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Relationship of Initial Lactate Dehydrogenase (LDH)
with initial tumor load and bone marrow remission
in childhood Acute Lymphoblastic Leukemia (ALL)

Tawfique M', Mannana MA?, Haque MM?, Begum M*, Kabir SMRZ®, Khan zJ°

Abstract

This was a prospective interventional study conducted in the department of pediatric hematology and
oncology in BSMMU during the period from January 2004 to June 2005. The objectives of the study were to
observe- The effects of initial tumor load on initial LDH and the relation of initial LDH levels with response to
remission induction chemotherapy in childhood ALL.

All the children from one to fourteen years with the confirmed diagnosis of ALL, irrespective of their sex, were
included in the study. Out of total 40 cases 21 of them were male and 19 female. As much as 60% of them
were from rural areas and 40% city dwellers. Before starting chemotherapy for induction of remission
complete clinical and laboratory assessments were done. Evaluation was also performed on 7", 14" 21% and
28" days after the starting of treatment. All the assessments were done to see whether the cases were in
bone marrow remission or not.

Initial LDH level was found to have direct correlation with initial WBC as well as initial blast cell count. Mean
LDH levels differed significantly between the group having initial hyperleukocytosis (50x10(9)/L) and that
below 50x10(9)/L. Mean LDH level was also significantly higher in the cases of ALL with IBC >25x10(9)/L
than the group with IBC below 25x10(9)/L.

The cases with very high initial LDH level responded poorly to dexamethasone monotherapy as well as to
polychemotherapy in induction of remission in childhood ALL. Level of initial LDH was observed to be a
significant indicator of outcome of induction of remission in childhood Acute Lymphoblastic Leukemia.
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Introduction

Risk adapted polychemotherapy for children
with Acute Lymphoblastic Leukemia(ALL) is

the basis of success stories in modern clinical
oncology. Identification of risk factors
therefore, is very important1. The ability to
identify, at diagnosis, subsets of patients with
ALL who have a better or worse prognosis
than average has contributed greatly to the
success of modern treatment programs and
to the definition of risk-benefit ratio. Initial
serum LDH is increased in most patients with
ALLZ A simple method of determination of
prognosis was a demanding requirement.
Therefore, this study was designed to identify
the prognostic value of the initial LDH level in
treatment of ALL.
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The Objectives of the study was
1. The relationship of initial LDH levels with
initial tumor load in childhood ALL.
2. The relationship of initial LDH levels to
the response to induction chemotherapy
in childhood ALL.

Methods:

This was a prospective, interventional study
conducted at the department of Pediatric
Hematology and Oncology, BSMMU, during
the period of January 2004 to June 2005.

All the cases admitted into the department
with the clinical suspicion of acute leukemia
were investigated. They were enrolled into
the study on the basis of the following criteria.

e Inclusion criteria:
The cases, which met the following criteria,
were selected for the study. The criteria are
described as in below.
i. Age: One year to 14 years.
ii. Sex: Male and female.
iii. After the confirmation of the
diagnosis as ALL by bone marrow
study.

e  Exclusion criteria:

i. Previous history of taking steroid
during this illness.

ii. Past history of chemotherapy.

iii. If the chemotherapy schedule was
interrupted during the 1%t 7 days of
induction of remission.

iv. Parents disagreeing to be included in
the study.

o Diagnosis of the cases:

Diagnosis of the cases was based on the
history, clinical examination and laboratory
investigations. The investigations were full
blood count, peripheral blood film study, LDH
level, x-ray chest, CSF analysis followed by
the confirmation of the diagnosis by the study
of bone marrow.

The diagnoses were established when at
least 30% lymphoblasts were present in the
bone marrow®. Bone marrow and peripheral
blood film were stained by using Leishman
staining technique. Bone marrow was also
studied by cytochemistry reactions
(Myeloperoxidase and Sudan Black B stains).
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For the classification of ALL French-
American-British (FAB) criteria were used”.

e Assessment of tumor load:

Tumor load was assessed at diagnosis and
before any anti-leukemic therapy was started.
Assessment was done by the measurement
of liver and spleen (cm) from the costal
margins of the respective sides, WBC and
blast cell counts in peripheral blood film.
When total WBC count was above 50x10(9)/I
the condition was labeled as
hyperleukocytosiss. It was considered as high
blast cell count as the blast cell was counted
more than 25x10(9)/1.

e  Prechemotherapy:

All the patients were given infusion fluid
containing 5% dextrose in 0.225% or 0.45%
Nacl iv 3 I/m2/day, addition of sodibicarb
(7.5%) 25 ml to each 500 ml of baby saline,
oral allopurinol 200 mg/mzlday, triple
intrathecal (By MTX, cytosar and
hydrocortisone) and oral dexamethasone 2
mg/m2 on day1, 4 mg/m2 on day 2 and 6
mg/m2 on day 3 and onwards.

e Induction of remission:

During induction of remission chemotherapy
was added to the treatment already been
given in prechemotherapy phase. Induction
chemotherapy was done (according to the
chemotherapy protocol followed in the
department of Pediatric Hematology and
Oncology, BSMMU) by Vincristine iv 1.5
mg/m2 weekly, intrathecal inj of MTX, Cytosar
and  Hydrocortisone, Daunorubicin 30
mg/mzlday in iv infusion on day 1 and da¥2 as
well as L-asparaginase 6000 u/m®/day
starting from day3 of induction every alternate
day for a total of 9 doses.

e Assessment of response to induction
chemotherapy:

This was determined by bone marrow study
every weekly till the complete remission was
achieved. Bone marrow blasts less than 5%
was considered as complete remission and
that above 5% of total nucleated cells was
labeled aes bone marrow not in complete
remission".
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e  Statistical analysis:

All the data were subjected to statistical
analysis according to standard procedure.
SPSS version 10.0 was used for statistical
analysis. To identify the correlation between
two groups of values Pearson’s bivariate
correlation test was performed. To compare
the mean and SEM of two different groups of
ALL, independent sample t test or paired t
test was done accordingly. Pearson’s chi
square test was used to analyze the
relationship of response of ALL to
prechemotherapy dexamethasone with (i)
initial WBC count, (ii) initial blast cell count
and (iii) response to chemotherapy. The test
(Pearson’s chi-square test) was also done to
analyze the relationship of initial WBC count
and response to induction chemotherapy. P
value less than 0.05 and 95% confidence
interval (Cl) were used as the level of
significance.

Results:

A total of 40 patients were enrolled in this
study. Among them 21 were male and 19
female. As many as 24 patients were in the
age group between 1 to 6 years, 10 between
7 to 10 years and the rest 6 above 10 years
(Table 1).

Twenty-four out of forty cases (60%) were
from rural areas and 16 cases (40%) were
urban (Table 1).

Table 1 also showed the nutritional status by
weight for age Z score. It was observed that 4
(10%) patients had moderate and 4 others
had severe nutritional deficiency, 12 (30%)
had mild nutritional deficiency and the rest
20(50%) did not have any nutritional
deficiency.

According to morphological classification 30
out of 40 cases (75%) were of FAB L1 type
and only 10 (25%) were of FAB L2 variety.
None of the cases enrolled was L3 (Table 1).

Table 1 presented the clinical features of the
cases too. Here, 38 of 40 cases (95%) were
febrile, 18 (45%) had bleeding, 6 (15%) were
mildly, 20 (50%) moderately and 14 (35%)
were severely anemic. Lymphadenopathy
was present in 30 (75%) patients, 18 (45%)
presented with generalized and 12 (30%) with
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localized Ilymphadenopathy. Hepatomegaly
was found in all the cases but splenomegaly
was found in 34 (85%) of them. Bony
tenderness was present in 12 (30%) cases.
Only 2 (5%) had arthropathy. Genitourinary
system was involved in 2 and respiratory
system involvement in 2 others.

In Table 2, levels of initial LDH were
correlated with initial WBC count. Although
initial LDH was recorded in 34 cases, but
initial WBC count was recorded at diagnosis,
in all the 40 cases. Mean initial LDH level was
1026.59 u/l and SD was 846.49u/l. Calculated
mean WBC count and SD were 36.55 x 107
and 37.63 x 10% respectively. Initial WBC
count had positive correlation with initial LDH
levels (CC = 0.83; P = 0.000) (Table 2).
Positive correlation (CC = 0.72; P = 0.000)
with initial LDH was also evident in case of
IBC (initial blast count) where its mean value
was 23.59 x 10%. SD was 30.55 x 10°%I
(Table 2).

