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PROBLEM IDENTIFICATION: A lack of testing options
for the diagnosis and prognosis of chronic graft-
versus-host disease (cGVHD) is a barrier to clinical
management. Studies that have investigated the

role of blood proteins as diagnostic and prognostic
biomarkers for cGVHD were reviewed.

LITERATURE SEARCH: PubMed and Scopus
databases were searched for articles published from
January 1, 2000, to May 31, 2019. 660 articles were
retrieved.

DATA EVALUATION: The authors appraised seven
articles based on the inclusion and exclusion criteria
to summarize identified blood protein biomarkers for
CGVHD.

SYNTHESIS: Several blood proteins were identified as
potential diagnostic and prognostic biomarkers. Most
of these proteins are thought to be key contributors in
cGVHD pathogenesis and, therefore, could be ideal
biomarkers to guide clinical management.

IMPLICATIONS FOR PRACTICE: These biomarkers
could aid providers in diagnosing cGVHD, identifying
patients at high risk for development of cGVHD, and
initiating preemptive therapy.
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dministration of donor stem cells,

called allogeneic hematopoietic stem

cell transplantation (allo-HSCT), is

an effective therapeutic option for

several hematologic malignancies.
Allo-HSCT allows a patient to receive higher doses
of chemotherapy and induce graft-versus-tumor ef-
fect for maximum tumor response. However, about
30%-70% of recipients after allo-HSCT will develop
graft-versus-host disease (GVHD) (Zeiser & Blazar,
2017). The sequela of acute GVHD (aGVHD), chron-
ic GVHD (cGVHD), or both after allo-HSCT can be
a major cause of morbidity and mortality despite the
use of immune-suppressive prophylaxis. Although the
pathologic mechanisms are not clearly understood,
the donor stem cells trigger an immunologic attack
on single or multiple recipient organs, which can re-
sult in inflammation, decreased immunity, and fibro-
sis (Zeiser & Blazar, 2017). Depending on the severity
of GVHD, the undesirable consequences can appear
in the skin, gastrointestinal tract, liver, lungs, eyes,
and genitals, and may cause functional and activi-
ty impairments, adverse general health, non-relapse
mortality, dysfunctional organs, secondary malignan-
cies, and poor quality of life (Wingard et al., 2011).
Diagnosis of cGVHD can be particularly challenging
because clinical manifestations may not present for as
long as a year, and symptoms resemble other diseas-
es, such as Sjogren’s syndrome, scleroderma, wasting
syndrome, chronic immunodeficiency, bronchiolitis
obliterans, and primary biliary cirrhosis (Flowers &
Vogelsang, 2009).

In an effort to predict and accurately diagnose
GVHD, the role of biomarkers has shown potential
benefit. Advances in protein biomarker research are
paving the way for new tools in tackling diagnostic

MARCH 2020, VOL. 47, NO. 2 ONCOLOGY NURSING FORUM E35



Downloaded on 07-18-2024. Single-user license only. Copyright 2024 by the Oncology Nursing Society. For permission to post online, reprint, adapt, or reuse, please email pubpermissions@ons.org. ONS reserves all rights.

and prognostic challenges of aGVHD and c¢cGVHD
(Paczesny, 2018). According to the National Institutes
of Health (NIH) consensus and the North American
European Consortium, a biomarker is “a circulating
protein or a biomolecule which can be measured
objectively as an indicator of normal biological
or pathologic processes, or biological and clinical
responses to a therapeutic intervention” (Wolff et al.,
2018, p. 833). Advances in technology have accelerated
identification of specific and sensitive biomarkers,
including those relevant to GVHD. The development
of protein biomarkers for aGVHD has been fast-
tracked and is being validated in a clinical trial to
predict outcomes of patients with aGVHD (Blood
and Marrow Transplant Clinical Trials Network
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[BMTCTN] Protocol 1501) (Levine et al., 2015).
Contrarily, the exploratory research for protein bio-
markers of cGVHD has been sluggish for reasons that
include lack of understanding of the heterogeneous
pathophysiology of ¢cGVHD, clinical and pathologic
overlap with aGVHD, varied clinical manifestations
of ¢cGVHD, longer pathologic trajectory, and lack of
a sufficient number of study participants and mul-
ticenter trials. Recognizing the need to address
challenges associated with diagnosis, prognosis, and
clinical management of cGVHD, the NIH developed
and published consensus reports. These reports were
intended to streamline efforts in improving clinical
management and identifying research priorities for
c¢GVHD, which include determination of biomarkers
that can aid in diagnostic and prognostic evaluation
(Filipovich et al., 2005; Jagasia et al., 2015; Paczesny et
al., 2015; Schultz et al., 2006).

