Check for
updates

Editorial

Ann Rehabil Med 2021;45(5):341-344
PISSN: 2234-0645 ¢ eISSN: 2234-0653
https://doi.org/10.5535/arm.21171

arm

Annals of Rehabilitation Medicine

A Path to Precision Medicine: Incorporating
Blood-Based Biomarkers in Stroke Rehabilitation

Byung-Mo Oh, MD, PhD"?

'Department of Rehabilitation Medicine, Seoul National University Hospital, Seoul National University College of Medicine, Seoul;
*National Traffic Injury Rehabilitation Hospital, Yangpyeong, Korea

Biomarkers are biological variables that can be mea-
sured and quantified and which provide valuable infor-
mation about the physiologic state or diseases. Broadly,
biomarkers include not only the laboratory results for
various specimens but also the findings of functional as-
sessments and imaging tests. The term is also used, in a
narrower meaning, to indicate a sign that can be mea-
sured from a blood sample. Biomarkers are useful for
early diagnosis, differentiation of etiologies, and predict-
ing prognosis in various diseases.

Precision medicine has been proposed as a feature of
future medicine. Precision medicine refers to a medi-
cal model that provides the most appropriate treatment
based on an individual patient’s genetics, medical condi-
tion, environment, and lifestyle. With the wide range of
data for various types of biomarkers, machine learning
algorithms capable of processing these data, and the rap-
id development of computation power, precision medi-
cine has become a popular trend in medicine. However,
precision medicine remains in its early stages in the field
of rehabilitation medicine. The additional identification
and combination of biomarkers, combined with data on
disease, patient characteristics, and functional assess-
ment will accelerate the development of precision medi-
cine in rehabilitation therapy.

In the study by Yoon et al. [1] published in this vol-
ume, the authors analyzed data from the Korean Stroke
Cohort (KOSCO) study and the correlation between the
initial blood test results after stroke and the trajectories
of functional recovery [2]. They reported that initial hy-
perglycemia was negatively associated with the ultimate
functional recovery even in non-diabetic patients with
ischemic stroke.

This finding is consistent with those from previous
studies. In 2012, Hasan et al. [3] conducted a systematic
review and meta-analysis of 141 clinical studies on 136
biomarkers. They reported that markers showing signifi-
cant correlations with stroke diagnosis, namely C-reac-
tive protein (CRP), P-selectin, homocysteine, blood glu-
cose, and fibrinogen levels, were also significant markers
for the prediction of prognosis using the modified Rankin
Scale. Blood glucose level was associated with the risk for
clinical worsening within the next 48 hours, the risk for
in-hospital mortality, and the risk of hemorrhagic trans-
formation after thrombolytic therapy.

The study by Yoon et al. [1] published in this volume
has clinical implications of importance in that it has a
higher sample size compared to previous studies and in-
cluded a relatively milder group of participants who did
not die during the study period. Thus, the results of this
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Inpatient rehabilitation
Predicting functional recovery
Early detection of post-acute

complications
Personalize rehab management

Acute in-hospital care

brain edema
Early detection of acute complications

Predicting risks of the aggravation of
Prognostication of functional recovery

Risk stratification for acute

Earlier diagnosis
management

Aiding in triage

Phases

Table 1. Potential roles of biomarkers in stroke management
Pre-hospital/emergency

Potential
roles
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Prognostication

Imaging biomarkers

Blood biomarkers

Imaging biomarkers
Blood biomarkers

Imaging biomarkers

biomarkers Blood biomarkers

Promising

Electrophysiologic studies

Blood biomarkers

Clinical assessment

Clinical assessment

Clinical assessment

study demonstrated the potential utility of blood-based
biomarkers in the prediction of long-term functional out-
come after stroke.

POTENTIAL USE SCENARIOS OF BLOOD-BASED
BIOMARKERS IN STROKE CARE

Biomarkers have various potential uses in stroke man-
agement [4] (Table 1).

