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CARDIOVASCULAR BIOMARKERS

An Analysis of
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Biomarker analysis plays an integral
role in modern medicine.

By Alex Harrison, MD; Howard Kirchick, PhD,
Scott Mader; and Barbara M. Goldsmith, PhD, FACE

% he term “biomarker” refers to a specific biochemical within the human body E
that has a particular molecular feature that makes its measurement useful for
assessing the progress of disease, effect of treatment and / or offers prognostic
information. As technology and molecular biochemistry continue to ad-
vance, more of these biochemicals are discovered and their application as po-
tential clinical biomarkers is investigated.
[ Over time, biomarkers have played an integral role in the
- Fig. 1 practice of cardiovascular medicine. Their expanding use in
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i examination that can then be more generally applied to

. Distribution of CK Activity this arena can be used as a microcosm for their use and
' i growth throughout medicine. An in-depth analysis sur-
3900 _ i rounding the historical, current and future applications of
P Total CPK biomarkers within cardiovascular medicine ailows a detailed

for detecting myocardial necrosis evolved over time. in the
1950s, lactate dehydrogenase (LDH) became the first
biomarker ciinically utifized in efforts to detect myvocardial
necrosis during a myocardial infarction. LDH consists of M
{muscle} and H Cheart} subunits that give rise to five isoen-
zymes. The heart primarily contains LDH-1 and some LDH-
2. Red cells, kidney, stomach and pancreas are other impor-
tant sources of LDH-1.

I contrast, LDH-5 predominates in skeletal musde and
Hver ™ Serum LDH activity rises to abnormal levels approxd-

800 medicineas a whole.
500 Evolution of Single Biomarkers
[ Myocardial Necrosis
400 ; The use of biormarkers to detect an acute myocardial infare-
. M8 CPK ~ don (AMD is the standard of care. However, the biomarkers
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Distribution of creatine kinase MM, BB and MB acthity in
different cigan systems. Note the ack of substantial CK-MB
activity (blue columns} in all organs but the heart {arrowl.
{Data from Roberts R, Gowda KS, Ludbrook PA, Sobel BE.
Am J Cardict 1975:36:433.}
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mately 10 hours after the onset of an AM], peaks at 2448
hours, and remains elevated for six to eight days. However,
the lack of specificity for the heart led to the use of other
biomarkers to detect myocardial necrosis.

The next biomarker utilized to detect myocardial necrosis »
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CARDIOVASCULAR BIOMARKERS

was creatine kinase (CK). While this biomarker offered some advan-
tages over LDH, it, too, was limited because of its wide distribution
throughout the body and lack of specificity to heart tissues.

However, isoforms of the CK iscenzymes were characterized and
helped bring more specificity to detect cardiac myocyte necrosis. CK
isoenzymes are dimers of M and B chains and exist in three combina-
tions: MM, MB and BB.? These isoenzymes reside in the cytosol and fa-
cilitate the egress of high energy phosphates into and out of mitochon-
dria?

CKisoenzyme activity is distributed in a number of tissues; the CK-
MB fraction on a percentage basis is generally confined to heart tissue
{Fig. 1}.5 CK-MB has high specificity for cardiac tissue and is still wide-
ly utilized as a marker of cardiac injury to help diagnose an AMIL57 As
with total CK, CK-MB typically begins to rise four 1o six hours after the
enset of infarction but is not elevated in all patients until about 12
hours,

In the 1990s the discovery of cardiac troponins added to the
biomarkers specific to cardiac tissue. Cardiac troponin I {cTnly and T
{cTnT) are cardiac regulatory proteins that control the calcium-mediat-
ed interaction of actin anci myosin®

Tai)le
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Markers of Inflammation

Mg[}é 15 of Hyvpercogguiability

High sensitivity C reactive Hyperhomacysteinemia ;
protein (hs-CRP) Fibrinogen
Serum amyloid A {SAA) Activated protein C resistance
Fibrinogen von Wiliebrand factor antigen :
Myeloperoxidase (MPO} Coagulationfactors Vitang Vil |
interleUkin 6 (IL-6) Prothrombin fragment 1.2 ;
Tumor necrosis factor alpha :
(TNFat) Markers of Impaired Fibrinolysis :
Interceliutar achesion molecule Plasminogen activator inhibitor
(ICAM-1) {PAL1)
Vascuiar adhesion molecule Tissue type plasmincgen
(VCAM-1) activator {t-PA}
E selectin and P selectin D-dimer ;
Clot lysis time
Lipoprotein (&)
. Fig. 2

: Hormone Levels in CHF

8.

