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ABSTRACT
Article history: Primary malignant circulating prostate cells (CPCs) are those detected in blood before
Received: 21-09-2016 definitive treatment for prostate cancer. CPCs can be detected in men with benign prostate
Accepted: 01-12-2016 disease; however, some methods to distinguish between benign and malignant prostate
Published: 16-12-2016 cells have to be validated. This study presents a review of the subject, including theoretical

considerations for the selection of markers to detect them, the different methods used, and the
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INTRODUCTION changes and the aging population, the number of men

with this cancer has steadily increased. The natural
Prostate cancer is the most common tumor diagnosed  history of untreated prostate cancer is one of evolution
in men in the Western world. With demographic to a metastatic disease, especially disseminating to
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bone, over a variable time period.

Two large questions have yet to be answered: (1)
what is the role of prostate cancer screening? (2)
what treatment is appropriate for men diagnosed with
prostate cancer? An ideal prostate cancer screening
test would not detect all prostate cancers, but only
those prostate cancers which have the potential to
cause harm to the patient. At present, the only widely
used screening test is serum total prostate-specific
antigen (PSA), which in a range of 4-10 ng/mL is
associated with a positive biopsy rate for all cancers
of approximately 30%.!" of which it has been estimated
that 23-42% of screen detected prostate cancers are
over treated.”” Men with clinically insignificant prostate
cancers who were never destined to have symptoms
or altered life expectancy may not benefit from knowing
that they have the “disease.” The detection of clinically
insignificant prostate cancer may be considered an
adverse effect of the prostate biopsy.

Screening for prostate cancer remains controversial.
The two large studies published in the United States
and Europe produced different results;** as a
consequence, the American Urology Association
guidelines do not recommend screening in men
over 70 years or in those with less than 10 years’
life expectancy.® However, they recognize that
some elderly men who are healthy may benefit from
screening. Why the controversy? Presently, a new
diagnosis of prostate cancer is nearly always in men
with an elevated screening serum total PSA who have
been referred for a prostate biopsy. Serum total PSA
is prostate specific. However, it is also increased in
benign diseases such as hyperplasia and prostatitis.**!
In fact, 10-20% of men aged 50 years and 70 years
will have a raised PSA, but only 25% of those with a
serum total PSA of 4-10 ng/mL will be found to have a
biopsy positive for cancer.®! Moreover, the frequency
of men with an elevated PSA and benign biopsy is
country dependent!” and may be significantly different
between rural and metropolitan populations in the
same country.

To complicate matters further, not all prostate cancers
need treatment. It has been estimated that 23-42% of
screen-detected prostate cancers are over treated.?
For every 100 men with an elevated PSA between
4 ng/mL and 10 ng/mL, only about 14 will have a
clinically significant prostate cancer detected. Eighty-
six will undergo a biopsy, with its associated risks, for
what is found to be a benign disease. Infection and
hemorrhage are the main potentially serious side
effects of prostate biopsy, with a 30-day complication
rate of 3.7%, especially in older patients.® Therefore,

avoiding unnecessary biopsies is a worthwhile aim if it
does not prejudice the number of clinically significant
cancers detected.

Active surveillance is a recognized initial treatment
option for men with early stage low-grade prostate
cancer. The option to delay or avoid definitive
therapy avoids or minimizes patient morbidity without
compromising long-term outcomes in appropriately
selected patients.!'%""! According to the Prostate Cancer
Intervention Versus Observation Trial,'"? men with low
risk disease (defined as a PSA < 10 ng/mL, a Gleason
score < 6, and T stage 1 or 2a) had no difference
in all-cause mortality and prostate cancer-specific
mortality, or in rate of progression to bony metastasis,
when assigned to radical prostatectomy or to active
observation. The criteria for active observation (AO)
according to Epstein et al.l"® are a diagnosis of prostate
cancer, with three or fewer of the 12 prostate biopsy
cores positive for cancer. That no single biopsy core
with > 50% infiltration and a PSA density < 0.15 ng/mL.
Using these criteria to select patients with “insignificant
disease” has a positive predictive value of 95% and
a negative predictive value of 66%.'"¥ These men
are actively followed up with repeat annual biopsies.
The timing of intervention after the initial diagnosis is
based on variables such as PSA kinetics, Gleason
grade progression, patient preference, and clinical
or radiologic evidence of disease progression.!'%1
An increase in the Gleason score at repeat biopsy is
predictive of the time to active treatment and correlates
with patient outcome.l's! It has been reported that
Gleason score progression occurs in approximately
20% of men, with more than 50% of cases occurring
within two years of the initial diagnosis.['! However, a
similar increase is seen in men subjected to immediate
repeat biopsy when entering an AO program.!'® This
short time interval, when compared with the long natural
history of prostate cancer, suggests that sampling error
rather than tumor progression is probably the primary
source of tumor upgrading in these men.

