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Implementation
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Clinical proteomics, the application of proteome analysis to serve a clinical
purpose, represents a major field in the area of proteome research. Over 1000
manuscripts on this topic are published each year, with numbers continuously
increasing. However, the anticipated outcome, the transformation of the
reported findings into improvements in patient management, is not
immediately evident. In this article, the value and validity of selected clinical
proteomics findings are investigated, and it is assessed how far
implementation has progressed. A main conclusion from this assessment is
that to achieve implementation, well-powered clinical studies are required in
the appropriate population, addressing a specific clinical need and with a
clear context-of-use. Efforts toward implementation, to be feasible, must be
supported by the key players in science: publishers and funders. The authors
propose a change on objectives, from additional discovery studies toward
studies aiming at validation of the plethora of potential biomarkers that have
been described, to demonstrate practical value of clinical proteomics. All
elements required, potential biomarkers, technologies, and bio-banked
samples are available (based on today’s literature), hence a change in focus
from discovery toward validation and application is not only urgently
necessary, but also possible based on resources available today.

targeting proteins.?! As such, the field of
clinical proteomics was developed, aim-
ing at deciphering the changes in pro-
teins that are relevant in disease, thereby
providing ideal biomarkers for diagno-
sis, prognosis, and prediction of ther-
apeutic response, and supporting drug
development.

Mainly based on its enormous hypo-
thetical relevance, clinical proteomics
is an ever-growing field. When inves-
tigating the recent literature in web
of science (using the search terms
clinic* AND proteom* OR proteom*
AND biomarker), approximately 1000
manuscripts are published yearly, with
numbers increasing every year (Figure 1).

In principle, two major areas of clini-
cal proteomics applications are apparent,
with different goals and requirements.
This has a significant impact on the
study design, as depicted in Figure 2. The
first and more widely addressed applica-

Proteins represent the key building blocks of every organism. If
the exact functional and structural information and networking
capabilities on all proteins in an organism was available, then it
should be possible to exactly define all functions of this organ-
ism, its health status, and disease at the molecular level. Such
or similar considerations are a cornerstone of proteomics, which
aims at assessing the proteome in a holistic manner, ideally all
proteins contained in the sample under investigation.l!! Diseases
are generally the result of proteomic changes with the (molecu-
lar) pathology being a consequence of specific changes in protein
structure, abundance, and/or function. Not surprisingly, in gen-
eral, all drugs act at the proteome level, more or less specifically
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tion is the identification of biomarkers

for improvement in diagnosis, prognosis,

or prediction (of therapeutic response).”
This approach requires the specimen to be readily available and
a large number of samples (typically exceeding 1000), to ascer-
tain the performance of the potential biomarker. Moreover, vali-
dation studies in appropriately selected independent cohorts are
necessary to ensure successful implementation. The other ma-
jor application is the identification of targets for intervention or
of therapeutic drugs.*"! In this case, the ideal specimen is the
affected tissue, to inform about molecular changes in disease
(Figure 3). Due to also the limited availability of tissue, the
number of samples to be investigated is typically lower than in
biomarker studies. A widely applied approach includes the iden-
tification of a large number of significant changes that in com-
bination with already published data, enable defining molecular
pathology and pathways affected in a comprehensive way. In sev-
eral recent articles, this approach is presented in detail; as an
example, we refer to a review in the context of chronic kidney
disease (CKD).) Such data should enable the identification of
potential key molecules in the pathological processes that could
serve as rationale drug targets.

The identification of drug targets or candidates obviously is
more demanding, consequently most published studies focus on
the identification of potential biomarkers. Deviations from the
general scheme exist (e.g., a proteomic change in the tissue may
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Figure 1. Number of manuscripts published and citations received from
2010 to 2018 when searching the Web of Science for the topics “clinic*
AND proteom*” OR “proteom* AND biomarker”, excluding reviews and
meeting abstracts. It is evident that the number of studies is increasing
each year, indicating a growing field.

also be further investigated for its potential role as biomarker in
body fluids,”! biomarkers in body fluids may be linked to disease
pathophysiology and support definition of potential drugs,® etc.),
but overall clinical proteomics approaches generally fit in one of
these schemes.

