 87%
Specificity = 225/300 = 75%

1 Pungla____| Adjusted
66% 87%
Specificity 83% 75%

This is a nortrivial difference. The test becomes much more sensitive. It loses some specificity
but it more than makes up for sensitivity. Thus is if we were to place costs on a test and its
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follow up, the higher the sensitivity the better it is sincelhes end up treating the disease. Thus
there is a need to better adjust the tests accordingly.

There are two fold elements in adjusting tests. First we desire a better test using PSA and its

adjuncts. Second, we need a better way to assess the golrdtamd if no possible then adjust
the data to reflect the known lack of accuracy as we have shown here.
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11 ALTERNATIVES

There are many ways in which one may use the available data and then use it to ascertain the
presence or absence of PCa. None Isayperb diagnostic characteristics as far as detections
systems go. However we look at two classic approaches herein and we first introduce the
systems model which we have not observed in any of the current literature. The three approaches
are:

Systems Modl: This is a model which looks at cell growth and the resulting markers that such
cells produce. We can measure the markers such as PSA and we can ascertain experimentally all
of the parameters in the model. As we have stated before, the risk is ghataimeters in the

model have so great a patient to patient variability that the ultimate model is of little use.

However there is not adequate data at this time to make that judgment.

11.1 THE SYSTEM APPROACH

The systems model looks directly at the cell groannd the resulting process within cells to emit
PSA into the blood stream for monitoring. We use a simple-betith model as a first
approximation for cell size.

11.1.1 Basic Systems Model

Let assume we have a certain number of benign prostate cells. Baorplose of further

simplicity we shall focus on luminal and basal cells and for the further purpose we shall use a
Goldstein model and assume that luminal are derived from basal and thus can be considered as
one type. Thus we assume the prostate a siemphyrganized collection of a single set of benign
cells. Then we have:

dN eni n(t)
Bd—tg = /BenignN Benigr(t) - /HenigN Benig(1t)
/ = Birth Rate
nrDeath Rate

N=Number of cells

Now if the cells are stable then we have birth and death rates equal. Death in this cases is by
normal apoptosis and birth is mitosis. We must recall theh @ mitotic growth the apoptotic
process is such as to keep total cell numbers at constant levels. This in benign conditions we
have:

NBenign(t): NB(t) :NB(B )

Now let us consider an amalgam of the following types of cells:
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Benign
Cancer
PIN
BPH

e

Each has its own growth characteristics. Each has its owndgeth equations, measurable in

vitro for example. Yet they may actually interact. For example PCa cells may cause increased
apoptosis amongst Benign cells, pushing them aside for their owfitbBfH may grow on top

of normal cells, for in fact they are a basic extension thereto. PIN may also extend on top of
Benign cells but just enlarging the prostate as would be seen with BPH but with cells confined to
the glands but with differing charaeistics. Thus we seek to have models which combine all.

Birth and death rates may be dependent in some general way on each other. Thus we could in
general posit:

I s /(NN ) - N N FUORIC

dt En=1
where
N, = Benign
N, = PCa
N, = PIN

N, = BPH

Here we have added a random process, w, which we shall assBaugssan Wiener process

with zero mean and some determinable variance. The birth and death rates are determinable via
experimental analyses.

We shall consider some simple binary models for this analysis.

Now we also note that we can relate PSAand % Free SA ( AiPFPO0) as functi o
number of specific cells. Let us consider this as follows:

PSA(t;=a psa N (1)

n=1

where
psag = the PSA per cell of type n in ciratibn
and
6
PPP(t)=a pfp N, (1)
n=1
where

pfp, = the PFP per cell of type n in ciretion
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Thus we measure PSA(t) and PFP(t) over some set of time intervals. A simple thought
experiments indicates that we can see staBlg and PFP if we have benign cells, subject to
normal noise which we have included.

Let us now consider two cases.

Case I: Benign and PIN. Here we assume benign and PIN. The PIN is additional cell growth but
not as extensive as say BPH. We have theviolig model:

deLt(t):[/B - gING(E) wy(t)
C“V%T(t):[/mw - B Nen (1) Wo (1)
where

/B' @7:0

/PIN_ Rk ol

Note that we stable Benign calls but a slowly growing PIN set of cells. And this yields for the
exogenous measurements the following:

PSA(t)= psa N (t)+ psa, N, (1
and

prp(t)= PPs Na (O Py Now ()
NB(t)+ NPIN(t)

Now as we see more PIN cells we see a slowly isangdPSA, subject to noise, and we see a
PPT also changing on a weighted basis. Yet if pfb is identical for both Benign and PIN then we
see that PFP remains constant and high.

Case II: PCa: In this case we have benign and cancer cells. The same rabdekasut with
some substantial modifications. We see this first as follows:
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POl g INO )

dNPCa(t)
dt

where
lg- m>0
/PCa_ /géa >0
and

W >0
MNpc,

:[/PCa - IJZ:B]NPCa(t) wPCe(t)

This implies that we have a decreasing cell count of benign cells and an increasing and growing
count of PCa cells. Thus when we calculate the folguwi

PSA(t)= psg N (t)+ psa, Bk, (1

and

PFP(t): ppr NB(t)+ pfp:’Ca NPCa(t)
Ng(t)+ Npc,(t)

We see that the number of PCa cells are growing and at a rate in excess of and Benign cells,
which are declining and that psa of PCa is much smaller than that of Benign cells as it the pfp of
PCa, which is quite small asropared to benign cells. Thus with PCa we see PSA increasing

and PFP decreasing.

Now the question we pose is how do we determine:
P&PCe PSA(s),PFP(s)es {t t

This is a classic detection problem. We have solved that problem in our earliét. wekwill
present the analytical approach here. Before continuing, however, we want to demonstrate what
we know and what we have speculated:

We know the following from experiment and can validate from more experiments:

1. Cell growth follows the models we have dégpic
2. Growth rates are determinable from such factors as mitotic rates and other methods which are

well known.

3. Cancer cells do push our benign cells through a variety of methods which are well understood.
4. The measurements we have determined aledaelmented and the average rates we use in

the models are determinable from measurements.

% See McGartyStochastic Sstems and State Estimatiofiley, 1974.
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We do not really know the following:

1. The functional characteristic of the increased death rate, and even birth rate, of benign cells
dependent on the new PGalls. There is the issue of the PCa cells absorbing nutrients from the
Benign cells as well as the issue of reducing normal mitotic reactions.

11.1.2 Hypothesis Detection Model

The detection model can be defined as follows:

Hypothesis 0: Benign

PSA(t)= psa N (t.

and

fo, N (t
PFP(t):%

B

And
deLt(t):[/B '@}Ns(t) WB(t)
where
lg- MmO

Hypothesis 1: PCa

PSA(t)= psa N (t)+ psa. Bt (1

and

PFP(t): ppr NB(t)+ pfp:’Ca NPCa(t)
NB(t)+ NPCa(t)

and
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Lo/, -GN (DN we(1)

dNPCa(t) [/PCa - %B]NPCBU) Woo(t)

Where

lg- m>0
/PCa' RLa >C
and

W o
MNpc,

Thus we want to find a detector, maximum likelihood as an example, using:

PgDatSet PCagp PCk
P[ DataSe}

P@&PCd| DataSetg

11.1.3 Adequacy obata in Model

We now take a brief look at what the effects of patient to patient variability would be in the

model. As we said, there are measurable constants which we can ascertain and use in the model.
There are two sets of the constants. The firsf s#e¢ growth parameters and the second is the
measurement parameters.