In this integrative review, the authors analyze the
results of research studies that discovered and reex-
amined reported blood protein biomarkers followed by
their validation for diagnosis and prognosis of cGVHD.
The authors discuss clinical implications for healthcare
providers, including advanced practice nurses.

Methods

A comprehensive literature search was undertaken
using the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines
(Moher et al., 2009) to retrieve relevant research on
the use of blood proteins as biomarkers for cGVHD
diagnosis and prognosis. Two electronic databases,
PubMed and Scopus, were searched with the assis-
tance of a medical librarian. The search terms used
were hematopoietic stem cell transplantation OR stem
cell transplantation OR stem cell transplant AND chronic
graft versus host disease OR chronic graft-versus-host
disease OR ¢cGVHD AND proteomics OR proteins AND
biomarker OR biomarkers AND Blood OR Plasma OR
Serum.

As shown in Figure 1, the initial search identified
567 articles from PubMed and 93 articles from Scopus.
The respective search results were narrowed to 528
from PubMed and 93 from Scopus by applying the
following inclusion criteria: human studies, English
language, and publication dates from January 1, 2000,
to May 31, 2019. The articles retrieved from both data-
bases were then merged to remove duplicates, leading
to a total of 582 articles. Titles and abstracts of these
582 articles were screened to identify articles that
addressed blood proteins as biomarkers for cGVHD.
Therefore, the search was narrowed to 42 articles.
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Of these, only 38 were full-text articles, which were
screened further to identify studies that met the fol-
lowing inclusion and exclusion criteria. The inclusion
criteria were (a) studies that determined the level of
proteins in the blood, (b) studies that verified their
preliminary findings with independent cohorts or sets
of patients, and (c) original research studies in adult
patients with hematologic malignancies. The exclu-
sion criteria were (a) articles that reported aGVHD
biomarkers, (b) articles with non-protein biomarkers,
(c) articles with non-blood-based protein biomark-
ers, (d) articles that did not validate preliminary
findings with an independent set of patients, (e)
review articles, (f) case studies, (g) editorials, and (h)
abstracts. Seven articles met all criteria for inclusion
in this integrative review. The references of all of the
selected articles were also screened for relevant arti-
cles, but no additional studies were identified.

Results

The characteristics and findings of all selected articles
are summarized in Table 1. The results of the stud-
ies are organized into two major sections: diagnostic
biomarkers and prognostic biomarkers. A summary of
results is presented in Table 2.

Diagnostic Biomarkers

Five studies reported the use of seven proteins (BAFF,
CXCL9, CXCL10, CXCL11, ST2, MMP3, and OPN) as
potential diagnostic biomarkers for cGVHD (Ahmed
et al.,, 2015; Kariminia et al., 2016; Kitko et al., 2014;
Sarantopoulos et al., 2007; Yu et al., 2016).

An initial study by Sarantopoulos et al. (2007)
used independent cohorts to investigate the role of a
single known protein, BAFF, and employed one dis-
covery and two validation cohorts in a prospective
study at a single center. The BAFF levels were signifi-
cantly higher in all patients post-HSCT compared to
healthy donor participants (p < 0.0001). Patients in the
validation cohorts with serial BAFF levels of 10 ng/ml or
greater developed cGVHD as compared to those whose
levels decreased to less than 10 ng/ml. In addition, the
BAFF levels were also significantly higher in patients
with ¢cGVHD compared to patients who never had or
currently had inactive ¢cGVHD (p = 0.0002). These
results were suggestive of BAFF’s potential as a diag-
nostic biomarker for cGVHD.

