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Pre-treatment serum lactate dehydrogenase (LDH)
and serum alkaline phosphatase (ALP) as prognostic
factors in patients with osteosarcoma
Abstract
Background: Osteosarcoma is a highly malignant primary bone tumour. The evaluation
of prognostic factors influencing the survival rate is extremely important for defining the
management approach of osteosarcoma patients. In this study, we evaluated the prognostic
values of several factors and their influence on the final survival rate.
Method: 163 patients with high-grade conventional osteosarcoma of the extremity who
were treated in a single institution between 2005 and 2010 were evaluated. Serological
markers of pre-treatment serum lactate dehydrogenase (LDH) and alkaline phosphatase
(ALP), as well as, age, gender, race, primary site of tumour, presence of metastasis, timing
of metastasis and type of surgery were analysed.
Results: In our pool of patients, there was no statistical significance when comparing
the survival rates in regards to age, gender, race, primary site of tumour and timing of
metastasis.
We observed that the pre-treatment serum LDH and ALP, the presence of metastasis and
type of surgery were statistically significant, independently, in the univariate statistical
analysis. The 5-year overall survival rate of patients in the normal pre-treatment LDH group
is 66.2%; whereas in the high pre-treatment LDH group, it is 17.4%. The 5-year overall
survival rate of patients in the normal pre-treatment ALP group is 55.8 %; whereas in the
high pre-treatment ALP group, it is 26.7%. In the multivariate statistical analysis, only the
pre-treatment serum LDH and the presence of metastasis had maintained their prognostic
significance since both the pre-treatment serum ALP and the type of surgery had lost their
independent predictive value.
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Conclusion: Based on the result, we could suggest that pre-treatment serum LDH and
ALP would help to prognosticate osteosarcoma patient. Close follow-ups and regular
evaluations are important for this group of patients to detect early systemic failure for
salvage chemotherapy.
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Introduction
Osteosarcoma is a highly malignant primary bone tumour. It is
a primary malignant tumour derived from primitive bone forming
mesenchymal tissue, which is characterised by the production of
osteoid or immature bone by the malignant proliferating spindle cells.
It most commonly affects the adolescent and childhood age groups,
and has a strong predilection for around the knee region.1
Despite the recent advancement in chemotherapy and improved
prognosis, 30-40% of patients still succumb to the disease.1–4 Thus,
the evaluation of prognostic factors influencing the survival rate is
extremely important for the management approach of patients.4
Adequate information may provide better counselling sessions and
good patient-physician relationships, which will improve compliance
to the treatment.5,6
There was a review article regarding the prognostic factors in
non-metastatic osteosarcoma of the extremities, which was based
on the analysis of eight reports published between 1973 and 1992.
The conclusion was the only proven prognostic variable for patients
with osteosarcoma of the extremities was the rate of tumour necrosis
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induced by pre-operative chemotherapy.7,9 Chemotherapy response
as a prognostic indicator has been consistently reported, however,
various studies on other prognostic variables that may be used to
stratify patients before the onset of therapy yielded different results.7–11
Information on chemotherapy response only known after treatment
has begun. Availability of prognostic factors before treatment will be
very helpful for the decision-making and counselling of osteosarcoma
patients. Ideally, chemotherapy and a surgery regimen could be
tailored for individual patients according to their disease prognosis.
In a systemic review of prognostic factors in localised extremity
osteosarcoma, 93 papers were extensively studied. Although the
literature is abundant, only a few papers are of sufficient quality to
allow solid conclusions. Several “new” prognostic factors seem to be
independent factors; chemotherapy response, tumour size and site,
alkaline phosphatase level and p-glycoprotein expression.9,11
Several studies were accomplished to evaluate biochemical
markers as prognostic factors. However, based on the available
literatures, the prognostic value of ALP and LDH serum levels remain
controversial until today.8
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An international collaboration with the combined total of
2680 patients were examined concerning the prognostic factors of
osteosarcoma, yet the role of LDH and ALP were not analysed.10

Munich, Germany). Serum LDH, reported in International Units
per Litre (IU/L), was determined using the Dimensions LDI method
(Siemens, Munich, Germany).

The latest evidence on the prognostic significance of LDH levels in
osteosarcoma was published in a meta-analysis, which combined 10
studies between 1997 to 2013 from 9 countries. The analysis included
943 patients and showed the statistically significant role of the serum
LDH level on the overall survival of osteosarcoma patients.8 The same
report hadn’t analysed the role of ALP.

