ESC HEART FAILURE
ESC Heart Failure 2016; 3: 3—-10
Published online 25 November 2015 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.12071

REVIEW

Biomarkers in heart failure: the importance of
inconvenient details
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Abstract

The proliferation of cardiac-related biomarkers and advocacy for their use has often come without adequate discussion of limitations in
the interpretation of values and their best use in heart failure (HF) patients to provide a balanced assessment of how cardiac biomarkers
are advocated for use in HF and areas where we would argue there are no gaps in knowledge. We include suggestions to address these
issues. We have focused on peer-reviewed publications over the period 2000 to present. Most studies have used samples at one
or at most two points in time to define risk. Although biomarkers might add to the magnitude of risk, it is unclear how often they
lead to changes in treatment. We suggest that defining the use of serial biomarker testing over time would be more helpful. To do this, it
is necessary to take into account the biomarker’s analytical and biological variability in addition to its ability to define and monitor
therapy. These factors are often overlooked leading to conclusions that may be statistically significant but not clinically or analytically
robust. An appreciation of the value and limitations of biomarker use is important to all clinicians who manage HF patients. If the proper
studies are done so that biomarkers are used optimally, they will likely be helpful in defining when and how to intervene. If we continue
as we have, we will continue to have ambiguity about the use of these valuable probes in the assessment and management of HF.
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Introduction—what are biomarkers
and how are they used and misused?

Biomarkers are measurable events which function as mediators
of events, integrators of a given event with other events, or
innocent bystanders that passively change with events. In heart
failure (HF) the concept is that biomarkers help to identify and
monitor pathophysiologic events and diagnosis and risk stratify
individual patients. This approach is not new.?> However, over
reliance on values at a single point in time and without under-
standing the caveats and limitations, and without integration
of clinical assessments and judgment can lead to over-utilization
of biomarkers in some situations, and under-utilization in
others. This problem is exacerbated by biases towards publica-
tion of positive as opposed to null studies.*>* In addition, in
the absence of understanding the caveats relative to the proper
use of biomarker values, the data can lead to misinterpretation
at times. This fosters confusion about the role of biomarkers in
patient management. This review attempts to address these
issues and provide assistance concerning the proper use and
limitations of biomarkers. We emphasize examples from

commonly used biomarkers because that will be readily appre-
ciated by clinicians, but that should not obscure the fact that
the principles of biomarker interpretation must be improved
for all biomarkers. Our advocacy is that biomarkers are helpful
diagnostically especially in patients at intermediate risk, inter-
esting for defining risk, but most valuable when/if we harness
the potential of serial values to direct therapy and improve
outcomes. At present, most efforts focus on the first elements
rather than the last. The purpose of this review is not to com-
pare different groups or classes of biomarkers but to present
concepts that we feel are often not considered or ignored in
published work on biomarkers and convey the point that not
taking these concepts into account could have significant
impact on the clinical utility of the biomarker(s) involved.

How ‘normal’ biomarker values are
determined: pros and cons
What denotes an elevated or abnormal biomarker value and

warrants a diagnosis and which values are associated with
increased risk are described variously and by different
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analytical approaches. There is a desire to ‘keep it simple’.
Thus, many assume that the value used to define disease is
the upper limit of normal. That is true for cardiac troponin
but not true for natriuretic peptides (NP).

There is even ambiguity about how to define normal ranges
and/or important cut off values. It takes at least 300 subjects
of each patient gender, ethnicity, and age grouping® to define
statistically each subset whether to determine normal ranges
or elevated values. Doing this for large numbers of subsets is
costly. However, if not done, it means ignoring differences that
might be present because of age, sex, ethnicity, patient char-
acteristics, medications, subtypes of disease, and comorbidi-
ties. An example of this is shown in Figure 1 which are the
age and gender adjusted putatively ‘normal’ values for NP.®
It is ‘putative’ because there are substantial issues about
how to define a normal population.” It is rare that true normal
subjects are recruited. Most ‘normal range’ studies come from
convenience cohorts and involve at most a medical question-
naire. Very few studies include a history or physical examina-
tion. It should not be surprising that adding other biomarker
measurements such as creatinine, glomerular filtration rate,
or an NP value lowers normal values. Even more vigorous
screening including imaging decreases values still further. This
is not important when testing is used at high values to define
disease but when the important metrics impinge on the upper
limit of the normal range, they become crucial. For some
analytes like cardiac troponin where small differences are im-
portant, some suggest that imaging is essential to define nor-
mality’ (Figure 2). These considerations are easily lost in small
studies and/or in large clinical trials but contribute to confusion
in interpretation in individual patients. These considerations are

not important for NPs in those with overt HF but are critical to
define at risk cohorts where values are low and are compared
with ‘normal values’.®™**

