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The lower gastrointestinal tract (LGI) and
liver are the GVHD target organs most
associated with treatment failure and non-
relapse mortality. We recently identified
regenerating islet-derived 3-� (REG3�) as
a plasma biomarker of LGI GVHD. We
compared REG3� with 2 previously re-
ported GI and liver GVHD diagnostic
biomarkers, hepatocyte growth factor
(HGF) and cytokeratin fragment 18, in

954 hematopoietic cell transplantation
patients. All 3 biomarkers were signifi-
cantly elevated in LGI GVHD compared
with non-GVHD diarrhea; REG3� dis-
cerned LGI GVHD from non-GVHD diar-
rhea better than HGF and cytokeratin
fragment 18. Although all 3 biomarkers
predicted nonresponse to therapy at
day 28 in LGI GVHD patients, only
REG3� and HGF concentrations pre-

dicted 1-year nonrelapse mortality
(P � .01 and P � .02, respectively). Liver
GVHD without GI involvement at GVHD
onset and non-GVHD liver complica-
tions were uncommon; all 3 biomarkers
were elevated in liver GVHD, but did not
distinguish GVHD from other causes of
hyperbilirubinemia. (Blood. 2012;119(12):
2960-2963)

Introduction

Acute GVHD, a leading cause of nonrelapse mortality (NRM) after
allogeneic hematopoietic cell transplantation (HCT), is measured by
dysfunction in the skin, liver, and gastrointestinal (GI) tract.1-3 We
recently identified regenerating islet-derived 3-� (REG3�), an antimicro-
bial protein expressed in Paneth cells, as a biomarker of GVHD of the
lower GI (LGI) tract that can differentiate LGI GVHD from non-GVHD
diarrhea. Concentrations of this biomarker at onset of GVHD can
predict response to treatment and NRM.4 Hepatocyte growth factor
(HGF) has been reported as a biomarker that is elevated in GVHD of the
GI tract and liver as part of a panel of 4 GVHD biomarkers.5 Similarly,
cytokeratin fragment 18 (KRT18), an apoptotic protein, was described
previously as a biomarker of visceral GVHD in a cohort of 55 patients,6

and has recently been correlated with response to GVHD therapy.7 Liver
involvement has been historically observed in up to 36% of GVHD
patients,8,9 although a recent cohort demonstrated a declining inci-
dence.10 Liver involvement at GVHD onset occurs in 6%-20% of
patients8,9,11 and has been associated with poor response to GVHD
therapy and increased NRM.8,9,12 There are no validated biomarkers
specific to liver GVHD. We compared the diagnostic and prognostic
utility of REG3�, HGF, and KRT18 for LGI and liver GVHD.

Methods

Patients and samples

All plasma/serum samples and patient information were collected after
obtaining patient consent in accordance with the Declaration of Helsinki for
institutional review board–approved studies at the University of Michigan

(n � 826), Regensburg, Germany (n � 88), and Kyushu, Japan (n � 40)
for patients receiving HCT between January 2000 and November 2010, as
described previously (and see supplemental Methods, available on the
Blood Web site; see the Supplemental Materials link at the top of the online
article).4 Patients were divided into 6 groups: (1) patients with newly
diagnosed GVHD diarrhea with or without skin involvement but without
liver involvement (LGI GVHD), (2) patients with diarrhea inconsistent
with GVHD either by clinical or histologic criteria (non-GVHD diarrhea),
(3) patients with liver GVHD with or without skin involvement but without
GI involvement (liver GVHD), (4) patients with liver complications
attributable to non-GVHD causes (non-GVHD liver), (5) patients who
presented with isolated skin GVHD (skin GVHD), and (6) patients at
similar time points who never developed GVHD symptoms (no GVHD).
Patient numbers and characteristics are shown in Table 1 and in supplemen-
tal Methods. Non-GVHD liver complications were included if patients
never developed acute GVHD and experienced hyperbilirubinemia within
120 days of HCT in the absence of chronic GVHD. Causes of non-GVHD
diarrhea and liver complications are described in supplemental Table 1. All
samples were obtained at GVHD onset within 48 hours of initiation of
systemic GVHD therapy and 1 sample was analyzed per patient. Patients
who had non-GVHD complications before GVHD onset had samples
evaluated only at GVHD onset. The rare incidence of liver involvement at
GVHD onset did not permit analysis of 2 independent validation sets as was
performed for REG3� in LGI GVHD.4

