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Abstract

Background: The discovery of biomarkers to predict the development of complications associated with
hematopoietic stem cell transplantation (HSCT) offers a potential avenue for the early identification and
treatment of these life-threatening consequences. Serum lactate dehydrogenase (SLDH) has been identified
as a potential biomarker for determining the outcome of allogenic HSCT (allo-HSCT).

Methods: A retrospective study was performed using data collected from 204 allo-HSCT recipient patients
to examine the predictive value of sSLDH levels pre- and post-allo-HSCT on patient survival, graft-versus-
host-disease (GVHD) incidence, and time to platelet/white blood cells (WBC) engraftment.

Results: Our findings show that neither pre- (p= 0.61) nor post-transplantation (p= 0.55) sLDH levels were
associated with GVHD incidence. However, elevated sLDH levels pre- and post-transplantation (> 386 and
> 409 IU/mL, respectively) were found to be adverse risk factors for patient survival (p= 0.16, p= 0.20,
respectively). Furthermore, a median sSLDH level> 400 1U/mL from day +5 to day +15 post-transplantation
had a significant positive association with enhanced time to platelet and white blood cell (WBC)
engraftment, compared to patients with SLDH levels < 400 1U/mL (p< 0.001).

Conclusions: Our data suggests that high sSLDH levels pre- and post-allo-HSCT could be considered a
predictor of poor patient survival. Furthermore, high levels of sSLDH days 5-15 post-allo-HSCT could be
associated with improved time to platelet and WBC engraftment; however, this appears to come at the cost
of increased mortality risk.

Keywords: Engraftment, Graft versus host disease, Hematopoietic stem cell transplantation, Lactate
dehydrogenase.

Introduction o complications impact the transplantation
Allogeneic  hematopoietic ~ stem  cell outcome in these patients leading to
transplantation (allo-HSCT) has been used as morbidity and mortality. Recipient age,
a curative treatment approach for a range of donor/recipient HLA compatibility,
malignant and non-malignant diseases (1,2). comorbidities, conditioning regimens, and
Despite the benefit this treatment strategy can graft-versus-host-disease (GVHD) prophylaxis
provide, it is associated with potential are understood to be the main contributing
life threatening  complications  These factors for determining the risk of
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complications associated with allo-HSCT.
However, these factors alone are unable to
completely predict the success or failure of the
allo-HSCT. Biomarkers offer a more effective
alternative for determining the potential allo-
HSCT complications and outcomes (3).

Lactate dehydrogenase (LDH) is an
enzyme found in all tissues of the body which
catalyzing the reaction of pyruvate to lactate
during glycolysis (3). Research has indicated
that serum LDH (sLDH) levels are correlated
with poor survival rate in patients with solid
tumors and hematological malignancies.
Given this relationship of sLDH with patient
outcomes, the levels of sSLDH may act as a
valuable biomarker to predict the prognosis
and survival of patients with various
malignancies (4-6).

The predictive capacity of sSLDH has also
been observed in patients receiving HSCTSs.
Levels of sLDH have been shown to be
elevated in patients following autologous
HSCT (auto-HSCT) (7). A strong correlation
between sLDH levels and stem cell
mobilization has been reported in recipients
of allo-HSCT and auto-HSCT (8). It has been
observed that sLDH levels at the time of
admission are an important predictive
indicator for survival in patients with acute
myeloid leukemia (AML) receiving HLA-
matched sibling allo-HSCT (9). In patients
with HLA-matched allo-HSCT, an elevated
SLDH level, donor age >45, and poor
performance status (2-3) appear to increase
the risk for treatment-related mortality (TRM)
(10). The study by Song et al. also has a
similar result - aGVHD incidence is reduced
with low level LDH in allogeneic sibling
matched HSCTs (11) Despite this research,
the value and role of sLDH level as a
predictive indictor in determining
transplantation-related  complications and
survival remains unclear.

The aim of this retrospective study was to
examine the relationship of sLDH levels
before and after allo-HSCT with the incidence
of GVHD, survival, and engraftment time of
platelet (PLT) and white blood cells (WBCs)
in allo-HSCT recipients.

Materials and Methods

Patients

A total of 204 patients with malignant and non-
malignant  hematological  disorders  who
underwent allo-HSCT between 2009 and 2018
at Taleghani Hematopoietic Stem Cell
Transplantation Center in Tehran, Iran, were
included in this retrospective study. Patient
clinical and laboratory data were collected from
the clinical records. This study was approved by
the ethical committee of Shahid Beheshti
University of Medical Sciences, Tehran, Iran
(IR.SBMU.REC.1398.148).

