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Abstract: Iron is an essential nutrient playing a central role in metabolism and also is an essential component in DNA 

synthesis and respiratory and oxidative metabolism which relate to the properties of unremitting proliferation and a more 

anaerobic metabolism that may contribute to a selective advantage of neoplastic cells over non neoplastic cells. Clinical 

correlations have been made linking cellular iron content to the development of cancer in human. We investigated the 

correlation between the serum levels of iron, ferritin and T.I.B.C. (Total iron binding capacity) in patients with oral 

cancer and precancers. Study includes a total of 60 patients, which included 20 patients of histo pathologically confirmed 

oral cancer, 20 patients of histo pathologically confirmed oral precancers and 20 healthy controls. The serum levels of 

iron, ferritin and T.I.B.C. were evaluated. It was noted that there was decrease in levels of serum iron and serum ferritin 

in progressive stages of cancer. Also, there was decrease in levels of serum iron and ferritin in patients with O.S.M.F. as 

compared to patients with leukoplakia. There was a lot of variation in levels of various cases and was statistically not 

significant.  The present study could not establish total iron levels as an early marker of oral cancer and precancer, but 

serum iron, ferritin, T.I.B.C. levels are good indicators of total iron levels and should be evaluated compulsorily in both 

oral cancer and precancer. 
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INTRODUCTION 

Oral cancer has always been a great challenge 

to clinical science owing to the anatomic complexity 

associated to this region. Oral cancer constitutes as 

much as 4 percent of all malignant tumors in man of 

which oral squamous cell carcinoma being the 6 
th

most 

common cancer worldwide[1].In India there is an 

striking incidence of oral cancer and it accounts for as 

many as 50% of all cancers. While cases of oral cancer 

are seen in patients who do not use tobacco, these 

constitute a very small percentage of oral cancer. OSCC 

may be preceded by clinically evident PMLs, 

particularly leukoplakias and oral sub mucous fibrosis 

[2] 
 

Iron is one of the most abundant and necessary 

transition metals in the body. It is most commonly 

associated with the oxygen carrying function of heme 

iron, and the medical profession is more concerned with 

the effect of low iron which leads to anaemia, decreased 

oxygen carrying capacity of blood and related diseases. 

Non-heme iron participates in a range of reactions that 

are necessary for cell viability and cell proliferation. It 

is an essential component in DNA synthesis and in 

respiratory and oxidative metabolism. The role of iron 

in cancer etiology is supported by several possible 

mechanisms. As transitional metals, iron can generate 

the reactive oxygen species including hydroxyl radical. 

These reactive oxygen species can attack DNA and 

cause various DNA mutations thereby contributing 

towards pathogenesis of cancer [3] 

 

Deficiency as well as excess body iron, both 

may cause carcinogenesis. Some researchers have 

emphasized that few habitual etiology have synergistic 

effect on iron to cause carcinogenesis[4].In case of pre 

malignancies it has been supposed that the transformed 

cells which are  already existing may be affected by 

iron deficiency and may prove to be an etiological 

factor in promotion of precancerous and cancerous 

lesion of the oral cavity[5]
 

   

According to Weinberg [6] research and 

clinical observations during the past six decades have 

shown that: 1. Iron promotes cancer cell growth; 2. 

Hosts attempt to withhold or withdraw iron from cancer 
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cells; and 3.Iron is a factor in prevention and therapy of 

neoplastic disease. When studying indices of bodily 

iron stores in an untreated cancer patient, all these 

aspects have to be borne in mind, i.e. deficient or excess 

intake of iron could have contributed to the 

carcinogenesis, habits could have altered iron intake as 

well as its metabolism and influenced tumor genesis, 

and presence of the malignancy itself could have altered 

iron homeostasis [3]. 

 

Under these circumstances the present study is 

undertaken to correlate the levels of serum iron, serum 

ferritin and T.I.B.C. in patients suffering from oral 

cancer and precancer. And whether it could be used as 

an early marker. 

 

MATERIALS AND METHODS 

A detailed history of histo pathologically 

confirmed case of oral cancer(20) precancers (20)  and 

20 healthy patients including age, sex, and the duration 

of habits were taken and were subjected to quantitative 

assessment of serum iron, ferritin and T.I.B.C. 

