Editorial

Squeezing more value from the analytes
we have: personal baselines for multiple

analytes in serial DBS

“Adoption of new protein biomarkers continues to be very slow,
adding approximately 1.5 new proteins per year to the 115 so far
approved by the US FDA...”
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Combining high-throughput multiplex pro-
tein assays based on immunoaffinity MS
(SISCAPA) with patient-friendly longitu-
dinal sample collection using finger-prick
DBS technology enables the creation of a
personalized longitudinal baseline and CV
for each assay. The increases in statistical
power attributable to use of panels (instead
of single analyte tests) and personalized test
interpretation (instead of conventional popu-
lation reference intervals) offers a means to
extract significant increases in clinical diag-
nostic value from the menu of known clinical
protein analytes.

Adoption of new protein biomarkers con-
tinues to be very slow, adding approximately
1.5 new proteins per year to the 115 so far
approved by the US FDA as useful analytes
for in vitro diagnostic (IVD) tests in plasma
or serum [1]. Considerable discussion has
focused on potential reasons for this disap-
pointing performance, including inadequate
research investment, regulatory and/or phy-
sician resistance and the limitations imposed
by biology itself. We believe that biological
complexity may be the major limitation —
in particular the scope of normal variations
between individuals and within individuals
over time, as well as the variety of disease
mechanisms affecting them. If this is the
case, then major improvements in diagnos-
tics might be achieved by using the existing
clinical analytes more effectively: in panels
covering multiple aspects of a disease pro-

cess, interpreted against personal baselines
instead of currently used population refer-
ence intervals. Synergistic advances in sam-
ple collection (e.g., DBS), multiplex testing
technology (e.g., MS) and bioinformatics
(i.e, ‘big data’) provide a basis for practical
considerations of this approach.

Tests using panels versus single
biomarkers

Almost all clinically used protein biomark-
ers are currently measured by individual
immunoassays on separate sample aliquots,
an approach that entails penalties in terms
of cost and sample consumption for each
additional analyte measured. Thus, if an
additional biomarker contributes less than a
startling increase in predictive power, or even
if it provides great power but only in a sub-
population of patients, today it is unlikely to
be measured routinely. Nevertheless, many
disease states, including most chronic con-
ditions, affect multiple disease biomarkers.
Numerous proteins, including CRP, apoli-
poproteins A-I, B, C-III and (a), MPO and
Lp-PLA2, contribute independent informa-
tion on cardiovascular risk, for example. This
should not be surprising, given the complex-
ity of the disease processes involved. Combi-
nations of such well-studied markers, many
with established mechanistic roles, provide a
powerful alternative to de novo development
of candidate lists emerging from small-scale
unbiased proteome screens, but such com-
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binations are rarely used clinically because of cost
considerations.

As a method of protein measurement, MS changes
the equation for multiplex panels: one aliquot of sam-
ple is processed to generate the first protein value, but
numerous additional proteins can be measured in the
same operation at relatively low incremental cost above
that of the single-analyte workflow. Such methods are
becoming practical in the clinical laboratory as demon-
strated in the recent paper by van den Broeck ez al. [2],
which describes the measurement of apolipoproteins
A-1, B, C-I, C-II, C-III and E in a single MS assay,
with performance equivalent to conventional auto-
mated, single biomarker immunoassays. The sensitiv-
ity and throughput of multiplex MS assays can be fur-
ther improved using analyte enrichment methods such
as SISCAPA (3], which overcome the shortcomings of
immunoassay technologies.

“However, several lines of evidence make it
clear that this ‘one size fits all’ approach is an
imprecise view of the human population and
does not accurately reflect disease biology.”

Personal baselines versus population
reference intervals

Almost all clinical test results are interpreted in terms
of population reference intervals, an approach that
assumes similar levels and similar change behavior for
disease biomarkers in all individuals. This is a major
convenience for physicians in spotting out-of-range
values, and for laboratorians who can establish a local
reference interval from a few hundred ‘normal’ sam-
ples. However, several lines of evidence make it clear
that this ‘one size fits all’ approach is an imprecise
view of the human population and does not accurately
reflect disease biology.

