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Abstract: Professor Donald Coffey and his laboratory pioneered studies showing the relationships between nuclear 
shape and cellular function. In doing so, he and his students established the field of nuclear morphometry in pros-
tate cancer. By using perioperative tissues via biopsies and surgical sampling, Dr. Coffey’s team discovered that 
nuclear shape and other pathologic features correlated with clinical outcome measures. Cancer cells also exist 
outside of solid tumor masses as they can be shed from both primary and metastatic lesions into the circulatory 
system. The pool of these circulating tumor cells (CTCs) is heterogeneous. While some of these CTCs are passively 
shed into the circulation, others are active metastasizers with invasive potential. Advances in nanotechnology now 
make it possible to study morphologic features such as nuclear shape of CTCs in the bloodstream via liquid biopsy. 
Compared to traditional tissue sampling, liquid biopsy allows for minimally invasive, repetitive, and systemic disease 
sampling, which overcomes disease misrepresentation issues due to tumor temporospatial heterogeneity. Our team 
developed a novel liquid biopsy approach, the NanoVelcro assay, which allows us to identify morphologic hetero-
geneity in the CTC compartment. By applying classical methods of nuclear morphometry, we identified very small 
nuclear CTCs (vsnCTCs) in prostate cancer patients. Our initial studies showed that vsnCTCs strongly correlated with 
unfavorable clinical behaviors including the disposition to visceral metastases. These approaches may continue 
to yield additional insights into dynamic clinical behaviors, which creates an opportunity for more comprehensive 
and accurate cancer profiling. Ultimately, these advancements will allow physicians to employ more accurate and 
personalized treatments, helping the field reach the goal of true precision medicine. 
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Introduction

This article is part of a special issue, dedicated 
to Donald S. Coffey, PhD. The relationship 
between cell and nuclear shape and cellular 
function has long been studied and taught by 
many including Prof. Donald Coffey [1-3]. 
Particularly, the Coffey lab showed there is an 
intimate relationship between nuclear shape 
and nuclear matrix composition [1, 4, 5]. These 
findings led to several studies in the area of 
nuclear morphometry by Coffey and Partin 
showing relationships between nuclear shape 
and cellular function [5-10]. The bulk of these 

studies focused on analysis of perioperative  
tissue given their accessibility by biopsy or sur-
gical sampling. As the field of cancer biology 
moved forward, newer means of studying can-
cer biology arose, including the capability of 
studying cancer cells that exist within the blood-
stream. Even with current advances, the les-
sons of the past continue to apply.

The need to go beyond tissue analysis in pros-
tate cancer

Histopathologic evaluation of sampled tissue is 
currently considered the gold standard for can-
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cer diagnosis. The evaluation of tissue samples 
always includes characterization of cellular  
features including nuclear size and shape. 
Additional insight can be gained from immuno-
histochemistry and profiling of DNA/RNA con-
tent. Tissue-based studies have fueled advanc-
es in the field of cancer biology. However, this 
practice relies upon tissue specimen acquisi-
tion either by surgical excision or needle biopsy. 
This requirement presents certain limitations 
that are particularly difficult in prostate cancer 
(PCa). The procedures used to obtain tissues 
samples may be invasive and costly. Tissue col-
lection can be limited by the risk of patient mor-
bidity and psychological stress. In the setting of 
metastatic disease, the location of tumors can 
pose technical challenges for acquisition. A 
common feature of metastatic PCa is the devel-
opment of osteoblastic metastasis in bone. 
Sampling of these lesions often requires spe-
cial equipment such as drills capable of cutting 
through calcified bone matrix. In addition, the 
operator must have the technical skills to iden-
tify areas where active tumor resides to ensure 
sampling of viable cells as opposed to calcified 
bone matrix lacking active tumor cells. Finally, 
recent studies showing temporospatial hetero-
geneity [11-17] within a tumor raises concerns 
regarding the accuracy of using a single biopsy 
sample as a representative sample of the 
molecular nature of a spatially heterogonous 
cancer. The most relevant or most aggressive 
features may be missed by a lack of sampling. 

