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Field effect-a New Idea for Early Diagnosis of Prostate Cancer*
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ABSTRACT: To diagnose prostate cancer, many repeat biopsies are needed in patients with prior negative biopsies to prevent
missed diagnosis. Though prostate cancer might be detected by repeat biopsies in some patients, many other patients will never be
diagnosed with this disease confirmed by long term follow-up and lots of unnecessary biopsies. Recent findings supported histological
normal appearing tissue which adjacent to tumor focus, would develop similar molecular changes like cancer. Therefore, we believe that
there is a field effect in the procedure of prostate cancerization. By the instruction of this theory, selecting proper marker and detecting its
alteration in prostate, clinicians will be able to predict the development of prostate cancer before affirmation of this disease by routine
pathological result. It means these patients should be followed closely and carried out more extensive repeat biopsies soon to confirm
PCA earlier, while other patients scarcely of this marker in their prostate might possibly be followed less frequently and aggressively. If
the confidence of markers reflecting the theory of field effect can be confirmed by further large cohort diagnostic trials, the current
situation of prostate cancer diagnosis will be greatly changed.
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Introduction

Nowadays, prostate cancer (PCA) is the most prevalent form
of cancer in men and the second leading cause of cancer death in
the United States, and the third most common cancer in men of
worldwide!”. As clinical signs of PCA only appear at a later stage,
early detection is vital.

The main tools for screening PCA include digital rectal ex-
amination, serum concentration of prostatic-specific antigen levels
and transrectal ultrasonography . But the diagnosis of PCA still
depends on the presence of adenocarcinoma in operative speci-
mens, prostate biopsy cores or aspiration needle cytology. Since
Hodge first introduced transrectal ultrasound guided prostate biop-
sy, it has become the standard method for diagnosis of PCA Bl

Although most cancer is found at the initial biopsy, more than
70% patients are left with doubt regarding the presence of PCA ™.
As expected from any such patient cohort, a significant proportion
of PCA cases are routinely missed due to the obvious difficulty of
sampling a small tumor within the whole prostate. Many small tu-
mors can escape being sampled. Besides the biopsy technique has
been improved and the number of cores for single biopsy greatly
increased, the false-negative rate by single biopsy is still relatively
high, remaining at about 30% 9, which is far from satisfactory.
Even patients, who have agreed to accept more extensive biopsies,
may still have significant PCA detection rates in repeat biopsies [".
Negative biopsy raises an important clinical dilemma, namely
what to do with the patient at this time, which finally results in the

need for a great number of repeat biopsies on patients with prior
negative biopsies to prevent missing the PCA which already exist
probably. Though PCA might be detected by repeat biopsies in
some patients, the opportunity of surgery may be lost by the long
period of diagnosis. While other patients will never be diagnosed
with this disease throughout their lives, but they have to suffer
from severe stress, unnecessary pain, and expensive medical cost .

As yet, no parameters have been agreed that would prevent a
patient in this situation undergoing an unnecessary repeat biopsy.
To our opinion, a new method that could identify individuals with
negative biopsies who do have PCA undetected by biopsy, and
differentiate them from those who do not have the disease would
be of great benefit.

1 Field effect theory of carcinogenesis

Field effect, which is also known as field cancerization, is
well documented process of malignant transformation.

Early to 1953, Slaughter et al. proposed the term field cancer-
ization to explain the presence of multifocal head and neck can-
cers developing out of a field of precancerous change that had de-
veloped as a consequence of carcinogen exposure .,

This theory was expanded by Braakhuis et al. who proposed
that the field was in fact a clonally expanded area of mutated cells
19 Clonally expanded mutated patches have been noted previously
in dysplastic and phenotypically normal mucosa of colitis patients
UL Multistep field cancerization indicates two levels of cancer
progression: molecular progression whereby histological normal
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looking cells undergo sequential cumulative acquisition of genom-
ic damage, and phenotypic progression whereby a neoplastic cell
accumulates genetic alterations and undergoes further phenotypic
changes (e.g., from intraepithelial neoplasia to various stages of in-
vasive cancer).

Significantly, evidences for such malignancy associated
changes have been found in other organs such as bladder ™,
cervix M and breast .