The use of other biomarkers, such as circulating
prostate cells (CPCs), could be useful in re-categorizing
the patients who could be more adequately treated
by active surveillance. One such biomarker could
be circulating tumor cells, or, in the case of prostate
cancer, CPCs. We review the literature on circulating
tumor cells both to try to answer the question of whether
they could be clinically useful to detect prostate cancer
and as a guide to initial treatment, observation, or
active treatment. We review the process of cancer cell
dissemination from the primary tumor and how this
may affect cell markers, and thus determine the criteria
for detecting or identifying circulating tumor cells.
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Methods of enrichment and detection of these cells are
considered in how the method may affect what is being
detected or not. Finally, we consider the clinical utility of
these tests and how in day-to-day clinical practice they
may help in decisions to proceed to prostate biopsy
and treatment decisions of detected cancer.

A search for articles between the years 2000 and 2016,
evaluating the detection of circulating tumor cells and
CPCs was carried out using PubMed, Web of Science,
and Cochrane Library. Case reports, review articles,
non human models, and series involving fewer than 10
patients were excluded.

THE DISSEMINATION OF CANCER CELLS
FROM THE PRIMARY TUMOR

The metastatic process by which tumor cells leave
the primary tumor and implant, survive, and growth
in distant sites is multistage and complex. Several
steps are needed for the cancer cells to escape
from the primary tumor and intra-vasation, towards
extravagation and successful implantation in distant
tissues. With the advent of prostate cancer screening
and the use of total serum PSA, there has been a shift
towards a diagnosis of localized cancers.!" However,
despite being considered as localized by currently
accepted staging methods, approximately 20-30% of
patients suffer primary treatment failure,?” suggesting
that cancer cells have disseminated prior to treatment.
Using polymerase chain reaction amplification of PSA
mRNA, it has been reported that prostate cancer cells
disseminate early in the metastatic process into the
circulation.?! These have been defined as primary
circulating tumor cells, those detected before initial
curative therapy.

Tumor cells may enter the circulation actively or
passively;?? passive entry into the circulation is a
result of vessel leakage by the growing tumor and
external forces such as surgical manipulation at the
time of biopsy;®?® in these cases the circulating tumor
cells do not require specific phenotypic characteristics.
Active entry of tumor cells requires specific abilities
which permit the cell to detach from the surrounding
cells, survive free of them, and migrate towards blood
vessels where they cross the capillary endothelium,
enter the circulation, and disseminate. Thus, primary
CPCs consist of a heterogeneous population ranging
from metastatic initiating cells with specific cell
properties® to non-aggressive cells without any
specific survival ability.

In order to escape from the primary tumor, cancer cells
exhibit a decreased expression in anchor proteins

such as E-cadherin®2?" and beta-catenin/®2" and a
loss of cytokeratins 8, 18, and 19, which increases
tumor cell plasticity.?®?®! These changes occur in a
coordinated fashion; they are higher in higher grade
and less differentiated tumors.?®! There is increased
expression of matrix metalloproteinases; these zinc-
containing endopeptidasesare activated in situ from
their latent form and degrade the extracellular matrix.
As such, they permit the cancers to disseminate to
the circulation, implant, and form metastases.?®3%
Increased expression of metalloproteinase-2 (MMP-
2) has been demonstrated®'-*! and is associated with
increasing Gleason score, pathological stage, and as
a prognostic factor.*** Primary CPCs detected before
prostate biopsy express MMP-2, whereas one hour
post-biopsy there are a mixture of MMP-2 positive and
negative CPCs, inferring that MMP-2 is important in
CPC dissemination from the primary tumor.B%