While these limitations are important, they do 
not suggest that tissue analysis is not without 
value. They do, however, point toward a need to 
find creative solutions to apply these lessons in 
different settings.

Liquid biopsy and contemporary CTC techno- 
logy

Liquid biopsies have been proposed as a 
means of addressing some of the limitations 
discussed above. Different components in the 
bloodstream can be utilized for this purpose. 
These include both CTCs and cell free DNA. In 
this article, we will focus on the entity of CTCs 
given feature of this approach.

Since the 1970s, scientists have hypothesized 
that tumors cells shed by primary and meta-
static tumors must be located in the circulation 
[18-21]. Within this pool of CTCs are those that 

are passively shed by the shearing forces of 
blood passing over tumor surfaces (both pri-
mary and metastatic). Additionally, this same 
pool contains cells that have lost contact inhi- 
bition and have invaded into the vasculature 
with the capability of re-invading into distant 
sites prior to establishing metastatic coloniza-
tion. These cells are easily obtained through 
clinical phlebotomy. As such, sampling of CTCs 
can be more frequent than a tissue biopsy. In 
fact, it is possible to routinely sample blood for 
years over the natural course of a cancer, thus 
providing an opportunity to study the dynamics 
of an evolving disease in real time [22]. 

CTCs are very rare cellular events (in compari-
son to leukocyte or even red blood cells) in the 
bloodstream. Innovation in the field has led to 
the development of several platforms capable 
of identifying and even enumerating CTCs. In 
2004, the FDA cleared the CellSearchTM assay 
[23-25] for clinical use in metastatic breast 
cancer. The assay was later cleared for PCa in 
2008 [25]. While an important step for the 
field, the approved form of the assay is known 
to have multiple limitations including the need 
for cellular fixation and relatively low-resolution 
image quality that prevents the end user from 
studying morphologic features.

These limitations have fueled developments of 
newer technologies and approaches that have 
improved our ability to study and understand 
the cells within the circulatory compartment. In 
particular, advances in materials science engi-
neering, fluid mechanics, chemical engineer-
ing, and biomedical engineering have brought 
the field of nanotechnology to address limita-
tions faced by cancer biologists. This in turn, 
created a revolution in the field of cancer 
biology.

A plethora of new technologies has become 
available for the study of CTCs in the blood-
stream. Each system was engineered to add- 
ress specific problems. As such, we will focus 
this review on the NanoVelcro Assay, a system 
that our joint CSMC/UCLA team has developed 
to address issues of selectively capturing and 
studying the morphology and biology in CTCs.

Application of NanoVelcro assay in CTC analy-
sis

Over the past decade, collaborative and inter-
disciplinary efforts have focused on CTC detec-
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tion, isolation, and characterization [26]. Our 
group has developed a suite of nanosubstrate 
microfluidic platforms for capturing and study-
ing CTCs, named the “NanoVelcro” Assay [22, 
27, 28]. The NanoVelcro Assay utilizes a silicon 
nanowire substrate (SiNS) for capturing CTCs.
The mechanism of capture strongly mimics the 
physical interaction between the complemen-
tary faces of a Velcro fastener [29]. In particu-
lar, the surface of a CTC is characterized by 
almost fractal-like structural folds that create 
hair-like projections with a large surface area 
suitable for interaction with a nanostructured 
like NanoVelcro. In this approach, the CTCs  
are coated with a mixture of biotinylated cap-
ture antibodies (such as anti-EpCAM) and run 
through a microfluidic channel that forces inter-
action of the CTCs with the SiNS covered in 
streptavidin. In this fashion, the system utilizes 
the strength of the biotin-streptavidin interac-
tion to effect capture. The NanoVelcro platform 
has demonstrated CTC capture efficiency that 
ranges from 40 to 70% in stationary device  
settings [30]. Our team simultaneously devel-

