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Abstract

Objective: This study aimed to investigate the role of ST2 and Reg3a biomarkers in the diagnosis and
post-treatment monitoring of aGVHD.

Methods: A prospective observational study was conducted at the Armed Forces Bone Marrow
Transplant Center, CMH Rawalpindi, from July 2023 to December 2024. Patients undergoing Allo-HCT
for malignancy and beta thalassemia major were included and monitored for clinical signs of aGVHD.
ST2 and Reg3a levels were checked at day 0 and 45 of transplant. For patients developing GVHD, pre
and post treatment samples were collected for comparison. Biomarker levels were correlated with
clinical outcomes.

Results: A total of number of 15 patients were included, among which 7 patients developed GVHD while
8 patients were considered as controls. At day 0, no significant difference between cases and controls
was observed in mean level of ST2 (7504.87 ng/mL vs 3603.41 ng/mL, p=0.19), or in mean level of
Reg3a (29.33 ng/mL vs 34.89 ng/mL, p=0.24). However, at day 45, mean level of ST2 was significantly
higher in those patients who subsequently developed GVHD (3984.17 ng/mL vs 1742.10 ng/mL,
p=0.020) although mean Reg3a level did not show significant difference (29.08 ng/mL vs 32.66 ng/mL,
p=0.519).

Comparing levels at onset with post treatment levels in cases, the role of biomarkers in post treatment
monitoring was found to be insignificant (ST2: 5900.56 vs 5337.59, p= 0.65, Reg3a: 28.07 vs 23.92,
p=0.10).

Conclusion: The ST2 level can be a useful biomarker for predicting acute GVHD. More data with larger
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cohort is needed to establish clinical utility of ST2 in GVHD prediction and response monitoring.
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Introduction

Allogeneic hematopoietic stem cell transplant (Allo-
HSCT) is the only curative treatment for a variety of
malignant and non-malignant hematological disorders.%2
Despite advances in Graft versus host disease (GVHD)
prophylaxis and management, it remains the most feared
complication of Allo-HCT and is the third leading cause
of non-relapse mortality after infections and organ
failure.3# Historically incidence of acute GVHD (aGVHD)
used to be 35-45 % in fully matched while 60-80 % in
haplo-matched transplants, however the incidence and
severity of GVHD have reduced with newer transplant
strategies.®

According to the National Institutes of Health (NIH)
classification, aGVHD occurs within 100 days of post
Allo-HCT and affects skin, liver, and gastrointestinal (GlI)
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tract.* High-dose systemic glucocorticoids  with
optimization of immunosuppressive therapy remain the
first line treatment.»® Ruxolitinib, anti-tumor necrosis
factor agents, mycophenolate mofetil and mesenchymal
stem cells (MSCs) are frequently used for patients with
steroid refractory aGVHD.

In clinical practice, transplant physicians often keep a
high index of suspicion for aGVHD and use specific
clinical presentation combined with histopathological
evidence of GVHD for treatment initiation. Waiting for
biopsy report can delay timely intervention and lead to
suboptimal responses.! Recently, using biomarkers for
diagnosis and prognostication of aGVHD has gained
significant interest among researchers worldwide.” In
patients receiving Allo-HCT, suppressor of tumorigenesis
2 (ST-2) and regenerating islet-derived 3 alpha (Reg3a)
biomarkers are associated with gut damage (8)while
tumor necrosis factor 1 (TNFR1), T-cell Ig mucin domain
3 (TIM3), interleukin 6 (IL6) are related with systemic
inflammation.® Elafin biomarker is related with skin
GVHD (1). Other protein biomarkers such as plasma
amphiregulin/EGF ratio, plasma IL2Ra, TNFR1, soluble
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B-cell activation factor (BAFF), chemokine (C-X-C motif)
ligand 10 (CXCL10), chemokine (C-X-C motif) ligand 11
(CXCL11), and serum albumin are also reported to
correlate with aGVHD. *

This study aims to determine the role of two frequently
studied biomarkers, Suppression of tumorigenicity 2
(ST2) and Regenerating islet-derived protein 3 alpha
(Reg3a), in the diagnosis and post treatment monitoring
of aGVHD.