 

Method of measuring serum iron and T.I.B.C:  

Iron and T.I.B.C.is quantitated by 

Ferrozine/T.I.B.C. measurement method using Vitros 

DT 60 II Automated chemistry analyzer/Bayer RA 50  

 

Method of measuring serum ferritin:  

Serum ferritin is measured by 

chemiluminescence technology which is done on fully 

automated ADVIA Centaur (Siemens India)   

 

RESULTS 

The mean values of Serum Iron in Cancer 

group is 69.3 ± 20 in Pre-Cancer group is 77.9 ± 25.3 

and in Control group is 76.2 ± 11.2 . The P-value when 

Cancer group was compared with Pre-cancer group is 

0.358, and when Cancer group and Pre-cancer group 

was compared with Control was 0.516 and 0.959 

respectively, that is >0.05 and hence is statistically not 

significant. The mean values of Serum Ferritin in 

Cancer group is 49.9 ± 32.4 in Pre-Cancer group is 38.1 

± 31.3 and in Control group is 46.3 ± 6.7. The P-value 

when Cancer group was compared with Pre-cancer 

group is 0.334, and when Cancer group and Pre-cancer 

group was compared with Control was 0.900 and 0.585 

respectively, that is >0.05 and hence is statistically not 

significant. The mean values of Serum T.I.B.C. in 

Cancer group is 362.8 ± 38.1 in Pre-Cancer group is 

373.6 ± 34.7 and in Control group is 360.8 ± 17.6. The 

P-value when Cancer group was compared with Pre-

cancer group is 0.523, and when Cancer group and Pre-

cancer group was compared with Control was 0.979 and 

0.407 respectively, that is >0.05 and hence is 

statistically not significant(Table 1).  

 

Out of 20 patients in Cancer group ,serum iron 

in 15 patients(75%) was normal, 5 patients (25%) was 

lower than the normal range, for serum ferritin 15 

patients(75%) was normal, 5 patients (25%) was lower 

than the normal range and  for serum T.I.B.C. 19 

patients(95%)  were normal and 1 patient(5%)  was 

above the normal level. 

 

Out of 20 patients in Pre-cancer group, serum 

iron 15 patients(75%) was normal, 5 patients (25%) was 

lower than the normal range, for serum ferritin 12 

patients(60%) was normal, 8 patients (40%) was lower 

than the normal range and  for serum T.I.B.C. 16 

patients(80%)  were normal and 4 patient(20%)  was 

above the normal level. 

 

In Control group  for serum iron 19 

patients(95%) was normal, 1 patients (5%) was below 

the normal range, for serum ferritin 20 patients(100%) 

was normal and  for serum T.I.B.C. 20 patients(100%)  

were normal. Serum iron levels did not differ 

significantly between three study groups (P>0.05 for 

all). Serum ferritin levels did not differ significantly 

between cancer and pre-cancer groups (P>0.05 for all). 

Decrease in serum ferritin levels is significantly higher 

in cancer group compared to control group (P<0.05). 

Decrease in serum ferritin levels is significantly higher 

in pre-cancer group compared to control group 

(P<0.01). Serum TIBC levels did not differ significantly 

between three study groups (P>0.05 for all)(Table 2). 

 

The mean values of Serum Iron in Habitues are 

75.6 ± 21.2 and in Non Habitues is 71.3 ± 14. Habit v/s 

Non habit P= 0.474, and P>0.05 hence does not differ 

significantly between Habitues and Non Habitues. The 

mean values of Serum Ferritin in Habitues are 45.4± 

30.0 and in Non Habitues is 43.1 ± 9.2. Habit v/s Non 

habit P= 0.772, and P>0.05  hence does not differ 

significantly between Habitues and Non Habitues  The 

mean values of Serum T.I.B.C. in Habitues is 367.9 ± 

34.4 and in Non Habitues is 359.1 ± 19.5. Habit v/s Non 

habit P= 0.348, and P>0.05 hence does not differ 

significantly between Habitues and Non Habitues 

(Table 3). 

