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Abstract
Objectives and aim: Our objective was to investigate the association of pre-transplant Lactate Dehydrogenase 

(LDH) levels with complications and survival following allogeneic Hematopoietic Stem Cell transplantation (alloHSCT).

Materials and methods: We retrospectively analyzed data of 156 patients who had undergone alloHSCT 
from 2004 to 2010 in Dedeman Stem Cell Transplantation Hospital, Kayseri, Turkey. Pretransplant serum lactate 
dehydrogenase (LDH), alkaline phosphatase (ALP), creatinin and fibrinogen levels drawn within 7 days prior to 
transplantation were analyzed with data of transplant procedures.

Results: 63 (40.3%) of the patients were female, while 93 (59.7%) were male. The median age was 26 years 
(min-max:13-57). The median pretransplant serum levels of; LDH was 202U/L (min-max: 71-1202), alkaline 
phosphatase 83.0 U/L (min-max: 21-379), creatinin 0.70mg/dL (min-max: 0.30-2.40), and fibrinogen 293mg/dL (min-
max: 7.0-566.0); respectively. Univariate and multivariate analysis showed that high pre-transplant LDH levels (≥ 
246ng /mL) were significantly correlated with decreased disease-free survival (DFS) rates (p=0.037). A higher risk of 
death was observed in high LDH group both in univariate and multivariate analysis (hazard ratio=2.27, CI: 1.06-3.57 
and hazard ratio=1.94, CI: 1.06-3.57; respectively). In univariate analysis; although there was a correlation between 
high serum LDH levels and decreased rates of OS, this was not statistically significant (hazard ratio=1.31, CI: 0.80-
2.13, p=0.286). There was no statistically significant difference among groups for the parameters ALP, creatinin, CD 
34+ cell count, age, gender and diagnosis (p > 0.05).

Conclusion: Pre-transplant increased serum LDH levels may be associated with poor survival in patients who 
have undergone allogeneic hematopoietic stem cell transplantation.

Keywords: Allogeneic hematopoietic stem cell transplantation;
LDH; Prognosis; Survival

Introduction
Allogeneic hematopoietic stem cell transplantation (alloHSCT) is 

considered as a curative treatment for various hematologic malignancies. 
Although improvement of the outcome has been achieved in recent 
decades, infectious complications, GVHD and transplant-related 
complications remain importance for transplant-related mortality 
[1,2]. Recently, efforts have been directed to determine the prognostic 
markers of HSCT which could be used prior to transplantation. Many 
studies have established some parameters which could be regarded to 
have prognostic value in alloHSCT recipients. Ferritin is widely studied 
for outcomes prior to transplantation in the last decade for many 
physicians [3-5]. Several different mechanisms may underly an increase 
in LDH in hematological malignancies including Myelodysplastic 
Syndrome (MDS), lymphomas and leukemias. One possible factor 
may be the increased turnover and degradation of myeloid cells in 
the Bone Marrow (BM), spleen, and other tissues. Among the other 
possible mechanisms; ineffective hematopoiesis could be encountered. 
Additional cofactors may be an infiltration of the liver and spleen by 
immature myeloid cells or iron overload. 

Serum LDH levels have been shown to indicate hypoxic status 
associated with tumor cells and as a result, high serum levels were 
found to be correlated with worse prognosis. LDH levels have been 

evaluated as predictive marker in various malignancies including 
non-Hodgkin lymphomas [6], germ cell tumors [7] and small cell 
lung cancer [8]. As a general consideration, high levels of LDH are 
mostly found in heart, liver, erythrocytes, skeletal muscles and kidneys. 
Although high levels of LDH are known to be associated with poor 
prognosis in both children and adults with lymphoma [9,10,11], its 
significance in patients who had undergone alloHSCT still remains 
unclear. The analysis of pretransplant serum LDH is considerably easy 
and unexpensive method so, this might be used to show patients with 
high risk prior to the transplantation.