As correlation of initial hepatomegaly and
inital LDH level was studied, mean
hepatomegaly was observed 5.7 cm (SD =
1.28 cm). No statistical correlation could be
detected with initial LDH levels (CC = 0.287;
P = 0.099) (Table 2). Similarly, no correlation
of size of spleen with initial LDH levels was
observed as Table 2 presented the
observations with mean splenomegaly was
3.85 cm with the SD being 3.4 cm. Correlation
coefficient was 0.53 (P = 0.291) in this case.

Table 3 compared the difference of initial LDH
levels between hyperleukocytosis (>50 x
10%1) and high (<50 x 10%1) WBC groups of
ALL. As 10 cases were documented to have
the count 50 x 10%/! or more, their mean initial
LDH level was 2026.80 u/l (SEM = 284.52
u/l). On the other hand, 24 cases had initial
WBC count less than 50 x1 0% with their
mean initial LDH value as low as 609.83 u/l
(SEM = 62.96 u/l). The difference was highly
significant statistically (t = 4.86, df = 9.89, P =
0.001; 95%CI 766.73 to 2067.20).

Table VI have the comparison of initial LDH
levels between the cases of ALL having IBC
(Initial blast count) above and below the
levels of 25 x 0%. Twelve patients were
observed to have IBC more than 25 x 10%I
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with the mean initial LDH level of 1725.50 u/l Table 1: Characteristics of the cases:
(SEM = 310.18 u/l). Twenty-two patients
presenting with IBC less than 25 x 109/I, had 1to6yrs 7to10yrs >10yrs Total
their mean LDH level of 645.36 u/l (SEM = 3 Male 15 4 2 21
63.92 u/l) (Fig.11). The difference was proved Female 9 6 4 19
statistically significant (t = 3.41, df=11.94,P = ¢
0.005; 95%CI 389.75 to 1770.52). S Rural 24
% Urban 16
In Table VII, initial LDH levels were compared ™
between the early and late bone marrow
response groups. Six patients with relatively S Normal 20
higher initial LDH levels (Mean = 1973.67, £ 4 Mild 12
SEM = 44099 ul) went into remission 2§  Movere )
beyond 7 days after induction but the other 28
patients having comparatively lower initial s
LDH (Mean = 823.64, SEM = 122.13) went  § t; ég
into remission within 7 days of instituting =
induction of remission. The difference was é
proved statistically significant (P = 0.001;
95%Cl 479.94 to 1820.10).
Fever 38
£ Mild 6
@ § Moderate 20
5 Severe 14
8 Bleeding 18
3 Lymphadenopathy
= General 18
© Localized 12
Hepatomegaly 40
Splenomegaly 34
Bony tenderness 12
Arthropathy 2

Table 2: Correlations of initial LDH level with initial WBC count, initial blast cell count (IBC), size
of the liver and spleen

Number of the cases Mean (+SD) Correlation Coefficient P
LDH 34  1026.59(x846.49)u/l 1 0.00
WBC 40 36.55(+37.63)x107/I 0.83* 0.00
IBC 40 23.59(+30.55)x10°/1 0.72* 0.00
Liver 40 5.7(£1.28)cm 0.28* 0.09
Spleen 40 3.85(+3.40)cm 0.53* 0.29

*Values compared with that of LDH

Table 3: Comparison of mean (SEM) initial LDH levels between the groups of ALL with initial
hyperleukocytosis (>50 x 10%/1) and high (<50 x 10°/1) WBC count

WBC No of patients (n=34) LDH u/l

Mean SEM
>50x107/I 10 2026.80 284.52
<5010%/I 24 609.83 62.96

t=4.86, df=9.89, P = 0.001 (95% CI 766.73 to 2067.20)
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Table 4: comparison of mean (SEM) initial LDH levels between the cases containing high

(225x109/I) and lower (<25x109/I ) peripheral blast count

Initial blast cell count LDH u/l

Mean SEM
>25x10/| 1725.50 310.18
<25x10%/I 645.36 63.92

t=3.4111, df=11.943, P= 0.005 (95% CI 389.75 to 1770.52)

Table 5: Comparison of mean (SEM) initial LDH levels between groups of ALL going into
remission by day 7 and after day 7 of induction chemotherapy

Bone marrow remission (n = 34) LDH u/l

Mean SEM
After day 7 of induction (n = 6) 1973.67 440.99
By day 7 of induction (n = 28) 823.64 122.13

T=3.49,df =2, P =0.001 (95% CI 479.94 to 1820.10)

Discussion

Lactate dehydrogenase, a pyridine-linked
enzyme found in virtually all animal tissues,
functions primarily in the metabolism of
glucose, catalyzing the reduction of free
pyruvate to lactate during the last step of
glycolysis, as well as conversion of lactate to
pyruvate  during  gluconeogenesis. Its
concentration is highest in liver following in
descending order by skeletal muscle, heart
and kidney. Malignant cells have distinctive
type of metabolism in which the glycolytic
sequence and the tricarboxylic acid cycle are
poorly integrated; hence, the cells tend to
utilize from five to ten times as much glucose
as do normal tissues, converting most of it
into lactate’.