Epithelial to mesenchymal transition plays an
important role in cancer dissemination. There is a
change in the phenotypic expression of epithelial and
mesenchymal markers, with increased expression of
mesenchymal markers such as vimentin, N-cadherin,
or O-cadherin.®5%7 These patterns of expression are
heterogeneous with a global decrease in epithelial cell
marker expression.* However, CPCs that express
only mesenchymal markers be may easily able to
escape from the primary tumor, but for the same
reason they have limited ability to implant in distant
tissues.#? Intermediate states have been reported,
with circulating tumor cells expressing both epithelial
and mesenchymal markers. This increased state of
cell plasticity may be advantageoustO implantation at
distant sites and the future formation of metastasis.
This plasticity is the hallmark of cancer stem cells,#3-47]
and CPCs from prostate cancer patients have been
reported to express CD13398 or ALDH1“® both
markers of cell stem-ness.

One important epithelial marker that has relevance in
the detection of CPCs is the epithelial cell adhesion
molecule (EpCAM) (CD326). This is a 40 kD
glycoprotein that was originally identified as a marker
for carcinoma, with an increased expression being
identified in rapidly proliferating epithelial tumors.

EpCAM was initially thought to be important in cellular
adhesion. However, more recent reports indicate that
it plays a role in cell to cell signaling, in migration
and proliferation of cancer cells, and possibly in the
prevention of cell-cell adhesion. In normal cells there
is a variable expression of EpCAM, but it is reported to
be lower than that found in primary tumors.5%

Thus, the specific phenotypic characteristics of
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cancer cells will determine their ability to disseminate
into the circulation and may not reflect the general
characteristics of the primary tumor due to the
heterogeneous nature of individual cancer cells within
the general tumor cell population.

In order to implant in distant sites CPCs must survive
in the circulation. Only a few of the millions of tumor
cells that are shed into the circulation are able to reach
a distant site, implant, survive, evade the immune
system, and eventually form a metastasis. It has been
suggested that only 0.01% of circulating tumor cells
can produce a single bony metastasis.b"? CPCs
obtained from men with castrate-resistant prostate
cancer failed to produce metastasis when implanted in
immune-compromised mice.53

Firstly, circulating tumor cells have to resist anchorage
dependent cell death; over-expression of anti-apoptotic
proteins such as Bcl-2 overexpression® or activation
of specific pathways such as tropomyosin-related
kinase B (TrkB)® have been reported. Secondly, they
have to evade the host’s immune systems. Circulating
tumor cells from patients with colorectal cancer CD47
expression were increased. This marker is considered
to be an anti-phagocytic signal expressed on cancer
cells to prevent macrophages and dendritic cells
from attacking them. The counterpart of this anti-
phagocytotic mechanism, the expression of pro-
phagocytic calreticulin, was significantly decreased.®

Circulating tumor cells escape immune surveillance
by shielding themselves from the immune cell
population. It has been proposed that myeloid-derived
suppressor cells facilitate the survival of cancer cells
by creating a defensive shield. These myeloid-derived
suppressors adhere to some of the circulating cancer
cells, conferring a survival advantage.®” Circulating
tumors cells are rapidly coated by platelets. This may
cause transfer of major histocompatibility complex
(MHC) class | antigens on the tumor cell surface
resulting in a high level of platelet-derived normal
MHC class |. This coating of phenotypic normality
disrupts the normal recognition of tumor cells by
natural killer cells and T cell mediated immunity, thus
permitting tumor cell survival.®

METHODS TO DETECT AND CHARACTERIZE
CIRCULATING TUMOR CELLS

All methods of detecting circulating tumor cells
are based first on enrichment of circulating tumor
cells from venous blood and then on detection.
The Food and Drug Administration (FDA) defines a
validated biomarker assay as a system of analysis

with established performance characteristics for
which there is scientific evidence that elucidates
the clinical significance of the results obtained. The
stability, accuracy, and reproducibility of the assay
are fundamental. Pre-analytical, analytical, and post-
analytical variables all have to be controlled during the
assay process. Parkinson et al® have extensively
reviewed this topic as have Panteleakou et al.l®”
Pre-analytical factors include the type of collection
tube (including anticoagulant, storage, and transport
conditions of the analytical variables), the type
of enrichment and enumeration methods used,
the sensitivity and specificity of the assay, the
reproducibility of the assay between laboratories,
and assay-specific controls. Other factors include the
disease characteristics, how often the target cells are
detectable in the study population or in other diseases
or normal people, the positive and negative predictive
values, and establishing cutoff values for a positive or
negative test.