This study aimed to determine the prognostic significance of 
pretransplant serum LDH levels for survival in alloHSCT recipients 
regardless to the primary diagnosis.
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Patients and Methods
A total of 156 patients who had undergone alloHSCT between 

April 2004 and May 2010 at Dedeman Stem Cell Transplantation 
Hospital, Faculty of Medicine, Erciyes University, Kayseri, Turkey; 
were analyzed retrospectively. The data was obtained from the patient’s 
records. A pretransplantation serum LDH, fibrinogen, creatinin and 
alkaline phosphatase levels drawn within 7 days prior to transplantation 
were available for 156 patients. Patients who had lack of data, active 
inflammatory or infectious disease and active hemolytic disease were 
excluded from the study. The patients were divided into two groups; 
patients with normal levels for each parameter (Group 1) and patients 
with abnormal levels (Group 2). Overall survival (OS) was defined as 
the time between transplantation and death (from any cause) or last 
follow-up. Time-to-transplant interval was designed as HSCT before 
and after 1 year of diagnosis. Engraftment was defined, for platelet 
engrafment, as the day on which platelet count exceeds 20000/mm3 and 
for neutrophil engraftment the day on which neutrophil count exceeds 
500/mm3 for at least 3 days consecutively. Informed consent forms 
were obtained from all patients prior to the transplantation. This study 
was approved by the ethic committee of Erciyes University.

Statistical Analysis
In statistical analysis, we used Mann-Whitney U test for continuous 

variables between the 2 groups. Possible risk factors were tested using 
the log rank test and the Cox regression model. The calculations were 
performed using commercially available software (SPSS version 15.0; 
SPSS Inc, Chicago, Illinois). Numerical variables are summarized by 
their medians and ranges, categorical variables by counts and relative 
frequencies. Overall survival (OS) and Disease Free-Survival (DFS) 
were calculated using the Kaplan-Meier method. Univariate and 
multivariate survival analyses were performed using Cox proportional 
hazards regression to identify the most significant independent 
prognostic factors. Variables significant at p < 0.25 level on univariate 
analysis were included in a multivariate model and backward stepwise 
selection was performed at a stringency level of p < 0.10 to determine 
the independent risk factors. Odds ratios are also given with the 95% 
confidence intervals.

Results
A total of 156 patients who underwent alloHSCT were 

retrospectively analyzed. 63 (40.3%) of the patients were female, while 
93 (59.7%) were male. The diagnosis of the patients were; patients 
with AML (68, 43.5%), ALL (38, 24.3%), aplastic anemia (18, 11.5%), 
lymphomas (16, 10.3%), chronic myelogenous leukemia (6, 3.8%), 
and others (12, 7.6%). The median age was 26 years (min-max: 13-57). 
The conditioning regimens were; Bu/Cy in 77 (49.3%), TBI/Cy in 21 
(13.5%), ATG/Flu/Cy in 16 (10.3%), Flu/Cy in 12 (7.7%), ATG/Flu/
Bu in 9 (5.7%) and other regimens in 21 (13.5%) of the patients. The 
patient characteristics are listed in Table 1. 

The median pretransplant serum levels of; LDH was 202U/L (min-
max: 71-1202), alkaline phosphatase 83.0 U/L (min-max: 21-379), 
creatinin 0.70mg/dL (min-max: 0.30-2.40), and fibrinogen 293mg/dL 
(min-max: 7.0-566.0); respectively. The median platelet engraftment day 
in group 1 was found 11 (min-max: 6-30) and neutrophil engraftment 
day 14 (min-max: 9-40). In group 2; the median platelet engraftment 
day was found 10 (min-max: 7-30) and neutrophil engraftment day 14 
(min-max: 8-30).

In the posttransplant evaluation; infections were the leading 
complication in the recipients. 112 (71.8%) of the patients had at least 
≥ 1 episode of infectious events. Most of the infections were bacterial 
(45.5%), fungal (20.5%) and viral (8.9%); respectively. Sites of infections 
were found as; pulmonary (41.4%), mucositis (16.6%), catheter-related 
(12.4%), urinary system infections (11.6%) and others (18%). GVHD 
was the second common complication in the posttransplant period. A 
total of 33 (21.2%) patients had acute GVHD while chronic GVHD was 
diagnosed in 58 (37.2%) of the patients. 8 (5.1%) of the patients with 
acute GVHD had already diagnosed with chronic GVHD.

Relapse and mortality

Of the patients; 42 (26.9%) had relapsed during follow-up. 22 
(21.6%) of them were in group 1 and 20 (37.0%) of them were in group 

Variables

Patients with 
LDH<246
Group 1 

N=102%

Patients with 
LDH≥246 
Group 2

N=54%

Total (156)

N%

Median age 
years (min-max) 26.5 (13-57) 25.5 (15-52) 26.0 (13-57)
Gender
female
male

42 (41.2)
60 (58.8)

21 (38.9)
33 (61.1)

63 (40.3)
93 (59.7)

Diagnosis
AML
ALL
CML
AA
Lymphoma
Others

43 (42.2)
25 (24.5)

4 (3.9)
14 (13.7)
10 (9.8)
6 (5.9)

