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Results:- Mean serum LDH (439.42+145.31 1U/L) and ALP
(299.60+144.2 1U/L) were significantly higher in lung cancer patients as
compared to control group (LDH= 221.06+£34 1U/L and ALP=162.30+
20.611U/L) respectively, p value<.001. Pre treatment serum LDH and ALP
levels show positive correlation with stages of disease. Mean serum LDH
decreased to 356.84+150.39 1U/l and ALP to 227.30+107.66 1U/I after
treatment and difference between pretreatment and post treatment values
were statistically significant.(p value<.001)

Conclusion:- Measurement of serum LDH and ALP activity would be useful
tool in the diagnosis and assessment of prognosis in lung cancer patients. The
pretreatment serum LDH and ALP has positive correlation with stage of
disease, tumor mass and extend of disease. However the post treatment
values of the enzymes were inconsistent. Further studies are recommended in
order to evaluate the significance of post treatment values of these enzymes

Introduction:-

The incidence of lung cancer and its mortality in the world have been increasing in epidemic proportions. According
to National Cancer Institute’s Surveillance, Epidemiology and End Results (SEER) 2010 report, lung cancer is the
second most common cancer worldwide, in both males (accounting 15% of all cancer) and females (accounting 14%
of all cancer) and it is the most common cause of cancer death worldwide.[1]
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Epidemiological study shows that there is increased prevalence of lung cancer in Indian population.[2] Currently it
is the fourth largest cause of cancer mortality in India and accounts for nearly 8% of all cancer related deaths. In
males it is the leading cause of cancer mortality accounting for 13% of all cancer death.[3]

In India, approximately 63,000 new lung cancer cases are reported each year.[4] The latest National Cancer Registry
programme (NCRP) 2010, has reported the highest age-adjusted incidence rates (AARs) of lung cancer in north-
eastern region of India: Aizawl district (18.2/100000) followed by Imphal west district Department of Radiotherapy,
Regional Institute of Medical Sciences, Imphal, India (18/100000) for males and AAR of 26.2/100000 in Aizawl
district and 18/100000 in Imphal west district for females. According to the Hospital Based Cancer Registry
(HBCR) 2012, lung cancer was the most common cancer in both males (19.7% of all cases) and females (15.1% of
all cases). Lung cancer has been the most common malignancy in both males and females in this state for the past
decade contributing approximately 16-20% of all malignancies.

The measurement of biochemical markers especially serum enzymes are being gradually increasing in general
practice for early diagnosis and monitoring the progress in a variety of malignant diseases, as the process of
transformation of normal cells into malignant cells often leads to abnormal serum enzyme synthesis, even before
changes in tumor morphology. [5] The enzymes have also been useful in following the effect of treatment.
Therefore, enzyme studies have recently received widespread attention. Among these serum enzymes, the clinical
importance of Lactate dehydrogenase (LDH) and Alkaline phosphatase (ALP) in malignancies have been reported
by number of workers. [6-8]

Cancer produce profound biochemical changes in the host among which alterations in the enzyme levels in serum or
plasma is a remarkable one. The biochemistry of cancer involves a complex multisystem carcinogenic process
during which several regulatory circuits are altered. These alterations manifest themselves through changes in the
enzymatic patterns. The most prominent biochemical feature of malignant cells is the production of large quantity of
lactic acid. LDH is key enzyme in anaerobic glycolysis that catalyzes the process of production of lactic acid from
pyruvate.

There is aberrant expression of ALP genes in cancer cells which could be involved in tumorigenesis. In healthy
adults it is mainly derived from the liver, bones and in lesser amounts from intestines, placenta, kidneys and
leukocytes.” Serum levels ALP have also been used in the clinical evaluation of numerous diseases, including
malignancies, for half a century. It is a classical marker of bone formation especially in cancer patients.™® Lung
cancer commonly causes destructive bony metastases and bone isoenzyme of ALP is significantly higher in patients
with bone metastases than those without bone metastases.™*?Another isoenzyme, High molecular weight ALP is a
useful marker of hepatic metastases.*® and ALP with heat sensitivity characteristics similar to that of bone type is
found in serum of patients suffering from lung cancer.™*

Survival of patients with malignant disease may be improved with early diagnosis and treatment. But the symptoms
of metastasis appear late. The radiological diagnostic procedures such as x-rays; ultrasound and CAT scans although
sensitive are costly.