When investigating for the outcome of the huge efforts in
clinical proteomics (as evident from the thousands of papers
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published), multiple biomarkers and drugs are expected to be
applied in patient care. However, the results do not fully meet
these expectations. We were not able to identify a drug at least
being tested in a clinical trial that was developed as a result of
a proteomics driven study. This may to a degree be attributed to
the enormous challenges associated with developing a drug can-
didate and the regulatory hurdles that accompany clinical trials.
However, and giving rise to a more optimistic view, several
candidates, drugs, or drug targets that were derived from a pro-
teomics study showed benefit in relevant model systems. Ren
et al. performed comparative proteome analysis of the human
hepatoma cell line (HepG2) and an immortal hepatic cell line
(L02) and identified phosphoglycerate mutase 1 (PGAM1) as
potential candidate.”’) Knock-down of PGAM1 inhibited cancer
cell growth, providing evidence for the potential of this pro-
tein as a drug target in hepatocellular carcinoma. Bone marrow
stromal antigen 2 (BST2) was found increased in endometrial
cancer using proteomics!% and a therapeutic potential of a mon-
oclonal antibody against BST2 was demonstrated. When inves-
tigating cellular models of insulin resistance (3T3-L1 adipocytes
treated with TNF-o or dexamethasone) with the aim to discover
potential therapeutic targets for obesity,'!) progranulin (PGRN)
was identified as a differentially regulated protein. Ablation of
this protein (Grn(-/-)) prevented mice from insulin resistance
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Figure 2. Graphical depiction of the main two different routes that clinical proteomics approaches can take: toward biomarker discovery, or a drug
development based on systems medicine approach. The biomarker approach (left) requires identification of distinct potential biomarkers that are sub-
sequently verified, and then applied in the appropriate clinical setting. If benefit can be demonstrated, they should be implemented/routinely applied.
The drug development approach (right) takes advantage of the breadth of data, including literature sources, aims at molecular modeling of disease and
predicting key structures. These are then verified (first valid result), and subsequently their value as potential targets is investigated in appropriate inter-
ference studies. If positive, drugs can be developed, tested, and, if beneficial, should be applied. Starting with the same or similar data, the downstream
utilization (and the associated issues) is quite different, but ultimately in both cases aimed at investigating proteomics to improve patient care.
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Figure 3. Changes in the proteome display molecular pathophysiology. Microscopic investigation of tissue can reveal structural changes. However,
subcellular structures, and even more the molecules involved in the molecular pathology, can generally not be assessed. In contrast, proteome analysis
does not give information on morphological changes, but gives information on global protein changes which can be associated with the molecular
changes in disease. Some of these molecules represent the most appropriate targets of therapeutic drugs; hence, proteome analysis can give guidance
on the molecular structures to be targeted in therapy. Reproduced with permission.?l Copyright 2015, the author; published by Oxford University Press.

induced by high fat diet and obesity, mediated though the block-
age of IL-6 production. Proteome analysis of tissue from non-
muscle-invasive (NMIBC) and muscle-invasive bladder cancer
(MIBC) followed by pathway and interactome analysis revealed a
functional significance of eukaryotic initiation factor 3D (EIF3D),
overexpressed in MIBC."” Silencing of EIF3D decreased tu-
mor cell proliferation, colony formation, and tumor growth in
xenograft models.

The outcome is slightly more positive with respect to biomark-
ers: a few proteomics-based biomarkers made it to clinical ap-
plication, at least in the context of appropriate clinical trials
(reviewed below). Proteins are certainly frequently employed as
biomarkers on a routine basis to assess a variety of pathologies,**!
further underlining their relevance and value in this context.
However, these protein biomarkers that are routinely applied
were generally not discovered as a result of a proteomics screen.
The data currently available also indicate that single biomarkers
in general do not allow detecting disease or progression with high
accuracy. This has resulted in the application of multi-marker
panels that have shown superiority, significantly higher accuracy
when compared to single biomarkers.['*1]