Conditioning regimens

The conditioning regimen for patients consisted
of intravenous administration of Busulfan (0.8
mg/kg every 6 hours for 4 days) followed by
either Cyclophosphamide (60 mg/kg/day for 2
days) or Fludarabine (30 mg/m? of body surface
area once a day for 5 days). The conditioning
regimens were classified into distinct groups:
Regimen 1 which consisted of Busulfan and
Cyclophosphamide; Regimen 2 which included
Busulfan and Fludarabine; and Regimen 3
which was comprised of a combination of
Busulfan, Fludarabine, and Anti-Thymocyte
Globulin (ATG). Depending on the patient
condition, additional variations of the
conditioning regiments were administered. In
patients with Hodgkin’s disease (HD) and non-
Hodgkin’s lymphoma (NHL) a regimen 4 was
prescribed which included Fludarabine (30
mg/m? for 5 days, IV), CCNU (1-2-chloroethyl-
3-cyclohexyl-1-nitrosourea) (100 mg/m? for 2
days, oral), and Melphalan (40 mg/m? for 1 day,
IV). Regimen 5 was prescribed for patients with
aplastic anemia (AA) and Fanconi anemia (FA)
which consisted of Cyclophosphamide and
ATG.

GVHD prophylaxis

All patients received GVHD prophylaxis which
was composed of Cyclosporine A (CsA) and
Methotrexate (MTX). A daily dose of 3
mg/kg/day of CsA was intravenously (V) from
day -2 until +5 (the day of allo-HSCT is
considered day zero) and 12.5 mg/kg/day by
mouth (PO) until day +180. Methotrexate
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(MTX) was administered 1V from day +1 at a
dose of 10 mg/kg and at days +3, +6 and +11 at
a dose of 6 mg/kg in combination with CsA. In
patient who received matched and mismatched
unrelated donor allo-HSCT, 2.5 mg/kg of ATG
for 2 days (-1 and -2) was added to this
combination.

Hematopoietic stem cell transplantation
Stem cells were sourced from peripheral blood
mobilized via subcutaneous dministration of 5-
10 pg/kg/day of granulocyte-colony stimulating
factor (G-CSF) for 4-5 consecutive days. The
enumeration of CD34+ donor peripheral blood
cells was performed using flow cytometry
(Attune NXT, Country) on day 5 post G-CSF
administration using PE-conjugated human
anti-CD34 (EXBIO, Czech Republic) to
determine the optimal day for apheresis. Plasma
reduction for ABO minor-mismatch and RBC
depletion for major and bidirectional ABO-
mismatch grafts were performed on the
apheresis product. RBC depletion was
performed using hydroxyl ethyl starch (HES)
6% (GRIFOLS, Spain). The number of CD34+
cells and CD3+ (FITC-conjugated, human,
Beckman Coulter, Miami, FL, US) cells in the
apheresis product were counted and viability
tests on all apheresis yields were performed
using Trypan Blue viability dye (Biowest,
France) prior to transplantation.

Determining the presence of WBC and
platelet engraftment, GVHD, and supportive
treatments

WBC engraftment was defined as a peripheral
WBC count> 1.0 x10%L for three consecutive
days. Platelet engraftment was defined as the
first of three consecutive days in which
platelet count was> 20 x 10%L. The endpoints
for the evaluation of WBC and PLT
engraftment time were considered 30- and 50-
days post allo-HSCT, respectively. The
presence of GVHD was diagnosed according
to the National Institutes of Health (NIH)
criteria (12). In the case of GVHD diagnosis,
the first line treatment included dose adjusted
CsA and methylprednisolone.  Infection
prophylaxis involved a combination of
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acyclovir (antiviral), ciprofloxacin
(antibacterial), and fluconazole (antifungal).
The threshold of hemoglobin levels was
considered at or below 8g/dL for RBC
transfusion. The PLT cut-off for platelet
transfusion was 20x109/L. For blood
transfusions, WBC depleted, and irradiated
blood was used.