The data assembled by Ricos ez al. (4] on between-
subject and within-subject variation in laboratory test
values demonstrates that many widely used analytes
vary much less in a normal person over time than
between people in the population. This means that
personally significant biomarker changes are easily bur-
ied in the between-subject variation of the population
(i.e., by interpretation against the population reference
interval), effectively discarding small but statistically
significant changes from a subject’s normal baseline that
can provide early signals of disease. In some situations,
using the population variation can degrade the perfor-
mance of a biomarker so as to make it appear useless,
whereas interpretation against a baseline of the patient’s
own predisease measurements identifies clinically sig-
nificant changes. A striking example of the value of lon-
gitudinal measurement is presented in a recent paper in

which the use of the ‘risk of ovarian cancer algorithm’
(ROCA) on serial CA-125 measurements ‘doubled the
number of screen-detected primary invasive epithelial
ovarian or tubal cancers compared with a fixed cutoff at
the time of detection by ROCA'’ [s]. Similarly, the use of
the Relative Change Value (RCV) approach to evalu-
ate each patient against himself or herself substantially
improved performance of alpha-fetoprotein (AFP) in
screening for hepatocellular carcinoma [6]. In fact, some
form of longitudinal interpretation is likely to be supe-
rior for all protein biomarkers for which the variation
within the individual (CV)) over time is less than 0.6-
times the variation between individuals (CV,; 7)), that
is, for CA-125, AFP and, astonishingly, a total of 69%
of the existing clinical serum and plasma protein test
menu covered by Ricos’ data.

Taking account of biological variation is certainly
not a new concept in laboratory medicine, and it has
been carefully explained to a broad audience repeat-
edly, for example, by Callum Fraser in his AACC
Press book ‘Biological Variation: From Principles to
Practice’ [7]. Nevertheless, despite abundant reasons
to use the approach for many if not most biomark-
ers, personal baselines or personalized algorithms are
not routinely available, perhaps because of insufficient
method standardization across laboratories, or due to
the difficulty of assembling usable longitudinal base-
line measurements from existing medical records.

In its purest form, measurement of ‘normal’ per-
sonal baselines, together with ‘normal’ personal stan-
dard deviations from that baseline, allow biomarker
darta to be presented in terms of statistical significance
for the individual: how many personal standard devia-
tions away from a personal baseline is a given labora-
tory result? Such an approach (described in the accom-
panying paper in this issue [8]) significantly increases
existing biomarkers’ clinical utility through detection
of changes occurring over time. Similar approaches
such as ROCA also yield increased clinical utility while
providing the same utility for diagnosis from a single
time-point sample as current methods for interpreting
biomarkers.

DBS versus blood drawn by phlebotomy
Routine periodic collection of blood samples to support
personalized test interpretation is currently considered
impractical because of cost and patient inconvenience.
The cost of phlebotomy, in terms of personnel, mate-
rials, institutional infrastructure and transportation
(e.g., via FedEx) is substantial, and rarely reimburs-
able without an immediate diagnostic need. Patients
are likewise not enthusiastic about recurring sched-
ule interruptions, travel to a phlebotomy center and
negative visceral reactions to the venipuncture itself.
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An alternative sampling technology, based on Guth-
rie’s implementation [9] of DBS on filter paper for new-
born screening, has been explored in a variety of con-
texts for a decade or more. Numerous publications have
confirmed that a wide array of metabolites, drugs and
proteins can be measured in such samples [10.11], and that
individuals can perform effective finger prick sample
collection at home [12]. DBS samples are not fully equiv-
alent to conventional venipuncture specimens in terms
of accurately known plasma volume or concentration of
some biomarkers (e.g., proteins elevated in interstitial
fluid compared with venous blood), but these limitations
can be largely overcome using new MS-based methods.
Indeed the ability of multiplex MS technologies to mea-
sure additional ‘normalizing’ analytes (e.g., albumin,
other major plasma proteins, or hemoglobin) at low cost
facilitates normalization of punch volume and hema-
tocrit variations in DBS. Even where such corrections
do not restore fingerprick values to plasma blood draw
values, the use of personal baselines may restore clinical
utility for analytes that show plasma:fingerprick differ-
ences [8]. Along with their ease of collection, low cost
and demonstrated suitability for multiplexing, DBS are
well suited for longitudinal sampling and determination
of practical personal baselines, providing an attractive
option for monitoring wellness, early detection of disease
and monitoring of chronic conditions.

An emerging solution for personalized
diagnostics?

Our purpose here is to draw attention to the syn-
ergy among the three strands of technology outlined
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above, and the resulting opportunity to increase
the value of the menu of known protein biomark-
ers in pharmaceutical development and laboratory
diagnostic testing. MS makes it possible to measure
numerous clinically important proteins in DBS sam-
ples that can be collected periodically by individuals
at home (or anywhere) and sent for analysis to a cen-
tral laboratory by regular mail. Emerging platforms
for mobile (mHealth) or electronic (eHealth) per-
sonal and medical information enormously increase
our capacity to collect, store and digest a history of
quantitative biomarker measurements, and with it
to provide valuable feedback (and education) to an
enthusiastic user base. This longitudinal approach
provides a new and powerful means of squeezing
substantially more value from the biomarkers we
have, as well as a superior method for validating and
translating novel protein biomarkers, addressing
unmet medical needs such as Alzheimer’s disease,
COPD and cancer.
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