1. The First Success Stories

When examining clinical trials.gov for the keywords: “proteome,”
“proteomics,” “peptidome,” or “peptidomics”, and filtering for
interventional studies, 334 entries are returned. Following man-
ual inspection, only two of these studies were found to aim at
actual application of proteome analysis in patient management.
All other studies are observational without implementing pro-
teomics in guiding clinical decision-making, and/or without giv-
ing specific information. NCT02040441 (Proteomic Prediction
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and Renin Angiotensin Aldosterone System Inhibition Preven-
tion of Early Diabetic Nephropathy in Type 2 Diabetic Patients
with Normoalbuminuria, PRIORITY), applies the previously
developed mass spectrometry-based classifier CKD2731¢1 in
diabetic patients that do not have any sign of kidney disease.
Patients scoring positive in CKD273 (predicted to develop clin-
ically evident CKD in the near future) are randomized for treat-
ment with spironolactone or placebo.?”! The aim of the trial is
to 1) demonstrate validity of CKD273 in the early detection of di-
abetic nephropathy, and 2) demonstrate that early intervention
with spironolactone will reduce CKD, assessed via the surrogate
parameters albuminuria and eGFR. NCT03116217, Validation of
a Fetal Urine Peptidome-Based Classifier to Predict Post-natal Re-
nal Function in Posterior Urethral Valves (Antenatal), evaluated
a mass spectrometry-based classifier of 12 peptides in fetal urine
that predicts end stage renal disease after birth?! in fetuses with
bilateral congenital abnormalities of the kidney and urinary tract
(CAKUT). Bilateral CAKUT displays a wide spectrum of pre and
postnatal outcomes ranging from death in utero to normal post-
natal renal function. Methods to predict these outcomes in utero
are controversial and, in several cases, lead to unjustified termi-
nation of pregnancy. Peptides discovered in fetal urine highly sig-
nificantly improve prediction, and employment of appropriate in-
tervention strategies.

When examining the ISRCTN registry, 16 trials are returned,
one of them aiming at the application of proteome analysis in
patient management, ISRCTN03911524: Pre-emptive Therapy
of Acute Graft Versus Host Disease (GvHD) According to Spe-
cific Proteomic Patterns after Allogeneic Haematopoietic Stem
Cell Transplantation. In this multicenter randomized clinical
trial (RCT) a validated proteomics-based multi-marker assay is
used for the prediction/early detection of GvHD.?*? Patients
scoring positive for GvHD are randomized for treatment with
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corticosteroid or placebo. The aim of the trial is to demonstrate
an improvement in the prediction of GvHD, and a benefit of the
early/pre-emptive intervention with corticosteroid.

Obviously, the expectation that we should be in a position to
have multiple proteomics biomarkers and drug targets at our dis-
posal is not really met by reality. To find an answer to the question
why this huge discordance between expectation and reality is ob-
served, the currently published research results on this topic were
assessed.

2. The Typical Result

When investigating a random sample of manuscripts retrieved
using the search strategy employed for Figure 1, only 10-20% of
the manuscripts report on an actual potentially clinically relevant
application, the others are to a large degree technical papers on,
for example, sample preparation, on different proteomics tech-
niques, and to a minor extend manuscripts on animal specimens.
To a substantial extent reviews, viewpoints, and manuscripts not
truly relevant to the topic, for example, studies on miRNA, are
also present.

When examining a random sample of the published clinical
proteomics studies, many of them present similar drawback(s):
The vast majority of papers describe exploratory studies, result-
ing in “potential biomarkers” that should be tested by some-
body else. Even in studies that include a cohort where the po-
tential biomarker was initially verified, the following issues are
frequently observed:

a) studies are underpowered for the specific context-of-use, fre-
quently presenting low sample sizes

Db) the new biomarkers are not tested for their potential of signif-
icantly improving the current methods and/or state of the art
(implemented biomarkers or other diagnostic tools)

¢) the study is not performed in the population of interest: for
example, when proposing a screening test for a condition with
prevalence of 1/1000, this must be tested in a cohort with simi-
lar distribution. Developing and testing the potential biomark-
ers in a cohort where the distribution is 50/50 is inappropriate,
resulting in unrealistic claims

d) the biomarkers are not tested for a specific meaningful con-
text of use and claims by far exceed the results. For instance, a
biomarker in a case control study comparing healthy subjects
with patients with advanced tumor may well be able to distin-
guish between these two conditions with 85% accuracy, but this
does in no way indicate that the biomarker could enable early
detection of the tumor with 85% accuracy (sensitivity and speci-
ficity). In addition, based on a prevalence of 1/1000 (which is
not unrealistic), this still would result in about 177 false posi-
tives for a single correctly identified case, a result which is com-
pletely ineffectual for screening purposes.