Serum LDH measurement

Serum LDH level was measured using the
Hitachi 911 automatic chemistry analyzer
(Roche) and a commercially available Kit
reagent. The sLDH concentration was
reported as international units per liter (1U/L).
Pre-transplant sSLDH levels were defined as
the median sLDH level from the day of
admission to the day of HSCT (day zero).
Post-transplantation sLDH  levels  were
defined as the median sLDH level between
day O to day +14, median sLDH level at
day+5 to day +15, and the median sLDH level
from day 0 to the last documented sLDH
measurement.

Statistical analyses

Univariable binary logistic regression was
used to investigate the relationship between
SLDH and the incidence of acute GVHD.
The end points of this study included overall
survival, WBC and platelet engraftment.
Overall survival was defined as the interval
between the time of transplantation until the
time of death from any cause (13).
Univariable analysis of time to event was
performed using the Cox proportional
hazards model. Univariable and
multivariable  logistic  regression  was
conducted to examine the association
between risk factors and high sLDH levels in
pre- and post-transplant patients. When
performing the multivariable analysis, a
backwards method with a significance level
of 10% was used to select the features with
the  highest prognostic value. The
calculations were carried out using SAS
(version 9.4; SAS Institute Inc., Cary, NC,
USA), with a significance level of 25% for
the univariable logistic and Cox regressions.
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Results
Patient characteristics

sLDH levels in Pre- and Post-allo-HSCT

Patient characteristics are shown in Table 1. The
median level of sLDH on pre-HSCT from
admission day to HSCT and post-HSCT at
HSCT to day +14, day +5 to +15 and
Table 1. Patients’ Characteristics.

HSCT to last documented sLDH level
record was 386, 409, 400, and 454 IU/L,
respectively. Among the patients in this
study, 161 (78.9%) and 169 (82.8%) had
successful PLT and WBC engraftments,

respectively.

Characteristics

Median/ Frequency (%)

Characteristics

Median/Frequency (%0)

Recipient Age 32 Donor Age 32

Missing 11(5.4%) Missing 68(33.3%)

CD3 300 MNC 6.4

Missing 157(77%) Missing 17(8.3%)

DP Gender Diagnosed disease 13(6.40%)

Male-Male 56(27.5%) NHL 12(5.90%)

Male-Female 59(28.9%) HD 99(48.5%)

Female-Female 32(15.7%) AML 51(25.0%)

Female-Male 47(23%) ALL 7(3.40%)

Missing 10(14.9%) Aplastic Anemia 6(2.90%)
Other” 16(7.80%)
Missing

Recipient BMI 22(10.8%) Donor BMI 34(16.7%)

Below 18.5 89(43.6%) Below 18.5 69(33.8%)

Between 18.5-24.9 57(27.9%) Between 18.5-24.9 48(23.5%)

Between 25-29.9 25(12.3%) Between 25-29.9 32(15.7%)

Above 30 11(5.4%) Above 30 21(10.3%)

Missing Missing

Recipient CMV antigen status 19(9.3%) Donor-recipient relationship 145(71.1%)

Negative 144(70.6%) Sibling 43(21.1%)

Positive 41(20.1%) Related 16(7.8%)

Missing Missing

Conditioning Regime 103(50.5%) GVHD prophylaxis 123(60.3%)

Regimen 1 46(22.5%) CSA+MTX 19(9.3%)

Regimen 2 16(7.8%) CSA+MTX+ATG 62(30.4%)

Regimen 3 4(2%) Missing

Regimen 4 1(0.5%)

Regimen 5 34(16.7)

Missing

Blood Group 59(28.9%) Compatibility Blood Group 107(52.5%)

A 41(20.1%) Compatibility 80(39.2%)

B 24(11.8%) Incompatibility 17(8.3%)

AB 62(30.4%) Missing

(0] 18(8.8%)

Missing

GVHD Type 59(76.6%) Platelet engraftment 161(78.9%)

Acute 18(23.4%) Successful 39(19.1%)

Chronic Failure 4(2%)
Missing

LDH pre_HSCT 386 WBC engraftment 169(82.8%)

Missing 28(13.7%) Successful 31(15.2%)

LDH post (Hsct to +14 Days) 409 Failure 4(2%)

Missing 27(13.2%) Missing

LDH post (+5 to +15 Days) 400

Missing 30(14.7%)

LDH post_HSCT 454

Missing 26(12.7%)