oped an immunocytochemistry protocol to  
further verify an immobilized cell as a CTC. 
Finally, all captured cells are reviewed using 
single cell image cytometry to verify DAPI stain-
ing, CK/CD45 expression, and object size. In 
the NanoVelcro Assay, an object is called a  
CTC when the following criteria are met: DAPI+, 
cytokeratin (CK)+, CD45-, size over 6 µm. 
Nonspecifically captured white blood cells 
(WBC) have a different profile: DAPI+, CK-, 
CD45+, size over 12 µm [22]. Using purpose-
fully engineered variations on the configuration 
of the NanoVelcro surface, we have developed 
multiple generations of NanoVelcro chips that 
are suited for a range of biomedical applica-
tions (Figure 1). 

1st generation NanoVelcro assay: enumeration 
and immunocytochemistry (ICC)

The first generation of the NanoVelcro chip is 
marked by lithographically patterned SiNS with 
an overlaid polydimethylsiloxane (PDMS) micro-
fluidic chaotic mixer (Figure 2). The PDMS cha-

Figure 1. Conceptual illustration of four generations of NanoVelcro Assay developed by UCLA team. The 1st gen-
eration NanoVelcro chip [45, 46], composed of silicon nanowire substrate (SiNS) in conjunction with an overlaid 
microfluidic chaotic mixture, was created for CTC capture and enumeration. The 2nd Gen NanoVelcro-LMD (laser 
microdissection) chip [33-35] was designed for the isolation of captured CTC. The 3rd generation ThermoResponsive 
NanoVelcro chip [37, 38] utilized temperature driven conformation change of polymer brushes to achieve the cap-
ture and release of viable CTCs at 37°C and 4°C, respectively. The 4th gen Sweet Chip [39] utilized the competitive 
binding of sorbitol to phenylboronic acid (PBA) to gently release captured CTC was intact molecular integrity.
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otic mixture roof has herringbone structures 
which induce vertical flow in the microchannels 
[31], thus increasing the frequency of contact 
between cells and the nanosubstrates. The 
captured CTCs are then stained and enumer- 
ated using our ICC protocol. Briefly, the Nano- 
Velcro chip is stained with immunofluorescent 
antibodies for DAPI, cytokeratin (CK), and 
CD45. Imaging was performed using upright 
fluorescence microscope (Eclipse 90i, Nikon) 
[32] under 40× magnification with DAPI, FITC, 
and TRITC corresponding with nuclear, CK,  
and CD45 staining, respectively. The chip is 
scanned using a semi-automated motorized 
stage and images of individual CTCs are 
reviewed using the Nikon Elements 2.0 soft-
ware package. CTC candidates are defined as 
objects that are DAPI+, CK+, CD45- with a size 
over 6 µm. The final images are reviewed by  
a cytopathologist to ensure the calls are mor-
phologically consistent with an epithelial cell. 
The 1st generation NanoVelcro chip is able to 
capture CTCs at a remarkable efficiency (>85%) 
[22]. In a side-by-side comparison study using 
clinical samples, the NanoVelcro assay per- 
formance exceeded that of the CellSearchTM 
assay [22]. As the CTCs are immobilized onto a 
small, flat surface, the NanoVelcro platform 
does not require multiple cross-sectional imag-
ing scans. Instead, chips are reviewed using a 
single Z-plane, high-resolution, immunofluores-
cence microscopy [22]. In an early study, blood 
samples were obtained from 40 PCa patients 
(8 with localized disease and 32 with metastat-

ic disease) for use with the NanoVelcro assay. 
CTCs were identified in all patients. Additional 
blood samples were obtained at intervals 
between 4-10 weeks of therapy and continued 
through a follow-up period of over 460 days. 
CTC counts mirrored the clinical behavior. 
Declines in counts was associated with a  
benefit from treatment whereas elevation of 
counts was associated with disease progres-
sion [22]. The 1st generation NanoVelcro chips, 
along the ICC protocol, have since been used 
primarily for CTC enumeration.

