Review Article

An Evidence-Based Approach to the Assessment of Heart-Type Fatty Acid
Binding Protein in Acute Coronary Syndrome

Karthik Viswanathan,! Alistair S Hall,! *Julian H Barth?
Yorkshire Heart Centre, and *Clinical Biochemistry, Leeds General Infirmary, Leeds LS1 3EX, United Kingdom.
*For correspondence: Dr Julian H Barth, e-mail: julian.barth@leedsth.nhs.uk

Abstract

Cardiac troponins have been the biomarkers of choice for the diagnosis of acute coronary syndrome (ACS) for over a decade.
There has, however, been considerable interest over the last two decades for newer biomarkers that would bring added value
to the measurement of troponin such as the provision of prognosis and assistance in the choice of therapeutic interventions. In
this manuscript, we review the development of heart-type fatty acid binding protein (H-FABP) in patients with ACS using the

evidence-based laboratory medicine format.

Phase I studies have established that H-FABP reference intervals and pre-analytical factors influencing H-FABP. Phase II studies
have confirmed a) that H-FABP is elevated in patients with established myocardial infarction; b) that its serum concentration is
related to the extent of infarction using survival as a surrogate; and c) that its use in chest pain patients can identify ACS patients
and also provide prognostic information on survival. Furthermore, it is an independent prognostic marker for patients with
suspected ACS who are troponin negative. Phase I1I studies involving randomised control trials for diagnosis and prognosis have
not yet been performed and Phase IV studies await uptake of H-FABP in a routine service.

Introduction

Biochemical markers have played an increasingly important
role in the diagnosis of acute coronary syndrome (ACS), since
the report of the release of aspartate amino-transferase (AST)
from necrotic cardiac myocytes in 1955." The last two decades
have seen considerable advances in our understanding of
myocardial infarction (MI) and unstable angina which we
now recognise as a single heterogeneous disease state known
as Acute Coronary Syndrome. Currently, the cardiac troponins
remain the most widely used biomarkers for the diagnosis of
ACS by virtue of their high sensitivity for minor myocardial
injury, almost absolute specificity for myocardial damage, and
most importantly, their ability to risk-stratify patients with
suspected ACS. Their widespread recognition was supported
by the inclusion of cardiac troponin as the preferred biomarker
in the diagnosis of ACS both in the New Definition of MI
(1999)? and further reinforced in the Universal Definition of
Myocardial Infarction (2007).’

However, the scope of biomarkers in cardiovascular
medicine has widened in recent years and a number of novel

biomarkers have been evaluated as alternative markers for
their incremental value, over and above troponin, in the risk
stratification of patients with possible ACS. These novel
biomarkers reflect different aspects of the pathophysiology in
patients with ACS and therefore have the potential to identify
defined pathological processes which might be amenable to
specific therapies and, moreover, may provide complementary
information when measured in conjunction with each
other.* There is also growing evidence of the benefits of a
multi-marker strategy over the use of a single marker when
evaluating patients with ACS.%”7

Fatty acid-binding proteins (FABP) are small (15 kDa)
cytoplasmic proteins that are abundantly expressed in tissues
with an active fatty acid metabolism such as heart and
liver.®® The primary function of FABP is the facilitation of
intracellular long-chain fatty acid transport.! Nine distinct
types have been identified, each showing a characteristic
pattern of tissue distribution and named after the tissue in
which they were first identified. Heart-type fatty acid binding
protein (H-FABP) is found in abundance in cardiomyocytes
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but is also expressed (to a lesser extent) in skeletal muscle,
distal tubular cells of the kidney,'? specific parts of the brain,"
lactating mammary glands and placenta."! H-FABP was first
shown to be released from injured myocardium in 1988
and shows rapid release and disappearance following acute
MI.'5 H-FABP appears to be a very stable protein in vitro for
clinical diagnostic purposes.'®

Evidence Based Evaluation of Diagnostic Tests

In 2005 Gluud & Gluud described a framework for
evaluating diagnostic tests.'” They proposed a multi-phase
model analogous to that used for the development of new
pharmaceuticals. Phase I: determination of the reference
intervals and pre-analytical factors through observational
studies in healthy people. Phase II: a) demonstration of a
relationship with disease, b) demonstration of a quantitative
relationship with disease and ¢) demonstration of a relationship
in people with suspected disease. Phase III: evaluation of
the clinical utility of the diagnostic test through randomised
trials; Phase IV evaluation of the effects of introducing a new
diagnostic test into clinical practice by surveillance in large
cohort studies.

