Commentary

For reprint orders, please contact: reprints@futuremedicine.com

Developing a growing cancer profile
database based on quantitative analysis of
protein biomarkers in formalin-fixed
paraffin-embedded specimens

Jiandi Zhang*'"* & Maozhou Yang'
Quanticision Diagnostics, Inc., 400 Park Offices Drive, Room 110, Research Triangle Park, NC 27709, USA
*Author for correspondence: jiandi.zhang@outlook.com

Over a century of clinical practice has led to the accumulation of millions of archived formalin Fixed Paraf-
fin Embedded (FFPE) cancer specimens with detailed medical records worldwide. Absolute quantitation
of clinical protein biomarkers in these FFPE specimens allows individual specimens to be profiled at the
population level, with the absolute nature of the measurements enabling the continuous processing of
archived FFPE specimens over the time. A continuously growing cancer patient profile database is pro-
posed here to support “big data” profiling of these protein biomarkers alone or in combination, enabling
next-generation retrospective-prospective analytics into the field of clinical diagnostics.
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Cancer heterogeneity exists at multiple levels, most evidently at the intra- and inter-tumor levels; in a certain
sense, no two tumors are the same(1]. In addition, there are 17 million new cancer cases diagnosed worldwide each
year [2]. For breast cancer alone, over 1.4 million new cases are reported each year. The heterogeneity of each tumor
poses significant challenge for cancer treatment. Thus, clinical studies limited to only hundreds to thousands of
cases have difficulty adequately representing the millions of different molecular identities. Consequently, under-
or overtreatment becomes a common issue for cancer patients. Clearly, clinical studies on a much greater scale are
needed to better represent the millions of different molecular identities at the population level, so that we may
achieve the ultimate goal of personalized medicine for cancer patients.

For the majority of cancer patients, tumor tissues are surgically removed and archived in a formalin-fixed paraffin-
embedded (FFPE) format in hospitals or other medical institutes. As a result, millions of archived FFPE specimens,
accompanied by detailed medical records, including treatments administered and ensuing clinical outcomes,
have accumulated as an enormous yet underutilized resource. The sheer number of these FFPE specimens allow
comprehensive coverage of molecular identities at the individual level. It is reasonable to assume that, when
combined with their known clinical outcomes, these specimens will become an unrivaled resource for clinical
studies geared toward personalized medicine, where we may identify known cases with similar molecular identities
for every single cancer patient in the world.

Quantitative & absolute
However, because of the limitations of current available techniques, especially at the protein level, this valuable
resource has not been fully appreciated in clinical studies. One major challenge for studies using FFPE specimens is
the heavy crosslinking of the proteins in these specimens. This remains an insurmountable challenge to Enzymatic
linked Immunosorbent Assay (ELISA), as it significantly limits the amount of protein available for detection ().
Other methods of protein analysis, including Immunohistochemistry (IHC), Western blot analysis [4], Reverse
phase protein microarray (RPPA) (5] and mass spectrometry (MS) (6], have also been used to analyze FFPE specimens.
Nonetheless, they become inadequate for evaluating the enormous quantity of FFPE specimens required for the
outlined study: for both IHC and Western blot analysis, the qualitative nature of these two methods obscures
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individual differences at the population level. For example, IHC, the primary method in daily clinical practice,
categorizes the entire patient population into only 4 groups (0/14/24-/34+) when used to assess protein levels of
HER2, a commonly used biomarker for breast cancer patients. Yet, as indicated by several studies including our
own, HER2 levels vary over 100-fold, even within the 34 group alone [3,7].

Other methods may measure protein levels quantitatively to reveal individual differences at the population level,
but offer relative results to limit the scale of the study. We may use an example to illustrate this limitation better.
The expression level of a protein may be expressed in absolute terms (e.g., nmol/g) or in relative terms (% of a
reference protein B). Although we can compare the protein levels in absolute terms easily across multiple analyses,
it is harder to compare the results from analyses with varying levels of reference protein B in each analysis.