Some researchers have also observed similar phenomenon
from PCA. Yu et al. have explored the feasibility of predicting
PCA aggressiveness by gene expression analysis 1%, To their sur-
prise, the heterogeneity in gene expression is not only limited to
cancer region. There were 1022 genes differentially expressed in
prostate tissue adjacent to cancer samples in comparison with
donor prostate tissue which totally free of this disease. And most
of these genes (more than 70%) were similarly altered expression
in tumor samples. This serendipity suggested that the patterns of
gene expression in tissue adjacent to cancer are much more similar
“field effect”
hypothesis. The study of Chandran et al " provided further evi-

to cancer focus than donor prostate, supporting the

dences for Yu etal !, On the other hand, Mehrotra et al. have in-
vestigated the magnitude and spatial dependence of the field effect
by measuring methylation ratio of several relative biomarkers at
different location in prostatectomy sample ¥, The results revealed
that RARB2 showed the most pronounced field effect which up to
3 mm from the malignant core in prostate. And they believed that
the Examination of RARB2 methylation status in conjunction with
histology could decrease the false negative rate in prostate biopsy
and may provide prognostic value.

2 Clinical implications

An important clinical utility of field cancerization is in com-
plementary evaluation of pathologic biopsy specimen. Currently,
biopsies for PCA diagnosis are reviewed by histology - the gold
standard, and the absence of abnormal cells often precludes the di-
agnosis of cancer. However, histological normal biopsy specimen
that possess molecular signatures of cancer fields suggest either
the tumor was missed by the biopsy procedure, or that some cells
in the tissue are progressing towards malignancy. Such high risk
patients will require close surveillance for early detection of this
disease.

In this paper, we propose the hypothesis that PCA could also
show field effect - histological normal appearing tissues adjacent
to cancer focus, would develop similar molecular changes like
cancer.

It is reasonable to speculate that genetic alterations occur
even before cells are morphologically transformed. Therefore, we
believe that detecting and monitoring of altered expression of
proper biomarkers being able to reflect field effect, could identify
individuals with PCA significantly earlier than they are currently
diagnosed. In addition, it could allow us to limit the numbers of re-
peat biopsies that would need to be used for clinical evaluation.

Based on this theory, several markers for PCA field effect
which meeting above-mentioned demand have been developed,

such as early prostate cancer antigen (EPCA) ™ and non-func-
tional cytolytic P2X; receptors **, which showed superior sensi-
tivity and specificity in small diagnosis trials, and almost solved
the paradox of misdiagnosis of PCA perfectively.

Dhir et al have reported that a significantly higher level of
constitutive Stat3 activity could be detected in both prostate carci-
nomas and matched normal prostate tissues adjacent to tumors
compared to normal prostates from donors without prostate cancer
231, Based on this observation, we carried out a research of detect-
ing P-STATS3 expression for early detection of PCA, and received
relative satisfied results as followed: on one hand, P-STAT3 might
be a proper marker for field effect of PCA which expressed in ad-
jacent normal tissues as tumor focus but absent for tissues from
prostates without tumor; on the other hand, P-STAT3 could be
used as a candidate diagnostic tool for selecting PCA patients from
population of negative biopsies with a relative high accurate
(80.8% for sensivity, and 76.3% for specificity); last but not the
least, this program could indicate the development of PCA earlier
than current diagnostic routine for PCA ™,

Subsequent investigations with larger patient sets designed as
prospective and retrospective studies will be needed to evaluate
the usefulness and efficacy of these markers of PCA field effect in
the clinical arena. Depending on the results of these studies, there
will be a need to design new algorithms for evaluation and assess-
ment of patients with suspected PCA ®. Patients selected by field
effect markers for suspect PCA, should be followed closely and
carried out more extensive repeat biopsies soon to confirm PCA
earlier, while other patients left by these markers might possibly be
followed less frequently and aggressively.

3 Conclusions

To our knowledge, early detection of PCA is a key to com-
plete cure and ideal prognosis. But current diagnostic program
with prostate biopsy was far from satisfaction. The process of car-
cinogenesis often involves stepwise progression of molecular
events. These processes are represented by the presence of field ef-
fect in the adjacent normal tissues. Based on this theory, detecting
proper markers capable of reflecting field effect may act as an ad-
junctive to the current diagnostic method by selecting individuals
who have cancer foci that are unfortunately missed by initial biop-
sy who should be carried out repeat biopsies soon for earlier diag-
nosis of PCA, while other patients left by these markers might be
confirmed as free of PCA and followed infrequently and mildly.

Although the mechanism of the theory of field effect is still
unclear, the current situation of PCA diagnosis will be greatly
changed by validating the confidence of markers reflecting this
theory by further large cohort diagnostic trials for PCA.
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