ELISAs

KRT18 ELISA kits were purchased from Peviva AB (M30 Apoptosense
ELISA) and performed according to manufacturer protocol. Samples
(diluted 1:2) and standards were run in duplicate. Absorbance was
measured with a SpectraMax M2 (Molecular Devices), and results were
calculated with SoftMax Pro Version 5.4 software (Molecular Devices).
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Other biomarker ELISAs were performed as described previously (and see
supplemental Methods).4,5

Statistical analysis

Biomarker concentrations from individual patient samples were compared
using 2-sample t tests applied to log-transformed concentrations. Differ-
ences in characteristics between patient groups were assessed with a
Kruskal-Wallis test for continuous values and �2 tests of association for
categorical values. Receiver operating characteristic (ROC) areas under the
curve (AUCs) were estimated nonparametrically. NRM was modeled with
cumulative incidence regression methods as described by Fine and Gray.13

Results and discussion

Biomarker concentrations were measured in samples from N � 954
allogeneic HCT recipients from the University of Michigan
(n � 826), University Medical Center Regensburg (n � 88), and
Kyushu University (n � 40; Table 1). The incidence of liver
involvement at onset of GVHD requiring systemic corticosteroids
(35 of 285; 12%) in our patient dataset was comparable to previous
reports.8,9,11,14 There was no statistical difference in biomarker
concentrations based on GVHD prophylaxis whether a calcineurin
inhibitor was combined with either methotrexate or mycophenolate
mofetil (supplemental Table 2). All 3 biomarkers were significantly
elevated in LGI GVHD compared with non-GVHD diarrhea and

asymptomatic patients (Figure 1A-C). REG3� and HGF concentra-
tions were also elevated in LGI GVHD compared with isolated skin
GVHD, whereas KRT18 concentrations were not. This is consis-
tent with the KRT18 tissue expression profile,15 but differs from
findings reported by Luft et al that KRT18 concentrations are not
elevated in skin GVHD.6

We compared the diagnostic ability of REG3�, HGF, and
KRT18 as biomarkers for LGI GVHD using ROC curves. REG3�
performed better than KRT18 and HGF as a diagnostic biomarker
distinguishing LGI GVHD from non-GVHD diarrhea (Figure 1D;
AUC � 0.79, 0.60, and 0.60, respectively). The combination of all
3 biomarkers into a composite panel provided minimal additional
diagnostic utility to that of REG3� alone (AUC � 0.80). Positive
and negative predictive values for diagnostic utility of all
3 biomarkers are listed in supplemental Table 3. REG3� concentra-
tions maintained diagnostic utility in patients experiencing diarrhea
within 14 days of HCT, whereas HGF and KRT18 did not
(supplemental Table 4). All 3 biomarkers, when measured at the
onset of LGI GVHD, predicted nonresponse to therapy at
28 days16-18 (supplemental Figure 1 and supplemental Table 5).

We divided patients into groups of equal size according to
whether biomarker concentrations were above (high) or below
(low) the median concentration at the onset of LGI GVHD. High
REG3� and HGF concentrations correlated with significantly
higher 1-year NRM, whereas there was no significant correlation

Table 1. HCT patient characteristics (N � 954)

LGI GVHD
(n � 144)†

Non-GVHD
diarrhea
(n � 42)

Liver GVHD
(n � 16)†

Non-GVHD
liver

(n � 25)
Skin GVHD
(n � 337)

No GVHD
(n � 390) P

Age, y

Median (range) 52 (0-67) 46 (3-66) 44 (19-63) 35 (0-64) 48 (0-70) 46 (0-68) .001

Disease

Malignant 94% (n � 135) 86% (n � 36) 100% (n � 16) 80% (n � 20) 94% (n � 317) 88% (n � 342) .005