This contribution to the evidence-based laboratory medicine
(EBLM) literature is particularly valuable as laboratory
diagnostics tend to be used as the evidence point for clinical
studies and it is rare for a trial to use a diagnostic test in a
randomised fashion. In the case of myocardial infarction, it is
now too late to consider a randomised control trial (RCT) to
test the utility of troponin but many new markers have been
evaluated and an RCT with outcome measures may be the
only way to break into the accepted diagnostic strategy.

A further challenge in the field of myocardial infarction has
been the serial redefinition of the disease over the past decade
which makes it difficult to evaluate diagnostic strategies
over prolonged periods of time. Moreover, the diagnosis of
myocardial infarction as an end point has changed to decision
points for therapeutic intervention and an acceptance that
ischaemic heart disease is a continuum with adverse prognosis
even before the advent of an acute ischaemic attack.

In this manuscript we describe the evidence to support the
use of H-FABP both as a diagnostic test in ACS and as a
prognostic marker for survival by presenting the evidence
according to these four phases.

Phase I Studies for H-FABP in Normal Healthy Adults
Factors Influencing H-FABP Concentration Among
Healthy Adults

Age and renal function have been consistently shown
to influence H-FABP concentrations in normal healthy
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adults.'®?* H-FABP concentrations have also been reported to
be higher in men than in women in some studies.'”? It has
been shown that the mean plasma concentration of H-FABP in
the patients with chronic renal failure requiring dialysis is 21
to 25 times higher than in normal adults.! However, there is
no data to quantify the extent to which mild or moderate renal
dysfunction influences serum H-FABP levels in healthy adults.
H-FABP levels are also influenced by physical exercise.?>*
Only one small study (n=12) reported on the intra-individual
biological variation of H-FABP concentration in healthy
subjects which showed a modest effect (CV 14%).%° Increased
body mass index has also been shown to be associated with
elevated H-FABP concentration in one study."’

Reference Values in Normal Healthy Adults

Niizeki et al." reported upper reference limits (95" and 97.5"
centile) for H-FABP (measured using the Dainippon assay)
stratified into four sub-groups by age (10-year intervals
between 40 and 79 years) and further sub-divided by gender
in a large cohort of healthy Japanese adults (n=2099). This
study showed considerable variation in the cut-off values
across the groups; with 97.5" centile value ranging from 4.8
pg/L in women aged 40-49 years to 8.3 pg/L in men aged
70-79 years. While the majority of patients in this study had
normal renal function, study subjects were not excluded on
the basis of abnormal renal function.

In 2009, Bathia et al.'® reported on the 99" centile values of
H-FABP for males and females in a sizeable UK population
spanning all age groups (median age: 57 years in males, 51
years in females). Subjects with renal dysfunction (defined
as eGFR <60 mL/min) were excluded. The 99" centile values
were 5.3 and 5.8 pg/L (Randox Biochip) and 8.3 and 9.1 pg/L
(Dainippon MARKIT-M) in females and males respectively.
These authors demonstrated a significant correlation between
assays (r=0.84, p<0.001) but noted a calibration difference
as shown by the measurement of recombinant H-FABP. This
stresses the importance of using assay specific cut-off values
when interpreting H-FABP results in clinical practice and a
need for harmonisation.

Phase II Studies of H-FABP in ACS

Phase Ila: H-FABP and Proven ACS

H-FABP was first reported to be released from injured
myocardium in 1988."* The release kinetics of H-FABP
following acute MI mirror those of myoglobin — typically
it is detectable at 1-3 hours, peaks at around 4 hours and
returns to baseline concentrations within 24 hours.'> H-FABP
appears to be a very stable protein as both plasma samples
and recombinant protein solutions can be subjected to
repeated freezing/thawing at least eight times without loss of
immunoreactivity.?



Evidence for H-FABP in ACS

Much of the attention in the 1990s was focused on the utility
of H-FABP as a superior early diagnostic marker of ACS
due to its favourable release kinetics following myocardial
cell necrosis as described earlier. Studies have consistently
shown that H-FABP is superior to myoglobin in the early
diagnosis of ACS, especially in the first 6 hours from onset
of symptoms. This is probably because H-FABP is a slightly
smaller molecule than myoglobin and the normal plasma
value of H-FABP is much lower than that of myoglobin both
absolutely and relative to the magnitude of change seen in
ACS. Table 1 summarises all studies to date recruiting patients
with suspected ACS (majority presenting <6 h from symptom
onset) which have evaluated H-FABP and myoglobin as early
diagnostic markers of ACS after excluding those studies
that recruited less than 100 patients and those that did not
report their data using receiver operating characteristic (ROC)
analysis.