These considerations are less important when the values
are markedly elevated as with NPs and HF. However, the con-
cepts associated with the differences are critically important
in interpreting values in subsets of patients such as older
women and in the obese. Some might argue that the signifi-
cant difference in the diagnosis of HF seen in the ‘Breathing
Not Properly Trial’ was because of the use of a cut-off of
100 ng/mL when that value was substantially less than upper
limit of normal values one might see in elderly women who
often have diastolic dysfunction or HFPEF and are notoriously
difficult to diagnose. In the obese, the suggestion has been
made that the cut-off values for HF should be reduced but
even this recommendation varies. In addition, these influ-
ences will have more important effects in models that
attempt to predict events in groups at risk such as diabetics
where the optimal cut-off values have not been defined.?

For better or worse, near normal values are often not the
critical cut-off values for clinical use. That level is often
defined based upon values derived by the area under an
receiver operating characteristic (ROC) curve (C-statistic)
which suggests the best sensitivity and specificity. This ap-
proach equates the importance clinically of sensitivity and
specificity and often there is a tension between the two*® as
shown in Figure 3.** These sorts of issues reflect different clin-
ical concerns. Emergency physicians do not want to miss dis-
ease and thus focus on sensitivity, whereas hospitalists are
concerned about what to do when it is difficult to explain bio-
marker results and thus would prefer high specificity.

Figure 1 Plasma B-type natriuretic peptide concentrations shown as a function of age, gender, and assay system. Shown for the 5th, 25th, 50th, 75th,
and 95th percentiles of B-type natriuretic peptide. (Reproduced with permission, ref 6).
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Figure 2 Relationship between patient characteristics and the 99th percentile upper range limit of high-sensitivity troponin T in healthy individuals.
Values of the 99th percentile go down with more rigorous screening. Questionnaire screened = no history of vascular disease or diabetes, and not taking
cardio-active drugs. Normal = no history of vascular or cardiovascular disease, diabetes, hypertension, or heavy alcohol intake and who were receiving no
cardiac medications and had blood pressure <140/90 mm Hg, fasting glucose <110 mg/dL, epidermal growth factor receptor >60 mL/min, left ven-
tricular ejection fraction >50%, normal lung function, and no significant valvular heart disease, left ventricular hypertrophy, diastolic heart failure, or
regional wall-motion abnormalities on echocardiography. (Reproduced with permission, ref 7).
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In addition, a particular cut-off value may not apply to every
patient cohort with different clinical characteristics (different
case mixes). Also, it is valuable to keep in mind that the con-
cept of positive or negative cut-point of biomarkers is an arti-
fact of the need for clinical convenience. Most biomarkers are
continuous variables of risk, and cut-points should be viewed
with that limitation in mind. Additionally, optimal biomarker
cut-points will vary in HF patients according to age, gender,
ethnicity, specific assay employed, acuity and duration of HF,

severity of HF, ongoing treatment (presence and absence of
established drug therapy), left ventricular ejection fraction
(interpretation of biomarker levels, cut-points, and associated
risk differ between HFpEF and HFrEF), renal function, and
co-morbidities (e.g. diabetes). Thus, biomarkers must be
interpreted in the ‘proper clinical context’ and not per arbi-
trary cut-off values. The concept of keeping it simple is reason-
able for many situations, but the concept often means one
does not know when to make exceptions. These issues are

Figure 3 Defining the optimal delta: tension between sensitivity and specificity. (Reproduced with permission, ref 14).
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critical but often ignored in reviews and especially by advo-
cates for extensive use.

For some biomarkers the lowest detectable level different
from zero is used to identify the cut-point associated with
increased risk. This is often the case when the assay for a
given analyte is not particularly sensitive. A practical and
more universally applicable approach is the use of the upper
reference value of normal values to provide a cut-point that
can be applied to different patient cohorts with a common
basis for comparison.*>*® Often a more complex schema is
needed as provided by the ICON group for NPs.'”

Single-sample values vs. serial
measurements over time and the
capacity to predict outcomes, stratify
risk, or guide therapy

Disease activity changes over time and is variable between pa-
tients and within the same patient. Thus, serial measurements
over time rather than single point-in-time measurements are
needed to optimally manage patients. However, most studies
focus on the predictive value of an initial sample. It is no
surprise that the more abnormal the value, the sicker the pa-
tient. How does that help? Conventional wisdom is that clini-
cians will be more aggressive with those patients in applying
conventional therapies. Recent data concerning the ordering
of mineralocorticoid antagonists suggest such a strategy is
frequently not pursued.’® Not only that, but in a clinically
stable patient does an elevated biomarker value trump other
clinical information? This is why serial values over time should
be much more valuable and we have championed that

approach.***%2! An example is shown in Figure 4.%° It is likely
that biomarker levels that decrease over time should reflect
clinical improvement, while those that increase reflect disease
progression. Serial measurements thus provide information on
increasing risk but also indicate which patients are responding
to a given therapy or need a change in treatment. One size does
not fit all.