Other 6% (n � 9) 14% (n � 6) 0% (n � 0) 20% (n � 5) 6% (n � 20) 12% (n � 48)

Disease status at transplantation*

Low-/intermediate-risk 59% (n � 79) 67% (n � 24) 44% (n � 7) 75% (n � 15) 65% (n � 205) 66% (n � 226) .3

High-risk 41% (n � 56) 33% (n � 12) 56% (n � 9) 25% (n � 5) 35% (n � 112) 34% (n � 116)

Donor type

Related donor 42% (n � 60) 52% (n � 22) 56% (n � 9) 68% (n � 17) 37% (n � 124) 58% (n � 228) � .001

Unrelated donor 58% (n � 84) 48% (n � 20) 44% (n � 7) 32% (n � 8) 63% (n � 213) 42% (n � 162)

Donor match

Matched donor 71% (n � 102) 93% (n � 39) 81% (n � 13) 88% (n � 22) 73% (n � 245) 89% (n � 346) � .001

Mismatched donor 29% (n � 42) 7% (n � 3) 19% (n � 3) 12% (n � 3) 27% (n � 92) 11% (n � 44)

Conditioning regimen intensity

High-intensity 53% (n � 77) 64% (n � 27) 69% (n � 11) 84% (n � 21) 54% (n � 181) 61% (n � 239) .02

Moderate-intensity 47% (n � 67) 36% (n �15) 31% (n � 5) 16% (n � 4) 46% (n � 156) 39% (n � 151)

Grade of GVHD at onset

Grade 0 0% (n � 0) 100% (n � 42) 0% (n � 0) 100% (n � 25) 0% (n � 0) 100% (n � 390)

Grade I 0% (n � 0) 0% (n � 0) 0% (n � 0) 0% (n � 0) 69% (n � 231) 0% (n � 0)

Isolated skin stage 1 0% (n � 0) 0% (n � 0) 0% (n � 0) 0% (n � 0) 38% (n � 129) 0% (n � 0)

Isolated skin stage 2 0% (n � 0) 0% (n � 0) 0% (n � 0) 0% (n � 0) 30% (n � 102) 0% (n � 0)

Grade II 52% (n � 75) 0% (n � 0) 44% (n � 7) 0% (n � 0) 31% (n � 105) 0% (n � 0)

Isolated skin stage 3 0% (n � 0) 0% (n � 0) 0% (n � 0) 0% (n � 0) 31% (n � 105) 0% (n � 0)

GI or liver stage 1 52% (n � 75)† 0% (n � 0) 44% (n � 7) 0% (n � 0) 0% (n � 0) 0% (n � 0)

Grade III-IV 48% (n � 69) 0% (n � 0) 56% (n � 9) 0% (n � 0) � 1% (n � 1) 0% (n � 0)

Isolated skin stage 4 0% (n � 0) 0% (n � 0) 0% (n � 0) 0% (n � 0) � 1% (n � 1) 0% (n � 0)

GI or liver stage 2 17% (n � 24)† 0% (n � 0) 38% (n � 6) 0% (n � 0) 0% (n � 0) 0% (n � 0)

GI or liver stage 3 18% (n � 26)† 0% (n � 0) 13% (n � 2) 0% (n � 0) 0% (n � 0) 0% (n � 0)

GI or liver stage 4 13% (n � 19)† 0% (n � 0) 6% (n � 1) 0% (n � 0) 0% (n � 0) 0% (n � 0)

Days after HCT

Median (range) 30 (7-215) 21 (7-78) 33 (10-112) 21 (7-106) 28 (5-485) 30 (7-185) � .001