2nd generation NanoVelcro assay: molecular 
profiling of single cells

Despite the capability of the 1st generation 
NanoVelcro chip to perform reproducible detec-
tion of CTCs, two challenges needed to be 
addressed: the limitations of EpCAM and the 
need to look beyond surface chemistry.

It is well recognized that EpCAM expression  
varies across the range of solid tumors. In PCa, 
during certain molecular transitions (e.g. epi-
thelial-to-mesenchymal), EpCAM expression 
can be suppressed. Thus, we and others identi-
fied a need to consider other capture app- 
roaches (beyond EpCAM). Moreover, cell sur-
face chemistry is clearly important, but there 
remains a wealth of information within the cell 
that goes well beyond cell surface proteins [33-
35]. The 2nd generation NanoVelcro assay was 
designed to address both issues. Thereafter 
known as the NanoVelcro-LCM (laser capture 

Figure 2. A and B. Configuration of 1st gen NanoVelcro Assay. Composed of silicon nanowire substrate (SiNS) with an 
overlay of microfluidic chaotic mixture to ensure vertical flow and enhanced cell capture capability. 
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microdissection) approach, this platform re- 
placed the non-transparent SiNS with a trans-
parent poly (lactic-co-glycolic acid), or PLGA, 
embedded substrate onto a commercially  
available laser microdissection (LMD) slide 
[22]. This was followed by streptavidin binding 
and conjugation to biotinylated capture agent 
coated target cancer cells from whole blood 
samples (Figure 3A). Our team explored anti-
CD146, a melanoma specific capturing agent, 
to test the platform’s efficiency in capturing cir-
culating melanoma cells (CMCs) (Figure 3B) 
[22]. We also established a new ICC staining 
protocol based on melanoma specific markers: 
Mart1 and High Molecular Weight-Melanoma 
Associated Antigen (HMW-MAA). CMCs are 
determined by DAPI+, Mart1+, HMW-MAA+, 
CD45- and 40 mm > cell diameter >10 mm, 
WBC are determined by DAPI+, Mart1-, HMW-
MAA-, CD45+ and cell diameter <10 mm [22]. 
The 2nd generation platform mirrored the cap-
ture efficacy of the 1st generation NanoVelcro 
chips. Furthermore, the 2nd generation Nano- 
Velcro substrate allowed for integration of  
LCM technology, where after capture and ICC 
validation, single CMCs were identified and har-
vested using laser capture microdissection 
(Figure 3C) [22]. After isolation, single CMCs 
underwent whole genome amplification (WGA) 
prior to sequencing. The team improved upon 
initial usage of PCR-based WGA by incorporat-
ing a multiple displaced amplification (MDA) 
reaction to amplify CMC DNA in long fragments, 
which reduced amplification error. This 2nd gen-
eration system was then used to study individu-
al CTCs in PCa in a collaboration with the Beijing 
Genome Institute. We were able to conduct 
whole genome sequencing (WGS) on 4 CTCs 

with more than 95% coverage. Using available 
patient samples, our team showed a striking 
degree of molecular similarity between CTCs, 
metastatic tumors, and even the primary tumor 
[36].

3rd and 4th generation NanoVelcro assay: rapid 
molecular profiling of viable CTCs

The shift towards molecular characterization 
and functional analyses drove the development 
of platforms that would enable CTC isolation at 
a lower cost and labor point, while still improv-
ing the quality of information that could be 
obtained [22]. The NanoVelcro-LCM platform, 
despite being able to isolate single CTCs, did 
not provide viable cells due to the fixation pro-
cess necessary for ICC. The platform also 
entailed high labor costs associated with a 
somewhat complicated platform design [22]. 
Our group brought forward a 3rd generation 
NanoVelcro platform to address these con-
cerns, which was named the ThermoRespon- 
sive NanoVelcro platform (TR-NanoVelcro)  
[37, 38]. This approached involved grafting 
thermoresponsive polymer brushes (i.e. poly 
(N-isopropylacrylamide) PIPAAm) onto the SiNS. 
Additionally, biotin groups were fixed onto the 
polymers to allow for anti-EpCAM conjugation. 
The system takes advantage of PIPAAm confor-
mational changes at 37°C and 4°C (Figure 4). 
The TR-NanoVelcro system demonstrated effi-
cient capture and release of viable single CTC 
(>70% recovery and >90% viable at 4°C) [38]. 
H1975 anti-EpCAM positive non-small cell lung 
cancer (NSCLC) cells were used as the model 
system to verify this platform. Two rounds of 
capture and release on the TR-NanoVelcro plat-