The estimation of these enzymes in serum is a simple laboratory technique which could help in early detection of
liver and bone metastasis in oncological patients. Moreover, although extensive work has been done on these
enzymes in other countries, only few reports are available in India. It is with this view as well as most predominance
of lung cancer in this part of the country that this study has been undertaken to assess the activity of LDH and ALP
in lung cancer patients before and after treatment to evaluate the significance of these enzymes in diagnosis and
prognosis as well as in monitoring therapy.

Aims and objectives:-
1) To estimate and compare the serum LDH and ALP in lung cancer cases and control subjects
2) To compare the LDH and ALP values in lung cancer cases before and after treatment.

Materials and methods:-

The study was conducted in the department of biochemistry Regional Institute of Medical Sciences, Imphal,
Manipur from July 2010 August 2011, after obtaining ethical clearance from the institutional ethical committee. A
total of 50 lung cancer patients suffering from different stages of the disease were selected for the study. All patients

1058



ISSN 2320-5407 International Journal of Advanced Research (2016), Volume 4, Issue 2, 1057-1065

were freshly diagnosed and clinically staged. A total of 30 age, sex matched apparently healthy individuals were
taken as the “control group.”Serum LDH and ALP were measured in both cases and controls. Serum LDH and ALP
were estimated once before starting treatment both in control and cases and follow up second samples from lung
cancer patients were taken within 3-4 weeks of completion of treatment. Cutoff value for LDH was taken as 240
IU/L and for ALP 160 IU/L.

Exclusion criteria:- Patients having concurrent illness like hepatobiliary disease especially obstructive type, renal
disease, pancreatic disease, cardiac disease, bone diseases as well as parathyroid disease were excluded while
selecting study group.

Sample collection:- 2 ml blood samples were collected in plain vials from patients once at the time of diagnosis and
once after the treatment. From the control subjects blood samples were also collected only once. Hemolysed and
lipemic blood samples were not included in the study because of possible interferences.

Reagents used were of analytical grade. The organic solvents were redistilled before use. Blood samples were
centrifuged at 700xg forl0 minutes and the sera thus separated were analyzed in the same day for estimations of
serum LDH and ALP in semi auto analyzer Statfax 3300 with reagents from Human diagnostics, Germany. Serum
LDH was estimated according to method of Henry RJ et al. (1960) [15] Serum ALP was assayed by method of
Bowers GN and Mc Comb RB (1975).[16]

Statistical analysis:-

Data were expressed as Meant SD, percentages and continuous variables of the 2 groups were compared by
student’s t test wherever suitable. These statistical analyses were performed using SPSS version 16 for windows. P
value of < 0.001 is considered as statistically significant.

Result:-

The mean age of the study populations were comparable in both males and females and majority of the study
populations were in the age group of >60-70 years. 88% of the patients had elevated LDH and 78% of patients had
elevated ALP at the time of diagnosis (Table 3 and 4). Serum LDH and ALP levels in lung cancer cases were
significantly higher than the control subjects (Table 1). The pretreatment and post treatment difference of serum
LDH and ALP were statistically significantly (Table 4, 5 and 6). The maximum decrease in LDH was observed in
limited stage disease of SCLC stage and maximum decrease in ALP was observed in extensive stage disease of
SCLC. The results and observations are given in Table-1-6.

Table 1: Serum LDH and ALP in control and lung cancer cases.