Times normal

Norepinephring

Plasma renin

Anticdiuretic
hormaone

Plasma levels of norepinephring, renin activity and artidiuretic hormone
are increased two- o eight-fold {when compared to normal sublects)in
patients with stabie congestive heart fallure treatad with digitalis, but not
. diuretics orvasodilators. {Data from Francis G5, Geldsmith SR, Levine
¢ TB, etal Arnintern 1884; 101:370.)
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Cardiac troponin concentrations usually begin to rise four to six
hours after an M, a time course similar to that with CK-MB. Fleva-
tions in serum ¢TnT and ¢Tal reflect small areas of myocardial necro-
sis in patients with unstable angina or non-ST-segment Mis and also
predict the severity of disease. This was illustrated ini the FRISC H irial
in which any elevation of ¢InT in the noninvasive arm of the study in-
creased the likelihood of severe three vessel disease, an unstable
plaque with thrombus and downstream microembolization, and im-
pairment of coronary flow. These factors are all associated with an in-
creased risk for reinfarction and death.® The degree of elevation of ¢T-
nl or ¢TnT also has prognostic value as illustrated by the GUSTO IV
ACS trial, the TIMI THB trial, the GUSTQ Ila trial and FRISC study 0%
Cardigc Newrohormornal Activity

initially used to assist in the diagnosis of myocardial necrosis, the
use of cardiac biomarkers has broadened to help clinicians under-
stand the neurchormonal activity of the cardiovascular system. When
the heart begins to fail to provide the same cardiac output it once had,
the body compensates to maintain perfusion. The signs and symp-
toms of heart failure (HF) are due in part to compensatory mecha-
nisms wutilized by the body i an attempt to adjust for this primary

deficit in cardiac output. Neurohumoral adaptations, such as activa- |

tion of the renin-angiotensin-aldosterone and sympathetic nervous
systems by the low output state, can contribute to maintenance of per-
fusion of vital organs intwo ways:

L maintenance of systemic pressure by vasoconstriction, resuling
in redistribution of blood fiow to vital organs, and

2. restoration of cardiac output by increasing myocardial contractil-
ity and heart rate and by expansion of the extraceliular fluid vol-
ume"li,l.‘)

Specific biomarkers can be analyzed to help clinicians assess the
degree of this neurchormonal activation of the renin-angiotensin-al-
dosterone and sympathetic nervous system. In the short ferm, neuro-
humoral activation is beneficial in patients with HF since elevations
in cardiac contractility, vascular resistance and renal sodium retention
tend to restore the cardiac output and tissue perfusion toward nor-
mal. However, the deleterious effects may predominate over the long
term, leading to pulmonary and peripheral edema, increased after-
load, pathologic myocardial remodeling and more rapid progression »
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. Fig. 4
. Cardiac Marker Temporal Patterns
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Fig. 4 shows the temporal pattern of cardiac biomarker release
after the onset of an acute myocardial infarction (AM, The :
three markers illustrated are myoglobin, CK-MB and cardiac
froponin | {¢Tnl}. The y-axis shows the relative elevation above
the upper limit of reference of each biomarker. The x-axis
demonstrates the time after AMI measured in hours. The figure
iliustrates that serum myogliobin is elevated most rapidiy after
the onset of an AM! and that ¢Tni remains elevated for the
greatest duration of time post AMI, ;

Draw Safety Into
Your Lab

Are you é__t%%i using glass blood gas, Natelson.® or Caraway,® tubes?

i you are, your lab isn't in compliance and you Il be cited at Your
next inspection. SAFE-T-FILL® Blood Gas Capillary Tubes are
100% plastic and 100% compfiant. Availahle with either sadium
or baianced heparin. You'll never need glass again!

Recelve a complimentary samgle pack by cafing 1.800.535 6734
or vigiting www.ramsei.com.

£ Sopprmit SOG4 A Soann
ik of 2240 St
HBLEIE oiwhis. S0 8261

SCIENTIFIC

www. SdvanoSeweb. com

BOVBNOCE /LABORATORY » JUNE 2004 (A5

Circle 96 on FREE Information Card




CARDIOCVASCULAR BIOMARKERS

of myccardial dvsfunction. The ability of ACE inhibitors and beta
blockers to improve survival and slow the progression of the heart
faiture corroborate this pathophysioiogical occurrence.

