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Materials and Methods
A total of 175  patients ranging in age from 20 to 75  years 
were included in this case–control study after obtaining 
approval by the Ethical Committee of the institute 
(IRB No.  2015/S/OP/34). After obtaining written informed 
consent from the participants, thorough demographic and 
clinical details were recorded. The participants were divided 
into: Group  I consisted of 145 untreated OSCC patients, 
reporting to the institution for treatment  (excision of the lesion 
along with neck dissection). The patients were diagnosed 
as having OSCC based on clinical and histopathological 
examinations. Staging was done according to the Union 
for International Cancer Control classification. Complete 
clinical data including age, gender, habits, tumor location and 
extension, growth pattern, size, and clinical nodal status were 
recorded along with findings of imaging investigations done 
to make out the extension of the lesion. Preoperative fasting 
blood ALP activity was evaluated along with the complete 
blood investigation which was routinely done before surgery. 
As a part of patients’ workup before treatment, followings are 
the investigations routinely done: complete hemogram, bleeding 
time, clotting time, total protein, albumin, globulin, blood 
glucose, urea, creatinine, bilirubin, SGOT, SGPT, lipid profile, 
and electrolyte  (Na, K, and Cl). Postoperatively, complete 
clinicopathological data, including type of lesion, tumor size, 
staging, grade, and lymph nodal status, were obtained from 
patients’ surgically excised specimen.
Group  II included thirty age‑  and sex‑matched healthy 
individuals who visited the institution for routine dental 
checkup and/treatment, without any history of tobacco use 
and oral lesions. These participants were selected randomly 
among the people who visited the same hospital during the 
same period.
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Abstract
Context: Biochemical changes occur in biological fluids and tissues of different types of malignancies. Tumor markers in serum, tissue, and other body fluids 
during neoplastic process are of clinical value in the management of patients with cancers. Serum alkaline phosphatase (ALP) activity is potentially a useful 
indicator for detection of malignancies, but its status in oral squamous cell carcinoma (OSCC) is less explored. Aims: The aim of this study is to evaluate 
the serum level of ALP in OSCC patients and assess its relation with the clinicopathological features. Settings and Design: A total of 175 participants 
(145 OSCC patients and 30 healthy controls) were included in the study. One hundred and forty‑five patients with OSCC who underwent treatment at our 
institution were included to obtain the clinicopathological data. Materials and Methods: Fasting blood ALP activity was evaluated using ALP assessment 
kit and biochemistry analyzer. Statistical Analysis Used: The data were analyzed by SPSS‑21 software (SPSS Statistics for Windows, Version 21.0, Armonk, 
NY, USA), using t‑test, Mann–Whitney U, and Kruskal–Wallis tests. Results: Raised ALP was seen in 24% of OSCC patients. The mean ALP in OSCC was 
significantly higher than the control. ALP level in patients with advanced stage was significantly higher than with early stage. The serum ALP level in OSCC 
patients with bone involvement (BI) by local extension of tumor was significantly higher than without BI. Conclusion: ALP showed statistically significant 
differences in relation to tumor stages and BI. Hence, ALP could be useful in advanced stage disease for expressing the endurance of patient and tumor 
expansion. Elevated ALP in OSCC patients may indicate BI.
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Introduction
Alkaline phosphatase  (ALP) comprises a group of enzymes 
that catalyze the hydrolysis of phosphate esters in an 
alkaline environment.[1] In healthy adults, ALP is mainly 
derived from the liver and bones and in lesser amounts from 
intestines, placenta, kidneys, and leukocytes. Although the 
exact metabolic function of enzyme is not yet understood, 
it appears that ALP is associated with lipid transport in the 
intestine and with the calcification process in the bone.[2] ALP 
is also responsible for cleaving phosphate groups from other 
molecules such as nucleotides which are building blocks for 
DNA and proteins.[3]