This is the case forMS and RPPA, in which results are expressed as values relative to a reference protein, which
may vary for each individual study [5,8]. Thus, the scale of the studies based on these methods is limited by the
number of specimens included in a single study and is unable to be expanded upon by incorporating results from
other studies. The same also holds true for datasets generated using the Real-time PCR (RT-PCR) method.

Therefore, we believe that the method for accommodating the enormous amount of FFPE specimens must
be capable of yielding datasets of a continuous and absolute nature. With respect to continuity, quantitative
assessments are needed to distinguish the subtle differences among individual FFPE specimens at the population
level; with respect to absoluteness, the quantitation of individual proteins should be consistent, regardless of
location, timing, etc., to ensure that data can be reliably shared, cross-examined and combined to offer the much
needed growth of the dataset to accommodate the enormous amount of FFPE specimens.

In this regard, the only two methods to meet this requirement so far are Selective reaction monitoring-mass
spectrometry and Quantitative Dot Blot (QDB). Selective reaction monitoring-mass spectrometry has been reported
to measure EGFR in non-small-cell carcinoma and HER2 in breast and gastric cancers [9]. The QDB method, by
contrast, has been used to successfully measure HER2, Ki67, ER, PR and cyclin D1 levels in breast cancer [3,10,11].

A retrospective-prospective FFPE cancer profile database based on absolute quantitation of
protein biomarkers

We propose here the development of an unprecedented retrospective-prospective FFPE cancer profile database
or, more accurately, databases of different cancer types (breast, colorectal or prostate cancer) based on absolutely
quantified protein biomarkers to take full advantage of the vast amount of FFPE specimens. Currently, the number
of protein biomarkers assessed in routine practice varies depending on the cancer type. For breast cancer, around 20
protein biomarkers have been routinely used in clinical practice. When measured quantitatively and absolutely, their
combinations are sufficient to differentiate individual FFPE specimens from millions of archived FFPE specimens.
In a certain sense, the combination of these protein biomarkers can become a unique fingerprint for each FFPE
specimen in the database.

This unique fingerprint can be used as a nucleus to anchor the matching clinical records, including the traditional
clinicopathological factors, the treatments administered and the ensuing clinical outcomes, for a holistic picture of
each FFPE specimen. All the information from these various aspects constitutes a cancer profile for every FFPE
specimen in the proposed database. Any other clinical-related information may also be included in these cancer
profiles. For example, genetic information, including small nucleotide variations, chromosomal alterations and
scores of various genetic predictor assays, can be included in the cancer profiles.

The absolute nature of the database will ensure the continuing growth of the database. Cancer profiles, although
from different sources, may be combined efficiently because of the absoluteness of the data. New cancer profiles
will also be added and supplemented over the time. Over the years, this database is expected to accommodate a fair
share of these archived FFPE specimens to assist the big data—supported clinical diagnosis.

Future applications of the retrospective FFPE database
The introduction of this database should have instant impact on both clinical research and practice. We now present
several potential uses of this proposed database.

Proximity-based diagnostic method

The current diagnostic system is at the precision stage to separate cancer patients into a few subtypes with customized
treatments. However, with widespread tumor heterogeneity existing at all levels, this system is far from meeting
the individual needs of cancer patients. By contrast, considering the enormous number of cancer profiles included
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in the proposed database, a novel diagnostic technique called the proximity-based diagnostic method is proposed
[Zhang ], unpublished data; DOI: 10.17605/OSEIO/2B4RE] [12). It is based on the idea that for any new patient,
there should be a group of past patients of high similarity. By comparing simultaneously the expression levels of a
set of absolutely quantitated protein biomarkers measured from a new patient with those of every cancer profile
in the database, a group of cancer profiles of high similarity to the new patient will be identified from millions
of cancer profiles in the database. Analyzing the clinical outcomes and treatments administered to this group of
cancer profiles should lead to a personalized prognosis and treatment plan for the new patient. Although the set of
protein biomarkers used in this method remains to be defined through extensive outcome analysis of the enormous
amount of cancer profiles in the proposed database, the concept of a proximity-based method represents a major
step in clinical diagnosis.