Let us consider the growth first. We assume that there is an average parameter and some

variation about that average. We then ask how do we modify the model accordingly. This is a
simple first order modification where the 0 r
of the related variable with a variance 0 ass
data. Thus we have:

Lellogr, way =y me+, gatt) witt)

=8s - W W) [+ @/ +|dNgt) w(t)
=85 - W B(t) u(t) wt)

where

lg- mD

This model tha uses the uncertainty of the measurements as an added noise term, albeit
correlated with the cell count. I f the Anoi se

respect to the count itself then we can reasonably augment the overall system noisedo i
that level.
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This is a first order approach to including the issue of measurement uncertainty of the underlying
parameters.

We can do the same with the measurements:

PSA(t)= psg N (t)+ psa. B, (1)
=(psag IN; (1) +psac, Ne, () & psg N (1) & psa, M, (
:( pSés )NB (t) +p§aCa I\!’Ca (t) +r(t)

Where we replace the uncertainty with an r(t) asglisleabove.

11.2 LOGISTIC ANALYSES

The logistic approach looks at the probability of PCa and its dependence on certain variables. For
the purpose of this analysis we know that it depends on:

PSA Level

% Free PSA

Velocity of PSA

Age

First Degree Relatives Mang PCa
Race

OUAWNE

This in a simple logistic model we define:

N T
a-PlPcd G

where

X, = PSA level

X, =% Free PSA
X, = PSA velocity

X, = Age
X; = First Degree Relatives
X, = Race

As compared to the system model which is based upon verifiable constants and an clear
underlying physical process and model, this is pure statistical conjecture. Here we will use
volumes of data to attempt to ascertain the relationships. In logistic iarthklyselationship is
posited ab initio and there may or may not be any underlying physical relationship. We merely
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use the data and then from the data try to fit the constants based upon a clinical determination of
the disease state.

11.3 CLASSIFICATION METHODOLOGIES

Classification approaches include such methods as clustering, principal component analyses, and
other such methods. If we have say six measurables at our hand then we can collect a great deal
of data with an assumed determination of PCa beisgrdlor present. Then in this six

dimensional space we can map out sectors which show how we could split the space into PCa
and Benign space. We leave it to the reader to see the use of these techniques and refer them to
the references at the end of thegppr. As Dougherty so aptly states, the use of many classifiers

are based solely upon the data and its characteristics and it devoid of any understanding of the
inherent pathology.
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12 A MAXIMUM LIKELIHOOD SYSTEMS CLASSIFIER

We can now use the systems rabi develop a classifier. We start with a simple binary

decision between two hypotheses; benign or PCa. We assume that the system can be delivered in
a discrete time manner, which frankly we know. We will follow the approach in VanTrees for

this analysisThus we have for the system:

Ng(k+1) =Ny (k) @g(k) ak) N (k) wH(k)

under H, which is the hypothesis of benig

and under this hypothesis we have

N(k)=Ng (k)

Ng(k+1) =Ng(k) (#g(k) m(k) N (k) wr(k)
Npca(k+1) =Ng..(k) ('V pcal K) ’LIZJCa(k) Npc (k) w (k)
under H which is the hypothesis of PCa

and under H we have

N(K)=Ng (K)+Npc, (K)

This is a model for a Markov process assuming the noise is independent and Gaussian and it has
zero mean. The variance may be time or sample dependent. Note also that we may have to adjust
the bith and death constants to reflect the time between samples.

Now what we measure is:

Under H, we have:

PSACk)F psg Iy (K)t fap (K)
and

_ PfpsNg (k) _
PFP(k)= N, (K) pPfR N, (K) #epp (K)
Under H, we have:
PSA(kF psg N (K)* psa, M. (K)*dagon (F
and
PFP(k): ppr NB(k)+ pr’Ca NPCa(k)
Ng (K )+ Npc, (k)

+n>FP,B;)th( K )

Here the n(k) is a measurement noise sequence reflecting both assay errors as well as variations
from the base line estimates. What we useherdecision statistics are the above sets of

variables. The difficulty would be that they are derived from the same data sequences, the N(k)
sequences and thus are combinations of variables. Also we can simplify the PFP by normalizing
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it by volume, assuing that the cells are each of equal volume. Namely benign cells and PCa cell

have essentially the same volume. Thus we can write the above measurements as a simplified
linear model as follows:

Under H, we have:

PSA(k)F psg N (K)t g (k)
and

PFP(k)= pfR N, (K) +Rep 5 (K)
Under H we have:

PSA(k): pSQ IE‘ (k)+ p%a Na (k)+F@A,Both (‘
and

PFP(k)= pf[% N, (k)+ ppra N (k) Hep Both (k
Where we use volumetrijormalized values for PFP.

Now we want the probabilities of PSA and PFP for all ks. We canrite
For H,

pP(PSA(k ),PFP(k\) N(k)} "N(psaN(lshs, IN(pPfON(ks),)
and

p(PSA(K),PFP(k),N(K) N(k1 )F
N(psaN(k)spsa INCPION(K)see IN((/ AN(kL ),y S(k))

Thus we have the joint conditional probability being all Gaussian with known means and we

know that the N(k)s are themselvesrementally conditionally independent since we have a
Wiener process and it is independent.

Now if we use the likelihood ratio we want the following:

% Note we use the notation N(a,b) as a normal or Gaussian distribution with mean a and standard deviation b.
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Let

é'PSA(l ) s

r —€ l
PSAT &*° (

BPSA(N) |
&PFP(1)

—€
rPFP_énnu

gPFP(n)
— erPSA g
grPFP H

These represent the received vectors. To define the likelihood ratiosrwesthéhese:

p(r|H,)
= fp(r|x,Hy )p(X H, )dx
But

N
p(rlx,Ho)=C_) p(r |, .Hy)
and

N
p(X|H0)=Q p()ﬂ|)ﬂ-1 H

And they are all normal with defined means and variances. We thus can pairwise deal with these.
However the inclusion of noise on the cell count model adds a bit of complexity so we shall
assume that it can be ig®ean a first order approximation. Then we can easily determine the
likelihood ratio parameters as follows:

For H,
Ng(k+1) =Ng(k) ¢ AN (k)

and for non-uniform intervals we write:

Ng(k+1) =N; (k) ¢ Ay (kDN (k)
where we havé andn normalized accordir
D(k) then is the sample time difference

For the measurements we have:
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PSA(k) psg ¥ (K)* g (K
and

PFEP(k)= pfy N; (k) +Rep 5 (K

These are independent random variables driven by the vimgecbunt. Note that the sampling
time issues plays no part in this expression. Obviously we have the same for the other case of
PCa.

It can easily be shown that the likelihood ratio, specifically the log likelihood ratio can be given
as follows:

Choose H if:
a[PSAk) psga, D(NN [ PFP(K) -pipg, @)

4 EPSAK) Ps@urca D(NY - PSRFpc, B0 e g

2

n=1 Spsa
N a 2
+ EPFP(k)' praB,PCa E(n)N _pr’CaaPCa (Dl)rgc 8
SéFP

Now we can consider the issue of choosing between the four hypotheses; B, PIN, BPH, and PCa.
Again we rely upon the treatment in VanTrees. The model follows directly from above.