The specific subset of patients is also important. The
response of biomarkers such as NPs in acute HF patients is
related to acute hemodynamics and may respond rapidly®>>3
whereas those found in more chronic HF where biomarker
pathways have been stimulated longer do not correlate as
well and require more time to change.?* Thus, changes are
clinical subset dependent. For example, we have shown in
chronic HF that very large differences in NPs are necessary
to see a change in risk,>’ yet lesser changes have been
reported to be prognostic.>* It may be that both observations
are correct and that the changes which identified with only
two samples®*?> would achieve greater reductions if the
analysis was done over a more prolonged time period
and/or that the group that is going down is enriched by acute
elevations that are declining rapidly. Also, because in chronic
HF, deterioration occurs slowly, changes in biomarkers over
time could potentially be used to provide early indications of
disease progression and allow for earlier therapy. Thus,
biomarkers that have low levels of biological and analytical
variability should have an advantage. The high biological varia-
tion in NPs may be in part why trials using NP values to direct
therapy have shown mixed results because most have not
resulted in marked changes. If changes in biomarkers can be
used to demonstrate that risk is modified, then such an
approach might be used to test specific interventions. We
have shown that the ability to monitor changes in serial

Figure 4 Cardiac troponin T profiles and risk of events. Kaplan—Meier analysis of the risk of death or cardiac transplantation in year two of follow-up
based upon cardiac troponin T patterns from year 1 of clinical follow-up. (Reproduced with permission, ref 20).
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biomarker measurements, most notably troponin T, adds signif-
icantly to risk assessment in chronic HF.***%%° Increases mea-
sured serially any time during clinical follow-up independently
predicted increased mortality, the need for cardiac transplanta-
tion, or HF-related hospitalizations. Therefore, serial changes
maybe the means to identify risk prospectively in individual
patients and to help determine which therapy might be most
effective. However, it is likely that criteria needed may change
over time. There are data to suggest that at the end-stage of
HF, NP values may diminish. 26 Thys, in such patients, one
should not be reassured by lower values.***”%

Analytical and biological variability, and
magnitude of change in biomarker
value needed to be clinically
meaningful

The clinical significance of biomarker levels over time is in part
dependent on its analytical and biological variability. These
factors are often overlooked and conclusions drawn based
on changes in a biomarker concentration that may be statisti-
cally significant but not clinically or analytically significant. To
be sure values are different they must be further apart than
three standard deviations of the variation around the mea-
sures. This is called the reference change value (RCV).2?° For
biomarkers, it contains both analytical and biological variabil-
ity. Biological variation can only be measured in normal sub-
jects since pathologies will influence it in diseased patients.
This caveat is often ignored. Analytical variability identifies
the imprecision of assay results and by issues related to sam-
ple quality. If the quality of the sample is problematic then re-
liable values cannot be obtained. For example, hemolysis is
common and can raise some troponin values and lower
others.>® For NPs, sample degradation is common.®* These
issues provide the reasons why most groups urge that
precision be very high (CV <10%), especially near critical
values. However, contrary to common belief, imprecision does
not cause false positives.>* The importance of taking variation
into account is critical to interpretation of serial biomarker
measurements. Some identified changes, although statistically
significant, may be because of variability alone. The RCV which
reflects this combined variability and indicates the minimal
percent change required to be sure that a meaningful change
has occurred. It varies from a low of 30% (e.g. ST2) to 138%
(e.g. BNP) for month to month measurements.®® Troponin T has
very low variability.?® Thus, analytes with low RCVs are likely
to be better at detecting change than those with high RCVs.
This is what we found in our study assessing changes in BNP
in patients with chronic HF, where increases in BNP of over
80% were necessary to indicate an increased risk of events
and only >80% decreases were associated with reduced

risk.?* Because ST2 has a low RCV, it may be potentially valu-
able for assessing change over time.>

Multi-biomarker paradigm

There is interest in combining biomarkers that differ in their
assessment of pathophysiology. However, there is much less
interest in comparing biomarkers. In the long term, the best
combinations will only be found by comparisons.*®*%3* part
of this reflects concern that the approaches used because
different biomarkers may be optimal with one design and less
effective with another. This means that some biomarkers are
put at a disadvantage by a given study design approach taken
but this is rarely acknowledged.