23 (42.6)
13 (24.1)

2 (3.7)
4 (7.4)

6 (11.1)
6 (11.1)

68(43.5)
38 (24.3)

6 (3.8)
18 (11.5)
16 (10.3)
12 (7.6)

Acute GVHD
Yes
No

20(19.6)
82(80.4)

13(24.1)
41(75.9)

33(21.1)
123(78.9)

Chronic GVHD
Yes
No

38(37.3)
64(62.7)

20(37.0)
34(63.0)

58(37.1)
98(62.9)

Disease status 
at tx
CR1
CR2
Active disease

90(88.3)
4(3.9)
8(7.8)

45(83.3)
3(5.6)

6(11.1)

135(86.5)
7(4.6)

14(8.9)

 CD34+ (106/kg) 6.9 (4-19) 6.7 (3-14)

Preparative 
regimen
Bu/Cy
TBI/Cy
ATG/Flu/Cy
ATG/Flu/Bu
Flu/Cy
Others

52(51.0)
14(13.7)
12(11.8)

3(2.9)
9(8.8)

12(11.8)

25(46.3)
7(13.0)
4(7.4)

6(11.1)
3(5.6)
9(7.6)

77(49.3)
21(13.5)
16(10.3)

9(5.7)
12(7.7)

21(13.5)

HLA match
full-match
≥ 1 miss-match
Unrelated

90(88.2)
11(10.8)

1(1.0)

44(81.5)
8(14.8)
2(3.7)

134(85.9)
19(12.1)

3(2.0)
Median interval to 
tx (months)
<12 months
>12 months

69(67.6)
33(32.4)

37(68.5)
17(31.5)

106(78.0)
50(22.0)

Graft source
PBSC
BM

102 (100)
0

54 (100)
0

156(100)
0

Gender match
matched
mismatched

76(74.5)
26(25.5)

35(64.8)
19(35.2)

111(71.1)
45(28.9)

Table 1: Patient characteristics.
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2. In group 1; 40 (39.3%) of 102 patients died, while in group 2, 27 
(50.0%) of 54 patients died. A total of 3(2.9%) patients in group 1 and 
2 (3.7%) patients in group 2 died within 100 days of alloHSCT. The 
leading causes of mortality were; relapsed disease (37.3%), infections 
(31.3%) and GVHD (22.3%). Univariate and multivariate analysis 
showed that high pre-transplant LDH levels ( ≥ 246 ng/mL) were 
correlated with decreased disease-free survival (DFS) rates (p=0.037). A 
higher risk of death was observed in high LDH group both in univariate 
and multivariate analysis (hazard ratio=2.27, CI: 1.06-3.57 and hazard 
ratio=1.94, CI: 1.06-3.57; respectively). In univariate analysis; although 
there was a correlation between high serum LDH levels and decreased 
rates of OS, it was not statistically significant (hazard ratio=1.31, CI: 
0.80-2.13, p=0.286). Survival analyses are shown in Table 2 and Table 3.

There was no statistically significant difference among groups 
for the parameters ALP, creatinin, CD 34+ cell count, age, gender 
and diagnosis (p > 0.05). In univariate analysis; there was a positive 
correlation in the late HSCT group (>12months) for decreased OS and 
DFS, but this was not statistically significant (HR: 1.58, CI: 0.97-2.56 
and HR: 1.67, CI: 0.91-3.09, respectively). In multivariate analysis, it 
was found that early HSCT ( < 12months) was significantly correlated 
with improved OS (HR: 1.85, CI: 1.12-3.07 and p=0.017).

Discussion
Lactate Dehydrogenase (LDH) enzyme catalyzes reversible 

transformation of pyruvic acid to lactic acid under anaerobic conditions. 
As a result, induction of anaerobic glycolysis serves as an important 

step for both normal cells and cancer cells that need to survive [11]. 
Today we know that serum LDH levels have been considered to 
indicate hypoxic status associated with tumor cells and as a result, high 
serum levels were found to be correlated with worse prognosis due to 
high tumor burden and metatstatic disease [12]. In clinical practice, 
serum LDH is consered as a general indicator of tissue damage in 
health and disease [13]. Wimazal et al. [14] showed that LDH could be 
an interesting follow-up parameter in MDS, which might assist in early 
recognition of disease progression and thus help in risk stratification 
and patient selection for interventional therapies. In the study; LDH 
levels were determined in 221 patients with de novo MDS (median age 
70 years, range 24-94). The increase in LDH was found correlated with 
survival and Acute Myeloid Leukemia (AML) evolution.