Let the following be the hypothes

H, = Benign
H, =BPH
H,=PIN
H,=PCa

Then we create the following likelihood ratios:

_p(r|H,)

L. S UL
0 oh )

Then we can set up the decision regions based upon the following rules:
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L )é<co,1:ChooseI-(§ orH orH

M

ot }>c0’l:ChooseI—l| orH orH

L )é<clz:ChooseI—1I orH orH
ry . =

12 /t> ¢, :Choose H orH orH

L )é<c23:Chooselj orH orH
ry -

**7i>c,,:Choose H orH orH

L )é<c02:ChooseI—A orH orH
ry .

% 7i>¢,,:Choose H orH orH

L« )é<c:03:Choosel-(; orH orH
Yo

03 :'>CO’3:ChooseI—§ orH orH

. (r)§é<cl'3:Choosel-l| ord orH

> ¢, :Choose H orH orH

These then set out mutually exclusigdecision regions. The details are in VanTrees. Generally
we seek a binary decision between something and PCa. Knowing these regions we can
guantitatively calculate the ROC related probabilities and we can choose the thresholds to
maximize the ROC areas &aas been suggested in the literature.
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13 EXAMPLE

We now consider a simple example. This is one where we are looking at almost 20 years of data,
some missing, and we then look at a binary hypothesis of B or PIN. Consider the data on the
following patiert:

0.62 - - - - -
0.53 (0.15) (0.09) - - -
1.50 1.76 1.01 - - -
0.62 (0.53) (0.98) (0.02) - -
0.70 0.13 0.08 0.04 - -
0.77 0.12 0.06 (0.28) - -
0.95 0.31 0.14 0.09 - -
1.10 0.14 0.16 0.12 - -
1.10 - - 0.10 - -
1.10 - - 0.05 - -
1.30 0.19 0.19 0.06 - -
1.19 (0.08) (0.12) 0.03 0.50 1.30 38%
1.53 0.30 0.32 0.13 0.50 1.53 33%
1.22 (0.19) (0.33) (0.04) 0.50 1.53 33%
1.60 0.35 0.34 0.11 0.50 1.53 33%
1.49 (0.06) (0.12) (0.04) 0.50 1.53 33%
1.49 - - 0.07 - -
2.20 0.48 0.70 0.19 - -
2.10 (0.01) (0.52) 0.06 0.70 1.53 33%
1.80 (0.00) (2.03) (0.62) 0.70 1.53 39%
1.70 (0.01) 1.57) 1.37) 0.70 1.53 39%
2.00 0.08 0.27 (1.11) - -

We now use the test we had above. We must look at the underlying statistics.

1. Variance of botl?SA and PFP are about a 25% standard deviation. Thus since both are the
same these factors can be removed from the analysis.

2. The number of normal cells in a 40 cc prostate can be assumed to be 10 million. We assume
that we can normalize cell numbensnillions so that a cell count of 10 is the equivalent of 10
million.

3. We can assume that a benign prostate of 40 cc has a base level in a 40 year old male is 0.5 and
PFP is 35%.

4. We can further assume that we have in a normal prostate a 25%annorsiage per decade as
the man ages over 50. Thus there is a 25% change. In contrast with BPH the doubling is every 5
years and for PIN we have every 7.5.

5. We assume that both BPH and PIN cells secret the same PSA and the binding is the same.
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6. We asume that the doubling rate for cells with PCa is much shorter, namely 3 months and
that PSA is the same per cell but PFP is 5% per cell not 35%.

The next issue is to establish a baseline for the incidence of any of these states, namely when do
we measte X0. For simplicity we assume at 50 that all X0 are the same, based on a 40 year old
baseline. This is one of the concerns with this model, namely establishing a baseline. We argue
that similar estimation techniques can provide that as well.

We now usehis on the data we have shown earlier. First we show the call growth under two
assumptions:

Number Cells in Prostate (000,000)

18.000
16.000

14.000 /
12.000 /

10.000 / /
8.000

6.000 //

4.000

2.000

e B e N\ P|N

Then we show the projected measurement values to be used against the real measurements.

83|page



DRAFTT ReVIEW COPYONLY T NOT FORATTRIBUTION

Measurement Estimates

1.80 37.0%

1.60
/ - 36.5%
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1.20 // / 36.0%
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/// - 35.5%
0.80

0.60 - 35.0%
0.40
- 34.5%
0.20
- T T T T T T T T T T T T T T T T T 34.0%

PSAB PSA Pin PFP B e PFP PIN

Then we show the likelihood ratios. Remember the selection isnhildest value based on it
yielding the largest likelihood.
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Likelihood Ratios for HO and H1: Benign vs PIN
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The interesting metric is the fact that we have a growing likelihood that the data suggests even
five years earlier that PIN was present.

Thus we have shown that this maximum likeliheggroach as modified appears to be readily
applied and provides a strong suggestive set of guidelines for the physician.
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14 CONCLUSIONS

We have developed an alternative approach to the use of the limited data for assessing the risk of
PCa in patients. Is an approach which is based upon the underlying dynamics of the cellular
system and reflects the impact of key parameters of different cell growth rate and their impact on
the measured variables. We have also shown that

1. The new metric requires anlg period of collecting data on PSA and PFP. It then requires
having reliable data on growth in the four differing scenarios. However it is interesting in that by
including the data in this form we are effectively including velocity data implicitly.

2. The underlying constants may be based upon other factors as well, namely race, family
history, and age. The Punglia paper does look somewhat at age segregation and recommends
lower thresholds. We argue here that a running statistic may provide an impresraaidant.

3. ROC characteristics can be calculated analytically from this approach assuming certain
constants.

4. The approach is direct and simple and seems to allow for early detection via a tracking of the
likelihood ratio.
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SectionThree

Prostate Cancer, Pathways and
a Systems Approach
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15 INTRODUCTION : SECTION THREE; PCA PATHWAYS AND A SYSTEMS VIEW

There has been an extensive amount of literature claiming that high grade prostatic intraepithelial
neoplasia, HGPIN, is a precurdorprostate cancer, PCa. The research has gone as far as
delineating genetic changes which ultimately lead to metastatic PCa. However, at the same time
it is not uncommon for HGPIN to regress and totally disappear. This would seem to counter the
theory ofgenetic change and resulting morphological change of the prostate acini cells.

Moreover there have been many murine models of HGPIN which have been induced with
specific genetic changes in specific pathways which lead inexorably to PIN and then to PCa.
Likewise there have been many microarray analyses of HGPIN demonstrating the presence or
absence, enhancement or deactivation, of the same or similar genes. Yet again there is at time
spontaneous remission.

Thus it begs the question; what causes the reonig§iHGPIN? Is it possibly akin to the

remission seen in certain cancers, a remission generated by an immune response effect, as
discussed by Rosenberg. Or is it a pathway apoptosis that occurs as a natural course of having
aberrant genes?

15.1 KeY QUESTIONS
Let us begin with what we assume is known:

1. HGPIN is driven by underlyingrogressive and nechangeablehanges in the genetic
structure of benign cells in the prostate glands.

2. There is a putative association between HGPIN and PCa, reflecteshanemsed incidence
of PCa when HGPIN is present.

3. PCa like most other cancers is characterized by the clonal model, namely one cell becomes
aberrant and all other cancers cells are daughter cells of the aberrant clone.