The normal range of serum ALP was 53 to 168IU/L for males;
while in females, the normal range was 42 to 98IU/L. Levels higher
than 168IU/L in males and 98IU/L in females were considered
pathologically high. The normal range of serum LDH is 225 to
450IU/L, and serum levels lower than 450IU/L are considered normal.
Levels higher than 450IU/L are considered pathologically high.

The glycolytic enzyme lactate dehydrogenase (LDH) is a
biological marker for cytosol in various tissues, and its serum levels
are high in numerous pathological conditions. In bone tumours, serum
LDH has been found helpful as a prognostic factor, and for evaluating
the response of treatment in patients with Ewing’s sarcoma.9 The
possible correlation between serum LDH levels and the prognosis
of osteosarcoma has been investigated in a small number of clinical
studies.9,10,12

We evaluated the pre-treatment serum LDH and ALP levels and
its correlation with the clinical prognostic value. Serum activity of
LDH and ALP was estimated by the standard method of our centre’s
chemistry laboratory. The normal range of serum LDH is 225 to 450
IU/L. Levels higher than 450IU/L are considered pathologically high.
The normal range of serum ALP is 53 to 168 IU/L in males, and 42 to
98IU/L in females. Levels higher than 168IU/L in males and 98IU/L
in females are considered pathologically high.

Alkaline phosphatase (ALP) is a non-specific enzyme that can
hydrolyse a variety of phosphates in alkaline hydrolysis conditions.
It is a membrane metal glycoprotein, formed by four isozymes.
Many pathological conditions or diseases cause different isozyme
elevations, thus increasing the total activity of ALP.13

Other general variables for prognosis were also recorded, including
patients’ age at the time of presentation, gender, primary tumour site,
histological type and extent of disease. Extent of disease is defined as
the involvement of metastases, either at presentation, during or after
treatment. Types of surgical intervention and follow-up duration were
also recorded.

The aim of our study is to determine the value of serum alkaline
phosphatase (ALP) and lactate dehydrogenase (LDH) for predicting
prognosis and overall oncological outcome in patients with
osteosarcoma. We analysed the prognostic factors (particularly ALP
and LDH levels) before treatment began, as well as, other general
variables including age, gender, race, and primary site of tumour and
timing of metastasis.

Materials and methods
Ethical approval from the School of Medical Science Research &
Ethics Committee, Hospital Universiti Sains Malaysia (HUSM) was
obtained prior to the commencement of this study. A retrospective
review was performed on the medical records of osteosarcoma
patients who were treated in HUSM between January 2005 and
December 2010. We included all patients who were newly diagnosed
or with previously untreated osteosarcoma. We studied only patients
with histologically confirmed high-grade conventional osteosarcoma
through electron microscopy evaluation and immunohistochemistry
by pathologist(s). We excluded osteosarcoma involving the axial
skeleton, mandible, skull, soft tissue osteosarcoma, surface lesions
and other osteosarcoma subtypes. We also excluded patients with
doubtful histological diagnoses, patients whose deaths were due to
chemotherapy complications and patients with insufficiently recorded
clinical data.
All patients with a diagnosis of osteosarcoma treated at our centre
were identified through the medical record unit database, and all case
folders were retrieved. Initially, 192 patients were identified for this
study. After the selection following the exclusion criteria, 163 patients
were available for evaluation. A total of 163 patients (109 males, 54
females) with the mean age of 18.9 years were reviewed.
The patients’ serum levels of ALP and LDH were recorded from
the case notes or computer system. All 163 patients had the ALP and
LDH values measured during the initial assessment. Serum ALP
(IU/L) was determined using Dimensions ALPI method (Siemens,