Kitko et al. (2014) attempted to identify multi-
ple protein biomarkers, including BAFF for newly
diagnosed or de novo cGVHD. Using microarray
technique, five proteins (CXCLo, Elafin, IL2Ra, CD13,
and BAFF) were identified, which could distinguish
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patients with cGVHD from those without cGVHD
(p < 0.1). In validation cohort 1 (n = 109), a signifi-
cant increase was noted in plasma levels of all five
proteins in the de novo cGVHD group compared to
the no cGVHD group, confirming the results of the
discovery cohort. The y*analysis also revealed strong
correlation between CXCL9 plasma concentrations
and presence of de novo onset cGVHD (p < 0.001).
Additional examination of CXCL9 in validation cohort
2 demonstrated significant elevation of CXCL9 plasma
levels in de novo onset cGVHD compared to non-
c¢GVHD (p = 0.003, area under the curve [AUC] = 0.68).
The researchers concluded that greater than 6.5 pg/ml
of plasma concentration of CXCL9 could be a diag-
nostic biomarker for de novo onset cGVHD.

Ahmed et al. (2015) also tested four inflamma-
tory serum proteins (BAFF, IL-33, CXCL1o, and
CXCL11) that were selected based on previously
published reports. Collectively, elevated levels of
BAFF, CXCL10, and CXCL11 suggested a significant
association with cGVHD at 3, 6, and 12 months. The
researchers combined training and validation cohort
results to evaluate the clinical potential of each of
these proteins as a diagnostic biomarker for cGVHD
and concluded that BAFF, CXCL10, and CXCL11 could
be useful.

Although these studies were carried out either at a
single center or two centers, a study spanning 18 insti-
tutions across the United States, Canada, Germany,
and Saudi Arabia by Kariminia et al. (2016) inves-
tigated 11 diagnostic biomarkers for cGVHD in four
independent sets of patients. Only CXCL10 met the
criterion to be of highest interest for diagnostic use.

Unlike the previous studies, Yu et al. (2016)
employed a different methodologic approach by
pooling plasma samples of patients for identification
and quantification of proteins that could distinguish
¢GVHD from non-cGVHD. In validation cohort 1, four
proteins (ST2, MMP3, CXCL9, and OPN) were found
to be significant (p < 0.001, AUC = 0.92). These four
proteins were further verified in validation cohort 2
(p < 0.001, AUC = 0.82). Based on the findings, the
study authors concluded that these four proteins had
a significant correlation with cGVHD and could be
potential diagnostic biomarkers.

Prognostic Biomarkers

Four studies determined the use of seven blood
proteins (CD163, IL15, BAFF, CXCL9, ST2, MMP3,
and OPN) as prognostic biomarkers for ¢cGVHD
(Inamoto et al., 2017; Pratt et al., 2013; Sarantopoulos
et al., 2007; Yu et al.,, 2016). Based on the significant
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TABLE 1. Summary of Studies Reviewed for Blood Proteins as Biomarkers for Diagnosis and Prognosis of cGVHD

E38

Study?

Sarantopoulos et al.,
2007

Prattetal., 2013

Kitko et al., 2014

Ahmed etal., 2015

Kariminia etal., 2016

Yuetal., 2016

Inamoto et al., 2017

Design and Aim

Prospective study at single center to test
whether plasma BAFF levels correlated
with cGVHD pathologic activity and time
of onset post-HSCT

Prospective study at single center to
determine whether cGVHD development
can be predicted based on serum level
of various proteins on day 7 and 28
post-HSCT

Prospective study at 2 centers to study
whether 5 candidate plasma proteins
(BAFF, CXCL9, IL-2R, Elafin, and CD13)
could distinguish patients with cGVHD
from patients without cGVHD