Demographic and clinical data of the allo-HSCT patients is demonstrated. Data are illustrated as Median and frequency (%). SD, Standard deviation;
DP, Donor-Patient; MNC, Mononuclear cell; NHL, non-Hodgkin’s Lymphoma; HD, Hodgkin’s Disease; ALL, Acute Lymphocytic Leukemie;
AML, Acute Myeloid Leukemia; ALL Acute Lymphocytic Leukemia; AA, Aplastic Anemia; MAC, Myeloablative Conditioning Regimen; RIC,
Reduced Intensity Conditioning; GVHD, Graft-versus-host disease; CysA, Cyclosporine A; MTX, Methotrexate; ATG, Anti-thymocyte globulin.”
Diagnoseddisease referred as “Other”” comprised of Adrenoleukodystrophy (ALD), Myelodysplastic syndromes (MDS), and Thalassemia.
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Association between sLDH levels and GVHD

We conducted a univariable logistic regression
to identify the effect of sSLDH levels on the
incidence of GVHD. As shown in Table 2,
patients with sLDH levels over 386 IU/L pre-
transplant (admission day to HSCT) and sLDH

levels over 409 IU/L post-transplant (day 0 to
day +14) had 20% and 24% lower odds of
GVHD, respectively. However, this relationship
was not found to be statistically significant
(75% CI:(0.58-1.11); p= 0.44); (75% CI.(0.60-
1.17); p=0.55).

Table 2. Association of sLDH with GVHD and OS

GVHD oS
Variables Odds Ratio (75% CI) p HR (75% CI) p
LDH pre_Hsct 0.44 0.16"
>386 0.80(0.58-1.11) 0.44 1.48 (1.07-2.04) 0.16
<386(RLY)
LDHPost_Hsct (Hsct to +14 Days) 0.35 0.20*
> 409 0.76(0.55-1.06) 0.35 1.44(1.03-2.01) 0.20
< 409(RLY - -

1. Reference Level, *. Significant at 0.25

Association between sLDH and OS

We also applied the Cox proportional hazards
model to determine the role of SLDH levels on
overall patient survival. The results of this
analysis are presented in Table 2. The patients
with sLDH levels above 386 IU/L prior to
transplantation had about a 48% increased risk
of death, compared to patients with sLDH
levels below 386 IU/L (75% CI:(1.07-2.04); p=
0.16). The patients with post-transplant sLDH
levels higher than 409 IU/L had a 44% greater
risk of death, in comparison with the patients
with sLDH levels below 409 IU/L (75%
Cl:(1.03-2.01); p=0.20).

Association sSLDH and engraftment

PLT engraftment

The relationship between sLDH levels with
PLT engraftment was investigated. As

presented in Table 3, a post-transplant sSLDH
level above 400 was positively associated
with successful PLT engraftment, compared
to patients with sSLDH levels below 400 (HR:
1.79; =75%Cl:(1.47-2.18); p< 0.001).

WBC engraftment

We evaluated the association of sLDH levels
with WBC engraftment. The results in Table 3
show that post-transplant sSLDH levels above
400 were strongly associated with successful
engraftment, compared with SLDH levels below
400 (HR: 2.13; 75%Cl:(1.71-2.52); p< 0.001).
From the multivariable analysis, post-transplant
SLDH levels above 400 was significantly
associated with improved WBC engraftment
time, compared to patients with sSLDH levels
below 400 (HR: 2.03; 90%CI:(1.52-2.70); p<
0.001).

Table 3. Association of sSLDH with Platelet & WBC Engraftments.

Platelet Engraftment

WBC Engraftment

Variables HR (75% CI) p HR (75% CI) p

LDH pre_Hsct 0.60 0.83

> 386 0.91 (0.75-1.11) 0.60 0.96 (0.80-1.16)  0.83

< 386(RLY - - -
LDHpost_Hsct (+5 to +15 Days) 0<0.001* 0<0.001*
> 400 1.79(1.47-2.18) 0<0.001 2.13(1.75-2.58) 0<0.001
< 400(RLY - - -
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Association between risk factors and sLDH
levels pre- and post-HSCT