The actively investigated areas for the application of
biomarkers include the use of blood biomarkers for the
early diagnosis of stroke and determining the status of its
emergency. For example, blood levels of creatine kinase
MB (CK-MB) fraction and troponin have been evalu-
ated for the early diagnosis of myocardial infarction.
However, compared to myocardial infarction, no effec-
tive biomarkers have been validated for stroke. For early
diagnosis, biomarker levels must increase in the blood
early after stroke and be specific to not only brain tissues
but also the pathophysiology of stroke. However, it is dif-
ficult to identify the increase in blood concentrations
of brain-specific biomarkers at early phases due to the
blood-brain barrier, which continues to be a limitation.
Furthermore, clinically, as diffusion-weighted magnetic
resonance imaging has high imaging speed; and high
sensitivity and specificity, it is difficult for novel biomark-
ers to replace this diagnostic modality.

However, biomarkers provide additional information
that can assist with more rapid and accurate decision-
making for disease management. For example, informa-
tion from biomarker panels obtained at admission accel-
erated decision-making for the use of thrombolytics [5].
Biomarkers can also be useful in rehabilitation to predict
the response to specific treatments or for stratification
based on the risk of complications.

Studies have investigated the potential of blood bio-
markers for the prediction of functional prognosis after
stroke. For example, fibrinogen [6] and CRP [7] levels are
associated with a poor prognosis. A systematic review by
Whiteley et al. [8] in 2009 indicated that while some bio-
markers were consistently correlated with stroke progno-
sis in studies published between 1996 and 2007, these did
not increase the predictability in clinical settings.

In their 2012 prospective study using various blood bio-
markers to predict the prognosis of 270 stroke patients,
Whiteley et al. [9] measured blood biomarker concentra-



Biomarkers in Stroke Rehabilitation

tions within 24 hours of the onset of ischemic stroke and
evaluated mortality rate or correlation with disability
after 3 months. While they reported a significant correla-
tion between interleukin-6 and N-terminal-pro hormone
B-type natriuretic peptide levels, the predictability did
not increase for these two biomarkers compared to prog-
nosis prediction based on the clinical information. Thus,
while biomarkers significantly associated with poor prog-
nosis have been identified, superior clinical prediction
models are already available, namely the National Insti-
tutes of Health Stroke Scale and age.

LIMITATIONS AND THE FUTURE OF BIOMARKERS IN
STROKE REHABILITATION

In consideration of the complex pathophysiology of
stroke and resulting disabilities, there are clear limita-
tions of blood biomarkers. First, biomarkers do not pro-
vide information on the lesion location. Even if the infarct
volume may be the same, the functional prognosis differs
greatly between those occurring in the parietal associa-
tion area or the internal capsule posterior limb. How-
ever, it is difficult to predict this differential information
based only on blood biomarker concentrations. Second,
the blood-brain barrier results in a significant delay in
the expression of brain tissue-specific biomarkers in the
blood. Third, study results indicate that it is difficult for a
single biomarker to have sufficient sensitivity and speci-
ficity for clinical applications. Therefore, approaches for
biomarker panels using multiple important biomarkers
will be required.

Unfortunately, there have been very little literature on
biomarkers related to stroke rehabilitation. Clinical and
neurophysiological measurements, as well as imaging
study results, have previously been used to predict pa-
tients’ functional recovery [10,11]. In order to prepare for
the coming era of precision medicine, it is essential to not
only adequately evaluate and quantify various functional
outcomes in detail but also to understand the biological
changes that occur at the beginning of the disease and
throughout rehabilitation therapy. For this reason, pro-
spective clinical studies that not only evaluate the func-
tional level of patients but also collect blood biomarkers
should be actively conducted. It would be ideal to form a
multicenter research consortium including investigators
from various areas. Furthermore, large-scale studies such

as the KOSCO project need to fully consider, from the
planning stage, whether to include blood biomarker col-
lection.
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