4. PCa is known to result viasat of genetic changes resulting in the cell growth outside of the
gland and the creation of malignant glandular structures wherein additional genetic changes
occur and result in a less structured morphology and then metastasis.

5. HGPIN regression is ea. This means that the HGPIN cells totally disappear resulting in a
purely benign appearance of the prostate glahfegs the question of; do they cells die or are

they attacked and destroyed or is there some reversion mechanism? PIN is a pro/ieratinyn
continuation of cell existence would imply at best a morphological change of say the nucleus and
nucleoli but not the total cell count, namely the clustering of many cells in the gland. Thus in
regression we do not know what happens or how.

Thusthese observations pose the following questions:
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1. What causes the disappearance of multiple clusters of HGPIN? Is it apoptosis of some form,
an immune response, anggic switch, or something else?

2. Has there been any extensive studies of HGPINgggneto understand how it arises?

3. If HGPIN regression is based upon sombdainderstood mechanism, can that same
mechanism be applied in somerfoto PCa?

4. Does HGPINwhich is regressionablbave certain cell surface markers which are preskentab
to the immune system and thus enable entthinceaune responses.

5. Is there a stem cell created when PCa evolves and is PIN lacking in such a stem cell?

The literature demonstrates how to create PIN. There are a few presentations on how to regress
PIN?%. However the nexus of forward PIN progression and backward PIN regression is not
complete. We attempt herein to review this in some detail and then to place it in a structure for
further analysis and study.

As a natural extension thesequestions we can then ask similar ones regarding PCa. How does
PCa progress and what are the pathway dynamics related to that progression.

15.2 AN EXAMPLE

Let us begin with a simple example. A 68 year old male is examined due to an increase in PSA
from 1.5 © 2.3 in a one year period. The DRE is normal but there is a family history of a first
degree relative who died from an aggressive PCa, at 79 years of ageaRaring the PSA

from two independent sources yields values of 1.8 and 1.9 two months aftes&tePSA. A 14
core biopsy is performed and the results are as follows:

A. Prostate, right apex, biopsy: Benign prostatic glands and stroma.

B. Prostate, left apex, biopsy: Prostatic intraepithelial neoplasia, high grade, focal. Glandular
hyperplasia oprostate.

C. Prostate, left peripheral zone, biopsy: Prostatic intraepithelial neoplasia, high grade, focal,
Glandular hyperplasia of prostate.

D. Prostate, right peripheral zone, biopsy: Benign prostatic glands and stroma.

E. Prostate, transition zonbjopsy: Prostatic intraepithelial neoplasia, high grade, focal
Glandular hyperplasia of prostate.

After an eight month period PSA was measured again and this time it was 2.0. A second biopsy
was performed using 16 cores. The results are:

A. Prostate, rignt apex, needle core biopsy: Benign prostatic tissue with very focal and mild
acute inflammation.

% Narayanan et al using NSAID.
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B. Prostateleft apexneedle core biogs Benign prostatic tissi

C. Prostate right mid, needle core biops Benign prostat tisste.

D. Prostate left mid, needle core biops Benign prostatic tissa

E. Prostate right base needle core biops Benign prostatic tissue

F. Prostate left baseneedle core biogs Benign prostaticissue.

G. Prostate transition zoneneedle core biopsy: Benign prostatigsue

This is a clear case tftal HGPIN regressionrhe question then is, how common is this and
what is its cause, and if regression can be obtained how might it be achieved clinically?

15.3 SUMMARY OF PROSTATE STATES

There is a general agreement, with of course many exceptions, as to the progression of prostate
pathology and its related causAgyraphic from a recent NEJM article is shown below:

Normal Proliferative Prostatic Prostate
Prostate Inflamm atory Intraepithelial Cancer
Atrophy Neoplasia
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cells “ -
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Not the progression from normal prostate with basal and luminalamdl then through PIA and

then PIN and finally PCahe PIN demonstrates a complex but contained development of cells.
As one moves o PCa, that is when the cells move away from the existing gland, and they are for
the most part luminal cells establishitg novo glandular like structures.

An excellent tabular summary from Taichman et al follows:
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Disease State Histology Details
Large glands with papillary infoldings that are lined with-eefl layer consisting
of basal and columnasecretory epithelial cells (luminal) with pale cytoplasm ai
uniform nuclei.

Susceptibility genes or events related to hereditary PCa:

RNASEL: regulates cell proliferation through the interferon regulaigd 2

Normal Prostate oligoadenylate pathway

ELAC2/HPC2: Loss ofdnction of tRNA3 processing endoribonuclease

MSR1: Macrophage scavenger receptors process negatively charged
macromolecules.

Atrophic glands have scant cytoplasm, hyperchromic nuclei and occasional nt
and are associated with inflammation

Susceptibility genes or events:

NKX3: Allelic loss of homeobox protein allowing growth of prostate epithelial
cells

PIA
PTEN:Allelic loss of phosphatase and tensin homolog allowing decreased
apoptosis and increased cell proliferation.

CDKN1B: Allelic loss of cyclin dependent kinase inhibitor p27 allowing increas
cell proliferation

Intermediate to large size glands with proliferation changes contained within tt
gland and having nuclear abnormalities that resemble invasive carcinoma.

Susceptibility genes or events:

GSTP1:Hypermethylation of the upstream regulatory region inactivates the Pi
class gluthionine S transferase enzyme which detoxifies carcinogens

Hepsin:Increased expression of this serine protease leads to increased invasi'
and disruption of the basement membrane

PIN AMACR: Increased expression results in increased peroxisométation of
branched chain fatty acids from red meat thereby increasiminogen exposure.

TMPRSS2Fusion of this androgen regulated gene with ETS family of
transcription factors in late stages of PIN results in in increased breakdown of
extracellular matrix.

Telomerase: Activation leads to maintenance of telomeggtHeand
immortalization of cells.

Small irregular glands with cells having abnormal nuclei and nucleoli and lacki
basal cells.

Susceptibility genes or events:

Prostate Cancer

MYC: Overexpression leads to cell proliferation and transformation

RB: Loss of expression leads to cell proliferation and transformation
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Disease State Histology Details
Nests of cancer cells within the bone

Susceptibility genes or events:
TP53: Mutation results in loss of multiple tumor suppressor functions

. E-cadherin: Aberranéxpression leads to increased invasive and metastatic
Metastatic PCa

phenotype

NM23: loss of this NDP kinase leads to increased metastasis

EZH2: Histone methyltransferase PcG protein whose activation causes repre
of genes that suppress invasion and metastasis

Cancer cells that grow in androgen depleted environment
Susceptibility genes or events:

AR: may remain active through amplification, phosphorylation by other steroid
AR PCa
nonrandrogen growth factors
BCL2 Increased expression leads to protedtiom apoptosis
Stem cells: potential repopulation by progenitor cells

Note in the above, Taichman et al make mention of the separate gene elements that are putatively
assumed to have caused the subsequent event. These genetic changes then willkescome a
factor in how we view PIN transitions.

Also note in the above, it implies a set of sequences of genetic changes that moves from benign
to malignant. The question then is; if a genetic change is necessary for a morphological change,
then is the genetichange reversible or are the genetically changed cells killed off by some other
process, and if so what process?