The relationship between risk factors and pre-
and post-transplantation sLDH levels were
examined and presented in Table 4 and Table 5,
respectively. Male transplantation recipients
had 40% reduced odds of having high sLDH
levels compared to female recipients (75%
Cl:(0.50-0.72); p= 0.001). Among the different
diagnoses, ALL and aplastic anemia appeared
to have a significant effect on sLDH level. In
patients with aplastic anemia, the odds of
having elevated SLDH levels was 75% lower
than patients with HD (75% CI:(0.07-0.70); p=
0.15). However, patients with ALL had 2.62

times greater odds of having high sSLDH levels
compared to HD (75% CI:(1.68-4.16); p=0.01).
The odds of having high sLDH levels in
patients positive for the cytomegalovirus
(CMV) antigen was 94% greater than those
negative for the CMV antigen (75% CI:(1.37-
2.74); p= 0.02). In recipients whose blood
group was type B, the odds of having high
SLDH levels was increased by 70% compared
to recipients with an AB blood type
(75%Cl:(1.22-2.37); p= 0.06). Conversely,
when the recipient blood type was O, the odds
of having high sLDH levels was decreased by
30%, compared to recipients with an AB blood
type (75% C1:(0.52-0.95); p= 0.18).

Table 4. Association of Risk Factors with Odds High sLDH (Pre-HSCT).

Variables Univariable Multivariable?

OR (75% CI) p Adjusted OR (90% CI) p
Recipient Age 0.98(0.97-1.005) 0.45
Recipient Gender 0.005**
Male 0.60(0.50-0.72) 0.001* 0.58(0.42-0.80) 0.005
Female (RLY) - - - -
Diagnosed disease 0.01* 0.02**
NHL 0.82(0.40-1.68) 0.75 4.22(0.64-27.59) 0.20
AML 0.70(0.47-1.04) 0.29 0.49(0.24-1.01) 0.10
ALL 2.62(1.68-4.16) 0.01 2.03(0.88-4.65) 0.15
Aplastic Anemia 0.25(0.07-0.70) 0.15 0.24(0.04-1.50) 0.20
Other 2.06(0.88-5.27) 0.34 1.55(0.25-9.54) 0.69
HD(RLY) - - - -
Recipient CMV PCR 0.04**
Positive 1.94(1.37-2.74) 0.02* 2.02(1.14-3.58) 0.04
Negative (RLY)
Conditioning Regimen 0.91
Regimen 1 11.68(0->999) 0.98
Regimen 2 10.40(0->999) 0.98
Regimen 3 12.48(0->999) 0.98
Regimen4 32.76(0->999) 0.98
Regimen 5(RLY) - -
GVHD Prophylaxis 0.56
CSA+MTX+ATG 0.86(0.64-1.15) 0.56
CSA+MTX(RLY) - -
Recipient Blood Group 0.23* NS
A 0.95(0.70-1.28) 0.85
B 1.70(1.22-2.37) 0.06
0 0.70(0.52-0.95) 0.18
AB(RLY) - -
Recipient BMI 0.03* NS
Below 18.5 0.47(0.29-0.75) 0.06
Between 18.5-24.9 0.71(0.52-0.96) 0.20
Between 25-29.9 0.69(0.49-0.97) 0.21

Above 30(RLY)

1. Reference Level, 2. Backward Selection, *. Significant at 0.25, **. Significant at 0.10.
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Univariable

Multivariable?

Variables OR (75% CI) p Adjusted OR (90% CI) p
Recipient Age 1.01(0.99-1.03) 0.42

Donor Age 1.01 (0.99-1.03) 0.46

Patient Gender 0.05* 0.04**
Male 0.75(0.62-0.89) 0.05* 0.68(0.50-0.93) 0.04
Female (RLY) - - - -
Donor Gender 0.256

Male 0.83(0.70-1.002) 0.256

Female (RLY) - -

Recipient BMI 0.01* NS
Below 18.5 0.28(0.16-0.47) 0.005

Between 18.5-24.9 1.02(0.75-1.38) 0.93

Between 25-29.9 1.07(0.77-1.49) 0.80

Above 30(RLY) - -

Donor BMI 0.09* NS
Below 18.5 0.74(0.51-1.06) 0.34

Between 18.5-24.9 0.66(0.49-0.87) 0.09

Between 25-29.9 0.92(0.66-1.27) 0.77

Above 30(RLY) - -

DP Gender 0.13* NS
Female-Female 1.91(1.31-2.79) 0.04

Female-Male 0.82(0.70-1.12) 0.47

Male-Male 0.60(0.44-0.82) 0.06

Male-Female (RLY)

Diagnosed disease 0.18* NS
NHL 2.00(0.95-4.21) 0.28

AML 0.80(0.54-1.18) 0.51

ALL 1.71(1.10-2.65) 0.16

Aplastic Anemia 1.50(0.59-3.77) 0.60

Other 0.20(0.06-0.59) 0.08

HD(RLY - -

Recipient CMV PCR 0.07*

Positive 1.65(1.19-2.28) 0.07* NS
Negative (RLY)