A number of different factors may contribute to an increase in 
LDH. Apart from a transient increase in LDH seen in infectious 
(viral) diseases or hemolysis, patients with MDS may also develop 
a Paroxysmal Nocturnal Hemoglobinuria (PNH) subclone or 
hepatopathy (iron overload) with increase in LDH [15,16]. Recently 
Mehta et al. [17] showed that that younger donor age was associated 
with better outcome after submyeloablative allogeneic hematopoietic 
stem cell transplantation (HSCT) for hematologic malignancies due 
to lower TRM and relapse. Also, they found that poor performance 
status, donor age > 45 years and elevated lactate dehydrogenase (LDH) 
increased the risk of treatment-related mortality (TRM), refractory 
disease and donor age > 45 years increased the risk of relapse, and 
OS and DFS were adversely influenced by refractory disease, poor 
performance status, increased LDH, and donor age > 45 years.

Variables

OS  

Univarite 
HR(95% CI) p  Multivariate

HR(95% CI)  p 

LDH 
(<246 / ≥246) 1.31(0.80-2.13) 0.286 - -

Age
 (<40 / ≥40) 0.74(0.38-1.46) 0.390 - -

Gender
 (Male / female) 1.12(0.69-1.82) 0.653 - -

ALP(
 (<129 / ≥129) 1.09(0.63-1.89) 0.755 - -

Creatinin 
(<1.3 / ≥1.3) 0.98(0.24-4.01) 0.744 - -

Fibrinogen group
 (<400 /≥400) 1.17(0.65-2.10) 0.601 - -

Donor status 
(gender match / 
gender mismatch)

1.27(0.77-2.11) 0.351 - -

Diagnosis
 (Acute leukemia / 
Others)

0.99(0.52-1.88) 0.984 - -

Time –to-tx 
interval (months
 (<12months / 
>12months)

1.58(0.97-2.56) 0.06 1.85(1.12-3.07) 0.017

HLA match
 (full match / ≥1 
mismatch)

1.70(0.90-3.20) 0.101 - -

Conditioning 
regimen
(Myeloablative 
Nonmyeloablative)

1.37(0.82-2.29) 0.226 - -

CD34+ group 
(<8 / >8 (106/kg)) 0.69(0.34-1.39) 0.297 - -

Table 2: Univariate and multivariate analysis of parameters for overall survival 
(OS).

Variables

DFS                

Univarite
HR(95% CI    p           Multivariate 

HR(95% CI)   p                    

LDH 
(<246 / ≥246) 1.95(1.06-3.57) 0.032

                      
1.94(1.06-3.57)  0.032         

Age
 (<40 / ≥40) 0.87(0.39-1.96) 0.738              - -

Gender
 (Male / female) 1.74(0.95-3.19) 0.074

                      
1.74(0.95-3.19)  0.075               

ALP
 (<129 / ≥129) 1.04(0.52-2.08) 0.909               - -

Creatinin 
(<1.3 / ≥1.3) 0.72(0.10-5.22) 0.764               - -

Fibrinogen group
 (<400 /≥400) 1.05(0.50-2.23) 0.892               - -

Donor status 
(gender match / gender 
mismatch)

1.03(0.53-2.02) 0.931               -      -

Diagnosis
 (Acute leukemia / Others) 1.27(0.64-2.54) 0.485                - -

Time –to-tx interval 
(months
 (<12months / >12months)

1.67(0.91-3.09) 0.100                - -

HLA match
 (full match / ≥1 mismatch) 1.17(0.49-2.78) 0.731                - -

Conditioning regimen
 (Myeloablative / 
Nonmyeloablative)

1.43(0.75-2.73) 0.280                - -

CD34+ group 
(<8 / >8 (106/kg)) 0.63(0.26-1.54) 0.311                 - -

Table 3: Univariate and multivariate analysis of parameters for disease-free 
survival (DFS).
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In a previous study [18]; it was demonstrated that there was a 
significant correlation between expression of LDH and proliferative 
activity of cells. Therefore, we supposed that an elevated LDH levels 
prior to alloHSCT may be associated with cell proliferation and 
damage, so an elevated LDH level may reflect the probable risks for 
prognosis in the posttransplant period. Diseases affecting liver, heart, 
skeletal muscles and kidneys may result in elevations in total serum 
LDH levels which may lead physicians to make differential diagnosis 
prior to HSCT. However; we are routinely performing laboratory 
analysis for excluding any inflammatory or infectious diseases before 
the transplantation procedure.