To understand this question, and hopefully set a path to answering it, we lay out the known
elements in the path towards malignancy, loathatgene maps and dynamics, and then attempt
to establish a model for examining the dynamic processes which move the cell forward to
malignancy or backwards towards a benign state.

15.4 REGRESSION

There has been some discussion of regression in the lite\Merexamine briefly three possible
means herd-dowever, there does not seem to have been any detailed clinical study or models,
murine or otherwise, which have been used to ascertain thesdetaibund the regression issue.
As we have seen above the current general understanding is that HGPIN is a clear and
unambiguous predecessor of HGPIN, albeit regression is evident.

15.4.1 NSAID Regression
An interesting paper by Narayanan et al describes their work using NSAIDs as a means to reduce
and in some cases eliminate PIN. They used specifically celecoxib and exisulind as the NSAID

and they demonstrated that the use of these drugs did reduce iBis.|&w exactly why this
happened one cannot determine. The authors present the factual results without any further
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interpretation. In addition there would not seem to be any rational explanation based upon the
above overviews.

15.4.2 Androgen Deprivation Thapy Regression

In the paper by Kang et al they indicate that ADT, androgen deprivation therapy does reduce
PIN?*. They state:

Our results demonstrate that ADT does cause PIN regression, and that there is heterogeneity in
this effect with respect to hormadrduration. We propose for future prospective, racdintered,
randomized trials in which ADT i mpact on PI N
response to ADT was not uniform as 16% of patients with ADT longer than 6 months had
residual PIN, suggestingariable sensitivity of PIN to ADT.

Kang et al also noted in another paper:

Eighteen patients initially diagnosed with PIN who had no ADT were identified, and 28 with PIN
who had ADT were also assessed. All patients who had had no ADT had residuwah@idgs

seven of 28 receiving ADT had no residual PIN (P=0.043). The evaluation of ADT between
responders and nonresponders showed a statistically significant association between PIN
regression and the duration of ADT (P<0.001). However, the responddlad ADT was not
uniform, as 16% of patients on ADT for >6 months had residual PIN, suggesting variable
sensitivity of PIN to ADT.

15.4.3 mTOR Inhibition

The mTOR gene can be activated by the Akt gene which in turn can be activated by the
suppression of the EEN gene. This is but a small segment of a pathway. mTOR then

Thus there seems to be an ability to eliminate PIN via ADT. In this case there is some clear
pathway dependenced TOR i s short for fimanfmaTORament ar get
positively enhaned by activation can result in cell growth by theragulation of protein

synthesis. Akt regulates mTOR via the negative regulation of an intermediate pathway element
the gene product TSC2 which inhibits mTOR.

By inhibiting TSC2 the inhibition of MTORsireduced and in fact mMTOR expression and actions
are increased. It is this change which Majumder et al used to create PIN.

Majumder et al state that they were able to revers PIN in murine models by managing mTOR
pathways. The use of rapamycin was egrable approach for pathway contrékt induced
PIN was totally controlled by mTOR and reversal allowed regression of the PIN.

24 http://meeting.ascopubs.org/cgi/content/abstract/24/18 suppl/4648

% Bunz, pp 192194.
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The above three are a few of the known mechanisms related to regression. There may be many
others yet to be determined but thastence of these may assist in understanding the possible
options.

15.5 OVERVIEW

Let us now provide a simple overview of the development of models. We develop it in the
following manner:

First, we look at the histological structure of PIN and PCa. Cell changes occur and the changes
morphologically are dependent upon the expression of or lack thereof of certain genes. The
linking of morphology and gene expressions seems to fall shorsat#ge. Thus the nexus is
missing.

Second, we look at some simple models for the development of HGPIN. As we have stated, the
reason for this is twofold. First HGPIN is often assumed to be a natural precursor of PCa and as
such one can assume that genethanges necessary for PCa are first seen in HGPIN. Second we
know that HGPIN can suddenly regress and the cells revert to benign state. If that is the case and
indeed it is one may ask if the genetic changes were the cause also of the regressitmeoe was
some exogenous cause. We focus primarily on the Goldstein et al model because it demonstrates
both HGPIN and PCa and the relationship to morphological and genetic changes.

Third, we examine the cancer stem cell, CSC, model. The CSC is an intgpastéidggm which

may explain the less than rapid growth of certain cancers. PCa may be dominated in many cases
by indolent slow reproducing CSC. Understanding the dynamics of the CSC is therefore
essential.

Fourth, we look at the many specific genetic drsvsuch as PTEN and the other first and second
order products in the pathway chain. This is an extensive discussion which we will rely upon to
build pathway models.

Fifth, we examine the epigenetic factors such as miRNA and methylation. These may be the
most significant factors in cell change and genetic expression alteration that we see in PCa
progression.

Sixth, we present and examine in some high level detail the many complex pathway models
currently presented.

Seventh, we examine the various modetgeaction kinetics. This will be essential when we
attempt to model the dynamics. The classic approaches are significant and their simplifications
are useful. By looking at linear models we often can find reasonable insight but it is often by
examiningthe nonlinear models that we can ascertain the tipping points with more clarity.

Eighth, we examine pathway controls, that is what components such as PTEN play the most
significant role.
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Ninth, we look at the three dominant modeling techniques; BodBzygsian, and System
model using reaction rates and complex time varying differential equations. We do not in this
analysis examine the spatial models (as initially developed by Turing and detailed by Murray).

Tenth, we examine how the constants in thmedels may be obtained by means of system

identification methods. We have accomplished this in other pathway systems and we believe it is
directly applicable here as well.
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16 HGPIN CHARACTERIZATI ON

HGPIN is represented by morphological changes in gt@sglls in the acinar or glandular
locations. It generally is @mplex set bgrowth patterns of new cells whose morphological
appearance is similar to but not identical to the existing cells in the gland. The new cells clearly
have form and shaghat demonstrates praalignant morphology, with enlarge and prominent
nucleoli.

From the paper biutzi and DeMarzave have:

The highgrade form of prostatic intraepithelial neoplasia (PIN) has been postulated to be the
precursor to peripheral zone carcinoma of the prostate. This is based on zdoehtwpation,

morphologic transitions, and phenotypic and molecular genetidagities between higigrade

PIN and carcinoma. Although higgrade PIN is thought to arise from legvade PIN, which in

turn is thought to arise in normal or fdactive
epithelium gives rise to PIN or whetrsmme other lesion may be involved.

Focal atrophy of the prostate, which includes both simple atrophy and postatrophic hyperplasia,
is often associated with chronic, and less frequently, acute inflammation. Unlike the type of
prostatic atrophy associataslith androgen withdrawal/ blockade (hormonal atrophy), epithelial
cells in simple atrophy/postatrophic hyperplasia have a low frequency of apoptosis and are
highly proliferative. In addition, hormonal atrophy occurs diffusely throughout the gland and is
not usually associated with inflammation.

To simplify terminology and to account for the frequent association with inflammation and a
high proliferative index in focal atrophy of
i nfl ammatorldg). atrophyo (P

I n a similar manner in a review paper by 06Sh
neoplasia the authors state the following regarding HGPIN:

The evidence that PIN is a morphological and genetic precursor to prostate cancer is extensive
and onclusive...