Prospective study at 2 centers to inves-
tigate role of BAFF, IL.-33, CXCL10, and
CXCL11, in pre- and post-allo-HSCT
patient serum, in training and validation
sets, as biomarker candidates for pre-
diction or prognosis of acute or cGVHD

Prospective study at 18 institutes to
identify and validate new and previously
known blood plasma protein markers for
cGVHD diagnosis and prognosis

Prospective study at 10 institutes to
identify plasma proteins as biomarkers
for cGVHD

Prospective study at a single center to
identify plasma proteins as prognostic
biomarkers for onset of cGVHD by
comparing protein profiles before the
onset of cGVHD between patients with
and without subsequent de novo or
quiescent cGVHD

Cohorts

m Discovery (n=104)
m Validation 1 (n=24)
m Validation 2 (n = 43)

m Discovery (n=153)
m Validation (n = 105)

m Discovery (n = 35)
m Validation 1 (n = 109)
m Validation 2 (n=211)

m Training (n = 78)
m Validation (n = 37)

m Test1(n=238)

m Test2(n=23)

m Replication 1 (n=198)
m Replication 2 (n=83)

m Discovery (n=53)
m Validation 1 (n=211)
m Validation 2 (n = 180)

m Discovery (n = 40)
m Validation (n = 127)

Findings and Outcome

Increased BAFF level is correlated
with cGVHD. BAFF level of 10 ng/

ml or greater at 6 months post-HSCT
predicted subsequent development of
cGVHD between 7 and 12 months.

Low serum levels of IL15 (< 30.6 ng/L)
at day 7 post-transplantation predicted
future development of cGVHD.

Increased CXCL9 level in plasma
correlated with onset of cGVHD.

Increased serum level of BAFF,
CXCL10, and CXCL11 were significantly
correlated with cGVHD at 3, 6, and 12
months post-HSCT.

Increased level of CXCL10 and BAFF
significantly correlated with cGVHD and
former identified as most reproducible
among 11 candidate proteins tested.
Other biomarkers identified as signifi-
cantin only 1 replication setincluded
ICAM-1, anti-LG3, IL-2R, aminopep-
tidase N (CD13), endothelin-1, and
gelsolin.

Increased serum level of ST2, CXCL9,
MMP3, and OPN have significant
correlation with cGVHD diagnosis.
Elevated serum level of ST2, CXCL9,
MMP3, and OPN measured at day 100
post-HSCT has significant association
with subsequent development of
cGVHD within 3 months.

Elevated plasma level of CD163 at
day 80 post-HSCT is associated with
subsequent development of de novo
onset cGVHD.

2The study population for all studies is adults with hematologic malignancies who received allogeneic HSCT. All studies were level of evidence Il.

allo—allogeneic; cGVHD—chronic graft-versus-host disease; HSCT—hematopoietic stem cell transplantation
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association of BAFF (10 ng/ml or greater) with cGVHD,
Sarantopoulos et al. (2007) also examined its prog-
nostic role. In validation cohort 2, 77% of the patients
with BAFF levels of 10 ng/ml or greater compared to
12% of the patients with BAFF levels of less than 10
ng/ml subsequently developed cGVHD (p < 0.0001).
These findings were indicative of BAFF as a poten-
tial prognostic biomarker for cGVHD. Similarly, the
four proteins (ST2, MMP3, CXCL9, and OPN) identi-
fied by Yu et al. (2016) also predicted future cGVHD
development within three months (p = 0.009; AUC =
0.67). These findings suggest that multiple proteins
could serve as a potential prognostic biomarker panel
for cGVHD.

c¢GVHD usually develops about 100 days post-
HSCT (Zeiser & Blazar, 2017). However, Pratt et al.
(2013) collected blood samples at approximately day
7 and day 28 and investigated 13 selected proteins
(BAFF, VEGF, TNF-oR1, IL-2Ra, IL5, IL6, IL7, IL15,
gamma-GTP, cholinesterase, total protein, urea, and
ATG) to see if they predicted future cGVHD devel-
opment. In a discovery cohort, univariate analysis
followed by multivariate analysis revealed low serum
levels of IL15 (less than 30.6 ng/L) at day 7 post-HSCT
had a 2.7-fold higher risk for developing cGVHD (p <
0.001). The validation cohort analysis revealed the
same trend with 3.7-fold higher likelihood of cGVHD
development with low IL15 serum levels at day 7
post-HSCT (p = o.001). This study alone identified
decreased rather than increased levels of blood pro-
teins as potential prognostic cGVHD biomarkers.