 

The mean values of Serum Iron in Males are 

77.3 ± 20.4 and in Females is 68.0 ± 17.0. Hence, Males 

v/s Females P= 0.098, and P>0.05 hence does not differ 

significantly between Males and Females. The mean 

values of Serum Ferritin in Males are 47.8 ± 29.9 and in 

Females is 37.7 ± 13.3. Hence, Males v/s Females P= 

0.173, and P>0.05 hence does not differ significantly 

between Males and Females. The mean values of Serum 

T.I.B.C. in Males are 366.6 ± 32.8 and in Females is 

363.6± 28.8. Hence, Males v/s Females P= 0.737, and 

P>0.05 hence does not differ significantly between 

Males and Females(Table 4). 
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Table 1: The distribution of biochemical parameters studied between three study groups. 

Parameters Group 1 

Cancer Group 

(n=20) 

Group 2 

Pre-Cancer Group 

(n=20) 

Group 3 

Control Group 

(n=20) 

P-values (Inter-Group) 

Group 1 v/s 

Group 2 

Group 1 v/s 

Group 3 

Group 2 v/s 

Group 3 

Serum Iron 69.3± 20.0µg/dl 77.9 ± 25.3 µg/dl 76.2±11.2 µg/dl 0.358 (NS) 0.516 (NS) 0.959(NS) 

Serum Ferritin 49.9± 32.4ng/mL 38.1 ± 31.3 ng/mL 46.3±6.7 ng/mL 0.334 (NS) 0.900 (NS) 0.585 (NS) 

Serum T.I.B.C 362.8± 38.1 µg/dl 373.6 ± 34.7 µg/dl 360.8±17.6 µg/dl 0.523 (NS) 0.979 (NS) 0.407 (NS) 

Values are Mean ± Standard Deviation. P-values are obtained using One-way Analysis of Variance (ANOVA) 

with Turkey’s correction for multiple group comparisons, after confirming the underlying normality assumption. P-

value<0.05 is considered to be statistically significant. NS: Non-Significant 

 

Table 2: The distribution of change in biochemical parameters studied between three study groups. 

Parameters Group 1 

Cancer Group 

(n=20) 

Group 2 

Pre-Cancer 

Group (n=20) 

Group 3 

Control 

Group (n=20) 

P-values (Inter-Group) 

Group 1 v/s 

Group 2 

Group 1 v/s 

Group 2 

Group 1 v/s 

Group 2 

Serum Iron (µg/dl) 

Normal (60-160) 15 (75.0) 15 (75.0) 19 (95.0) 0.999 (NS) 0.182 (NS) 0.182 (NS) 

Abnormal (<60) 5 (25.0) 5 (25.0) 1 (5.0)    

Serum Ferritin (ng/mL) 

Normal (22-322) 15 (75.0) 12 (60.0) 20 (100.0) 0.501 (NS) 0.047 (S) 0.003 (S) 

Abnormal (<22) 5 (25.0) 8 (40.0) 0    

Serum T.I.B.C. (µg/dl) µg/dl 

Normal (250-400) 19 (95.0) 16 (80.0) 20 (100.0) 0.342 (NS) 0.999 (NS) 0.106 (NS) 

Abnormal (>400) 1 (5.0) 4 (20.0) 0    

Values are n (% of cases). P-values are obtained using Chi-Square test. P-value<0.05 is considered to be 

statistically significant. NS: Non-Significant. S: Significant. 

 

Table 3: The distribution of biochemical parameters studied between the cases with and without habits. 

Parameters Habit (n=45) Non-Habit (n=15) P-value 

(Habit v/s Non-Habit) 

Serum Iron(µg/dl) 75.6 ± 21.2 71.3 ± 14.9 0.474 (NS) 

Serum Ferritin ( ng/mL) 45.4 ± 30.0 43.1 ± 9.2 0.772 (NS) 

Serum T.I.B.C. (µg/dl) 367.9 ± 34.4 359.1 ± 19.5 0.348 (NS) 

Values are Mean ± Standard Deviation. P-values are obtained using independent sample‘t’ test, after confirming 

the underlying normality assumption. P-value<0.05 is considered to be statistically significant. NS: non-Significant. 

 

Table 4: The distribution of biochemical parameters studied between male and female cases studied. 