When examined microscopically, PIN lesions are characterized by collections of proliferative
prostatic epithelial cells confined within prostatic ducts that exhibit many morphological
features of prostate cancer cells, including architegkaiisorganization, enlarged cell nuclei

and nucleolié

In addition to the similarity of the cellular morphologies of HGPIN and invasive lesions,
evidence that HGPIN is a precursor of prostatic adenocarcinoma includes the multifocality of
both lesions ath the presence of carcinoma in foci of PIN; among older men, foci of PIN are
found in 82% of prostates with carcinoma but in only 43% of normal prostates.
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PIN is frequently located in the peripheral zone of the prostate, the site at which 70% of
prostatic carcinomas occur. Additional similarities include enhanced proliferative activity of
both PIN and carcinoma {®ld that of benign tissue), cytokeratin immunoreactivity, lectin
binding, and loss of blood group antigen with both PIN and carcinoma.

Prevdence of PIN and its temporal association with invasive cancer are illustrated by the known
401 50% PIN incidence in men %60 years of age, evolving into thei 80% incidence of

prostate cancer in men 80 years of age. Autopsy data reveal that PIN |gspmas & the

prostates of men in their 20s and 30s in the United States, preceding the appearance of prostate
cancer lesions by as many as 10 years

AfricanrAmerican men, who are at higher risk of prostate cancer mortality, appear to have a
greater extat of PIN at any given age. PIN and prostate cancer lesions share a namber
somatic genome abnormalitigacluding loss of DNA sequences at 8p and incre&&tP1

CpG island DNAmnethylation among others.

Finally, transgenic mouse strains prone to eleping prostate cancers typically develop PIN
lesions in advance of the appearance of invasive cancer. PIN lesions are always asymptomatic
and cannot currently be diagnosed or detected by any reliable means other than examination of
prostate tissue histogically. In autopsy studies, the incidence and extent of PIN increases with
age, as does the incidence of prostate cancer.

Notwithstanding the correlation, there does not seem to be causality. In addition, the authors do
indicate that HGPIN can be redettbut they seem to fail to speak to the issue of total remission
without any treatment. The question is therefore, is PIN a precursor of PCa? If it is or is not, is
PIN the result of a genetic change as has been postulated by many? It would seent tiear tha
existence of remission of PIN would imply that it is not at all necessarily a precursor and
furthermore that it is not necessarily a genetic change for all PIN. That is can there be a
morphological PIN that is genetic and not remissionable and oioé velremissionable.
Remissionable implies the existence of apoptosis, that is a natural cell death or perhaps a cell
death due to some immune response.

16.1 BASIC STRUCTURE AND FUNCTION

The basic structure of the prostate is shown below. It consists of three major zones; peripheral
(dominant zone), central zone which is around the urethra), and the transition zone.
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The cellular structure is depicted below. There are approximated gflands in the prostate,

mostly in the peripheral zone and the glands have a lumen in which the prostatic secretions flow,
and the glands have basal cells and luminal cells as shown below. The basal cells are dark and
the luminal cells are somewhat ligh. Between the cells is the stroma which includes the blood

flow from veins and arteries, the muscle and other stroma elements. Simply stated, the prostate is
a collection of the basal/luminal glands scattered about veins, arteries, muscles and nerves.
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The figure below depicts a second view of the prostate glands. Again this is with HE stain and
under low magnification. The basal cells are clearly see with their dark stains and the luminal
stand above them. The stroma is fairly well articulatedisggide.

r\ﬁ'ﬂc

16.2 PIN

Prostatic Intraepithelial Neoplasia, PIN, is a growth within the normal glands of more cells than
should normally be there. The slide below depicts high grade PIN, HGPIN. Note the PIN in the
center shows significant cell growth in thastxg gland as compared to the gland at the bottom

which shows normal thinner growth.

The PIN shows papillae which are shooting out within the gland and there is also significant
basophillic staining of the papilla cells whereas the normal glandnigsd staining of the

luminal cells.
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The key question is one of whether PIN is a precursor to PCa. Many articles state that it is but
when one looks at the data there is still a significant area of doubt.
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17 SOME HGPIN MODELS

There has been an extensive amount of work in trying to create HGPIN from normal
prostate cells. There are questions as to what cells th#GPIN derives from, for example
basal or luminal, and then there are questions as to what genetic changes result iNPAs
with so many parts of the puzzle there are no single set of answers. We start with the
recent Goldstein model and use it as a basis. Then we look at other models and specific
genes expressed. We defer until later the issue of pathways.

17.1 THE GOLDSTEIN M ODEL

A novel set of experiments on prostate cancer Wwasedn thework by Goldstein et al at

UCLA. Understanding this work is useful in understanding both HGPIN and PCa. Goldstein et al
demonstrate that one set of elements in the intracellular pgghindisturbed in a certain manner

can result in morphological changes that first become HGPIN and then mode to PCa. The
essential usefulness of this work is that it allows for a demonstrable relationship first between
genetic change and histological cgarand second that changes in pathway elements lead to
progression.

Simply what they did was to take two types of prostate cells, the basal dathihal, tag them

with surface tags, inject them into a mouse, and saw that only the basal cells grékheyhen

added two genes encoding for putative cancer pathways, and they saw that the basal cells grew to
basal anduminal, like PIN, and then finally they added an AR, androgen receptor gene, and

voila, prostate cancer. Result, showing how a specific pgtbama generate cancer.

Let us go back and look at this a bit more.
1. First the prostate has cell collections which act as glands with basal cells at the base and

luminal cells on top. Théuminal cells secret to the gland, theminal space. This we sko
below.
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Normal Prostate Gland

2. The normal prostate looks like what we show below, abc603% these glands, and then
surrounding material of muscle, blood supplyvest and lymphatic3.he glands stand apart
and they secret fluids into the lumen, the open parts of the gland. In between is the stroma
composed of nerves, blood vessels and other connective tissues.

Normal Prostate
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3. Now sometimes we see Piptpstaticintraepithelialneoplasiawhich is a growth of normal

cells but not where they are to be. We may see the basal cells growing outwards and even some
moreluminal cells as well. The sign may be an increasBe3Asince we have moideminal

cells but the percent fré&SAmay stay high since tHeminal cells are health ones. We show

this below:

PIN
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4. Then we may get prostate cané®g where thduminal cells types start to appear and grow
without bound. The question is, where did these celtsecivom, othetuminal cells or basal

cells, or what. This is the question that the authors addressed with this elegant experiment. There
is also the key question of whether it is just one cell that starts it or if the changed basal cells
grow and if the mvironment switches many on over time. The latter effect is similar to that

which has been observed in melanoma. Below we show what happens next,
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Prostate Carcinoma

Looking at the prostate as a whole we then may see what appears below. Namely we may see
low grade cancer cells and then clusters of high grade cancer cells, this leads to the Gleason
grading system.

Prostate Cayc
o &,

o
@ - o 0 Low Grade

Cancer Cells
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5. Thus the question posed by the authors was the one which asks from what cell does cancer
begin? Their answer suggests the basal cell.

The Transition?