Serumenzymes | Control ~ (n=30) | Lung cancer  cases P value
Mean+SD (n=50) Mean+SD t df

LDH (1U/L) 221.06+34.00 439.42+145.31 .079 8 <0.001

ALP (1U/L) 162.30+20.61 299.60+144.29 167 8 <0.001

Legend 1:- Lung cancer patients have significantly higher levels of LDH and ALP at the time of diagnosis than
controls.(P value<0.001)

Table 2: Distribution of lung cancer patients before and after treatment based on normal cutoff value of LDH

(240 1U/L).

Pre treatment Post treatment
Remained Normal/Decreased | Decreased but above | Increased
to normal normal

Normal (<240) =6 |4 - 2

(12%)

Abnormal (>240) =44 | 11 29 4

(88%)

Total 15 (30%) 29 (58%) 6 (12%)

Legend 2:- In 12% LDH was normal before treatment and in 88% Abnormal values before treatment. In the normal
group, LDH level remained normal in 4 patients and increased to abnormal levels in 2 patients after treatment. In the
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abnormal group, LDH returned to normal in 11 patients, decreased but above normal in 29 patients and increased in
2 patients after treatment

Table 3: Distribution of lung cancer patients before and after treatment based on normal cutoff value of ALP
(160 IU/L).

Pre treatment Post treatment
Remained Decreased but | Increased
Normal/Decreased to | above normal
normal
Normal 9 - 2
(<190)=11(22%)
Abnormal (>190) =39 | 16 19 4
(78%)
Total 25(50%) 19(38%) 6 (12%)

Legend 3:- In 22% ALP was normal before treatment and in 78% Abnormal values before treatment. In the normal
group, ALP level remained normal in 9 patients and increased to abnormal levels in 2 patients after treatment. In the
abnormal group, ALP returned to normal in 16 patients, decreased but above normal in 19 patients and increased in
4 patients after treatment

Table 4: Comparison of pre and post treatment value of Serum LDH by mode of Treatment.

Mode of | Number Serum LDH level (Mean £ SD) P value
Treatment Pre Treatment Post Treatment
U/ (/)
Chemotherapy 26 453.69+138.26 390.76%145.20 p<0.001
Chemo-RT 18 432.27+124.30 317.89 £145.51 p<0.001
RT 6 399.00+235.86 326.66+178.06 p<0.001
Total 50 430.42+145.31 356.84150.39 (t=6.473,df=49), p<0.001

Legend 4:- Comparison of mean pre treatment and post treatment values of LDH according to mode of treatment. It
is significant in all the categories of treatment and maximum decrease was observed in the group receiving
chemotherapy followed by radiotherapy.

Table 5: Comparison of pre and post treatment values of Serum ALP by mode of Treatm

Mode of | Number Serum ALP level (Meant+ SD) P value
Treatment Pre Treatment | Post Treatment
(IUL) (IUZL)
Chemotherapy 26 313.46£156.52 251.80£126.33 P<0.001
Chemo-RT 18 273.37£73.20 197.77£52.31 P=0.001
RT 6 318.23£243.78 209.66+133.64 P<0.001
Total 50 299.60+£144.29 227.30£107.66 (t=6.174, df=49).P<0.001

Legend 5: Comparison of mean pre treatment and post treatment values of ALP according to mode of treatment. It
is significant in all the categories of tfreatment and maximum decrease was observed in the group receiving radiation

therapy.
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Table 6: Mean Serum LDH and ALP levels in different stages of lung cancer both before and after treatment.
NSCLC (llla, I11b and 1V) and SCLC (Limited disease and extensive disease).