Statistical analysis
Event Free Survival (EFS) was measured from the date of diagnosis
to the date of disease progression, recurrence, second malignancy or
death from any cause, whichever occurred first; or to the date of the
last follow-up for patients without any events. Overall Survival (OS)
was measured from the first date of diagnosis to the date of death from
any cause or last follow-up date.
Survival data and statistical analysis was done using STATA 11.2.
This study applied survival analysis which concerns time to event
data using phenotypic and biological prognostic factor and outcome
(EFS and OS) variables, as previously defined. Data were entered and
assessed using SPSS version 20.0. The distribution and completeness
of data on the variables under study were observed. The percentages
for categorical variables (such as age, gender, site of tumour, presence
of metastases) and the mean with standard deviation for numerical
data (LDH, ALP) were calculated.
Univariate Analysis, Median OS and 5-year EFS were calculated
using Kaplan Meier Survival Curve. Survival probabilities across
groups were calculated and plotted for each variable using Kaplan
Meier. Log Rank Test was employed to compare the survival rate for
all categories of independent variables, followed by pair wise multiple
comparison if they were more than 2 groups.
Univariate Cox Hazard Regression analysis was calculated for
all independent variables to obtain the preliminary data of which
independent variable had prognostic value for the survival outcome
of our osteosarcoma patients.
Multivariable Analysis and Multiple Cox Hazard Regression was
applied to identify the independent prognostic factors with multiple
co-variates. All variables with p<0.25 in the univariate Cox Hazard
Regression analysis, and other variables that are clinically and
biologically important, were included.
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Survival plots were generated using the Kaplan–Meier actuarial
survival method and statistical significance derived from the log-rank
test. These survival analyses, along with Cox proportional hazards
models, were applied for the univariate analysis.
Multivariate analysis was also generated using the Cox proportional
hazards regression model, with significance obtained from the Wald
statistic. Statistical significance was defined as p <0.05 and inclusion
in the multivariate model was restricted to variables with a univariate
significance of p<0.20.

Results and discussion
A total of 163 patients (109 males, 54 females) were reviewed.
Patients’ mean age was 18.9 years, ranging from 6 to 59 years old.
The mean follow-up was 40.2 (36-84 months). Limb salvage surgery
was performed in 80 (49.1%) patients, and 41 (25.2%) underwent
amputation. However, 46 patients (28.2%) did not undergo any
surgical intervention and did not complete chemotherapy.
The disease-free survival of 163 patients was 40% (Figure 1). 117
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patients who completed both chemotherapy and surgical treatment had
the survival rate of 71.8% at 5 years. Patients who did not complete
treatment had 13% survival rate at 5 years. Based on the multivariate
analysis, pulmonary metastases and completeness of treatment have a
significant, negative impact on survival (Table 1).
The mean pre-treatment LDH level was 493.2mmol/L and the
ALP was 272mmol/L. In the normal pre-treatment LDH group, the
overall survival rate at 5 years is 66.2%; whereas in the high pretreatment LDH group, survival rate at 5 years is 17.4% (Figure 2).
The overall survival rate in the normal pre-treatment ALP group is
55.8% at 5 years; whereas in the high pre-treatment ALP group, it is
26.7% (Figure 3). Both values were statistically significant with the
univariate analysis. In the multivariate statistical analysis, only the
pre-treatment serum LDH and presence of metastasis maintained their
prognostic significance since both the pre-treatment serum ALP and
the type of surgery had negative, independent predictive values.
There was no significant difference in the survival rates according
to gender, age and site of tumour (Table 2), (Table 3).

Table 1 Prognostic factors of Osteosarcoma by Univariable and Multivariable Cox Proportional Hazards Models
Simple Cox regression
Variables

Multiple Cox regression

(b)

Crude HR (95%CI)

p-value

(b)

Adjusted HR (95%CI)

p-value

LSS

0.00

1.00

-

0.00

1.00

-

Amputation

0.62

1.87(1.22,2.85)

0.004*

0.34

1.41(0.32,6.23)

0.66

Localized

0.00

1.00

-

0.00

1.00

-

Metastatic

1.45

4.25(2.77,6.50)

<0.001*

1.04

2.82(1.70,4.70)

<0.001*

Normal

0.00

1.00

-

0.00

1.00

-

High

1.54

4.64(2.94,7.35)

<0.001*

1.20

3.32(1.85,5.96)

<0.001*

Normal

0.00

1.00

-

0.00

1.00

-

High

0.99

2.71(1.77,4.14)

<0.001*

0.40

1.49(0.85,2.61)

0.17

Surgery

Metastasis

LDH

ALP

Backward stepwise Cox proportional hazard regression model applied.
No interaction in the model. Log-minus-log plot and hazard function plot were applied to check the model assumption and found fulfilled.
Table 2 Association between survival status and biological markers
Variables

Survival Status n (%)
Alive

Died

Normal

51(66.2)

26(33.8)

High

15(17.4)

71(82.6)

ALP

43(55.8)

Normal

23(26.7)

OR (95%CI)

p-value*

9.29(4.47,19.27)

<0.001**

3.46(1.80,6.68)

<0.001**

LDH

34(44.2)
63(73.3)

High
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Table 3 Association between survival status and prognostic factors
Variables

Survival Status n (%)
Alive

Died

Female

23(42.6)

31(57.4)

Male

43(39.4)

66(60.0)

<18

44(43.6)

57(56.4)

>18

22(35.5)

40(64.5)

Localized

41(56.2)

32(43.8)

Metastasis

25(27.8)

65(72.2)

LSS

45(56.8)

35(43.2)

Amputation

7(17.6)

34(82.4)

OR (95%CI)

p-value*

1.14(0.59,2.21)

0.7

1.4(0.73,2.70)

0.31

3.33(1.73,6.40)

<0.001**

6.15(2.92,12.93)

<0.001**

Gender

Age

Metastasis

Surgery

Figure 1 Overall survival of Osteosarcoma patients in our study.