Beltran et al. [19] showed that high LDH levels were associated 
with with a worse survival in a total of 95 patients with Adult T-cell 
leukemia/lymphoma (ATLL). In the same study; poor performance 
status, high IPI score, presence of B symptoms and low albumin levels 
were found to be associated with worse survival.

In our study, we found that alloHSCT recipients with increased 
LDH levels had significantly lower DFS, compared with patients who 
had normal LDH levels (p=0.026). The data showed that OS was not 
found significantly associated with LDH levels prior to HSCT (Figure 
1). This result may suggest that elevated LDH levels may reflect 
increased risk for relapse which mainly predicts DFS. In our laboratory 
devices, serum LDH levels were determined between 100-245U/L. 
We determined the cut-off level for abnormality of LDH as > 246U/L. 
Some authors have demonstrated that serum LDH levels > 400U/l was 
of significant adverse effect on survival and rate of disease progression 
in 185 patients diagnosed with Hodgkin’s disease [20].

We know that serum LDH levels usually reflect tumor burden in 
hematological or solid malignancies. However, most of our alloHSCT 
recipients achieved remission (complete or partial) prior to the 
transplantation so it is an unexpected manner that they may have high 
tumor burden. This observation may suggest that high serum LDH 
levels may reflect high risk for disease relapse regardless with tumor 
burden. In a study performed by Pui et al. [21]; they found that elevated 
serum LDH levels were correlated with treatment failure (p < 0.0001) 
in pediatric patients with Acute Lymphoblastic Leukemia (ALL). It was 
suggested that serum LDH levels could be useful for identifying relapse 
risk in childhood ALL. Our findings are consistent with findings 
of previous study in terms of risk stratification for hematological 
malignancies including serum LDH [22].

Advanced age is considered as a predictive marker for poor 
prognosis following HSCT. Yet, older patients with AML are also more 
likely to have intrinsically more resistant leukemias due, to adverse 
cytogenetic profiles [23]. This association confounds the prognostic 
importance of age alone. Also several studies have clearly showed 
poorer survival after HSCT in patients older than 40 years [24,25], while 
others have found no adverse effect of age in patients younger than 40 
years [26,27]. In our experience verified by present study; patients with 
younger than 40 had lower risk for survival compared with patients 
older than 40 years but this was not statistically significant (p > 0.05). 
Most of the studies suggest that serum LDH levels might indicate 
poor prognosis in patients with solid malignancies and lymphomas. 
However, studies focusing on the probable effect of serum LDH for 
prognosis in HSCT recipients is too limited. This study could maintain 
encouraging result for LDH analysis to determine a prognostic marker 
in alloHSCT recipients for posttransplant period.

In our study, time-to-transplant interval was found as an important 
predictor of overall survival (OS) and disease-free survival (DFS) 
but it was not statistically significant (p > 0.05). This may be due to 
earlier remission of some patients as a result of first or second-line 
chemotherapy regimens. It should be noted that chemoresistant patients 
underwent alloHSCT later than patients who achieved remission in 
first-line regimens so this may be considered as a disadvantage prior to 
transplantation. Patients who underwent alloHSCT before 12 months 
from diagnosis, OS and DFS were found to be longer than patients who 
underwent alloHSCT longer than 12 months from diagnosis.

In a recent study [28], the prognostic value of serum LDH levels 
in 465 patients with nasopharyngeal carcinoma (NPC) treated with 
intensity-modulated radiotherapy was investigated. As a result, they 
found that elevated serum LDH levels were associated with clinically 
advanced disease and poor prognosis for OS, DFS and distant 
metastasis-free survival (DMFS) with a p value of < 0.001. Danner et 
al. [29] performed a study in patients with non-small cell lung cancer 

 

Figure 1: Post-transplant Kaplan-Meier curves for disease-free survival(DFS) 
and overall survival(OS) of alloHSCT recipients. DFS was statistically longer 
in patients with LDH<246 compared to patients with LDH≥246 (p=0.037). 
However, there was no statistically significant difference among groups for OS 
(p=0.238).
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(NSCLC) to evaluate the prognostic significance of serum LDH levels 
on survival. They found that high serum LDH had a negative impact on 
long-term survival in NSCLC (p < 0.001).

This study has several limitations as; 1) This is a retrospective study 
although number of patients enrolled in the study seems to be satisfied. 
2) The determination of changes in the levels of LDH before and after
transplantation could be more informative for predictive power of
serum LDH.

In conclusion, serum LDH levels prior to transplantation may 
reflect prognostic value for survival in patients who have undergone 
alloHSCT.
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