Methodology

This, prospective observational study, is conducted in
Armed forces bone marrow transplant center (AFBMTC),
combined military hospital (CMH), Rawalpindi. Written
ethical approval from the Institutional Review Board and
informed consent of the patients were obtained. The
study included patients enrolled consecutively
undergoing allogeneic stem cell transplantation for beta
thalassemia major and hematological malignancies and
from July 2023 to December 2024.

The baseline demographic and clinical data were
collected on an Excel sheet and then transferred to
SPSS software at time of analysis. Considerable
variables included date of leukemia/beta thalassemia
major diagnosis, history of treatment before going for
transplant, HLA matching, patient-donor gender
mismatch, ABO mismatch, type of conditioning regimen,
use of anti-thymocyte globulin (ATG), source of stem cell
collection, stem cell dose and graft versus host disease
(GVHD) prophylaxis (combination of cyclosporine,
mycophenolate or short course of methotrexate and PT-
CY in case of haplo-matched donors only. Follow up
information included date of onset of acute GVHD (a-
GVHD), type, stage and grade of a-GVHD and treatment
of a-GVHD. Assessment for a-GVHD was done till day
100.

Venous samples from all patients were collected on day
0 of transplant and at routine post-transplant follow-up
visits in OPD at day 45 of allogenic stem cell transplant.
Additionally, samples were collected from those patients
who were diagnosed with acute GVHD at the first
presentation, prior to initiation of treatment, and who
subsequently achieved remission of GVHD following
treatment. The clinical diagnosis, staging and grading
was made using standardized Mount Sinai Acute GVHD
International Consortium (MAGIC) criteria.

Serum was separated and stored at -20°C until the day
of analysis for ST2 and Reg3a levels. Levels of acute
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GVHD markers (ST2 and Reg3a) were measured
according to the guidelines of the manufacturer using
enzyme-linked immunosorbent assay (ELISA) kit
(Human ST2 [IL-33R], Catalog#BMS2231, Invitrogen and
Human Reg3a ELISA kit, Catalog#EH390RB, Invitrogen)
at stem cell laboratory of AFBMTC, CMH, Rawalpindi.
Absorbance of all samples and standards were
measured in duplicate using spectrophotometer,
MultiskanGo, Thermo scientific. Standard curve was
used to determine the concentrations of Reg3A and ST2.

Statistical analysis was conducted using SPSS 25.0
software. Quantitative data were expressed as medians
with ranges, and qualitative variables were presented as
frequencies and percentages. The Mann-Whitney U test
was used to assess statistical differences in biomarker
levels between patients with and without aGVHD. A p-
value < 0.05 was considered statistically significant. The
Kaplan-Meier method was employed for survival
analysis, , and group differences were evaluated using
the log-rank test. The difference in ST2 levels between
patients with and without aGVHD at Day 45 was
illustrated using a box plot, showing a higher median
level in the aGVHD group.

Results

This study includes 15 patients of hematological
disorders who underwent related allogeneic
hematopoietic stem cell transplants at AFBMTC. Median
CD34 positive stem cell dose and MNC were 5.6x106/kg
(3-13.2) and6 x108/kg (4.3-9.3), respectively (Table I).
Oral GVHD was not found in any of the patient. However,
mucositis occurred in 10 patients (66.7%) (Table I1). No
significant differences were observed in ST2 levels at
Day 0 between patients who developed aGVHD and
those who did not (Median: 6459.3 vs. 1262.2 pg/mL;
Mann-Whitney U = 14.0, p = 0.22). At Day 45, ST2 levels
were significantly raised in patients with aGVHD
(Median: 4687.6 vs. 950.3 pg/mL; U = 6.0, p = 0.02), as
depicted in the box plot Figure 1.