Biomarkers have provento help clinicians assess this degree of neu-
rohormonal activation, Measurements of plasma norepinephrine,
renin and antidiuretic hormone have proven to be significantly ele-
vated in patients with HF (Fig. 2). Through years of research, b-type
natriuretic peptide (BNF) has proven to be the most stable, consistent
and reliable measurement of the degree and severity of heart fail-
ure.'"® The correlation between BNP levels and New York Heart As-
sociation Class is shown in Fig. 3. Aside from diagnosing CHF and as-
sessing the degree of neurchormonal activation, BNP measurements
have proven valuable in:

« mornitoring patients,

* tatloring management and titrating therapy,

= providing objectivity n assessing discharge and adrmission criteria,

= predicting adverse cardiac events and readmissions in CHF inpa-
tHents and

* offering overall prognosticinformation.

Risk Factors for Coronary Disease
Cardiac biomarkers also have found tremendous and growing util-

Fig. &
. Reiative 30-Day Mortality Risks in OPUS-TIMI 16 in Patients
Stratified by Number of Elevated Cardiac Biomarkers
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ity in assessing risk factors and markers of coronary heart disease
(CHD). Current cardiovascular risk assessment utilizes the Framing-
ham database that identifies the following cardiovasalar risk factors:

1. those unable to be changed—age. gender, heredity~and

2. those that can be changed—blood pressure, cigarette smoking,
obesity, glucose intolerance / diabetes, stress and cholesterol

There is growing data, however, surrounding the role of inflamma-
tion, hypercoagulability and impaired fibrinolysis in the pathogene-
gis of coronary atherosclerosis. Potential biomarkers under investiga-
tion include those illustrated in the Table ¥ Numerous studies have
indicated the potential role these biomarkers may play in future of
cardiovascular risk analysis 5%

Transitioning to Biomarker Panels

As new and more specific biomarkers are discovered, the best ap-
proach to incorporate them into clinical practice becomes challenging,
More recent discoveries are proving te be complementary, as cpposed
to superior, to previous markers. Unlike earlier developments with
cardiac necrosis markers where there was a linear progression from
LDH to CK to CK-MB, there has been a vast expansion in available
biomarkers with various implications and potential applications. The
use of cardiac biomarkers in the setting of an acute coronary syn-
drome (ACS) is moving toward a multimarker strategy.

While serum troponins and CK-MB detect myocardial cell death,
other less specific but highly sensitive markers detect myocardial cell
injury sooner. Serum myoglobin, while currently underutilized, has
tremendous potential for early detection of myocardial infarctior.
Among patients with an AMI, the serum myoglobin concentration is
elevated in roughly similar proportions as CK-MB and troponins.®
The delayed release of the ¢Tnl and CK-MB decreases their sensitivity
until four to six hours after the onset of symptoms (Fig. 4); some pa-
tients do not show an enzyme elevation for as long as 12 hours. Serum
myoglobin rises within one to four hours and is more sensitive during
this early period than the other markers.® The CHECKMATE study
showed that an approach utilizing rapid multimarker analysis identi-
ties patients with an AMI earlier, and provided better risk stratification
tor mortality than alocal laboratory-based, single-marker approach ®

Cardiac troponin concentrations usually begin to rise four to six
hours after an MI, a fime course similar to that with CK-MB {Fig. 4).
However, at least 12 hours is required to detect elevations in all pa-
tients with both ¢Tnl and CK-MB. As a result, serial testing is per-
tormed after four or more hours if the initial values are indeterminate,
the ECG is not diagnostic, and clinical suspicion of an Ml remains
high. Elevations in serum ¢Tnl levels after AMI persist for up to 10
days, permitiing late diagnosis. 2

CK-MB has high specificity for cardiac tissue and is still commonly
utifized for detecting AML® As with total CK, CK-MB typicaily be-
gins Lo rise four to six hours after the onset of infarction but is not ele-
vated in all patients until about 12 hours (Fig, 4). An elevated serum
CK-MB is relatively specific for myocardial injury, particularly in pa-
tients with ischemic symptoms when skeletal muscle damage is not
present. These elevations return to baseline within 3648 hours com-
pared to durations as long as 10 days seen with troponins. Thus, CK-
MB cannot be used for late diagnosis, but new elevations can help de-
tect infarct extension.