Enrichment of circulating tumor cells from
blood

Methods for circulating tumor cell enrichment fall into
three basic categories: density gradient centrifugation,
cellfiltration based on size or microfluidics, and immune-
magnetic isolation, often anti-EpCAM antibodies; or a
combination of methods.

Density gradient centrifugation is a simple, fast,
and cheap process, separating cells based on their
differing densities. Circulating tumor cells separate
with the mononuclear blood cells (density < 1.077 g/mL),
forming an opaque layer which can be removed and
further analyzed. Red blood cells and granulocytes
(density > 1.077 g/mL), being denser, settle towards
the bottom of the tube. The method has poor sensitivity,
as tumor cells may be lost when cells sediment to the
granulocyte layer, or, if present as cell clusters, when
they aggregate to the bottom of the tube. This may be
important because circulating tumor cell clusters have
been reported in patients with metastatic prostate
cancer® and have been correlated with a worse
outcome in breast cancer.[?

Furthermore, if the centrifugation is performed
immediately, whole blood may be mixed with the
gradient solution, causing contamination. The
OncoQuick® system uses a porous barrier to prevent
such contamination. It has been reported that this
system improves the depletion of mononuclear cells
resulting in higher relative tumor cell enrichment as
compared with standard gel separation. However,
using cell-spiked blood samples there was a similar
tumor cell recovery rate of between 70% and 90%.[6364

Journal of Cancer Metastasis and Treatment | Volume 2 | December 16, 2016 -




Murray

Primary circulating prostate cells

Circulating tumor cells are larger than circulating blood
cells; filtration methods are based on the physical
properties of these cells and allow enrichment by
size. Isolation of circulating tumor cells was first
reported in 1964.% The filters use pores measuring
between 7.5-8.0 ym in diameter, thus capturing 85-
100% of circulating tumor cells while retaining only
0.1% of circulating blood cells.’®® Three commercially
available filters are available: Screencell®Cyto, ISET®,
and Metacell®. After filtration the filter membrane is
removed and circulating tumor cells are identified
by immunocytochemistry. Isolation of tumor cells by
size is fast, simple, and reliable and does not require
high-cost instrumentation. One drawback, though, is
the need to process samples within four hours. The
system does not detect the rare cells that are smaller
than 8 um; however, it will detect tumor cell clusters.
The ISET® system detects one tumor cell in 1 mL of
peripheral blood and permits the evaluation of tumor
cells based on morphological criteria. False positivity
occurs due to the lack of specificity of the enrichment
technique. Normal epithelial or endothelial cells may
be present due to coring by the sampling needle, and
circulating cells have been described in samples taken
from patients with benign conditions.6”:68]

Immunomagnetic selection methods use the specificity
of antibody-antigen interactions combined with the
physical properties of magnetic beads to separate
tumor cells from blood cells due to the different
expression of surface antigens in the differing cell
populations. This is the basis of enrichment in the
CellSearch® system, the only FDA-approved method
of detecting circulating tumor cells. In the CellSearch®
system, iron particles are coated with the epithelial cell
surface marker EpCAM, an epithelial marker that is
overexpressed in some cancers but not in normal blood
cells.® However, EpCAM positive cells have been
reported in patients with benign colon disease,™ and
in the original report of Allard et al.,’®® women without
evidence of breast cancer had “circulating tumor cells”
detected in between 5 and 7% of cases, 1 cell/7.5 mL
blood sample. In addition, the epithelial phenotype
of circulating tumor cells changes, as a result of the
epithelial to mesenchyme transition the expression of
EpCAM decreases and thus there may be failure of
enrichment and as a result circulating tumor cells are
not detected. This applies also to microchip devices
that incorporate microposts labeled with anti-EpCAM
(CTC Chip), using EpCAM coated beads (Dynabeads®
Epithelial enriched)(MACS/auto MACS®)(AdnaTest®)
or using microvortices in a herringbone pattern to
increase the number of interactions between the
EpCAM-coated chip surface and circulating tumor
cells.'I The same can be said for cytokeratin-based

enrichment methods.[?