Stages Numbe | Percen | Pre treatment Post treatment P value | P value
of lung |r t (LDH) | (ALP)
cancer (%)
LDH ALP LDH ALP
(Mean£SD) (Mean£SD) (Mean£SD) (Mean£SD)
(1U/L) (IU/L) (1U/L) (IU/L)
I a 7 14 353+93.47 213.42+67.53 | 261.57+108.2 | 164.71+36.74 | <0.001 | <0.001
2
b 13 26 413.46+116.0 | 268.37+70.49 | 333.69+139.7 | 223.53+£67.03 | <0.001 | <0.001
4 3
v 22 44 469.00+167.4 | 336.03+172.3 | 381.81+146.6 | 249.18+138.9 | <0.001 | <0.001
4 6 4 8
Limited | 5 10 392.20+109.0 | 260.34+32.80 | 289.80+113.0 | 176.20+49.08 | <0.001 | <0.001
Disease 9 6
Extensiv | 3 6 615.33+6.65 | 434.26+273.0 | 608.00+50.47 | 314.33+91.68 | <.001 <.001
e disease 1
Total 50 100 | 439.42+145.3 | 299.60+144.2 | 356.84+150.3 | 227.30+107.6 | (t=6.47 | t=6.174
1 9 9 6 3 , df=49
df=49), | p<.001
<0.001

Legend 6: Pre-treatment LDH and ALP level shows positive correlation with clinical stage of the disease. Mean
serum values of LDH and ALP decreases after treatment and the difference are statistically significant.(p<0.001).

Discussion:-

In the present study serum LDH and ALP levels were analyzed in 50 lung cancer patients and 30 control subjects.
For lung cancer cases estimation was done twice, once before initiating treatment at the time of diagnosis and
repeated once after treatments were over. For control subjects these enzymes were analyzed once and compared with
lung cancer cases to see any possible relationship that could be useful in early diagnosis, in monitoring therapy and
in prognostication.

In our present study it was found that LDH levels were high in 88% of patients and ALP in 78% of patients at
diagnosis and 90% of patients belonged to stage Il (40%), stage 1V (44%) of NSCLC and extensive stage (6%)
disease of SCLC. It is evident that there is increased serum LDH levels in neoplasia, both in humans and animals
(1728 5ome authors reported that 62% of bronchogenic carcinoma patients have high LDH " at diagnosis while
others reported as 82% %, but these studies failed to give any account on the metastatic status of the patients.

They also observed that the highest values were seen in association with extensive metastasis particularly to liver
reflecting the total tumor mass " but in contrary one study reported that even in the absence of metastasis in small
number of patients there were increased serum LDH. 2

Maestu | et al (1997)! reported high serum ALP levels in 68.78% of cases and the majority of cases (75.63%, i.e.
326 out of 431) belonged to stage Il and IV, which is similar to the findings of present study. In the early stage of
disease with less number of metastatic sites the serum ALP level was found to be low.**®! But during the last
month of life serum ALP is elevated suggesting tumor metastases.!”*?!! This elevation suggested that majority of the
patient were presented in advanced stage of the disease and had adverse prognosis. "}

In the present study it was found that the lung cancer patients have significantly higher levels of serum meant SD
LDH and ALP (Table 2) than the control group and the mean differences were statistically significant (P value
<0.001). These findings are consistent with the findings of Gault MH et al (1967).”¥ In the present study we
observed that elevated levels of serum LDH were more in extensive stage disease of SCLC which was similar to the
findings of previous authors. %! |n SCLC patients serum LDH is a significant independent pretreatment
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prognostic factor and it correlates with stage of disease, response to treatment, and survival ! and direct indicator
of clinical stage and tumor burden in patients with NSCLC.E"!

Malignant cells have a distinctive type of metabolism in which the glycolytic sequence and the tricarboxylic acid
cycle are poorly integrated, leading to excessive production of lactate by the lactate dehydrogenase enzyme.®! The
extent of disease and tumor mass also have a significant correlation with serum LDH levels. %34

Our present study reports elevated ALP in lung cancer patients and it is supported by the fact that there is
- - - - - - [35] - -
progressive elevation of serum ALP in metastatic bronchogenic carcinoma."™ Increase in ALP or its bone
isoenzyme particularly reflects metastatic bone involvement.'**?l High activity was also found in the cerebrospinal
fluid of a patient with intracranial metastasis from lung cancer.”®! Another variant of ALP with heat sensitivity

characteristics similar to that of bone type is also found in the serum of patient suffering from lung cancer.™

It was also observed in the present study that with increasing stage or disease extent there is increase in mean serum
ALP levels. This finding is in agreement with findings of Stokkel MPM et al (1998) [34] and Bacci G et al. (1993)
[37] Mohan A et al. (2006)[27]who observed a positive correlation between serum ALP and extend of the
metastatic lung disease. Rotenberg Z et al. (1988) [30] and Chen Y et al.(2006) [38] observed a direct correlation
between clinical stage and serum LDH level in non small cell lung cancer.