REG3 Alpha levels did not reveal the statistical
difference between aGVHD and non-aGVHD patients. At
Day 0, the median REG3 Alpha level was 37.1 ng/mL in
the aGVHD group and 18.6 ng/mL in the non-aGVHD
group (Mann-Whitney U = 15.0, p = 0.28). Similarly, at
Day 45, median levels were 36.7 ng/mL vs. 18.5 ng/mL,
respectively (U =19.0, p = 0.57).

The change in ST2 and REG3 Alpha levels from onset to
post-treatment of GVHD were not statistically significant
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(Z=-4.47, p=1.00 vs Z = -1.604, p = 0.25). Kaplan-Meier
log rank survival analysis showed no significant
difference in Day 180 survival times between patients
who developed aGVHD and those who did not ( x% =
0.01, p = 0.94). In non-aGVHD group the mean survival
time was 162.5 days (95% CI: 138.2-186.8) and 171

difference (x* = 0.31, p = 0.58). Comparison of survival
outcomes between GVHD prophylaxis were insignificant
(x? = 0.205, p = 0.650). The mean survival time was
254.3 days (95% ClI: 178.4-330.3) for the CSA-MMF
group and 337.2 days (95% CI: 265.3—-409.2) for the
CSA-MTX group.

days (95% CI: 154.9-187.0) in the aGVHD group.

Table I: Patient and Transplant Characteristics (N=15)

Table Il: GVHD in Post-Transplant

Acute GVHD

Yes 7 (46.7%)
No 8 (53.3%)
Gut GVHD

Yes 4 (26.7%)
No 11 (73.3%)
Hepatic GVHD

Yes 1 (6.7%)
No 14 (93.3%)
Skin GVHD

Yes 5 (33.3%)
No 10 (66.7%)
GVHD Stage

1 2 (25%)

2 2 (25%)

3 3 (37.5%)
4 1 (12.5%)
GVHD Grade

Grade | 2 (28.5%)
Grade I 1 (14.5%)
Grade Il 2 (28.5%)
Grade IV 2 (28.5%)

GVHD Treatment Response (Yes/No)
First (Steroids)

Second (Infliximab, Ruxolitinib)

Third (Mesenchymal stem cells)

1 (6.7%)/6 (40%)
6 (40%)/1 (6.7%)
0 (0%)/1 (6.7%)

Characteristics n (%)
Patient Age

Less than 18 4(26.7%)
More than 18 11(73.3%)
Patient Gender

Male 9 (60%)
Female 6 (40%)
Donor Gender

Male 6(40%)
Female 9(60%)
Gender Mismatch

Yes 7(46.7%)
No 8(53.3%)
ABO Mismatch

Minor ABO mismach 3(20%)
Bi-directional ABO mismatch 2(13.3%)
No mismatch 10(66.7%)
Diseases

Malignancy 12(80%)
Thalassaemia 3(20%)
Co-morbidity

Yes 3 (20%)
No 12(80%)
HLA-Type

Fully matched 11(73.3)
Haplo matched 4 (26.7%)
Stem Cell Source

BMH 12(80%)
BMH plus PBSC 2(13.3%)
PBSC 1(6.7%)
Conditioning Regimen

Bu-Cy 6 (40%)
Flu-Bu 8 (53%)
Flu-Mel-TG 1 (7%)
ATG

Yes 12(80%)
No 3(20%)
PTCY Administered

Yes 4(26.7%)
No 11(73.3%)
GVHD Prophylaxis

CSA-MMF 3 (20%)
CSA-MMF-PTCy 3 (20%)
CSA-MTX(3 doses) 9 (60%)
CD34 Dose x 10%/kg (Median; Range) 5.6 (3-13.2)
MNC Dose x 108/kg (Median; Range) 6 (4.3-9.3)