Serum ALP levels are elevated in patients with primary and 
metastatic tumors of the liver and bone, such as hepatic 
metastasis of colorectal cancer and bone and liver involvement 
in breast cancer.[1,4] In patients with malignancies, therefore, 
an elevated serum ALP may be an indicator of metastatic 
disease.[1] However, primary cancers in various organs can 
generate ALP elevations in the absence of metastasis.[5] 
Although the association between serum levels of ALP and 
systemic metastases in malignancies has been demonstrated, 
the correlation between elevation of ALP and lymph 
node metastasis  (LNM) has not been studied extensively. 
Regional lymph nodes are generally the first sites of tumor 
cell involvement outside the primary malignant focus in 
most solid tumors. In addition, no serum marker predictive 
of LNM has been suggested yet.[1] Moreover, the role of 
ALP in oral squamous cell carcinoma  (OSCC) is barely 
investigated. Hence, the objectives of the study were to 
evaluate the serum ALP activity in OSCC patients and their 
association with clinicopathological parameters. The study is 
unique as it intended to analyze if ALP vary with jaw bone 
involvement  (BI) by the local extension of primary tumor.
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Patients with history of diabetes, hypertension, cardiac, liver, 
renal, and bone diseases were excluded from the study. None 
of the participants included in the study were on statins or 
glitazones.
Estimation of serum alkaline phosphatase activity
ALP assessment kit was used with a technique in accordance 
with the recommendations of the International Federation 
of Clinical Chemistry with the help of biochemistry 
analyzer  (Erba Chem 5  Plus v2; ERBA  Diagnostics 
Mannheim GmbH, Mannheim, Germany). Under all aseptic 
precautions, 5  mL fasting venous blood was collected 
from antecubital vein of study and control group into plain 
sterile bulb. The sample was then allowed to clot at room 
temperature and then centrifuged at 3000  rpm for 10  min 
to separate the serum. ALP levels were measured using 
spectrophotometer with cell holder thermostable at 37°C, along 
with a commercially available ALP assessment kit. ALP values 
were determined by the end‑point spectrophotometric method. 
Hydrolysis of 4‑nitrophenyl phosphate in the alkaline substrate 
produces 4‑nitrophenyl of yellow color whose intensity is 
determined on spectrophotometer at a wavelength of 405  nm. 
The activity of ALP was calculated with molar extinction 
coefficient, and results of the enzyme activity were given 
in the international units  (IUs).[6] The normal range is 20–
140  IU/L.[7]

Statistical analysis
The level of ALP in IU/L was presented as the mean and 
standard deviation. Evaluation of results and statistical 
analysis was carried out using t‑test, Mann–Whitney U, 
and Kruskal–Wallis tests. A  value of P  <  0.05 was considered 
significant. All statistical analyses were conducted IBM Corp., 
SPSS Statistics for Windows, Version  21.0, Armonk, NY, 
USA.
Results
Alkaline phosphatase activity in serum of healthy 
controls
Total ALP activity in sera of healthy controls was in the range 
of 58–123  IU/L  (median 81  IU/L).
Alkaline phosphatase activity in serum of oral squamous 
cell carcinoma patients
The total ALP activity in all patients with malignant disease 
was in the range of 54–271  IU/L  (median 110  IU/L). Raised 
ALP was seen in 24% of OSCC patients. Table  1 shows the 
mean value of ALP in OSCC to be higher than the control and 
was significant  (P  =  0.000).
Clinicopathological characteristics of oral squamous cell 
carcinoma patients
The mean age of 145  patients with OSCC was 48.11  years. 
Sixty‑one percent of patients were  ≥45  years, and 83% of 
patients were males. Primarily buccal mucosa was involved 
in 72% cases followed by tongue  (16%) and gingiva  (12%). 
Most of the patients treated were from low socioeconomic 
background. Sixty‑two percent  (90) of patients were 

Table 1: Distribution of mean serum alkaline phosphatase level in oral squamous cell carcinoma and control group
Variable Cases Control P

Mean Range Mean Range
ALP 125.26±49.01 54-271 85.80±16.74 58-123 0.000
Mann-Whitney U‑test. ALP=Alkaline phosphatase

chronic pan‑tobacco chewers consequently presenting with 
tumor involving gingivobuccal complex. Combination 
of habits was reported in 38%  (55) OSCC patients. Of 
which, nearly thirty patients gave a history of alcohol 
consumption thrice a week to every day for 8–12  years, 
resulting in tumors involving tongue and floor of mouth. 
Forty percent of tumors were  >4  cm, and 61% of lesions 
were in advanced stage. Seventy‑nine percent of tumors 
exhibited an exophytic growth. Forty‑six percent had LNM. 
BI due to local extension of the primary tumor was noted 
in 25% cases. BI was confirmed by imaging modalities and 
grossing of the excised tumor specimen and histopathologic 
evaluation.
The mean ALP  values increased from early to advanced 
stage, and this was found to be statistically significant. The 
mean ALP in OSCC patients with considerable BI by local 
extension of tumor was significantly higher than without BI. 
There was no statistically significant relation between the ALP 
level and various clinicopathological parameters  [Table  2]. 
However, the observations reveal that mean value of ALP was 
higher in tumors involving multiple sites than a single site in 
tumor size  >4 cm and  <4 cm and in tumors with LNM and 
without LNM.
Analyses by receiver‑operating characteristic  (ROC) curves 
using ALP to make  (a) the clinical assessment regarding 
staging and  (b) the clinical decision regarding BI were 
done. The areas under the ROC curve were 0.667 and 
0.735, respectively  [Figure  1a and b]. The cutoff point for 
maximum specificity and sensitivity was established as 
124  IU/L using ROC analysis. Patients with ALP  >124  IU/L 
were more likely to have advanced stage disease than patients 
with <124  IU/L. The cutoff point for maximum specificity and 
sensitivity was established as 116.5  IU/L using ROC analysis. 
Patients with an ALP  >116.5  IU/L were more likely to have 
substantial BI by the local extension of tumor than patients 
with <116.5  IU/L  [Table  3].
Discussion
OSCC encompasses at least 90% of all oral malignancies. 
OSCC grows locally and then it spreads to the lymph nodes of 