Donor-recipient relationship 0.38

Related 1.17(0.94-1.46) 0.38

Sibling (RLY)

Conditioning Regimen 0.42

Regimen 1 0.004(0->999) 0.97

Regimen 2 0.003(0->999) 0.97

Regimen 3 0.012(0->999) 0.97

Regimen4 >0999(0->999) 0.98

Regimen 5(RL') - -

GVHD Prophylaxis 0.26

CSA+MTX+ATG 1.35(0.99-1.83) 0.26

CSA+MTX(RLY) - -

ABO Compatibility 0.79

Match 1.04(0.87-1.24) 0.79

Mismatch (RLY)

Recipient Blood Group 0.04* 0.02**
A 0.84(0.63-1.14) 0.52 0.78(0.47-1.28) 041
B 1.98(1.40-2.79) 0.02 2.79(1.57-5.20) 0.00
0 0.56(0.41-0.75) 0.02 0.55(0.33-0.90) 0.04
AB(RLY - - - -
Donor Blood Group 0.47

A 1.20(0.85-1.67) 0.53

B 0.80(0.56-1.14) 0.46

0 0.69(0.49-1.02) 0.26

AB(RLY - -

1. Reference Level, 2. Backward Selection, *. Significant at 0.25, **. Significant at 0.10.
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In patients with a body mass index (BMI)
below 18.5, the odds of having high sLDH levels
was 53% lower than patients with a BMI above
30 (75% CI:(0.29-0.75); p= 0.06). For patients
with a BMI between 18.5-24.9 and 25-29.9, both
groups had 30% lower odds of having high
SLDH levels compared to the highest level of
BMI  (75% CI:(0.52-0.96); p= 0.20);
(75%ClI:(0.49-0.97); p= 0.21). Assuming the
effects of all the other variables are constant, the
results of the multivariable analysis indicate that
the odds of having high sLDH levels in male
patients was 42% lower compared to female
patients (90% CI:(0.42-0.80); p= 0.005). Among
the different diseases examined, patients with
AML had 51% lower odds of having high sSLDH
levels, compared to other diagnoses
(90%CI:(0.24-1.01); PP=0.10). Additionally,
our findings indicate that patients positive for the
CMV antigen had 2.02 times greater odds of
having high sLDH levels compared to patients
negative for the CMV antigen (90%CI:(1.14-
3.58); p=0.04).

The results of our analysis for investigating
the effects of risk factors on post-HSCT sLDH
levels are shown in Table 5. Male recipients had
a 25% lower chance of having high sLDH
levels post-HSCT compared to female
recipients (75% CI:(0.62-0.89); p= 0.05). The
patients with a BMI below 18.5 had 72% lower
odds of having high sLDH levels (75%
CI:(0.16-0.47); p= 0.005). In patients receiving
from donors with a BMI between 18.5-24.9,
recipients had 34% lower odds of having high
SLDH levels (75% CI:(0.49-0.87); p= 0.09).
The female donor to female recipient
combination had 91% higher odds of having

high sLDH levels (75% CI:(1.31-2.79); p=
0.04). The male donor to male recipient
combination had 40% lower odds of having
high sLDH levels (75% Cl:(0.44-0.88); p=
0.06). The patients with ALL had 1.71 times
higher odds of having high sLDH compared to
HD (75% CI:(1.16-2.65); p= 0.16) and patients
classified as “other” had 80% lower odds of
having high sLDH levels (75% CI:(0.06-0.59);
p=0.08). The odds of having high sLDH levels
in patients positive for the CMV antigen were
65% higher than patients negative for the CMV
antigen (75%CI:(1.19-2.28); p= 0.07). The odds
of having high sLDH levels was increased by
98% in patients with a B blood type (75%
Cl:(1.40-2.79); p= 0.02); however, patients with
O blood type were found to have decreased
odds of having high sLDH levels by 44% (75%
Cl:(0.41-0.75); p= 0.02). In the multivariable
analysis, we can see that being male lowered
the odds of having high sLDH levels by 32%
(90%CI:(0.50-0.93); p= 0.04). The results of
multivariable analysis were the same as
univariable analysis for the recipient blood
groups B and O. Controlling for the
confounding effects of other variables, blood
group B in recipients had increased odds of
having high sLDH levels up to 2.75 times
whereas blood group O lowered the odds of
having high sLDH levels by 45% (90%
Cl:(1.57-5.20); p= 0.00); (90%CI:(0.33-0.90);
p= 0.04). The male patients had 32% lower
odds of having high sLDH levels compared to
females (90%CI:(0.50-0.93); p=0.04).