*High risk of disease status at HCT is according to Center for International Blood and Marrow Transplant Research guidelines.
†With or without skin GVHD involvement.
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Figure 1. Biomarkers at the onset of GVHD symptoms. (A-C) REG3�, HGF, and KRT18 concentrations, respectively, at the onset of symptoms consistent with GVHD in
954 HCT patients. (D) ROC curves comparing biomarker concentrations at the onset of LGI GVHD without liver GVHD (n � 144) and non-GVHD diarrhea (n � 42). REG3�
(thin solid line): AUC � 0.79; HGF (dotted line): AUC � 0.60; KRT18 (dashed line): AUC � 0.60; composite of all 3 biomarkers (thick solid line): AUC � 0.80. (E-G) NRM in
patients with LGI GVHD at onset with onset concentrations above the median (solid line; n � 89) versus patients with onset concentrations below the median (dotted line;
n � 89) for REG3a, HGF, and KRT18, respectively. (E) REG3a: � 135 ng/mL versus � 135 ng/mL; 52% versus 33%, P � .01. (F) HGF: � 1398 pg/mL versus � 1398 pg/mL;
52% versus 33%, P � .02. (G) KRT18 � 373 U/L versus � 373 U/L; 47% versus 38%, P � .3. (H) ROC curves comparing biomarker concentrations at the onset of liver GVHD
without GI GVHD (n � 16) and non-GVHD liver complications (n � 25); REG3� (thin solid line): AUC � 0.61; HGF (dotted line): AUC � 0.59; KRT18 (dashed line):
AUC � 0.63; composite of all 3 biomarkers (thick solid line): AUC � 0.62.
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between NRM and high KRT18 concentrations. (Figure 1E-G;
P � .01, P � .02, and P � .3, respectively). Biomarker concentra-
tions were comparable at onset between patients receiving systemic
corticosteroids alone (n � 102) and those receiving multiagent
therapy (n � 40) as initial GVHD treatment (supplemental Table 6).

In the present study and as reported recently,10 liver GVHD
without GI involvement at the onset of disease was uncommon
(n � 16; 3% of GVHD patients and 2% of all patients), as were
liver complications early after HCT (n � 25; 3% of all patients).
REG3� and HGF concentrations were elevated in liver GVHD
compared with asymptomatic patients, but were comparable to
concentrations in patients with LGI GVHD, non-GVHD hyperbili-
rubinemia, and isolated skin GVHD (Figure 1A-B). KRT18
concentrations were significantly higher in patients with liver
GVHD than in all other patients except those with non-GVHD liver
complications (Figure 1C). None of the 3 biomarkers effectively
distinguished liver GVHD from non-GVHD liver complications
(Figure 1H; AUC � 0.61, 0.59, and 0.63, respectively; composite
panel AUC � 0.62). Most patients with non-GVHD liver complica-
tions had sinusoidal obstruction syndrome (n � 20), which can
often be distinguished clinically from GVHD. Cases in which
biopsies were required to determine the etiology of hyperbiliru-
binemia during the period in which patients typically develop acute
GVHD were very uncommon in our patient cohort (n � 7).

When including all patients with concomitant GI and liver
involvement at GVHD onset regardless of other organ involvement
(n � 35), REG3� concentrations at the onset of liver GVHD were
significantly higher than concentrations at onset of non-GVHD
hyperbilirubinemia (supplemental Figure 2). Comparing concentra-
tions from all 35 liver GVHD patients with those from the
25 patients with non-GVHD liver complications, the AUC of the
REG3� ROC curve improved to 0.69, whereas curves for KRT18
and HGF performed more poorly (0.54 and 0.57, respectively),
reinforcing the strength of REG3� as an LGI GVHD biomarker
and lack of specificity of KRT18 and HGF as visceral GVHD
biomarkers.

In conclusion, REG3� performs better than HGF and KRT18 as
a diagnostic biomarker of LGI GVHD. All 3 biomarkers predicted
day 28 nonresponse to therapy, and both REG3� and HGF are good
prognostic markers for 1-year NRM in patients with LGI GVHD.

These findings should be validated in a prospective, multicenter
study. Hyperbilirubinemia was an uncommon occurrence in our
patient cohort, and the preliminary findings from this study warrant
further investigation. In addition, a dedicated proteomics search
should be performed to identify potential biomarkers specific to
liver GVHD pathophysiology. This search should then be validated
in a multicenter trial because of the rarity of this post-HCT
complication and to minimize any potential center effect.
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