In a study to identify prognostic biomarkers for de
novo or quiescent onset cGVHD, Inamoto et al. (2017)
enrolled 167 consecutive patients without any signs of
clinical cGVHD manifestations. In a discovery cohort,
the researchers found 20 of 400 proteins (SCAND3,
KCNH, KIAA1958, IGHM, HPR, LGALS3BP, GIP, CDsL,
LTBP2, SH3BGRL3, LILRA3, CD163, GUCA2A, CRTAC1,
PROZ, PRDX6, TFF2, TXN, HSP9oB1, and PDLIM1)
with concentrations either 1.5-fold higher or 0.66-fold
lower than the control group. The researchers eventu-
ally identified four proteins (LGALS3BP, CD5L, CD163,
and TXN) for additional verification in the validation
cohort with 127 patients. The results of the validation
cohort revealed a significant correlation between higher
plasma concentration of CD163 at day 8o post-HSCT,
with a higher cumulative incidence of subsequent
development of de novo cGVHD (p = 0.018).

Findings

The results from the selected articles revealed that
BAFF, CXCL9, CXCL10, CXCL11, ST2, MMP3, and
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OPN could be useful as diagnostic biomarkers, and
CD163, IL15, BAFF, CXCL9, ST2, MMP3, and OPN
could be potential prognostic biomarkers. With estab-
lished cGVHD assessment guidelines, blood samples
for analyses of potential biomarkers could be collected
at any time post-HSCT to confirm cGVHD phenotype.
To predict future development of cGVHD, blood sam-
ples could be collected as early as day 7 post-HSCT.
Some of these studies also had other aims, such as
association of biomarker levels with severity or grade
of cGVHD, specific organ involvement, non-relapse
mortality, or systemic steroid treatment response.
Because these aims were beyond the scope of this
integrative review, the results were not incorporated
or analyzed.

Discussion

Most of the proteins verified by these studies were
previously known or suspected to play a crucial role
in ¢cGVHD pathogenesis, which make them logical
candidates for diagnostic or prognositic indicators.
For example, three selected studies reported a cor-
relation of elevated BAFF levels with cGVHD, which
could be diagnostic (Ahmed et al., 2015; Kariminia et
al., 2016; Sarantopoulos et al., 2007). Sarantopoulos
et al. (2007) also reported sustained elevated levels
of BAFF at six months post-HSCT, which could be
predictive for subsequent cGVHD. BAFF is a cyto-
kine belonging to the tumor necrosis ligand family of
proteins and affects B-cell survival and maturation at
multiple levels and, therefore, takes part in the inflam-
mation and regulation of immune responses. The
increased levels of BAFF in blood reported by these
studies are indicative of increased cGVHD activity and
could possibly play a role in underlying inflammatory,
as well as immune, reactions of cGVHD pathogene-
sis. Therefore, high levels of BAFF in the blood may
be used to corroborate clinical findings of ¢cGVHD.
In addition, as seen in the study by Sarantopoulos et
al. (2007), sustained elevation of BAFF in post-HSCT
settings could be an indicator to initiate preemptive
therapy to prevent subsequent cGVHD development.
These findings suggest that elevated BAFF levels may
render this biomarker as both a prognostic and a diag-
nostic tool in the management of patients undergoing
HSCT.

Contrary to the elevated blood levels of BAFF, low
levels of another cytokine, IL15, at day 7 post-HSCT
could predict future cGVHD development (Pratt et al.,
2013). IL15 has been reported as a stimulator for CD8-
positive T-cell proliferation, cytotoxic T-lymphocyte
induction facilitator, as well as NK-cell generator and
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activator. Pratt et al. (2013) found a negative cor-
relation between IL15 levels and CD8 T-cell counts.
These results imply that low levels of IL15 may be a
key player in cGVHD pathogenesis through acting as a
surrogate for proliferation and survival of CD8 T cells
(Pratt et al., 2013).