The distribution frequency between outcomes
and sLDH levels at different periods of time is
presented in Table 6.

Table 6. Crosstab of Outcomes and sLDH at Different Periods of Time.

Outc_omes GVHD Mortality WBC Engraftment Enzlr{;‘ilrflgnt
Periods N (%) N (%) N (%) N (%)
Acute Chronic Death Alive Yes No Yes No
Pre HSCT
> 386 <386 25(71.4%) 10(28.6%) 30(42.9%) 40(57.1%) 74(84.1%) 14(15.9%) 71(80.7%) 17(19.3%)
27(79.4%) 7(20.6%) 23(32.4%) 48(67.6%) 76(86.4%) 12(13.6%) 73(83.0%) 15(17.0%)
Post HSCT
(0 to +14)
> 409 27(71.1%) 11(28.9%) 28(40.6%) 41(59.4%)
<409 26(81.3%) 6(18.9%) 26(35.6%) 47(64.4%)
Post HSCT
(+5 to +15)
>400 82(94.3%) 8(5.7%) 79(90.8%) 8(9.2%)
<400 68(78.2%) 19(21.8%) 64(73.6%) 23(26.4%)
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Discussion

The use of sSLDH as a predictive biomarker
presents few barriers as measuring for it
requires the use of an inexpensive and routine
blood test. Previous research has evaluated the
prognostic potential of SLDH levels in different
diseases highlighting its utility as a biomarker
(14-18). In the present study, we further
explored the prognostic value of sSLDH levels in
the context of HSCT. Specifically, we
examined the association of sLDH levels pre-
and post-transplantation on its ability to
determine overall survival, GVHD incidence,
and PLT/WBC engraftment in patients
receiving allo-HSCT.  Furthermore, we
evaluated the relationship between risk factors
for HSCT complications and patient sLDH
levels pre- and post-transplantation.

Our findings show that pre-transplantation,
there is no significant relationship between
levels of sSLDH and GVHD development. This
suggests that these levels have no predictive
power in determining the incidence of GVHD
pre-transplantation. Our data was consistent
with the findings from Sivgin et al., in which no
statistically significant relationship was found
between the frequency of GVHD in patients
and high levels of sSLDH (19). The primary aim
of our research was to evaluate the predictive
value of post-transplant SLDH levels as an early
biomarker for the risk of GVHD development.
Therefore, we examined the association
between the level of SLDH and the incidence of
GVHD during the two-week period following
transplantation. Previous research by Sung et al.
has found lower sLDH levels to be strongly
correlated to a lower incidence of GVHD (p=
0.023) (12). However, the findings of their
study showed that sSLDH levels within the first
two weeks post-transplantation were not
correlated with GVHD development, which
corroborates the results of our work.

In exploring the effect of SLDH on survival
rate, our findings revealed a statistically
significant relationship between high sLDH
levels in the pre-transplantation stage and poor
survival rates in recipients (hazard ratio:1.48,
Cl: 1.07-2.04, p= 0.16). Research by Shouval et
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al. suggest LDH is a prognostic indicator for
allo-HSCT outcomes in patients with multiple
myeloma (MM). Their findings showed that the
5-years OS rate was 22% in patients with
normal LDH levels, whereas those with LDH
levels above the upper limit of normal had a 5%
OS rate (20). Research by Sivgin et al. observed
an increased risk of mortality in patients with
high levels of sSLDH. However, contrary to our
results, they did not find any significant
relationship between high sLDH levels and a
decrease in OS rate (hazard ratio=1.31, CI:
0.80-2.13, p= 0.286). Their findings showed a
significant association between high sLDH
levels pre-transplant and decreased disease-free
survival (DFS) rates in patients receiving allo-
HSCT. Therefore, their findings suggest that
high sLDH levels prior to allo-HSCT may
better reflect the potential for disease relapse
which predicts DFS, compared to OS (19). We
further examined the relationship between the
SLDH level and mortality rate in patients at
days 0 to +14 post-transplantation. Our results
demonstrated that sSLDH levels > 409 TU/mL
significantly increase (p= 0.2) the risk of death
by 44%. The work by Kalaycio et al.
corroborates our findings, in which they
reported that high sLDH (>330U/L) from the
time of admission to discharge was an adverse
risk factor for overall survival in AML patients
receiving allo-HSCT. In their study, 15 of the
16 patients with sLDH levels >330U/L died
highlighting the detrimental effect of high
sLDH on mortality rates post-HSCT). Several
pathological processes have been associated
with  increased sLDH levels including,
hemolysis, cellular necrosis, and elevated tissue
turnover (21). Additionally, a high sLDH level
has been suggested to be a potential marker of
organ damage in light chain amyloidosis
patients (22). Although we did not evaluate the
association between sLDH levels and allo-
HSCT-related organ damage, it is possible that
the elevated levels of SLDH observed within the
first 14 days post allo-HSCT may reflect the
onset of organ damage.