6. Pathways have been studiedR@aextensively and we shall discuss them in some detail.

But the authors took a simple approach and looked at three genes in the putative pathway
process. This is shown below:
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Goldstein Process

Tag Basal Basal Cells

Cells grow

Cells grow in mice Inject

with to produce z_;; activated Akt z_;; Liﬁsla?;’ife
Trop2+/ Basal and and ERG PIN
CD49% Luminal cells

__—_—

Tag [,
Luminal

Cells Luminal cells

with do not grow
Trop2+/ Add AR gene
CD49f

PLITTTES

k Cells turn to
to up- p =1 PCa
regulate

First they showed that only basal cell proliferate into both basdlamdal. Then they added
ERG andAkt genes known as key in the pathways, and they obtained PIN, and then they added
AR, the androgen receptor to drive thepous two genes and the result w&3a

They were able to keep track of basal amdinal cells by tagging them with cell surface

markers, as shown below. Basal was positive for bothuamihal positive for one and negative
for another, a good examplétoacking the cells as the transform.
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Tagging

CD49f
Trop2+
o IYL CDA49%
- v Basal
Trop2+

As to the two initial genes we have:

(i) Akt: There are in humans three genes in thid family": Aktl, Akt2, andAkt3. These genes

code for enzymes that are members ofsétrinéthreoninespecific proteirkinasefamily. Akt1l

is involved in cellular survival pathways, by inhibitingoptoticprocessesAkt1l is also able to

induce protein synthesis pathways, and is therefore a key signaling protein in the cellular
pathways that lead to skeletal muscle hypertrophy, and general tissue growth. Since it can block
apoptosisand thereby promote cell survivAktl has been implicated as a major factor in many
types of cancer.

(i) ERK: Extracellular signal regulatddnasesERK, are proteirkinasesignaling molecules
involved in the regulation of meiosis, mitosis, grustmitoticfunctions in cells.

This studystill leaves several open questions:

1. Is the clonal theory of cancer still standing or can a single cell transform and then induce other
cells via chemical signaling.

2. Is the basal cell the only one. There appears to be some issues here andiletieleie
looks at these.

3. Is PIN an artifact or a precursor. Clinically men with PIN have a slightly higher rBREaf
but not a substantially higher as would be argued in this model. In fact melR@atio not
always have PIN and men with PIN do abways gefPCa

4. Is this just an artifact pathway, the true pathway, one of many pathways.
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5. If we can duplicate pathways can we than better control the disease.

6. What does this tell us about detection and staging.

17.2 OTHER M ODELS

The Goldstein eal model is but one of several which have taken this approach. There are others
and the results are not always consistent. Two of them are discussed as follows:

1. Yen et al (2003) have reported on a murine model which demonstrated that by implanting c
Myc genes into a mouse that it resulted in murine PIN and then shortly thereafter PCa. Yen et
al also shown loss of NKX3, tumor suppressor genghich is putatively involved in PCa
as well as PINNKX3.1 is a 8p21 gene whose function is to generate theddbox
proteirf®. It is known to be suppressed in familiar prostate cancer and in the case of Yen it is
reduced in its expression as well.

2. Lawton and Witte discuss the generation of PIN by means of lentivirus infection via an
siRNA which is a knock out fdPTEN.

% pecorino, Cancer, p 114.
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18 CANCER AND STEM CELL S

As Weinberg notes, there is the theory of clonal development of cancer which states that the
cancer cells are pluripotent and have developed from a single source and that they have the
capability of reproducing and do sodn autonomous mantiérThen there is the they of the

cancer stem ¢k the theory which states that there is the equivalent of a stem cell as we know in
bloodcells, which have the capability but that the majority of malignant cells do not necessarily
have that capacity.

The NCI presents an excellent summary of Cancer stem cell, CSC, réSearch

The theory of the cancer stem cell (CSC) has generated as much excitement and optimism as
perhaps any area of cancer research over the last decade. Biolggiteditheory goes, these

cells are distinct from the other cells that form the bulk of a tumor in that they can self
perpetuate and produce progenitor cells, the
job is then to repopulate tumor cellsa€icated by treatments such as chemotherapy or

radiation.

But for all the attention and fanfare CSC research has received, the findings reported to date are

far from clearcut, investigators acknowledge. For example, most of the studies that have

identified human CSCs have used mows®graftassays and cells from only a small number of

human tumor samples, making it difficult to draw firm conclusibnaddition, other
researchers havenoét al ways been awWwhilegheseo r epl i
tumorinitiating cells, as they are also called, have been described as being a rare class, several
studies have found that the number of cells that can form tumors in these mouse experiments
actually quite largg suggesting that perhaps CSCs arenot

In other words, the idea of just what cancer stem cells are, and their role in different cancers,
appears to be changing.

AThe [stem cell ]Jdemauddlelhyad ersdtedbeenn nost cance
Morrison, who directs the Center for Stem Cel
that there are some cancers that do clearly f
complicatedthasvvh at 6 s been presented so far. o

They continue:

Unl i ke the random or fAstochastico model domin
any cancer cell has the potential to form a tumor, the cancer stem cell model is one of a

hierarchical organizatia, with thepluripotent cancer stem cedltting ready and able to amass

all of the components of the original tumor.

2"Weinberg, Cancer, pp 4117.

28 hitp://www.cancer.gov/ncicancerbulletin/072710/page4
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|l t 6s al so t hexpearigqéntalevidended duppartot,ithat CSC pluripotency allows

these cells to adapt and to resist chemotherapy, radiation therapy, and even current molecularly
targeted therapies. If true, then these treatments may not harm théethaktumor cells, those

that can lead to a recurrence with the production of a new set of progenitors.

Despite numerous studies published in the last 16 years that identified CSCs for different
cancer® includingcolon brain, pancreatic, and breast canéthe consensus among
researchers seems to be that the evidence is strdiogele first cancer in which a population
of tumokinitiating cellswas discoveredacute myeloid leukemia (AML), as well as for other
blood cancers.

The existence of CSCs in PCa has been exaha@ind as with many cancers is still open for
discussion. However as we shall discuss later the CSC model does have certain interesting uses
in the progression and metastasis of cancer. For example:

Cell Proliferation: If we assume that the CSC is the dami cell that proliferates and all others
do not, albeit being cancer cells themselves, then the growth of PCa in terms of cells is complex
but one can then more easily explain indolent PCa.

Metastasis: We know that metastasis occurred by lymphaticeandtblogical means. However
PCa cells, noit€SC PCa cells may break loose and yet not result in classic metastasis. The issue
then is one where it may be necessary for the CSC to move by these means.

Many other such issues will arise and we discuss thei@&Chere and we return to it later in
the work.

18.1 THE STEM CELL THEORY
In an NIH report they define cancer stem cells as follows:

A consensus panel convened by the American Association of Cancer Research has defined a CSC
as "a cell within a tumor thatossesses the capacity to seliew and to cause the

heterogeneous lineages of cancer cells that comprise the tutsirduld be noted that this

definition does not indicate the source of these @édhliese tumaforming cells could
hypotheticallyoriginate from stem, progenitor, or differentiated cells.

As such, the terms "tumdaritiating cell" or "cancerinitiating cell" are sometimes used instead
of "cancer stem cell" to avoid confusion. Tumors originate from the transformation of normal
cellsthrough the accumulation of genetic modifications, but it has not been established
unequivocally that stem cells are the origin of all CSCs.

The CSC hypothesis therefore does not imply that cancer is always caused by stem cells or that
the potential aplication of stem cells to treat conditions such as heart disease or diabetes, as
discussed in other chapters of this report, will result in tumor formation. Rather,-initiating

cells possess stelike characteristics to a degree sufficient to warrtire comparison with stem

cells; the observed experimental and clinical behaviors of metastatic cancer cells are highly
reminiscent of the classical properties of stem cells.
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The stem cell theory, and there seems now to be significant evidence ofdity walprostate

cancer, is principally that the clonal theory has merit to a point but that the development is more
complex and the cancer stem cell plays a critical role in fostering growth of the cancer cells,
most of which has less aggressive a groetthracteristic if any at all.