Many other protein biomarkers, such as CXCLo,
CXCL1o, CXCL11, and ST2, verified by these selected
studies, work collectively upstream or downstream
of each other in the inflammatory process. Three
chemokines (CXCL9, CXCL10, and CXCL11), when
elevated in the blood, correlated with the presence of
c¢GVHD, which may indicate their diagnostic poten-
tial. In addition, in one study, CXCL9 was found to
be predictive for future cGVHD pathogenesis. These
chemokines are ligands that bind only to their recep-
tor, CXCR3. Together, the CXCR3-CXCL9/10/11
complex constitutes an important pathologic path-
way to recruit effector cells in the post-HSCT
environment (Croudace et al., 2012). Of note, the
CXCR3-CXCLg/10/11 complex is a downstream path-
way to another biomarker, ST2. Increased expression
of ST2 evokes a danger signal apparent to immune
cells. This then initiates an inflammatory response
and alerts CXCR3-CXCLo9/10/11 complex. This fact
aligns with the elevated levels of CXCL9 and ST2

found by Yu et al. (2016) and is in support of the diag-
nostic and prognostic potential of these two proteins.

Another integral part of inflammation is monocyte
and macrophage activation, which could contribute to
subsequent development of cGVHD (Inamoto et al.,
2017). Inflammatory cytokines, such as IL6 and IL10,
are known to increase expression of CD163 receptor
sites, which are located on monocyte and macrophage
cells, leading to their activation. Increased plasma con-
centration of CD163, reported by Inamoto et al. (2017),
is reflective of its pathogenic role and, therefore, its
potential as a biomarker.

MMP3 is a protein known for degrading the
basement and extracellular membrane to facilitate
pathologic changes, such as cell migration, infiltration,
and tissue remodeling (O’Sullivan et al., 2015). In addi-
tion, elevated levels of MMP3 have been reported in
patients with inflammatory conditions and associated
with cellular damage (Kobayashi et al., 2007). Increased
levels of MMP3 observed by Inamoto et al. (2017) could
be a sign of structural damage in organs afflicted with
c¢GVHD. Therefore, most of the verified proteins appear
to be crucial players in underlying pathogenesis of
c¢GVHD and could be ideal biomarkers for cGVHD.

The major inconsistencies among these selected
studies are single-center versus multicenter studies,

TABLE 2. Potential Identified and Validated Protein Biomarkers for Diagnosis and Prognosis of cGVHD

Association With cGVHD

Biomarker Diagnostic Prognostic Study
BAFF X X Sarantopoulos etal., 2007

X - Ahmed etal., 2015

X - Kariminia et al., 2016
CXCL9 X - Kitko et al., 2014

X X Yuetal., 2016
CXCL10 X - Ahmed etal., 2015

X - Kariminia et al., 2016
CXCL11 X Ahmed etal., 2015
CD163 - X Inamoto et al., 2017
IL15 - X Prattetal., 2013
MMP3 X X Yuetal., 2016
OPN X X Yuetal.,2016
ST12 X X Yuetal., 2016

c¢GVHD—chronic graft-versus-host disease; X—association identified
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varying sample collection times, cGVHD participants
with or without a prior history of aGVHD, use of dif-
ferent protein detection methods (enzyme-linked
immunosorbent assay [ELISA], fluorescence acti-
vated cell sorting [FACS] analysis, mass spectrometric
analysis, and antibody array), study participants on
steroid treatment, and patients with different HSCT
treatment modalities. These limitations hinder the
generalizability of the results. However, despite these
inconsistencies, study design was a major strength of
the articles reviewed. The discovery-validation cohort
study design makes the association of biomarkers with
c¢GVHD well substantiated. The other major strength
is the level of evidence, with all studies being level II.