Negative enrichment methods that deplete normal
blood cells using the pan-leukocyte antigen CD45 after
red cell lysis have also been used.!™

Detection of circulating tumor cells

For the detection of enriched circulating tumor cells,
two methods have been used: immunocytochemistry
and reverse transcriptase-polymerase chain reaction
(RT-PCR).

Immunocytochemistry

The advantage of methods using immunocytochemistry
is the morphological analysis of the detected cells.
The International Society of Hematotherapy and
Graft Engineering criterial’ for circulating tumor cell
identification are an object with the appearance of cell
with a nucleus. Most methods use a combination of
markers; the CellSearch® system defines a circulating
tumor cell as one positive for cytokeratin, negative
for the pan-leukocyte antigen CD45, and expressing
DAPI (4", 6-diamidino-2-phenylindole)  nuclear
staining. The ISET® and Metacell® systems use anti-
cytokeratin staining, while the CTC membrane micro-
filter, Rosettesep® and Nanovelcro CTC Chip®, use
immunofluorescence with a cocktail of anti-EpCAM,
anti-cytokeratin, and CD45. All these methods in
essence detect circulating epithelial cells and are not
tissue specific. Using basic cell density methods, some
authors have attempted to use more specific markers
to detect circulating tumor cells, anti-PSA for prostate
cancer,™™ anti-mammoglobin for breast cancer.!®
As such, these methods are not able to differentiate
between benign and malignant circulating “epithelial”
cells. In patients with benign colonic diseases, up t0 29%
of patients were positive for the Epispot® assay, and up
to 19% of patients were positive for the CellSearch®
assay."” One group has used the combination anti-
PSA and anti-P504S to address this problem. The
expression of P504S has been used to differentiate
between benign and malignant prostate tissues in
biopsy samples. P504S is expressed in prostate cancer
cells and those of prostate intra-epithelial neoplasia,
but not in benign prostatic tissue.'”78 The authors
report that PSA positive cells can be detected in men
with benign prostatic disease, especially prostatitis,
but these cells are P504S negative, whereas men
with prostate cancer had PSA positive cells which also
expressed P504S."9

In reference to circulating cell clusters, the identification
of CTC clusters (defined as =2 CTCs) has been related
o poor outcome in stage llI-IV breast cancer using the
CellSearch system,’® whereas Paoletti et al.t"! defined
CTC clusters as = 3 CTCs in the CellSearch gallery
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and their presence was associated with a worse
prognosis. However, there is no consensus regarding
the morphologic characteristics necessary to define
cell clusters using the CellSearch system.

RT-PCR detection of circulating tumor cells
RT-PCR is a more sensitve method than
immunocytochemistry to detect circulating tumor
cells. However, it has its limitations in that; (1) there
may be amplification of nonspecific gene products;
(2) it lacks thoroughly validated protocols for sample
processing, RNA-preparation, cDNA synthesis, and
PCR conditions; (3) it lacks rigorous quality control
measures on a per-sample basis (the lack of a
validated method increases the possibility of variations
in sensitivity, specificity, and the potential of nonspecific
amplification products being detected); and (4) there is
no morphological confirmation of tumor cells.

The number of articles describing single or multiple
markers to characterize CTCs using RT-gPCR in
the blood of cancer patients has increased greatly
in recent years, especially in breast cancer.t"
The Adnatest?® PC CTC platform consists of the
ProstateCancerSelect® and ProstateCancerDetect®
system. The ProstateCancerSelect® system allows
for an enrichment of tumor cells by an antibody-
mix (anti-EpCAM, anti-Her2) linked to magnetic
particles and mRNA isolated from the selected cells.
The ProstateCancerDetect® System transcribes the
isolated mRNA into cDNA, and a multiplex PCR is
performed for the analysis of tumor-associated gene
expression (PSA, PSMA, EGFR). The use of multiplex
systems permits an increased characterization of
circulating tumor cells.

Cell clusters cannot be detected using methods of
RT-PCR. Enumeration systems are normally imaged
based, using immunocytochemistry or laser scanning
techniques. Table 1 shows a summary of each
commercial CTC detection kit.