Lawson and Witte present a recent overview of this concept as applied to the prostate and PCa.
Recent studies apparently indicate that the cancer stem cells, CSC, are necessary to sustain later
stages of the development oétmalignancy. Only a small subpopulation of the cancer cells, the
CSC population, has a demonstrated ability to maintain the malignancy as well. Lawson and
Witte present two theories of this CSC process. One is called the stochastic theory which is that
all cells are equally malignant. The other theory, the one for CSC, called the hierarchical theory
is that only the CSC has the ability to multiply. These two are graphically depicted haew.

CSC or in this case the PSC, prostate stem cell, yields a drAtansition amplifying cells, then

yield progenitor cells, LP or BP, and then finally a luminal or basal cell. This is slight contrast to
the Goldstein model. This model applies for both benign as well as cancer cells, at least as
viewed by Lawson and \We.

Luminal Model

Bifurcated Model

c—0<_ 00

12/24/2010 Lecture 3 A Simple Model 19

Now if one looks at the CSC theory, then we see a CSC has progeny, and yet those progeny may
not have the ability to multiplyrhus the explosive exponential growth of cancer is not as clear

in a CSC model, because almost all of the progeny of the CSC are no reproducing progeny. Thus
the growth models for a CSC based malignancy are more complex and are dependent on limited
CSC eproduction and ne@SC reproduction. However the CSC model also argues for there

being some CSC support for the progeny which are not TB&dynamics of cell growth then
becomes quite complex here, for the stem cells replicate themselves at a stow aate

replicating other cells at a higher rate. However the other cells do not replicate themselves they
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just go through a standard cell process. If the cells are benign then they go through apoptosis as
seen in red blood cells and the skin keratinocytes

We quote Lawson and Witte as follows:

Models of prostate epithelial differentiation. The traditional model for prostate epithelial

differentiation proposes that PSCs residing in the basal cell layer give rise to intermediate,
transitamplifying cellghat produce large numbers of terminally differentiated secretory luminal
cells é. This model i mplies a |linear differen
comprise one lineage and basal cells are essentially luminal cell progeéitors

This hypothesis is supported by the existence of cells of intermediate phenotype that express both
basal and luminal cell specific cytokeratins in both fetal and adult stages of prostate

developmeng Intermediate cells can also be identified in in vitro cultuoé primary prostate
epitheliumé Several studies have also suggested basal cells can differentiate into luminal cells

in vitro € Alternative theories for prostate epithelial differentiation propose basal and luminal

cells may represent separate epithklileagesé This is similar to prevailing models for

epithelial differentiation in the mammary gland, a tissue that is anatomically and functionally
analogous to the prostate

Now there have been several others who have examined the stem cell mB@s.fénother of
recent merit is that of Hurt et al. They summarize their work as follows:

Recent evidence supports the hypothesis that cancer stem cells are responsible for tumor
initiation and formation. Using flow cytometry, we isolated a populatiddl44+ CD24

prostate cells that display stem cell characteristics as well as gene expression patterns that
predict overall survival in prostate cancer patients. CB@D24 cells form colonies in soft
agar and form tumours in NOD/SCID mice when as few as 100 cells are injected.

Furthermore, CD44 CD24 cells express genes known to be important in stem cell
maintenance, such as BMlland Oct3/4. Moreover, we can maintain @@+ CD24 prostate
stemlike cells as noradherent spheres in serameplacement media without substantially
shifting gene expression. Addition of serum results in adherence to plastic and shifts gene
expression patterns to resemble the differentiated palrealls.

Thus, we propose that CD4€D24 prostate cells are stetike cells responsible for tumor

initiation and we provide a genomic definition of these cells and the differentiated cells they give
rise to. Furthermore, gene expression patterns@48-CD24 cells have a genomic signature

that is predictive of poor patient prognosis. Therefore, CB@B24- LNCaP prostate cells offer

an attractive model system to both explore the biology important to the maintenance and
differentiation of prostate cecer stem cells as well as to develop the therapeutics, as the gene
expression pattern in these cells is consistent with poor survival in prostate cancer patients.

Jordan et al characterize cancer stem cells as having three characteristics:
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1. SelfRenaval: at the end of mitosis of the stem cell, either one or both retain all the
characteristics of the parent. The stem cell goes through a mitotic doubling and when it does it
always retains one or two stem cell daughters.

2. Capability to generate multgplineages. This means that a stem cell can generate offspring
which can become anyone of many cell types.

3. Potential to proliferate extensively. The cell can keep replicating, it has no limitation within
reason and thus contains the elements ultim&belmetastasis.

A normal stem cell may mutate to a cancer stem cell or a normal progenitor cell may morph back
to a cancer stem cell.

As Delarbra et al state:

Although monoclonal in origin, most tumors appear to contain a heterogeneous population of
cancer cells.This observation is traditionally explained by postulating variations in tumor
microenvironment and coexistence of multiple genetic subclones, created by progressive and
divergent accumulation of independent somatic mutations.

An additional explanation, however, envisages human tumors not as mere monoclonal
expansions of transformed cells, but rather as complex tridimensional tissues where cancer
cells become functionally heterogeneous as a result of differentiation.

According to this sec@hscenario, tumors act as caricatures of their corresponding normal
tissues and are sustained in their growth by a pathological counterpart of normal adult stem
cells, cancer stem cells.

The statement starts with the accepted monoclonal hypothediseandeparts to a polyclonal
alternative view. It retains the CSC, cancer stem cell, paradigm for solid tumors as well. In the
context of HGPIN we see a change in the cells and we have heard the argument that they have
made one or several of the unchanggabeps towards PCa. Thus using the CSC theory one
would expect that it would be from one or several of these cells that PCa would arise. In
addition, we could assume that there is no unique pathway mutations or changes which result in
PCa but a plethoraf them. Simply stated, cancer is complex, it finds ways to migrate forward

no matter what the path.

18.2 PROGRESSION AND REGRESSION

We first relook at the progression and regression dynamics. The key driver for the analysis
herein has been the regression often seen in HGPIN. Knowing that most likely the methylation of
GSTP1 has given rise to development of PIN we then ask what geds iits regression and

why have the HGPIN cells themselves not only stopped growing but have disappeared. Again we
have seen this in melanomas, and this is also the Rosenberg effect in certain sporadic cancer
regressions.
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To look more closely we firseturn to the stem cell model for cancer which we developed

earlier. The stem cell theory states that there are a certain number of cancer stem cells which in
turn may replicate themselves but also create what are termed post mitotic differentiated cells.
Not really stem cells but cells which exhibit the phenotypic characteristics of a cancer cell. One
of the questions one may pose is do these PMDC exhibit a different genotypic character as well
or are they controlled by some epigenetic factors. We shae tveamples below;

PMDCQCCell: Post Mitotic Differentiated Cancer Cell

Now we can also see as Weinberg has noted (Weinberg p 419) that a progression may occur in a
somewhat more complex mectism as we depict below. Now from the stem cell arises Transit
Amplifying Cells and then the PMDC.
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