3. Technical Considerations

Most proteomics discovery studies involve LC-MS/MS, as it en-
ables high resolution analysis of specimens with increased com-
plexity and allows for a comprehensive protein identification and
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quantification, by enabling assessment of thousands of tryptic
peptides.”l To complement with the detection of different iso-
forms and post-translational modifications, mass spectrometry
can be combined with 2D electrophoresis as a prior separation
step.?¥] Clearly, when it comes to validation studies, the biomark-
ers need to be further investigated in a high throughput and re-
producible manner. The obvious limitations of the above tech-
nologies in terms of throughput can be overcome with targeted
proteomic approaches like multiple, selected, and parallel reac-
tion monitoring (MRM, SRM, and PRM). Targeted protein quan-
titation by the above technologies is currently applied for valida-
tion studies, as an alternative to immuno-based single (ELISA)
and multiplex immuno-assays, as they are generally more selec-
tive, suffer less from matrix effects and also synthetic peptides
can be readily available for all targeted biomarkers.**!

For the discovery and validation of low molecular proteome
(peptidomic) biomarkers, capillary electrophoresis coupled with
mass spectrometry (CE-MS) has been established as a robust
method with numerous clinical applications to date.?*?”] This
technique involves separation of the small proteins and pep-
tides in narrow-bore fused silica capillaries based on their elec-
trophoretic mobility, and on-line detection using MS. Analytical
validation in terms of reproducibility, repeatability, and stability
of the platform in clinical conditions has been demonstrated, and
appropriate standard operating protocols are established.®!

Evidently, technical issues do not generally stand in the way of
implementation of proteomic biomarkers. It is undisputed that
additional improvements in technology may be beneficial and
further ease the implementation of proteomic biomarkers, but
it must be acknowledged that the technologies have advanced
sufficiently to allow routine application in clinical diagnosis or
prognosis, as evident from the plethora of manuscripts on tech-
nologies to be applied for clinical proteomics. This is especially
pronounced for targeted mass spectrometry like MRM and sim-
ilar approaches, which have been developed and advocated for
years and which present a solid and well-established technology,
ready for implementation.?>2%30

Similar considerations apply for the (bio)informatic analysis.
Improvements in the (bio)informatic assessment of the raw data
certainly have the potential to add to the current efforts, im-
proving the available pipelines for biomarker research. How-
ever, these efforts do not appear to be mandatory prior to im-
plementation. The current (bio)informatic solutions are stable,
have demonstrated robustness and are ready to be used for the
routine evaluation of data. While the benefit of further develop-
ment is not disputed, such efforts should not stand in the way of
implementation.

4. Obstacles and Hurdles: An Attempt to Learn
from the Past

Overall, multiple clinical proteomics studies are published re-
porting valid results that can be reproduced. At the same time,
it appears the results are over interpreted even in well-performed
studies. When considering a biomarker as a feature that can be
measured with confidence that gives specific information on a
specific pathology, for a specific and useful context-of-use, and
adding the criterion that any new biomarker must demonstrate
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a significant improvement/addition over the current state of the
art, then most studies published do not fit these strict, but very
reasonable and useful criteria. The very liberal use of the term
“biomarker” is not helpful. The mere potential association of a
feature with a pathology or a specific condition (which is what in
general is published) does not constitute sufficient evidence to
label the protein a biomarker.

An important criterion is the exact definition of the context-of-
use for a biomarker. This (context-of-use) should be linked to a
therapeutic/interventional consequence following the biomarker
readout which further necessitates specific biomarker cutoffs to
be determined (a value above the cutoff results in a specific ac-
tion/intervention). Although this issue has been strongly advo-
cated in the past, unfortunately moderate attention is paid to it.
When examining the 100 most recent manuscripts, based on the
condition to include the word “biomarker” in the title, and pro-
teom* and clinic* in the topic, then in only a very small fraction of
the papers returned a well-defined context-of-use is presented as
a basis of the study. Although the definition of a well-defined con-
text does not appear too relevant, especially not for a proteomics
researcher, a biomarker is defined by its context, hence the defi-
nition is mandatory.

