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Among men, cancers of the prostate, lung and bronchus, and 
colorectum will account for about 50% of all newly diagnosed cancers. 
Prostate cancer alone will account for 27% of incident cases in men 
[1]. Prostate-specific antigen (PSA) is one of the most widely used 
tumor markers and will continue to be a first line biomarker for 
prostate cancer management, but it has severe limitations mainly due 
to its low specificity and low negative predictive value [2]. Today, a 
new generation of biomarkers is emerging, consisting of serum-, 
urine-, and tissue-based assays that may supplement PSA testing, or 
replace it over time [3]. Diagnostic biomarkers should be sensitive and 
specific enough to show whether disease is present; however, the levels 
of most biomarkers overlap between tumor and normal tissues [4]. 
Consequently, it remains difficult to identify an ideal biomarker with 
enough discriminatory power for an accurate diagnosis of prostate 
cancer [4]. Histological evaluation remains the gold standard. The 
improvements in biopsies have resulted in an increase in early-stage 
tumor detection, although this procedure is highly invasive, offers a 
low level of accuracy (i.e. only 30% detection rate at the first biopsy) 
and is prone to various complications [5]. It has been reported that 
the major challenge for any molecular test is its ability to reliably 
detect mutations in samples consisting of mixtures of tumor cells and 
their normal counterparts [6]. Morphologically, prostate cancers look 
alike, even though they may be vastly different at the molecular and 
behavioral level. Tumors histologically may be composed of hundreds 
of “molecular disease” subsets observed for genomic aberrations [7]. The 
conception of anatomical entities as a hierarchy of infinitely graduated 
forms and the increase in the number of observed anatomical sub-
entities and structural variables has generated a growing complexity, 
thus highlighting new proprieties of organized biological matter [8]. 
Every anatomical tissue is capable of expressing a particular function 
in a particular context and its different “configurations” emerge 
from structures organized in overlapping hierarchical levels [8]. It 
must be emphasized that observed morphological patterns might 
often be conceptualized as “macro-scale manifestations” of “micro-
scale processes”. Observed “patterns” are generated or influenced by 
multiple processes and controls, which operate at multiple “spatial” 
and “temporal” scales, both larger and smaller than the scale of 
observation [9]. It is known that prostate cancer is increasingly as 
being a highly heterogeneous disease. Likely to other solid tumors, 
this heterogeneity is manifested at both genetic and phenotypic level, 
and primarily determines the “self-progression” of neoplastic disease 
and its response to therapy [10,11]. High-throughput sequencing 
of tumor samples has shown that most tumors exhibit extensive 
intra-tumor heterogeneity, with multiple subpopulations of tumor 
cells containing different somatic mutations [12]. Tumors progress 
through a sequential series of genetic alterations but the order of these 
alterations can vary among tumors and even among different areas of 
the same tumor. The dynamics of prostate cancer is discontinuous in 
“space” and “time”. It advances through qualitatively different “states”, 
i.e. the configuration patterns that are specified by a great number of
dynamic variables. The parameter “time”” depends on a large number
of variables that are non-linearly interconnected in a multitude of ways, 
thus making it extremely difficult to predict the exact time interval
between two successive states [13]. It has been showed that the decisive 
step in prostate carcinogenesis is the result of an irreversible qualitative 
change in one or more of the genetic characteristics of cancer cells, and 
that tumors have somatic mutations and epigenetic changes [4,14].

Although this modification governs the transformation of normal 
human cells into malignant cancer cells, it may or may not lead to visible 
changes in their “cytological” or “histological” structures [15]. In men 
with an initial negative prostate biopsy and with a persistent suspicious 
of prostate cancer microscopically normal but genetically altered cells 
may acquire mutations or epigenetic alterations that can initiate the 
development of a tumor of the same or a different histological type. 
Analysis of the initiation and progression of prostate cancer cells from 
their normal counterparts and the intra-tumor heterogeneity raises 
two questions: a) what are the proprieties shared by cancer and natural 
cells? And b) to what extent are these proprieties shared? This can be 
explained using the concept of “emergence”, which defines a biological 
tissue as a “complex system” consisting of different cell types that are 
interconnected at many organizational levels, have various degree 
of complexity, and are governed by specific laws that only operate at 
a particular level [16]. Emergence is a seminal concept that denotes 
the principle that the “emergent” global proprieties defining higher 
order system, i.e. tissue or “wholes” cannot generally be reduced to the 
properties of the lower order subsystem or “parts”, i.e. cells. We shall 
here use the word “emergence” to mean the appearance of unexpected 
structures and / or the occurrence of surprising behaviors in tissue 
consisting of sub-microscopic non-identical parts: i.e. structures and 
behaviors that are not intuitive or simply predictable. This “multiscale 
causality” not only recognizes multiple processes and controls acting 
at multiple scales but, unlike a strict reductionist approach, may also 
recognize the fact that relevant “first principles” may reside at scales 
other than that the smallest micro-scales. In other words, the observed 
phenomenon at each scale has structural and behavioral proprieties that 
do not exist at lower or higher organizational levels [17]. In addition, 
although each of the spatial scales may have multiple temporal scales, 
biological process that take place at a lower scale generally happen much 
faster than those at a higher scale [16]. It is now clear that “prostate 
cancer” admits many descriptions (ways of looking at the system), 
each of which is only partially true. Each way of looking at a “cancer 
system” requires its own description, its own mode of analysis and its 
own breakdown into different parts. Histology or genetic tests alone 
may not adequately segregate tumors for supporting clinical decisions. 
Therefore a multi-level approach makes it possible the recognition of 
neoplastic cells disguised using a single technique. Application of these 
concepts promises to be useful for analyzing and modeling prostate 
cancer development and progression. Looking prostate cancer behavior 
across multiple biological scales in space and time promise not only to 
refine hypothesis, focus experiments and more accurate predictions, 
but also improve our abilities to define more efficient prostate cancer 
therapeutic strategies.
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