Figure 2 Overall survival of Osteosarcoma with high LDH.

In our group of patients, the mean LDH level was 493.19(IU/L)
with standard deviation of 598.00. The mean ALP level was
272.93(IU/L) with standard deviation of 437.00.

There is a significant association between LDH and the survival
status using Pearson Chi-square test. We observed a higher number of
patients that succumbed to the disease with elevated levels of LDH
(82.6%). Those who passed away were 9.3 times at greater odds of
being in the high-level LDH group compared to those in the surviving
group.

The overall survival, calculated from the initial presentation, to
the time of death or the last follow-up, was determined according to
the Kaplan-Meier product limit estimate. Differences between groups
were compared by means of the log-rank test. In the multivariate
analysis, the prognostic variables were evaluated using the Cox
regression analysis.

Similar to the biological marker of LDH, there is a significant
association between ALP and the survival status using Pearson
Chi-square test. We observed that a greater number of patients that
succumbed to the disease had high levels of ALP (73.3%). Those
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instead of amputation. The site of tumour, the involvement of the
neurovascular bundles and the presence or absence of a pathologic
fracture determined the choice of surgical procedure. The group of
patients who had limb-amputation were mainly due to the following
reasons: the initial tumour mass was massive (with or without
concomitant lung metastasis), the involvement or proximity of the
neurovascular bundles or those who had rapid progression of the
tumour (such as in chemotherapy non-responders). In our study,
the LSS group had a superiorly significant survival outcome when
compared to the limb-amputation group.
Our study further confirmed the findings from a meta-analysis in
2014, which concluded high LDH as a poor prognostic indicator.8
There were 10 studies with the range of 28 to 198 patients per study.
However, only five of the ten studies identified high serum LDH level
as an indicator of poor prognosis, while the remaining five studies
presented no statistical impact of high serum LDH level on the
survival rate.8,18‒23

Conclusion

Figure 3 Overall survival of Osteosarcoma with high ALP.

The presence of lung metastasis significantly affects the survival in
our group of osteosarcoma patients. They carried poor survival results.
However, the timing of appearance of the pulmonary metastasis is not
significant.
Our study sample had 90 patients (55.2%) who developed lung
metastases occurring at different stages of the disease; while the
remaining 73 patients (45.8%) had localised disease. In terms of
survival, the metastatic group had a survival rate of 37% at 5 years;
whereas in the non-metastatic group, the survival rate is 85% at 5
years. There was a highly significant statistical difference between
those who had localised disease and those who had metastatic disease.
In our group of patients with pulmonary metastasis, their survival
rate is comparable to a few studies.15,16 In our group of patients with
localised disease, their survival rates were similarly observed by other
authors.16–19
There were 121(74.2%) patients who underwent surgical resection
of the primary tumour, compared to 42(25.8%) patients who did not
undergo any surgical procedures. The 2-year and 5-year survival
rates for patients who underwent surgery were at 74% and 63%,
respectively. On the contrary, 2-year and 5-year survival rates for
patients who didn’t undergo any surgical intervention were 44% and
0% since none of these patients survived after 5 years. The comparison
tests indicated that there is a high, statistically significant difference
between these patients.
Pertaining to the survival rates of those who had surgery, the group
of patients who underwent limb salvage surgery (LSS) had their
2-year & 5-year survival rates at 82% and 75%, respectively.
On the other hand, the limb-amputation group’s 2-year and 5-year
survival rates were at 54% and 22%. The comparison tests show that
there is a high, statistically significant difference between these two
groups.
In our study, most patients had undergone limb-salvage surgery

In this study, prognostic factors that significantly predict the
outcome of the overall survival by univariate analysis included
metastatic disease at presentation, surgical intervention, high LDH
and high ALP. LDH and surgery possessed significant values on the
multiple variable analysis.
We concluded that pre-treatment serum LDH and ALP have a
significant influence on the final survival rate. Close follow-ups and
regular evaluations are crucial for this group of patients.
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