Similar considerations apply for the claim of a “potential
biomarker,” which typically refers to a protein that apparently dif-
fers in distribution in the samples investigated, but for which no
substantial evidence for any real value in a specific context has
been presented. Frequently, appropriate statistical analysis is not
performed, adjustment for multiple testing is avoided. As a re-
sult, the “potential biomarkers” with very high certainty represent
artifacts. The result of avoiding multiple testing and performing
underpowered studies has very impressively been demonstrated
by Danka et al.? The authors could show that essentially all “po-
tential biomarkers” resulting from such a study cannot be veri-
fied in a validation cohort and are not associated at all with the
condition examined. The consequences of avoiding multiple test-
ing can be easily evaluated by every reader: if randomly choosing
14 proteomics datasets (containing information on >1000 pro-
teins) from a control population and randomly splitting the data
in seven cases and seven controls, then the application of a sim-
ple statistical test will return multiple apparently significant dif-
ferences between the groups, for a target p-value <0.05 slightly
above 5% of the number of proteins in the input file. If the orig-
inal set of 14 is in a second experiment split in another random
samples of seven cases and seven controls, then the same sta-
tistical test will give about the same number of apparent signif-
icant differences, but the overlap between the two experiments
will be close to 0. This impressively demonstrates the mandatory
requirement for adjustment for multiple testing.

The approach to present underpowered studies in combina-
tion with “relaxed” statistical analysis and unjustified claims is
based on the (unfortunately correct) assumption that a “poten-
tial biomarker,” even if no potential has been demonstrated, can
nevertheless be published. Considering the fact that scientists are
evaluated based on their publications, it certainly is much more
cost-effective to publish a “finding” based on highly preliminary
data (and just add a couple of more or less unjustified claims to
ensure acceptance), rather than performing a well-planned study,
that requires substantially more time and effort, and holds the
risk of being rejected as “not novel.” However, such approaches
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unfortunately at the same time also have a substantial negative
impact on the field of clinical biomarkers: reliability of reported
biomarkers is questioned especially by clinicians, as a result of
biomarkers generally being reported in the absence of the evi-
dence required.

Surprisingly, the obvious need for implementation studies
does not appear to fully meet with the priorities of publishers
and funders. When examining the recently published literature,
the majority of published studies are either technical reports, or
reports on “potential biomarkers,” on exploratory discovery stud-
ies in by far too small cohorts. Along these lines, the application
or thorough testing of the value and validity of a biomarker is
frequently considered neither publishable nor fundable, with ar-
guments among others that such a study does not represent a
scientific discovery, is not novel, should be left to industry, etc.
There are certainly exceptions to this observation, but these rep-
resent the minority.

In the past and in multiple manuscripts, a change toward per-
forming well-powered studies that would enable validation and
qualification of biomarkers has been proposed.?*?* However,
if such studies do not meet the necessary support of the scientific
journals and the funders, it is foreseeable that they will generally
not be undertaken.

Even if clinical proteomics studies are performed properly,
demonstrated a significant benefit, and even indicate cost effi-
ciency, implementation is not straight forward. Major obstacles
and hurdles have been detailed by, for example, Mischak et al.,l*’!
and are highlighted in a recent article.’®! As expected, major chal-
lenges are to convince regulators and payers. A useful approach
for how to cope with these obstacles is approaching these or-
ganizations as soon as possible, ideally even prior to initiating
the studies. This is especially true when it comes to regulators.
Specifically the US-FDA has in the past been helpful when aim-
ing at developing biomarkers, and discussions with this agency
may ultimately lead to the recognition of a biomarker, which can
be beneficial in implementation.®® To date, the experience with
payers is less positive: it becomes now evident that, for example,
the G-BA, the authority deciding on reimbursement by the public
health insurance in Germany, lacks the required knowledge and
competence at least in clinical proteomics and biomarkers. 3’

5. The Consequence: Suggestions How to Proceed
from Here

5.1. Biomarker Research

Based on the evidence available, multiple well-developed tech-
nologies are available for clinical proteomics. In addition, a
plethora of reports on biomarkers (with more or less actual value
and validity) is available. It appears that the next logical step is the
application of potential biomarkers (apparently best of those that
are supported by decent evidence and appear credible) in well-
powered studies, in the population representing the biomarker
context-of-use, and taking into account the current state-of-the
art. The aim of such a study would be the demonstration of a sig-
nificant benefit over or in addition to the current state-of-the-art
(e.g., demonstrating a significant improvement in the progno-
sis of progression in CKD over albuminuria, the currently used
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method).19%738 We want to emphasize the importance of sub-
sequently publishing such well-performed studies, even if they
are negative. Along with power calculations, an indication for
a health economic benefit should be presented, as a biomarker
likely will only be implemented if a health economic benefit can
be shown.