Figure 3. 2nd gen NanoVelcro-LCM assay for single-CTC isolation. (A) Configuration of 2nd gen NanoVelcro chip fo-
cused on replacing non-transparent SiNS with transparent PLGA nanofibers [35] to allow for laser capture microdis-
sections (LCM). (B) anti-CD146 used as capture agent for Circulating Melanoma Cells (CMC), streptavidin covalently 
conjugated to PLGA nanofibers mimicking the conjugation between streptavidin and SiNS nanowires of 1st gen 
NanoVelcro assays (C) Illustration of single cell isolation using LCM technology.
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form resulted in improved CTC purification, 
allowing EGFR point mutation analysis [22]. 
Sanger sequencing from CTCs from 7 NSCLC 
patient whole blood samples revealed a molec-
ular signature that strongly correlated with 
tumor tissues [22]. Ultimately, this assay dem-
onstrated the ability to isolate pure and viable 
CTC with intact nucleic acid content. This plat-
form can be adapted to create cancer cell lines 
from individual patients via ex vivo expansion, 
which can in turn be utilized for individualized 
drug therapy tests, creating more patient cen-
tric and patient specific oncological care [22]. 

The 4th generation NanoVelcro assay looked  
to further improve upon the cell viability and 
purity. Named the “Sweet Chip”, the 4th genera-
tion assay focuses utilization of surface chem-
istry and competitive binding to enhance CTC 
capture and release [39]. This platform brings 
certain features forward: First, the fabrication 
of poly (3,4-etylene-dioxythiophene) (PEDOT) 
based nanomaterial on the chip surface pro-
vides highly specific CTC capture after antibody 
conjugation. Second, sorbitol is utilized as a 
competitive binding agent to PEDOT, allowing 
for gentle release captured CTCs (Figure 5). 

Figure 4. 3rd gen ThermoResponsive NanoVelcro Assay. Illustration of temperature dependent conformational 
change of polymer brushes allowing for capture and release of purified and viable anti-EpCAM coated CTC at 37°C 
and 4°C respectively. 

Figure 5. 4th gen Sweet Chip NanoVelcro Assay. A. Capture antibody conjugates with phenylboronic acid (PBA) to 
immobilize and capture target cells. B. Sorbitol has stronger binding with PBA, allowing for gentle release of anti-
EpCAM coated CTC with intact RNA integrity. 
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The isolated CTCs in this system retain well-
preserved RNA transcripts, which allow for 
analysis of the gene expression of several  
PCa specific biomarkers (e.g. AR-FL, AR-V7, 
SchLAP1, FOLH1, KLK3). Along with the 3rd- 
generation assay, the Sweet Chip has been 
used in active research to understand the 
molecular nature of the CTC compartment.

The existing and forthcoming versions of our 
assay (and other CTC assays) in the field repre-
sent a growing toolkit for biologists and engi-
neers to use for studying the cellular informa-
tion in the bloodstream. By studying liquid tis-
sue (i.e. blood) in the same manner the field 
has studied solid tissue (i.e. biopsies and surgi-
cally resected material), we may further unravel 
the intricate biology of PCa and other malig- 
nancies. This give us an opportunity to study 
problems not well addressed by current ap- 
proaches.