Virtual randomized clinical trials
Prospective randomized clinical trials (RCTs) identify participants of the trial first and then follow their clinical
outcomes over time. Retrospective RCTs, by contrast, examine participants with known clinical outcomes. Thus,
prospective RCTs are considered the gold standard of clinical research, as participants are tightly controlled to
maximally reduce the biases of the trial. However, prospective RCTs have obvious drawbacks, including high cost
and requiring a long time to complete. Meanwhile, retrospective studies frequently lack stringent controls to ensure
credibility of the conclusions. To accelerate the process, the concept of a retrospective-prospective clinical trial
was proposed [13]. However, with the introduction of this enormous proposed database, one may develop a study
protocol defined by vigorous requirements and clear aims and then search the database accordingly to identify
those specimens meeting the predefined requirements. The documented clinical outcomes of these specimens can
be used to test the hypothesis for clinical guidance. In other words, a virtual RCT may be achieved entirely with
this proposed database.

In fact, as the proposed database expands to a certain size in the future, the virtual RCT would eventually become
a real-world test of various hypotheses, without having to worry about various biases inherently associated with
other RCTs. The conclusions from virtual RCTs may also be verified periodically with the continuing expansion
of this database.

Accelerating the drug development process
For drug discovery, the proposed database also translates into significant savings in terms of both costs and
developmental efforts. Although developing this database requires a collective global effort to obtain FFPE specimens
with detailed medical records, the database offers comprehensive resources to accelerate the drug development
process. Drug leads learned from cellular and animal studies may be verified directly or indirectly through analyzing
expressions of various protein biomarkers, which helps avoid wasting resources during the preclinical stage. The
unexpected prognostic/predictive roles of a biomarker may also be identified through extensive data mining.
Companion diagnostic kits, which require RCTs currently, may also be developed virtually through evaluating the
predictive role of biomarkers via outcome analyses of those cancer profiles receiving a specific treatment.

This database may also be helpful in several other aspects. For example, the database can be used to continuously
re-evaluate and update existing clinical guidelines. It will also enable periodic re-evaluation of a specific drug or
treatment plan through outcome analysis after approval by regulatory agencies.

Limitations & challenges of the proposed database
One major issue with this proposed database is that only routinely used protein biomarkers may be absolutely
quantitated.In the case of breast cancer, no more than 15 protein biomarkers may be measured in our lab.
Incidentally, 5-10 protein biomarkers are checked for individual patients in daily clinical practice. Obviously, the
current database is more than sufficient to serve the field of clinical diagnostics for breast cancer patients. However,
this issue significantly limits the use of this database for research of an exploratory nature. Hopefully, with improved
technology and increased availability of high-quality antibodies, we can measure hundreds to thousands of different
proteins in FFPE specimens to gain a better understanding of the underlying comprehensive protein networks
leading to tumorigenesis at the population level.

This proposed database also requires a constant infusion of new information from other areas of clinical research
to thrive. For example, it needs help from proteomic research to expand the list of protein biomarkers included in
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the database. New drugs and treatment strategies need to be introduced into this database whenever available to
upgrade the database continuously over time.

We also anticipate the enormous challenge of maintaining the consistency of the database. As the first database
with protein biomarker levels measured in absolute and quantitative values, its consistency may easily be derailed
by various factors. These factors include the quality of the FFPE specimen itself; the quality of the assay reagents,
especially the protein standards used in the analysis; and how strictly Standard Operation Procedures (SOP) are
executed. Extensive efforts must be devoted to these areas to minimize their impact on the overall quality of the
database.

It should be mentioned that the proposed database, even with only thousands of cancer profiles available during
the early stages, should be useful to aid current clinical research and practice. However, its power can only be fully
appreciated when millions of cancer profiles are included in the database. To fulfill the goal of virtual RCTs, a
global collaboration may be required in the future. How to encourage this transition would be another challenge
for clinicians worldwide.

In conclusion, a growing cancer profile database with millions, or even tens of millions, of cancer profiles
is proposed to make a profound impact on future clinical research and practice. We would like to suggest the
name 'Quantitative Diagnostics’ to describe this new and exciting area in the field of clinical oncology.
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