In the present study different modalities of treatment (Table-5 and 6) were used either single or in combination
depending on various factors such as age, sex, stage of the disease and other comorbidity factors for the treatment of
lung cancer patients. Treatment modalities included chemotherapy, radiotherapy and combination of chemotherapy
with radiotherapy. The post treatment serum LDH and ALP decreased in all modalities of treatment and the
differences of pre and post treatment values were statistically significant (p<0.001).When the differences were
considered irrespective of the modalities of treatment was also found to be statistically significant (p<0.001). Gault
MH et al.(1967) [26] had observed that there is transient increase in LDH activity in patients responding to
chemotherapy, with rapid return to pre-therapy levels, even during treatment. ALP also shows variable increase in
activity, but then declines like LDH in that order and the timing was usually similar for both. Marked increase in
enzyme activity is specially seen in oat cell carcinoma of the lung.

In our present study it was observed that both LDH and ALP increased in 12% of cases (Table 3 and 4) after the
treatment. LDH returned to normal in 30% of cases and decreased but remained above normal in 58% of cases. The
serum ALP returned to normal in 25% of cases and decreased but remained above normal in 38% of cases.

The cause for this increase in LDH after treatment could not be ascertained in the present study as to whether this
increase was transient in nature due to response to therapy or due to disease progression as there was no serial
sample collection and analysis after treatment. Johnson PW et al.(1993) [39] reported in his study that in some
patients the LDH levels initially fell during treatment and in some rose again despite continued chemotherapy and
explained that this might be due outgrowth of a chemoresistant tumor sub-clone and indicated that such patients
have a shorter duration of remission than those with steady or falling levels. In contrast Couskun SH et al(2005)
[40] found no statistically significant difference between pre treatment and post treatment serum LDH levels and the
enzyme level also did not differ significantly between limited and extensive disease.

Moreover ALP also increased in 12% of cases but this study could not interpret these findings probably because of
the drawbacks of the present study that only a single sample was collected 3-4 weeks after the treatment. More serial
samples should have been examined to rule out the cause. It is commonly observed that there is transient increases
in ALP in patients who ultimately response to treatment. These changes are called flare phenomenon and were first
reported by Greenberg et al.(1972)[41] Few authors have reported flare phenomenon in lung cancer.(Killian et
al.,1981)[42 ]; Cosolo et al.,1988[43];Vogel et al.,1995;[44] Amaroso et al.,2007)[51]. Although the frequency of
flare phenomenon in lung cancer is unknown, treatments involving the use of molecular target drugs seem to yield
more reports of these phenomena compared to those involving standard cytocidal chemotherapies. Moreover no
accounts of drug details as to what drugs were administered, not recorded in our study.
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Limitations:-

Post treatment estimation of serum samples were done only once and the time of sample collection were not defined
to see the desired results. Serial sample estimation of the enzymes should have been done in order to evaluate
whether the elevation or decrease of enzyme levels after treatment were due to response to treatment or due to
disease progression.

Conclusion:-

Measurement of serum LDH and ALP activity will be a useful tool in the diagnosis and in the assessment of
prognosis in lung cancer patients. The pretreatment serum LDH and ALP has positive correlation with stage of
disease, tumor mass and extend of disease. However the post treatment values of the enzymes were inconsistent.
Further studies are recommended in order to evaluate the significance of post treatment values of these enzymes in
prognosis.
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