CLINICAL USE OF THE DETECTION OF
PRIMARY CPCS

In the detection of prostate cancer

There are few reported studies of the use of circulating
tumor cells to detect prostate cancer. Early studies
using different detection methods compared the
presence of these cells in healthy controls, men with
localized cancer, and men with metastatic prostate
cancer. Circulating tumor cells appear to be less
frequently detected in men with localized prostate
cancer than those patients with advanced or metastatic
cancer. In men with an increased PSA, there was a

detection rate of 20% in men with cancer and in 21% of
men with a benign prostatic disease.® Using the same
CellSearch® system Thalgott et al.®” failed to detect
a difference between men with localized prostate
cancer and healthy controls. Using RT-PCR, only 8%
of men with localized prostate cancer were positive for
circulating tumor cells, and the results were concordant
with the use of the CellSearch® system.®® In men with
high risk non-metastatic prostate cancer and prior to
any therapy, 14% of men had circulating tumor cells
detected.®%

In contrast, using the MetaCell® system, circulating
tumor cells were identified in 52% of men with
localized prostate cancer,®™ while Stott et al.l®"! using
a CTC chip platform detected circulating tumor cells
with a cut-off value of =2 14 to determine a positive test
found 42% of men with localized prostate cancer to be
positive. However, using a telomerase-based method
Fizazi et al.l®” detected tumor cells in 79% of men with
localized prostate cancer. Using a combination of PSA
and P504S immunocytochemistry, a study of over
1,000 men undergoing prostate biopsy for an elevated
PSA reported that 35% of men were CPC positive;
used as a sequential test after PSA screening, it
showed a sensitivity of 81%, specificity of 89%, and
a negative predictive value of 90%.° The same
group compared this method of CPC detection with
PSA kinetics, age-defined PSA cut-off values, and the
Montreal nomogram, and reported that CPC detection
was superior in predicting prostate cancer at first
biopsy.®%! They also concluded that men with low-
grade small volume tumors, those complying with the
criteria for active observation, were CPC negative.®”
Men with benign prostatic disease, especially

Table 1: Enrichment and detection systems of commercially
available kits

System Enrichment Detection

CellSearch IC EpCAM IF CK, CD45, DAPI

Epispot IC non-EpCAM Secretion of proteins
CK19, MUC1, PSA

Metacell Cell size ICC for CK

CTC membrane  Cell size IF for CK

RosetteSep ID CD45 IF for CK EpCAM CD45

Nanovelcro chip  Microfluids and IC  IF for CK EpCAM CD45

Adnatest IC EpCAM gRT-PCR

Ficoll-Paque Cell density ICC PSA and P504S

IC: immune-capture; IF: immunofluorescence; CK: cytokeratin;
ICC: immunocytochemistry; ID: immune-depletion; PSA: prostate-
specific antigen

Table 2: Methods reported in the detection and pretreatment
prognosis of prostate cancer

Diagnosis Prognosis
CellSearch Not useful Not useful
Rt-PCR Not useful Possibly useful
Ficol-Paque Possibly useful Possibly useful

Rt-PCR: reverse transcriptase-polymerase chain reaction
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prostatitis, may have PSA-positive circulating tumor
cells detected but they were P504S negative.l
Validation in multicenter prospective clinical trials is
therefore essential to assess its potential usefulness
[Table 2].

As a prognostic marker to guide in the decision
to treat or to observe

As a prognostic factor, primary CPCs do not appear to
have a definitive use. This is because the majority of
these cells will be eliminated by the primary treatment,
be destroyed by the host’s defense mechanisms, or
not have the phenotypic characteristics to be able to
implant and survive. In men with early stage prostate
cancer, the detection of circulating tumor cells using
RT-PCR was associated with a worse prognosis.®®
Using PSA and PSMA genes to identify circulating
tumor cells in men prior to radical prostatectomy, men
negative for the test had significantly better outcomes.®®
Using a positive/negative cutoff value, men negative
for circulating tumor cells have a significantly better
10-year biochemical free failure survival after radical
prostatectomy than men positive for CPCs. [

When used as a predictive prognostic factor and
compared with predictive nomograms, using the
CellSearch® system!'® or the PSA/P504S combined
immunocytochemical assay,!'*? there was little if
any improvement in predicting the prognosis of men
pretreatment [Table 2].

Thus, the possibility of identifying circulating tumor cells
in early stage prostate cancer seems to be achievable.
However, the methods need to be clinically validated
in multicenter studies. The use of primary CPCs as
a sequential test to detect prostate cancer and as a
guide to treatment seems a very fascinating area of
research that warrants further studies.
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