Parameters Male (n=42) Female (n=18) P-value  

(Male v/s Female) 

Serum Iron(µg/dl) 77.3 ± 20.4 68.0 ± 17.0 0.098 (NS) 

Serum Ferritin( ng/mL) 47.8 ± 29.9 37.7 ± 13.3 0.173 (NS) 

Serum T.I.B.C. (µg/dl) 366.6 ± 32.8 363.6 ± 28.8 0.737 (Ns) 

Values are Mean ± Standard Deviation. P-values are obtained using independent sample‘t’ test, after confirming 

the underlying normality assumption. P-value<0.05 is considered to be statistically significant. NS: Non-Significant. 

 

DISCUSSION 

  In the oral carcinogenesis, several factors have been 

involved such as age, gender, ethnicity, lifestyle, 

genetic background, status of health and exposure to 

carcinogens. Pathological process of cancer could also 

be initiated because of transitional metals like iron 

which generates reactive oxygen species including 

hydroxyl radical which attack DNA and causes 

mutation.(Huggs and Wells, [3], Graham et al [7], 

Toykuni [8], Stevens and Kalkwarf[9]. 

 

The present study is an attempt to evaluate/ 

establish the levels of serum iron, serum ferritin and 

total iron binding capacity in patients suffering from 

oral precancerous and cancerous lesions. Our study 

consisted of 20 patients in cancer group, 20 patients in 

precancer group and 20 subjects as control group. 

 

The biochemical parameters Serum iron, 

ferritin and T.I.B.C. were compared between males and 
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females (Table 4) and it was found that there was 

decrease in mean levels of serum iron in females (68.0 

± 17.0) as compared to males (77.3 ± 20.4) also there 

was decrease in mean levels of serum ferritin 

females(37.7 ± 13.3)   as compared to in males(47.8 ± 

29.9), but was not statistically significant.. There was 

no change in mean levels of serum T.I.B.C. between the 

genders. Similar findings were noted by Gupta PC et 

al.; [11]. The presence of lower values in females could 

reflect nutritional deficiency or previous blood loss by 

menstruation. Heinz et al.; [12]
 
reported that alcoholism 

is also associated with increase in serum ferritin and 

serum iron levels, so it was evident in our results that 

males who had habit of tobacco with alcohol showed 

increase in serum ferritin as well as serum iron levels. 

 

Tobacco, smoking and smokeless form and 

alcohol are known factors for causing cancer. But it was 

found that 15 to 20 % of the head and neck cancer had 

no known history of tobacco or alcohol exposureOut of 

20 patients in Cancer group, 18 patients (90%) were 

habitues and 2 patients (10%) were non habitues. 

Similar findings were observed by Mehta et al.; [13] 

and Mathew et al.;[14]who reported higher prevalence 

of oral cancer among males consuming tobacco. In the 

precancer group all the 20 patients (100%) were 

habitues. In control group 7 volunteers (35%) were 

habitues and 13 volunteers (65%) were non habitues. 

The distribution of habitues differs significantly 

between Cancer and Control groups and Pre- cancer and 

Control groups (P<0.001). Similar findings were 

observed by Bhonsle et al.; [14], Jayant K et al.; [15], 

Jaber et al.; [16], Riebel et al.; [17] and Napier et 

al.;[18]who stated that tobacco is a major independent 

risk factor for the development of cancers as well as 

oral pre cancers.Distribution of Serum iron, ferritin and 

T.I.B.C. levels among habitués and non habitués were 

not significant. 

 

Biochemical parameters were compared in 

overall subjects in comparison with habits, and it was 

found that 11 of the subjects had decreased serum iron 

levels, 13 had decreased serum ferritin levels and 5 had 

increased levels of serum T.I.B.C. All these subjects 

had the habit of chewing pan masala and ghutka along 

with consumption of alcohol for a longer duration of 

more than 15-20 years. Similar findings were seen with 

Moreno et al.; [19] Turobbaev et al.; Gavalov et al.; 

[20], Damber and Larsson [21] Rajasinghe et al.; [22], 

who suggested that cigarette smoke induced release of 

iron could alter iron metabolism of chronic smokers and 

ethanol metabolism results in the generation of 

superoxide and related free radicals and mobilization of 

catalytic iron, and cleavage of double stranded DNA is 

produced by both free radicals as well as by catalytic 

iron. This contributes to the increased risk of cancer 

observed in alcoholics who also had habits of smokeless 

and smoking tobacco. Lapenna et al.; [23] suggested, 

that cigarette-smoke mediated iron mobilization from 

ferritin which may represent a specific pro oxidant 

mechanism related to cigarette smoking in vivo. 