Restricted mean survival for non-relapse mortality were
162.5 days (95% CI: 132.8-192.2) and 171 days (95%
Cl: 152.5-189.5), respectively. However, the survival
between the groups did not reveal the significant
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Figure 1: Box plot showing ST2 levels (pg/mL) at Day 45 post-
transplantation in patients with and without acute GVHD
(aGVHD). The box represents the interquartile range (IQR), the
horizontal line within the box indicates the median, and the
whiskers denote the minimum and maximum values within 1.5x
IQR. An outlier is marked by a small circle.
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Discussion

Pre transplant conditioning in allo-HSCT significantly
depletes the host immune system to prevent graft
rejection. GVHD often develops within the first month,
during early immune reconstitution from the donor gratft.
10 The use of plasma biomarkers has emerged as a
valuable tool in confirming acute GVHD at both systemic
and organ-specific levels.1112 The two commonly
investigated biomarkers, i-e, ST2 and Reg3a, are shown
to have elevated blood levels in patients developing
aGVHD before the onset of clinical symptoms. 13-15 It has
been reported that these biomarkers can predict the
severity of GVHD along with non-relapse mortality. 6

In the present study, ST2 level at day 45 was found to be
higher in patients with acute GVHD compared to control
indicating its use as a predictive biomarker. The findings
of a study conducted by ALADAG et al. are consistent
with the present study. The authors have found that
mean ST2 levels were significantly raised in patients with
aGVHD indicating its potential as a predictive biomarker
for this condition. & Similar trends have been observed by
study performed by Vander Lugt et al. The results
revealed that ST2 has a strong link with resistance to
GVHD therapy and non-relapse mortality. Patients
having elevated ST2 levels had a 2.5 times greater risk
of developing treatment-resistant GVHD compared to
those with lower ST2 levels. 17

In aGVHD, tissue damage raises IL-33 levels and
upregulates membrane-bound ST2 on activated T cells,
enhancing inflammatory cytokines such as IFN-y and
worsening tissue injury. Meanwhile, soluble ST2 binds
IL-33, driving a Thl-skewed immune response that
contributes to aGVHD progression. 18

In our study, Reg3a levels did not demonstrate any
significance as a diagnostic or predictive biomarker. This
contrasts with the findings of Maria, et al. in which the
authors incorporated Reg3a and Elafin biomarkers to an
established four-biomarker panel comprising IL-2Ra, IL-
8, HGF and TNFR1.%® Their study showed that Reg3a, a
gastrointestinal-specific biomarker, was not only elevated
in patients with aGVHD but also had potential in
predicting response to steroid therapy. Similarly, the
study findings of Hartwell et al., revealed elevated levels
of both ST2 and Reg3a. These biomarkers were not only
associated with higher six-month mortality but also have
potential in predicting aGVHD. 2°
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There was no statistically significant difference in survival
outcomes between cases and controls in this study. A
predictive model known as the MAGIC algorithm
probability (MAP) was developed using combined levels
of ST2 and Reg3a to relate with six month NRM (11) with
greater emphasis on day 7 levels of ST2 measured after
Allo-HSCT. The results of MAP were tested in a
Japanese retrospective cohort (n 112). 21 The study
confirmed that early plasma biomarkers can predict 6-
month NRM inhigh risk GVHD patients.

This study had some limitations. Firstly, the sample size
was relatively small. Secondly, the median follow-up
duration was short (180 days), which may have affected
the ability to detect long-term outcomes. Consequently,
a survival analysis revealed no significant difference
between patients who developed aGVHD and those who
did not. Further researches involving larger patients’
cohort and long follow-up periods is needed to establish
clinical utility of ST2 in predicting GVHD and monitoring
treatment response.

Conclusion

Our findings suggest that ST2 may serve as a promising
biomarker for the early prediction of aGVHD. However,
further studies with larger patient cohorts are essential to
validate its clinical utility in both diagnosis and response
monitoring. Additionally, a collaborative multicenter
research efforts will be critical in establishing
standardized protocols for the integration of ST2 into
routine post-transplant care.
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