Figure  1: Receiver‑operating characteristic curves for  (a) alkaline 
phosphatase used to make the clinical decision regarding tumor staging; 
(b) alkaline phosphatase used to make the clinical decision regarding bone 
involvement. The areas under the receiver‑operating characteristic curve 
were 0.667 and 0.735, respectively

ba
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the neck. The therapeutic modality currently offered to OSCC is 
based on traditional stage‑predicting indices, TNM criteria, and 
on histological grading. Pretreatment staging of patients with 
cancer has a major role in decision‑making about care. This 
is generally achieved using imaging techniques. The results 
of current imaging techniques have enhanced the sensitivity 
and accuracy of node detection, but they are not perfect.[8] 
Thus, there has been an ever‑growing effort dedicated to the 
basic research of oral cancer, focusing on the identification of 
biological indicators for the diagnosis of its biological nature 
and aggressiveness.[9]

Carcinogenesis leads to various biochemical changes in the 
body.[5] Biochemical parameter such as ALP evaluation is an 
inexpensive and potential marker for early detection of cancer 
that helps diagnosis.[4] Most data indicate that the elevation of 
serum ALP occurs because of the accelerated de novo synthesis 
of the enzyme and subsequent regurgitation into the serum.[10] 
Elevated levels of ALP are frequently observed in advanced 
cancers.[5] Ehrmeyer et  al.,[11] Van Hoof VO et al.,[12] and 
Banseria et  al. found raised serum ALP  (<0.05) in head and 
neck cancers. The mean value of ALP in OSCC was higher 
than the control and was statistically significant. In the present 
study, raised ALP was seen in 24% of OSCC patients. The 
higher incidence of raised ALP found in our series could be 

due to the fact that majority of patients 61% included in the 
study have advanced stage lesion and with substantial BI in 
25% cases.
There is a distinct difference in the site predilection of 
OSCC in the Indian population as compared to the Western 
population. The tobacco/quid is kept in gingivobuccal 
vestibule and thus carcinoma develops at this site more often 
than the other parts of the oral cavity. The precipitation 
of OSCC in the gingivobuccal vestibule or buccal mucosa 
tends to invade the underlying bone earlier than other 
sites.[13] The incidence of mandibular BI ranges from 12% 
to 56%.[14] In the present study, BI due to local extension 
of the primary tumor was noted in 25% cases. BI was 
confirmed by imaging modalities, grossing, and histologic 
examination of the excised tumor specimen. The mean 
ALP in OSCC patients with BI by local extension of tumor 
was significantly higher than without BI thus supporting 
the opinion proposed by Merza et  al. that elevated ALP in 
OSCC may be due to bone destruction.[15] Hence, elevated 
ALP in patients with OSCC may be indicative of substantial 
BI by the tumor.
Banseria et  al., in a study, to find the relation between ALP 
levels with grading and staging OSCC observed raised ALP 
in 8% cancer patients. The mean serum ALP  value raised 

Table 2: Alkaline phosphatase level and clinicopathological parameters in patients with oral squamous cell 
carcinoma (n=145)
Parameters Category n (%) ALP (U/L), mean±SD P Significance
Age <45 56 (39) 128.96±53.53 0.473* NS

≥45 89 (61) 122.94±46.10
Gender Male 120 (83) 125.84±57.91 0.949* NS

Female 25 (17) 125.14±47.23
Location BM, RMT, GBS 104 (72) 123.52±48.74 0.380*** NS

Tongue, FOM 23 (16) 123.78±45.46
Gingiva 18 (12) 137.2±51.84

Extension Single site 105 (72) 120.66±45.46 0.067* NS
Multiple sites 40 (28) 137.35±56.15