Visceral metastases (VM) in prostate cancer: 
an important clinical problem

Visceral metastases are important clinical 
events that, upon detection, evoke concerns 
from treating oncologists and patients. Their 
appearance points toward organ failure from 
metastatic lesions and a short duration of sur-
vival for the patient in question. The typical 
approach of monitoring serum prostate specific 
antigen (PSA) is not an effective means of mon-
itoring for these important clinical events [32]. 
Less than 20% of patients who present with 
visceral metastasis are detected by standard 
clinical and/or radiographic detection methods 
[32]. As such, these VM events are typically 
caught late- i.e. at a time when intervention 
may not be able to substantially alter clinical 
course. This problem is likely to become more 
urgent now that newer, more potent androgen 
receptor signaling inhibitors are being used 
early in the natural history of this disease. It  
is likely that the biology we have associated 
with late-stage, metastatic, castration-resis-
tant PCa may be altered substantially by the 
biological pressures on the AR axis. As such, 
dealing with treatment refractory PCa in the 
21st century may no longer look like the “hor-
mone-refractory” prostate cancer studied in 
the 1980s and 1990s.

Using a liquid biopsy to study VM

During the evolution of the CTC field, our group 
and others recognized that the pool of CTCs 

was extremely heterogeneous with respect to 
the shape of those captured cells from any 
given patient. This heterogeneity seemed to 
change over time and in the face of various 
treatments. With refinements in microscopy, it 
became readily apparent that classical patho-
logical approaches could be used to describe 
various subsets of cells within this pool [40, 
41]. It has been proposed that morphologic 
analysis may have prognostic value in a fashion 
akin to what is done with tissue-based 
analysis.

Liquid biopsies provide a means to gather real 
time patient status through minimally invasive, 
serially obtainable, and highly sensitive man-
ner. The 1st generation NanoVelcro ICC assay 
has proven itself to be highly efficient in the 
capture and enumeration of CTCs from patient 
whole blood. This assay also preserves nuclear 
morphology extremely well through the capture 
and enumeration processes. As such, it is pos-
sible to use this approach to efficiently study 
nuclear morphology without the use of large 
volumes of imaging data. Since CTCs on the 1st 
generation chip sit on a single horizontal plane 
of focus, the chip may be imaged with a single 
automated sweep for focused image capture 
well suited for human review [32]. Using this 
system, we identified 3 distinct populations  
of PCa CTCs based on nuclear size that appear 
to associate with variations in metastatic 
patterns.

vsnCTCs and visceral metastases

Our group identified and characterized CTCs 
from annotated specimens from a sample of 
PCa patients that spanned the range of meta-
static burden and sites. Donning a classic 
pathology mindset, we sought to identify any 
potential relationships between cellular shape 
and clinical behavior. In considering various 
features that could be used, the simplest and 
most reproducible was nuclear size. 

We assembled 148 serial blood samples from 
57 PCa patients. Samples were heavily anno-
tated with respect to clinical outcome and dis-
ease state. Patients were classified by the loca-
tion of metastatic states: non-metastatic, non-
visceral (osseous and/or nodal), and visceral 
(hepatic and/or pulmonary) [32]. Between 1 
and 11 enumeration studies were completed 
for each patient. Imaging was performed using 
upright fluorescence microscope (Eclipse 90i, 
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Nikon) [32] under 40× magnification with DAPI, 
FITC, and TRITC corresponding with nuclear, 
CK, and CD45 staining, respectively. Selected 
CTCs were furthered scanned at 100× or  
400× magnification before manual pathologi-
cal review (Figure 6A) [32]. This analysis identi-
fied 3 different populations of CTCs based on 
nuclear size: large nuclear CTC (lnCTC, nuclear 
size >15 µm), small nuclear CTC (snCTC, nucle-
ar size 8.5 µm < nuclear size <15 µm), and very 
small nuclear CTC (vsnCTC, nuclear size <8.5 
µm) (Figure 6B) [32]. Patients without meta-
static lesions had CTCs classified mostly as 
lnCTC (62%). Patients with bone and nodal 
metastases has CTCs classified mostly as 
snCTC (51%). Strikingly, those patients with vis-
ceral metastases had CTCs largely composed 
of vsnCTCs (65%) [32]. Overall, snCTC + vsnCTC 
counts correlated strongly with metastatic 
patients, with vsnCTC counts being able to spe-
cifically distinguish between non-visceral and 
visceral metastatic patient cohorts (Figure 6C) 