While the majority of studies published until 2004 showed
H-FABP to be a superior early diagnostic marker, the results
were not consistent across all studies. This is likely to be
due to a number of factors including the heterogeneity in
patient population (as evidenced by the percentage of patients
diagnosed as ACS) and differences in performances of the
H-FABP assays used in the various studies. Possibly most
important, all studies published prior to 2003 used the old
WHO definition of MI rather than the revised New Definition
of ML.

There is now indirect evidence demonstrating that H-FABP is
released not only during myocardial necrosis but also during
acute myocardial ischaemia. Meng et al** demonstrated
in rats that H-FABP concentration in peripheral blood rose
four-fold from the baseline concentration after just 15
minutes induced myocardial ischaemia. Secondly, in human
autopsy cases, they demonstrated depletion of H-FABP in the
myocardium of individuals dying suddenly after the onset of
chest pain. These changes were present despite the absence of
myocyte necrosis on electron microscopy. This led to interest
in investigating the role of H-FABP as an ischaemia marker
among patients with possible ACS.

Phase I1b: Quantitative Relationship Between H-FABP
and ACS

The three most recent studies of H-FABP as an early
diagnostic marker in ACS?*?° (summarised in Table 1) showed
that H-FABP is either superior to or adds incremental value
to troponin in the early diagnosis of ACS as demonstrated
by ROC analyses. Moreover, a fourth study of 664 patients
with suspected ACS* reported that the sensitivity of H-FABP
(Randox Biochip assay) was superior to TnT among patients
within 4 hours of symptom onset (73% vs 55%, p=0.04);

the combined use of H-FABP or TnT (either one elevated)
significantly improved the sensitivity to 85% (p<0.004).
While no ROC analysis was reported in this manuscript, the
results were consistent with the other three publications.

The four studies published between 2005 and 2007 which
reported on the prognostic utility of H-FABP among
patients with confirmed ACS are summarised in Table 2.
All the studies consistently showed that elevated H-FABP
is associated with an increased risk of long-term adverse
outcomes (death, recurrent MI) irrespective of troponin results
among patients with non-ST-elevation ACS (defined by the
presence of ischaemic chest pain and at least one of either
elevated troponin or ECG changes indicative of myocardial
ischaemia). The prognostic value of H-FABP was shown to be
independent not only of clinical risk factors and troponin but
also other biomarkers such as hsCRP3! and BNP.3? Particular
sub-group analyses of patients without elevated troponin
in studies by O’Donoghue et al.** and Kilcullen et al®!
showed that H-FABP was an independent predictor of long-
term adverse events among troponin-negative patients.
This observation would be potentially consistent with the
hypothesis that H-FABP is a marker of myocardial ischaemia.
In the study by Kilcullen ef al., the occurrence of a negative
test result for both Tnl and H-FABP was associated with
no deaths in the six months following the acute event (see
Figure 1), and in the multimarker study by O’Donoghue ef al.
which evaluated H-FABP, troponin I, and BNP, it was shown
that H-FABP provided incremental information for risk
stratification regardless of baseline troponin or BNP status
(see Figure 2).

Phase Ilc: Utility of H-FABP in Patients with Suspected
ACS

All the studies discussed above, recruited patients exclusively
with confirmed ACS (hence the vast majority of patients were
troponin positive), thus excluding low and intermediate risk
patients who could potentially benefit the most from accurate
risk stratification. It therefore became important to study
the clinical utility of H-FABP in a large consecutive cohort
of patients with possible ischaemic chest pain to confirm if
H-FABP remains as valuable as shown in the above studies
among those without troponin elevation. Two such Phase Ilc
studies have been published.