Ideally, one would like to see major changes in the ability
of multi-biomarker approaches to predict events such that
targeted interventions can be employed. Often the impact
of the ROC curve thought statistical is minimal leading
investigators to seek other measures such as the ability to
reclassify events which is more sensitive.>® However, some
have argued that this approach is statistically flawed and
may be too sensitive.>® It should be clear that the more
robust the findings, the more likely they are to be clinically
relevant. If one combines too many biomarkers, one may
improve prediction but the details of the scoring system
may be too complex for clinicians to identify where gaps
exist. Therefore, understanding the pathophysiology of
each biomarker can be useful, if not essential, not only
in developing diagnostic and therapeutic interventions,
but in assisting interpretation of calculated scores. These
issues become particularly important when using scores
to titrate treatment. Given the dynamic nature of HF pro-
gression it would not necessarily be expected that multiple
distinct pathways of disease progression would be stimulated
or activated to the same degree at any one time, and, there-
fore, a multi-marker profile may identify disease activity
missed by adherence to the monitoring of a single selected
biomarker. This concept needs further development and eval-
uation and includes the thorny issue of which biomarkers
best contribute to a multi-biomarker panel. However, it is
also more likely that it will take different strategies at differ-
ent times during the process of HF and that a ‘one size fits
all’ multi-marker approach may not be optimal.

Incremental value of biomarkers—use
for diagnosis, prognosis, and guiding
treatment

The most common measure used to evaluate biomarkers is the

area under the ROC curve or c-statistic which reports the
probability of identifying risk from non-risk. The integrated
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Figure 5 Kaplan—Meier analysis of major adverse cardiovascular events in the full study sample and in participants with B-type natriuretic peptide

>50 pg/mL. (Reproduced with permission, ref 39).
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discrimination improvement provides another way to quantify
the incremental value of biomarkers, share the limitations of
patient mix, and the impact of unequal contribution of risk fac-
tors to model prediction. Novel risk reclassification measures
are now also being introduced in the literature to evaluate
new biomarkers. One commonly reported is net reclassification
improvement which attempts to identify the net change in
clinical risk when a new biomarker is added to previously
established risk factors. While these tests are intended to
identify ‘real value’ in new biomarkers, it is not clear that
these methods appropriately reclassify patients based upon
relevant clinical events and the variability of changes in risk
factor categories. More work is needed to improve the quan-
tification of risk prediction and the performance of patient
reclassification based upon the incremental value of a new
or old biomarker.

Conclusions

The goals for biomarker development should include conside-
ration of the characteristics of an ‘ideal’ biomarker and empha-
size actionable patterns. But today, the preponderance of
current analyses relate largely to diagnostic and prognostic
impact. While itisimportant to predict which patients are at in-
creased risk, knowing that a patient who is at risk without bio-
marker data is at even more risk as indicated by the biomarker
is not clinically helpful. Does it matter whether a given patient
is at a four-fold compared with a 10-fold risk? We suggest that
unless we know what to do, this may not be a cost-effective
use of the biomarker. On the other hand, when one can identify
individuals at risk where it was not anticipated clinically, it is
more important. Perhaps recent data concerning the impor-
tance of minor increases in hs cTnT and NT-proBNP in patients
with left ventricular hypertrophy (LVH) might be an example

of the latter.?’ It was only with the use of biomarkers that the
subset of individuals who were at risk was identified among
those with LVH by MRI or ECG. What is most important is to pro-
vide information to guide therapeutic modifications based
upon biomarker values or changes in biomarker values—this
would be the ‘Holy Grail’ of HF management. Trials using NP
have started (PONTIAC and STOP CHF) and are important. An ex-
ample from the STOP CHF*® is shown in Figure 5. Pursuing such
trials is expensive and often what is advocated, based on obser-
vations from other situations, is the use of biomarkers to modify
therapy, but absent data. Perhaps, the recent enthusiasm for
biomarkers of fibrosis exemplifies this situation. We know that
mineralocorticoid antagonists retard fibrosis;*® thus, elevations
of biomarkers that are part of the pathway of fibrosis should
lead to the effective use of these agents. This is a reasonable ex-
trapolation and there are experimental and a few observational
data to suggest that this may work,* but more studies are
needed. It will take RCTs and/or well done registries and patho-
physiological trials before we can be sure enough to advocate
such an option. One approach that may be useful is to probe
multiple biomarkers when testing one specific biomarker to
guide therapy. Unfortunately, this was done only sparsely in
the recent trials aimed at using NP levels to guide therapy.
Hopefully, the latest trial in progress, ‘GUIDE-IT’, will bring some
clarity to this issue and correct this oversight.
A trip of a thousand miles begins with the first step. It is
time to start taking the first steps.
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