[32]. In the published study, there were patients 
with metastatic PCa who developed VM. Twelve 
of the 15 patients blood collections initiated 
when VM were already present. An additional 3 
patients started blood collections when they 
had only osseous and/or nodal metastasis. 
These 3 patients later developed VM. vsnCTCs 
were detected in all 15 of these patients. 
Furthermore, in the 3 patients who developed 
VM during the course of their blood collections, 
vsnCTCs were detected prior to radiographic 
detection of VM with a lead time of between 
104 to 196 days [32]. These particular CTCs 
show strong correlation with VM in PCa and are 
being further studied as a prognostic biomark-
er of disease progression.

Conclusion

The breakthroughs in molecular and cellular 
biology allowed for tremendous advancement 
in the field of prostate cancer. While many inno-

Figure 6. Sub-classification of CTCs based on nucleus size. A. Captured cells from whole blood of 57 prostate 
cancer patients undergo Immunocytochemistry (ICC) staining before scanning and manual pathological review for 
CTC confirmation [32]. Confirmed CTCs nuclear dimensions are measured. B. Sub-classification of three groups of 
CTCs based on nucleus size: large nucleus CTC (lnCTC, nuclear size >15 µm), small nucleus CTC (snCTC, nuclear 
size 8.5 µm < nuclear size <15 µm), and very small nucleus CTC (vsnCTC, nuclear size <8.5 µm). C. Statistically 
significant higher snCTC + vsnCTC counts were found in metastatic prostate cancer (PC) patients comparing with 
non-metastatic PC patients. Also, statistically significant higher vsnCTC counts were found in viceral metastasis 
patients comparing with non-visceral metastasis patients [32].
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vations are focused on understanding genetics 
and genomics of prostate cancer, the founda-
tion of classical pathology still plays a crucial 
role in the current oncology practice. Undoubt- 
edly, aberrations at the DNA, RNA, and protein 
level are important to our understanding of 
cancer. At the same time, classical shape anal-
ysis still provides useful information without 
the requirement for complicated informatics  
or technology. By applying classical pathologi-
cal and histomorphometric analysis to the cells 
in circulation, we and others have begun to 
more fully appreciate the value of circulating 
tumor cells from a “liquid biopsy”. The merging 
of modern technology and classical analytics 
makes it possible to obtain large amounts of 
disease information without incurring great 
costs or suffering to the patient. 

Dr. Coffey spent much of his career speaking 
with students about the importance of chaos, 
complexity, and self-organization [42-44]. One 
central theme of his teachings was the inti- 
mate relationship between shape, genomics, 
and function. This concept runs from the mac-
roscopic organism to organs, cells, and even  
to an individual chromosome. Our efforts to 
understand the relationship between circulat-
ing tumor cells, their shape, and their respec-
tive clinical outcome follow the grand tradition 
inspired by Dr. Coffey’s doctrines.

We hope by combining emerging technology 
with classical and novel concepts, we may be 
able to provide creative solutions to patients 
with PCa and other malignancies. The frontiers 
of science in PCa have now been assailed with 
cutting-edge nanotechnology. We believe that 
this field will continue to grow at a rapid pace 
allowing for fruitful collaborations between phy-
sicians, biomedical engineers, and cancer biol-
ogists. By doing so, we realize a vision set forth 
by The Chief, himself- a grand merging of engi-
neering, physics, biology, medicine, and ulti-
mately philosophy. While this is a small effort in 
that spirit, we among the army left behind by  
Dr. Donald S Coffey continue to heed his battle 
cry in our efforts to defeat prostate cancer: 
“Charge!!!”.
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Samuel Oschin Comprehensive Cancer Insti- 
tute, Cedars-Sinai Medical Center, 8700  
Beverly Blvd, Los Angeles, CA 90048, USA.  
E-mail: Edwin.Posadas@csmc.edu
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