Arnelevation in the serum concentration of one or more of the above
markers {myoglobin, CK-MB, ¢Inl} is seen in virhually 2l patients
with an AMLY The Diagnostic Marker Cooperative Study, a large,
prospective, double-blind study of patients who presented to the
emergency department with chest pain, showed that CK-MB sub-
forms (91 percent and 89 percent) and myoglobin (78 pescent and 89
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percent) were most sensitive and specific within six hours of symp-
tom onset, while total CK-MB (96 percent and 98 percent) and tro-
ponins {96 percent and 93 percent for ¢Tnl} were most sensitive and
specific at 10 hours.™ To date, serial analysis of these three biomarkers
to assess cardiac myocyte necrosis is the most sensitive and specific
method to detectan AML

Through meta-analysis, Sabatine et ai® showed that a multimarker
approach to risk stratification in non-ST elevation acute coronary syn-
dromes is extremely valuable. A simultaneous analysis of ¢Tnl, Core-
active protein {CRP) and BNP provides unique prognostic informa-
tion where each marker has independent and incremental prognostic
information. The 30-day risk of death increased in proportion to the
number of cardiac biomarkers elevated at baseline (P=0.014), with a
near doubling of the mortality risk for each additional biomarker that
was elevated (Fig. 5). Similar refationships existed for the endpoints
of Mi, CHF and the composite, with. persistent predictive capacity
through 10 months.®

As new necrosis markers are discovered with varying favorable
characteristics—improved sensitivity, specificity or earlier allowable
detection—the new markers will likely be incorporated into a mulg-
marker approach to capture additional information rather than sup-
planting the existing markers. Newer biomarkers such as myeloper-
oxidase (MPO) and ischemia modified albumin (IMA) are such
potential future necrosis markers. ™ A similar multimarker ap-
proach is gradually finding its way to other areas of cardiovascular
biomarker implementation. The use of BNP is expanding tremen-
dously from its initial use of diagnosing CHF in the emergency de-
pariment, and now has found use in monitoring progression of HE,
titrating treatment and assessing overall prognosis.®® With its ex-
panding utilization, BNP is becoming incorporated into many
biomarker analyses.

Panel Response Biomarker Testing

The future of biomarker analysis appears to be heading toward the
technologicat advances in high-throughput robotic workstations and
software applications that can assimilate biomarkers into a single
“derived analyte.” The concept thrives on the technological advances
in biotechnology that allow the analysis of dozens to even hundreds
of biomarkers in search for those that contribute significant informa-
tion about a desired analysis. The biomarkers that offer such informa-
tion are then combined into a panel that sums their respective infor-
mation into a panel response or single-derived analyte.

Fig. 6 illustrates this concept, where the panel response (PR) equals
the sum of each biomarker’s product of the measured biomarker val-
ue {Mj multiplied by a weighting coefficiertt (W). To prevent any sin-
gle biomarker from overweighing the summation, each (M) is re-
stricted by an upper and lower limit. Values above and below the
limits are set to the limits. This panel response analyte can then be
used in the same fashion as individual markers where receiver oper-
ated characteristic (ROC) curves can be generated and offer cutoffs
with optimal sensitivity, specificity and accuracy.

This technology, referred to as panel response biomarker testing, is
pioneering its clinical utility in the area of stroke and vascular injury,
with applications in other areas close behind. A panel response sys-
tem has been developed to help clinicians identify patients with an is-
chernic stroke, Given the absence of a widely available and sensitive
means to objectively identify such patients, a panel response that
could accurately identify cerebral ischemia would be a valuable clini-
cal took Greater than 50 biomarkers involved in the ischemic cascade
of glial activation, ischemic nouronat injury, inflammation and mark-
ers of impaired hemostasis and thrombosis were analyzed; the best

CARDIOVASCULAR BIOMARKERS

indicators of cerebral is-
chemia were combined into a
derived analyte or panel re-
sponse that provided a sensi- P
tivity and specificity of l
greater than 90 percent for de-
tecting stroke. ¥

This technology could po-
tentially allow the simultane-
ous analysis of all cardiovas-
cular biomarker risk factors detailed in the Table and provﬁe a smgle
derived analyte with tremendous noninvasive insight into the current
status of a person’s cardiovascular system and CAD risk. This distilled
cumulative analysis could have wemendous clinical significance and
serve to guide future therapeutic and risk modification strategies.

Similarly, a panel response system developed for ACS could help
detect AMs earlier, help risk stratify those at tremendously high risk
for an MI but who don't have active myocardial necrosts. In addition,
it could help identify individuals with an MI who have significant
neurchormonal activation of the renin-angiotensin-aidosterone and
sympathetic nervous system and are at increased risk of developing
heart failure. M

Fig. 8
" Panel Response Concept
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