The first study by McCann et al. reported on the prognostic
value of H-FABP measured on admission in 550 patients
presenting to a coronary care unit with ischaemic-type chest
painrecruited overaperiod ofthree years.** Acute MI, defined as
c¢TnT >30 ng/L, with or without electrocardiographic features
ofiischaemia or infarction, in the absence of any other cause for
the chest pain, was diagnosed in 291 of 550 patients. Patients
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Evidence for H-FABP in ACS
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Figure 1. The Kaplan-Meier mortality curves in the
EMMACE-2 study (Kilcullen N et al. 2007) for patients with
either Beckman AccuTnl <60 ng/L (unstable angina) or Tnl
>60 ng/L (MI inclusive of ST elevation MI or MI with bundle
branch block) according to the H-FABP cut-off value of 5.8
pg/L (Dainippon assay). One-year univariable hazard ratios
for each group relative to Tnl-ve /H-FABP-ve patients are:
Tnl+ve/H-FABP-ve 2.38 (95% CI 0.48 to 11.65; p=0.29),
Tnl-ve/H-FABP+ve 4.93 (95% Confidence Intervals 1.09
to 22.30; p=0.038), and Tnl+ve/H-FABP+ve 7.11 (1.71 to
29.64; p=0.007). Reprinted from Kilcullen N, ez al. ] Am Coll
Cardiol 2007;50:2061-7, with permission from Elsevier.
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Figure 2. The occurrence of death, MI, or congestive heart
failure observed through 10 months of follow-up stratified by
baseline concentration of BNP, troponin I, or H-FABP in the
OPUS-TIMI16 trial sub-study. All assays were performed
by Biosite Diagnostics, California using in house assays:
BNP+ indicates BNP >80 ng/L; Tn+, troponin I >1.5 ug/L:
H-FABP+, greater than the limit of detection. Redrawn from
O’Donoghue et al. Circulation 2006;114:550-7.

were followed up for one year from the time of admission
for the primary outcome measure of death or recurrent MI
which occurred in 54 of the 550 patients (9.8%). Significant
univariate predictors of death or MI included elevated levels
of H-FABP (defined as >5 pg/L measured using the Randox
Biochip assay) as well as peak cTnT, NT-pro-BNP, fibrinogen,
and D-dimer. When incorporated in a logistic regression
model along with clinical risk factors and other biomarker
results, elevated H-FABP remained an independent predictor
of adverse outcomes, as was elevated peak ¢TnT and NT-
pro-BNP. Although the cohort size was moderate, it included
only patients admitted to the coronary care unit and therefore
consisted of a group with a high proportion of patients
diagnosed with MI. Despite this, the study differed from
previously published studies in that it did not require a clinical
diagnosis of ACS as a criterion for inclusion in the study.
The findings of this study were consistent with previously
described studies in ACS and confirmed the prognostic value
of H-FABP independent of troponin and BNP as described in
these earlier studies.

Our FAB study included a consecutive unselected cohort of
1080 patients presenting with chest pain (‘suspected ACS”),
all of whom had Tnl measured using the sensitive Centaur
Tnl-Ultra assay (Siemens Healthcare Diagnostics).** 955
patients had H-FABP measured using the Randox Biochip
assay on a sample taken 12—-24 hours from onset of symptoms.
Of these 955 patients, 199 (20.8%) with elevated TnlI-Ultra
(i.e. above the 99" centile value) were classified as having
non-ST-segment elevation MI. After a median follow-up
period of 18 months, the primary outcome measure of death
or readmission with MI had occurred in 96 of 955 (10.1%)
patients. There was a gradient of increasing risk across
increasing concentrations of H-FABP (p<0.001). Multivariate
regression analyses confirmed that age, previous MI,
admission heart rate, and H-FABP concentration remained
statistically significant as independent predictors of long-term
risk. In the troponin-negative subgroup (n=756), there were
40 major adverse events (death or MI) during the follow-
up period. Table 3 shows the event rates across each of the
sub-groups based on H-FABP concentration when stratified
into patients with or without elevated troponin (MI or not),
confirming increasing risk with H-FABP concentration among
troponin-negative patients. H-FABP remained an independent
predictor of death or MI even after adjustment for age and
serum creatinine in this sub-group. Particular strengths of this
study were to include an unselected cohort of consecutive
patients with suspected ACS and the use of a sensitive Advia
Tnl-Ultra assay that meets the all-important requirement of
achieving adequate assay precision (<10% CV) at or below
the 99™ centile value, allowing the results to be extrapolated
more readily to contemporary clinical practice.
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Table 3. FAB study: Long-term adverse events stratified by H-FABP and Tnl results. Reproduced with permission from

Viswanathan et al. ] Am Coll Cardiol 2010;55:2590-8.