 

In contradiction Heinz et al.; [24], Friedman et 

al.; [25], Moirand et al.;[26], Kurokawa et al.; [27] 

reported significant elevation of serum iron and 

increased T.I.B.C. in adolescent male alcohol users and 

transferring saturation as well, transfer in synthesis 

increases in alcoholic fatty liver which causes increased 

uptake of desialylated transfer in by the liver and lead to 

hepatic siderosis and increased serum ferritin levels. 

 

The average Serum iron, serum ferritin and 

serum T.I.B.C. did not differ significantly between the 

three study groups P>0.05 for all ,In the cancer group 

out of 20 patients 5 showed decreased levels of serum 

iron and serum ferritin it was noted that they were in 

progressive stage of cancer with most of them in Stage 

3 or Stage 4 and most of them histo pathologically 

classified as moderately differentiated squamous cell 

carcinoma Huggs and Wells, [3]stated that iron 

deficiency has long been known to have profound 

effects on the oral mucosa and also to have association 

with both oral and pharyngeal cancer (Paterson–Kelly 

syndrome), and with chronic candidiasis .Maguire[28], 

stated that other forms of iron found physiologically 

might cause considerable oxidative damage. Naturally 

occurring protein-bound iron, such as ferritin and 

transfer in, which constitute major forms of transport 

and storage of iron in vivo, produce considerable 

mitigation of such toxicity in vivo. Iron deficiency 

reduces this protection. Rennie and Mac-Donald [29] 

have shown that in human iron deficiency anemia and 

in experimental iron deficiency in hamsters, qualitative 

histological changes in the oral epithelium are 

demonstrable. Weinberg [6] stated cytokine activated 

macrophages increases intracellular ferritin retention of 

metal and scavenge iron in areas of tumor growth and 

secrete reactive nitrogen intermediates to effect efflux 

of non heme iron from tumor cells, so this could affect 

the measured values. 

 

The average Serum iron, serum ferritin and 

serum T.I.B.C. did not differ significantly between the 

three study groups P>0.05 for all, but change in 

abnormality in serum ferritin levels were statistically 

significant in precancer group when compared to the 

control group(Table 2) 

 

  Graham et al.; [30] Rajendran et al.;
 
[31] Vijaya 

Kumar T et al.; [32] anuradha et al.; Bhatta-thiri, [5] 

found reduced levels of iron in oral leukoplakia, OSMF 

and OSCC. Rajendran et al.;[33] noted that sub mucous 

fibrosis appears as an altered oral mucosa following 

prolonged period of chronic deficiency of iron which 

leads to a defective inflammatory-reparative response, 

culminating in fibrotic healing. Anuradha et al.; [32]
 

observed that patients with sub mucous fibrosis (all of 

whom were heavy tobacco and areca nut users too) that 

serum iron decreased where as the total tissue collagen 
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content increased significantly in patients with 

advanced disease. Cytochrome oxidase is an iron 

dependent enzyme which is required for the normal 

maturation of the epithelium; in iron deficiency levels 

of cytochrome oxidase are low which consequently lead 

to epithelial atrophy. Utilisation of iron for 

hydroxylation of proline and lysine leads to decreased 

serum iron levels. 

 

Conversely Bhattathiri[5] stated that iron 

deficiency and excess body iron, both may cause 

carcinogenesis. Simonart T et al.; [34]  stated that iron 

chelators have been shown to inhibit the growth and/or 

induce the apoptosis of malignant cell lines from 

leukemia, neuroblastoma, melanoma, hepatoma, 

Kaposi’s sarcoma and cervical cancer. 

 

CONCLUSION: 

The present study cannot give any proper 

conclusion, about the role of iron as early marker in oral 

cancer. Serum iron, serum ferritin and serum T.I.B.C 

levels are good indicators of total iron levels and should 

be evaluated compulsorily in both oral cancer and 

precancer. 

 

Iron deficiency is common in Indian 

population especially in women, out of place 

supplementation (in the wrong time) with iron may be 

deleterious, and where as timely supplementation is a 

necessity. When giving iron supplements, it has to be 

ensured as far as possible that no underlying chronic 

disease and malignancy exists.  
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