The selected articles reflect the impact of the NIH
consensus recommendations, depending on timing
of the study before or after the NIH publication in
2014. For example, two of the NIH recommenda-
tions included multiple rather than a single protein
to adjust for diverse pathophysiologic pathways and
a sufficient number of patients within multicenter
trials to adjust for the heterogeneity of patients with
c¢GVHD. Accordingly, Sarantopoulos et al. (2007)
published their study, which examined a single known
protein, BAFF, in a prospective study at a single center.
However, Kariminia et al. (2016) published their study
that explored unidentified blood proteins in two sep-
arate cohorts of patients leading to the identification
of multiple (seven) proteins. These authors also
added four known proteins either previously known
to have a link with cGVHD or presumably known to
have pathologic relevance with cGVHD. Therefore,
11 proteins were qualified for further verification in
two independent replication sets. It is clearly evident
from these two studies (one published before and one
after NIH consensus in 2014) that larger cohorts at
multiple centers to explore and validate multiple pro-
teins while using uniform protein detection methods
would be a better option in the quest to identify pro-
tein biomarkers associated with cGVHD.

Implications for Practice

The use of protein biomarkers has the potential to offer
diagnostic and prognostic value for clinicians, includ-
ing nursing professionals providing care to patients
undergoing allo-HSCT. Clinical use of the protein
biomarkers discussed is limited at this time because
validity is still being investigated. In the future, it will
be within the nurse practitioner’s scope of practice to
order and interpret protein biomarker results that can
aid in determining diagnosis, prognosis, disease sever-
ity, treatment plan, therapy response, and end-of-life
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m A protein biomarker panel could be used as a diagnostic and
prognostic tool for patients at risk for graft-versus-host disease
(GVHD).

m Protein biomarkers could aid in identifying patients at high risk for
chronic GVHD, deciding when to start preemptive therapy, and de-
termining frequency of monitoring.

m Nurse practitioners could be instrumental in educating patients
with chronic GVHD about the need for testing.

considerations. Nurses in clinical practice could also
use knowledge of protein biomarker testing to educate
patients about the importance of such testing, explain
the meaning of results, and formulate an appropriate
nursing plan of care. Research nurses could help in
enrolling patients in clinical trials or research studies
and educating patients in how their participation could
help advance clinical practice and patient outcomes.
Nurse researchers could contribute by undertaking
studies to see if blood proteins could predict cGVHD
symptom burden by exploring possible association
between levels of proteins and severity of cGVHD
symptoms. Finally, nurse educators could equip the
next generation of nurses, nurse practitioners, and
other nursing professionals with the knowledge of pro-
tein biomarker science and its clinical applicability.

Conclusion

In the analysis of the seven peer-reviewed articles

selected for this integrative review, five salient fea-

tures emerged:

m BAFF, CXCL9, CXCL10, CXCL11, ST2, MMP3, and
OPN are potential diagnostic protein biomarkers
for cGVHD.

m CD163, IL15, BAFF, CXCL9, ST2, MMP3, and OPN
are potential prognostic protein biomarkers for
c¢GVHD.

m With established ¢cGVHD assessment guidelines,
blood samples for analyses of potential biomark-
ers could be collected at any time post-HSCT to
confirm c¢GVHD phenotype. To predict future
development of ¢cGVHD, blood samples could be
collected as early as day 7 post-HSCT.

m  Given the complexity of the disease process, a panel
of multiple proteins or a combination of proteins
could be the best approach in future biomarker
studies.

m It may be prudent to expand the search for
cGVHD biomarkers based on NIH consensus
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recommendations. ~ Multicenter,  large-scale

investigational approaches could help identify

additional proteins, as well as unravel unknown
c¢GVHD pathogenic pathways.

Discovery and validation of biomarkers with good
sensitivity and specificity are also warranted. Because
of the complexity of cGVHD pathology, as well as
multiple organ involvement, it is crucial to iden-
tify organ-specific biomarkers. Corticosteroids have
remained a nonspecific mainline therapy for cGVHD
and, therefore, efforts should be directed to identify
drug-targetable biomarkers.
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