H-FABP concentration Trop <50 ng/L

Trop >50 ng/L Total

Group 1 =0.15-3.26 ug/L (n=635)
Group 2 =3.27-6.48 ug/L (n=203)
Group 3 =6.49-12.77 pg/L (n=63)

16/573 (2.8%)
14/148 (9.5%)
9/32 (28.1%)

8/62 (12.9%)
10/55 (18.2 %)
15/31 (48.4%)

24/635 (3.8%)
24/203 (11.8%)
24/63 (38.1 %)

Group 4 =12.78-151 pg/L (n=54) 1/3 (33.3%) 23/51 (45.1 %) 24/54 (44.4%)

Entire cohort 40/756 (5.3%) 56/199 (28.1 %) 96/955 (10.1%)

N=955 p<0.001 p<0.001 p<0.001

Phase III and 1V Studies or without the results of the marker or multimarker panel

Currently there are no published Phase 3 and Phase 4 studies
for H-FABP in ACS. While RCTs are commonly done for
therapeutic interventions (medications), they are rarely
performed for diagnostic tests. Cardiac troponin was never
subjected to an adequately powered RCT and since it is now
widely adopted in routine clinical practice and a component
of major guidelines, it is not ethical to design such a trial. The
most scientifically robust way to demonstrate additive value
of novel biomarkers would be in the form of a randomised
clinical trial whereby patient management is guided with

Suspected ACS,
troponin negative

under evaluation. Figure 3 gives an example of one such
way of designing such a trial to test the hypothesis of how
the results of a novel biomarker will influence management
among patients with suspected ACS who are troponin
negative. Such a trial would also allow us to address the
cost-effectiveness of a strategy of introducing H-FABP
measurement in clinical practice. Currently H-FABP is yet
to be widely adopted as a routine test in clinical practice and
hence no Phase IV studies available but we expect that this
will change in the years to come.

R
A
H-FABP
measurement
[
Y A
positive negative
h 4 h 4 y
Routine clinical Inpatient Routine clinical
management investigations management
Y
Outcome Outcome Outcome

Figure 3. A hypothetical randomised control trial design for evaluation of H-FABP in guiding clinical management amongst
suspected ACS patients who are troponin negative, R = randomisation.
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Evidence for H-FABP in ACS

Questions for Future Research

Several unanswered questions need to be addressed in future
research studies on H-FABP. Firstly, there is little published
data on the clinical utility of serial H-FABP measurements
on admission and at six hours post admission in line with
the recommendations for measuring troponin as specified
in the Universal Definition of MI. The choice of an absolute
cut-off value to define elevated H-FABP requires more
detailed consideration and serial measurements will require
the determination of biological variability to determine
significant changes between samples (reference change
values). Secondly, age-specific cut-off values for H-FABP
have been described in a Japanese population'® but similar
data is not available in other ethnic groups. While 99" centile
values have been described in Caucasian patients with normal
renal function,' there is little data on how to define ACS
defining values of H-FABP in patients with renal impairment.
Other sub-groups of patients where H-FABP has been shown
to be elevated (patients with chronic heart failure, tachy-
dysrhythmias) would also pose similar challenges. Finally
as discussed earlier, future studies should address the cost-
effectiveness of a strategy of using H-FABP concentration to
focus resources for further investigations and management,
preferably in a randomised fashion.

Assays for Measuring H-FABP

Early experimental FABP assays used polyclonal antibodies
with relatively modest specificity for specific FABP sub-
types. Subsequent assays for H-FABP utilise more specific
anti-human H-FABP mouse antibodies and currently all
contemporary commercially available H-FABP assays
have high specificity with little or no cross-reactivity
with other FABP types.*® Three companies manufacture
laboratory immunoassays for the measurement of H-FABP
in human serum samples - Hycult Biotechnology (Uden, The
Netherlands), Dainippon Pharmaceutical (Osaka, Japan) and
Randox Laboratories (Antrim, UK). While the first two are
ELISA in format, Randox Laboratories use their proprietary
Biochip immunoassay and in mid-2011 released an automated
H-FABP immunoturbidimetric assay. In addition, two point-
of-care tests are also available for the rapid detection of
H-FABP: Rapicheck (Dainippon Pharmaceutical, Osaka,
Japan) and CardioDetect (Rennesens, Germany).

Conclusion

Studies have now consistently shown that elevated H-FABP
is an independent predictor of long-term outcomes among
patients with suspected ACS, especially among troponin
negative patients, even in conjunction with high sensitivity
troponin assays. These troponin-negative patients with
elevated H-FABP are at high risk of adverse outcome
and their identification would enable physicians to target

further investigations and appropriate pharmacotherapy to
improve their survival. Commercial H-FABP assays (Randox
Immunoturbidimetric Assay) are now capable of rapidly and
accurately measuring H-FABP in routine clinical practice
and their use is likely to further improve the outcome of
patients with ACS. In addition, there is emerging data that the
measurement H-FABP may be useful in other clinical settings
such as chronic heart failure, pulmonary embolism as well
as in the setting of percutaneous coronary intervention and
cardiac surgery.
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