In this study, mean initial LDH level was very
high suggesting high tumor load in all the
cases. Initial LDH levels had strong positive
correlation with initial WBC count (CC = 0.83;
P = 0.000). The finding is consistent with that
of the other workers®. They showed higher
LDH was associated with higher WBC count
at diagnosis. This view was also supported by
the findings obtained here as this study
showed that when WBC count was at or more
than 50x10% mean LDH level was very
significantly higher than its mean level when
the count was less than 50x10%/ (P = 0.001;
95%Cl 766.73 to 2067.20).

The present study showed that initial blast cell
count also had strong positive correlation with
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initial LDH levels (CC= 0.72; P = 0.000). The
more was the initial blast cell count the higher
was initial LDH level. This positive correlation
is conceivable here, as initial LDH gets high
with  high WBC count and quite
understandably high initial blast cell count
contributed to high initial WBC count. So, as
the tumor load increased initial LDH also
mounted up. This finding was further
strengthened by the comparison of the mean
initial LDH levels between the two groups of
ALL- one containing higher (=25x10(9)/ )
initial blast count and the other with that of the
lower (<25x10(9)/1) initial count. The mean
level of initial LDH was found significantly
more in the former than the level of the later
group of ALL (P = 0.005; 95% CI 389.75 to
1770.52).

But initial LDH levels did not have any
correlation with the size of the liver (CC =
0.28; P = 0.09) and spleen (CC = 0.53; P =
0.29) in this study. The finding was not
consistent with that of Pui et al°.

Another comparison of mean initial LDH level
between the groups going into very early
(Remission within 7 days of induction
chemotherapy) into remission and the group
requiring more than 7 days of induction
chemotherapy to go into remission, were
shown. Here also, the former group had lower
initial LDH level of statistical significance than
that in the later (P = 0.001; 95% CI 479.94 to
1820.10). The finding here was another
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supportive evidence in favor of using initial
LDH level as a prognostic factor in the
treatment of childhood ALL. A report from the
Children’'s Cancer Study Group (CCSG) by
Miller and Coccia® could show that clearance
of blast cells from the bone marrow in the
early part of induction of remission was a
favorable prognostic indicator for the children
with ALL. They showed that this early
response to induction therapy was a predictor
of disease free survival and late recurrence of
childhood ALL. Although our study could not
be stretched to the end of full chemotherapy
course yet outcome of  induction
chemotherapy could be clearly evident here.
Lower initial LDH level was found to be an
indicator of better outcome following induction
chemotherapy highlighting the importance of
initial LDH in risk assessment as well as risk
based stratification of childhood ALL even
before  the treatment  of  induction
chemotherapy begins. Therefore, this initial
LDH level can also help pediatric oncologists
in risk based stratification of childhood ALL
cases. Thereby, this initial LDH level can be
of significant help for a pediatric oncologist in
developing countries where
immunophenotyping is  neither  easily
available nor affordable to most of the
population, to take the decision whether to
start induction chemotherapy with three drug
induction protocol or to start with more
intensive ones with four or five drugs.

This was a study done in a very limited period
of time. Immunophenotype and cytogenetics
could not be done because of the
unavailability of the procedures at that time in
BSMMU. Could we do immunophenotype and
cytogenetics for the sub-classification of our
cases, if we could have the opportunity to
stretch the study time and follow these
patients up through their whole maintenance
to the end of therapy the outcome would be
much more gratifying.

Conclusion:

Level of initial LDH was observed to be a
significant indicator of outcome of induction of
remission in childhood Acute Lymphoblastic
Leukemia. |Initial LDH level could be
considered as an important tool for risk based
assessment of classification before the start
of chemotherapy in the phase of induction of
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remission particularly in the areas where
immunophenotyping is not easily available
nor is it affordable to most of the population of
the region.
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