Habits Pan‑tobacco chewers 90 (62) 126.62±53.01 0.672* NS
Combination of habits 55 (38) 123.05±42.02

Tumor size T1+T2 (<4 cm) 87 (60) 119.96±48.23 0.111* NS
T3+T4 (>4 cm) 58 (40) 133.22±49.51

Tumor stage Early 56 (39) 108.62±39.14 0.001* S
Advanced 89 (61) 135.74±51.83

Growth pattern Exophytic 114 (79) 125.89±49.36 0.769* NS
Endophytic 31 (21) 122.95±48.43

OPMDs Present 18 (12) 132.94±52.75 0.644** NS
Absent 127 (88) 124.18±48.16

Broder grade Well 106 (73) 125.65±47.25 0.878* NS
Moderate‑poor 39 (27) 124.23±54.15

LNM Present 66 (46) 130.87±49.07 0.209* NS
Absent 79 (54) 120.58±48.78

Bone involvement Present 36 (25) 153.77±44.82 0.000** S
Absent 109 (75) 115.77±49.44

*t‑test, **Mann-Whitney U‑test, ***Kruskal-Wallis test. BM=Buccal mucosa, RMT=Retromolar trigone, FOM=Floor of mouth, OPMDs=Oral potentially malignant disorders, 
LNM=Lymph node metastasis

Table 3: Area under the curve and cutoff values obtained in receiver operating characteristic curve analysis
Variable Cutoff Sensitivity Specificity AUC SE 95% CI P
ALP

Staging 124.00 50.6 80.4 66.7 0.046 0.577-0.756 0.001
Bone involvement 116.50 80.6 66.1 73.5 0.049 0.638-0.831 0.000

AUC=Area under the curve, ALP=Alkaline phosphatase, SE=Standard error, CI=Confidence interval
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from Stage I‑IV cancer and this was found to be statistically 
significant. In the present investigation, the mean ALP level 
in patients with advanced stage was significantly higher than 
with early stage. Similar results were obtained by Stolbach 
and Bassalyk, explaining the ectopic production of ALP at 
tumor site. Authors conclude that ALP is valuable in advanced 
disease for indicating survival and progress. Further studies 
are needed to know the ALP isoenzyme patterns in malignant 
diseases.[5] Application of techniques of isoenzyme analysis to 
the characterization of ALP in serum led to the discovery that 
forms of the enzymes essentially identical to normal placental 
isoenzyme appear in the sera of some patients with malignant 
disease.[2]

The presence of neoplastic tissue occasionally results in the 
release of tumor‑associated proteins into the blood, such 
as carcinoembryonic antigen, alpha‑fetoprotein, placental 
lactogen, and placental alkaline phosphatase isoenzymes. 
Electrophoretic form of ALP  (FHAP) is associated with 
neoplasms of a variety of organ sites such as colon, breast 
as well as cell types such as adenocarcinoma, squamous cell 
carcinoma, and leukemia.[11] Prospective studies to evaluate 
FHAP need to be undertaken to recognize its importance in 
OSCC.
Cancer patients with bone metastasis mainly had elevated 
values of bone isoform ALP. Elevated ALP was due to 
bone destruction and compensation of osteoblastic activity 
mediated by an increased production of inflammatory 
mediators such as TNF‑alpha.[6] In the present study, BI due 
to local extension of the primary tumor was noted in 25% 
cases. The mean ALP in OSCC patients with BI by local 
extension of tumor was significantly higher than without BI. 
Future studies of bone isoform ALP would give clarity with 
this regard.
Aminian et  al. retrospectively examined serum ALP in 
esophageal carcinoma and found that mean ALP was higher 
in patients with LNM  (141 U/L) than with negative node 
involvement  (116 U/L), with a mean difference of  (25 U/L). 
Thus, elevated ALP levels in patients with esophageal cancer 
may predict the LNM. In the present investigation, the mean 
ALP values in cases with LNM were higher than without LNM, 
but this was statistically insignificant.[1]

Conclusion
To the best of our knowledge, this is the first of its kind 
study to assess the relationship between ALP with various 
clinicopathological features. The present study and previous 
reports showed that in cancer patients the total ALP enzyme 
activity was higher than the activity in healthy people of the 
same age. The result suggests that ALP exhibits variation 
with respect to parameters such as tumor extension, size, 
stage, LNM, and BI status, thus confirming its role as tumor 

marker. Further studies with larger sample size should be 
undertaken to validate the present findings and to analyze the 
isoenzyme activity in OSCC. Prospective studies need to focus 
on the usefulness of tumor ALP in OSCC. Identification of 
tumor‑related variants early in the course of disease and their 
significance needs to be elucidated.
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