A candidate for such a study is HF1; a classifier based on 85
urinary peptides that was established to discriminate individuals
with subclinical left ventricular diastolic dysfunction and controls
with good performance (AUC of 0.84).%% Additional studies have
indicated a benefit of HF1 in the management of left ventricular
diastolic dysfunction,” including the ability to predict incident
cardiovascular and cardiac disease over a 5 year period.l*l Based
on the evidence presented in these large studies, a properly pow-
ered trial to demonstrate its clinical value and subsequent imple-
mentation now seems the logical path forward.

To ease the progress toward the major goal, the implementa-
tion of clinical proteomics in patient management, we propose a
five-step process:

1) define the clinical need, together with the anticipated conse-
quences of the implementation of the biomarker(s), assuming
they present an improvement of the current state-of-the-art

2) thoroughly investigate the literature and collect the informa-
tion on potential biomarkers for the specified purpose

3) perform power calculations (based on realistic estimates of the
expected performance) and establish a study plan, ideally dis-
cuss the approach with regulators, payers, and patient organi-
zations to ease subsequent implementation

4) perform the study (which in our opinion may well be based
on bio-banked samples) and, if everything goes well, demon-
strate a significant improvement in diagnosis, prognosis, etc.,
as a result of applying the biomarker(s)

5) test and ideally demonstrate the benefit of implementing the
biomarker in an appropriate intervention trial.

Such approaches, however, are quite time-consuming and ex-
pensive. As such, to implement such a strategy, the active sup-
port from funders and at least indirect support from publishers
are required.

Additional discovery studies only seem justified if the stud-
ies published to date do not in fact allow addressing the specific
need, for example, the biomarkers already described are of in-
sufficient quality, clearly not fit for the purpose, etc. A discovery
study that does not take into account all the available information
(step 2) or for which no evident need (step 1) can be presented
should be avoided.

However, as long as the competing solution, the underpowered
and preliminary discovery study, is at least indirectly favored, it
will be almost impossible for scientists to implement a truly use-
ful approach in proteomic biomarker research.

5.2. Toward Drug Development

Current methods applied for the identification of potential drug
targets underestimate the impact of the molecular complexity
of disease, resulting in unexpected side effects and resistance
to the intervention. Disease heterogeneity and highly complex
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molecular mechanisms underlying disease onset and progres-
sion are stumbling blocks in the selection of optimal drug targets.
Proteomics has emerged as a promising tool to select ideal drug
targets and bring personalized medicine closer to reality. The fol-
lowing considerations may facilitate drug discovery though the
improvements in the identification of novel therapeutic targets:

1) extensive information on disease-associated molecular
changes can be obtained through the application of protein-
centered analysis of clinical specimens, supported by publicly
available transcriptomics data and curated literature-mined
data, as high phenotypic and molecular diversity of disease
impede drug development and effective therapy

2) novel drug targets can be identified through linking the molec-
ular changes to the disease aetiology via advanced bioinformat-
ics tools, as part of a systems biology approach. This enables re-
vealing affected molecular pathways and identifying molecules
that cause the disease (being best suited targets)

3) selecting an appropriate model system, displaying molecular
homology to the human disease will allow improved assess-
ment of the impact of new drug targets in appropriate disease
models (in vitro and in vivo).

It is foreseeable that such focus toward identification of valid
and molecularly driven drug targets through the knowledge
gained on disease-associated mechanisms (as indicated in the ex-
amples above), followed by validation in appropriate model sys-
tems will result in the identification of novel drug targets that
have the potential to improve on the outcome of patients, and
further support introducing personalized medicine.

6. Conclusion

When placing implementation as the main objective, the perfor-
mance of the clinical proteomics field to date cannot be consid-
ered a full success. While the reasons for this moderate success
and the obstacles presented in this manuscript are likely not com-
plete, they certainly represent major issues. A thorough discus-
sion with the aim to define the major problems and present possi-
ble solutions seems to be urgently required, otherwise the field of
clinical proteomics may lose all credibility, due to not delivering.
Considering the plethora of potential biomarkers reported so far,
the technological advancements in the field, and the wide access
to well-established biobanks, especially when aiming at the im-
plementation, the focus should be now placed on performing the
well-designed and well-powered validation studies. We are aware
that our opinion expressed here may be biased and may not be
shared by all readers, but we sincerely hope that this manuscript
initiates a lively discussion on ways forward in implementing
clinical proteomics in patient management.
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