With respect to the relationship between
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SLDH levels and PLT/WBC engraftment, our
findings indicate that there is no significant
association between pre-allo-HSCT sLDH
levels and engraftment outcomes. Our findings
were reflected in a separate retrospective
analysis of 156 patients receiving all-HSCT in
which no significant correlation between pre-
transplant sSLDH levels and time to engraftment
of PLT and/or WBC was found (19).
Conversely, Gergis et al. reported that pre-
transplant sSLDH levels above 487 IU/L were
negatively associated with PLT engraftment (p=
0.04) in patients with advanced myelofibrosis
undergoing allo-HSCT (23). We believe that
the inconsistencies described among studies
regarding the effect of pre-transplant sLDH
levels and engraftment may be a result of
varying definitions of what constitutes PLT and
WBC engraftment, population heterogeneity,
disease diagnosis, and cut-off points for what is
considered low or high sLDH.

In terms of the relationship between post-
transplant sLDH levels and engraftment, our
findings indicate that high sLDH levels
(>4001U/L) throughout the first 15 days after
transplantation are positively correlated with
faster PLT and WBC engraftment time.
Research by Song et al. also reported a
significant association between earlier time to
engraftment and elevated sLDH levels post
allo-HSCT. Furthermore, they showed that a
high sLDH level (>470 U/L) at the third week
after transplantation accelerates PLT (p= 0.025)
and WBC (p= 0.008) engraftment in
comparison to patients with SLDH levels below
470 U/L. The presence of sLDH isoenzymes
have been reported in malignancy and
inflammation. It has been suggested that sSLDH
inhibitors have the ability to alleviate the
inflammatory effects of cytokines in colon
carcinoma cell (24). Moreover, Haas et al. has
indicated that acute inflammation activates
post-transcriptional protein synthesis leading to
maturation and cell cycle activation of stem-like
megakaryocyte committed progenitors (SL-
MkPs) and other megakaryocyte progenitors.
This process causes the rapid replenishment of
PLT and prevents PLT depletion during
inflammation (25). Given this understanding,

we propose that throughout the first few days
following transplantation the presence of
elevated SLDH levels, as a marker of
inflammation, is positively associated with
earlier engraftment time.

Lastly, we wanted to determine the
relationship between recipient risk factors with
SLDH levels pre- and post-HSCT. Gender,
ABO type, disease diagnosis, BMI, and positive
CMV antigen were all found to be risk factors
significantly associated with high sLDH levels
pre- and post-transplantation. Previous research
has shown elevated sLDH levels in patients
with sepsis and in the presence of infections,
such as CMV (26). In the current study, a
positive CMV status pre- and post-
transplantation were risk factors for high sLDH
level in patients. Furthermore, patients positive
for CMV with high sLDH levels had an
increased risk of mortality. It is understood that
CMV infection is a major cause of
complications following HSCT that could
contribute to organ damage (27). Consequently,
organ damage leads to an increase in sLDH
level which may decrease survival. This has the
potential to explain why patients with high
SLDH levels and a positive CMV status were at
increased risk for mortality in our study.

Overall, our findings indicate that sLDH
levels could not predict the incidence of GVHD
in our patients. This suggests that developing a
panel of markers to predict GVHD may be a
more promising strategy than a single
biomarker. Using the sLDH to develop panel
markers may be helpful for the improvement of
GVHD prediction. Additionally, we report that
high sLDH levels during the first few days post-
HSCT significantly improved PLT/ WBC
engraftment, although it adversely affected
patient survival.
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