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DISCUSSION

In line with the reported evidence, Lymph node 
metastases is found in approximately 34%-50% of 
OSCC patients 12. We report an increased incidence 
of OSCC in older aged males. However, the 
incidence is increasing in younger age group 
patients as well as in females13 due to increased 
usage of tobacco, alcohol and dietary inadequa-
cies like insufficient intake of vegetables and fruits14.

In our study, buccal mucosa (46.8%) was the com-
monly involved site. However, in the west, tongue 
along with floor of mouth are commonest sites of 
OSCC 4 due to practices of alcohol use. 13

Tumor size and thickness showed significant associa-
tion with lymph nodes metastasis (p<0.032) (p<0.05) 
which is in agreement with other studies 15,16,17. How-
ever, disparity exists for optimal tumor thickness 
cutoff point 18, 19. In our study the cut off for tumor 
thickness is 3.1 mm while earlier studies have 
proposed 3mm to 6mm as cutoff point18. The prog-
nosis changed significantly at a cut–off of less than 
4mm of tumor thickness with local control, nodal 
disease and survival rates of 91%, 8%, and 100% 
respectively, compared with 84%, 48% and 74% for 
those 4mm or more20. So, Early detection of tumor 
will result in smaller tumor size, tumor thickness< 3 
mm and hence better prognosis, quality of life and 
long term survival.

Concurrent with other studies21, 22, we reported 
significant association of tumor stage with lymph 
node metastasis (p<0.05).It has been suggested to 

combine TT with the pathological staging to obtain 
a modified pT classification23 as TT being third 
dimension of tumor is accurate prognosticator of 
metastasis22. In our study, majority of cases were 
moderately differentiated showing significant 
association with lymph node metastasis 6, 10. Further-
more, grading system is considered as poor indica-
tor of outcome and response it is attributed to intra- 
observer variability in morphological assessment of 
degree of keratinization, pleomorphism (cellular + 
nuclear) and mitosis 24.

Lymphovascular and PNI are reported to have a 
substantial association with tumor size,  grade, 
nodes and with overall prognosis25, while others 
found no significant association of these 
variables26,27.Our study showed no significant associ-
ation with PNI. The variation in significance of PNI is 
most likely attributed to inconsistency in the meth-
odology along with limited number of cases being 
analyzed 28. Therefore, for validation advance 
studies are required.

CONCLUSION

A significant association between nodal involve-
ment and grade, stage, tumor size and tumor thick-
ness was found in oral squamous cell carcinoma. 
We recommend incorporation of these histopatho-
logical variables not only in protocols for treatment 
but also for assessment of prognosis. However 
further studies with larger sample size are warranted 
to justify these results.
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ABSTRACT
 

Background: Discovery of hepcidin, and its receptor in year 2000 has revolutionized iron metabolism studies. 
Measurement of serum hepcidin, may supplement existing investigational parameters of iron status in 
anemias. The aim of the study is to estimate baseline hepcidin level and evaluate it as a predictor of 
response after treatment of iron deficiency anemic with oral iron.

Methods: This was a purposive follow up study; involving 102 patients aged 18 years and above selected 
from medical outpatient departments of a tertiary care hospital of Karachi. Baseline CBC, iron studies, and 
serum hepcidin-25 were measured. Patients of IDA were treated with oral ferrous sulphate 200mg thrice daily 
for 8 weeks. Repeat CBC on follow up visit assessed response, defined as increment in hemoglobin level by 
>1gm/dl post treatment. Logistic regression analysis was applied and receiver operating characteristics 
curves were plotted to find utility and identify hepcidin cutoff values as a predictor for response. 

Results: Mean baseline serum hepcidin-25 was 37.34±22.60 ng/mL. Regression models showed for every one 
unit increase of hepcidin, the odds of hemoglobin improvement decreased by (1-0.972)=0.028gm/dl, serum 
hepcidin-25 by itself significantly predicted improvement in hemoglobin level P=<0.05. The area under the 
curve for hepcidin compared with post treated hemoglobin was 0.73 (95% CI: 0.63-0.83). For predicting 
response to therapy, hepcidin cutoff value of 40ng/mL, had sensitivity of 68%, specificity of 63%, positive 
predictive value of 85% and negative predictive value of 38%. Hepcidin quartiles were also constructed 
compairing 4th quartile parameters with 1st quartile parameters.  

Conclusion: Hepcidin 25 is a fair predictor for response of iron therapy in IDA patients; baseline hepcidin of 
40ng/ml predicts treatment response.

KEY WORDS: Iron deficiency, Anemia, Parameters, Tablet Ferrous Sulphate 200mg, Serum Hepcidin-25, ELISA, 
Bio Predictor For Response, Cutoff Value, Logistic Regression. 
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INTRODUCTION 

Iron deficiency (ID) is a prelatent phase in iron 
deficiency anemia (IDA), prolonged or untreated ID 
progresses to IDA the commonest anemia, affect-
ing two billion people worldwide1-3. Prevalence of 
IDA in South Asia is 43% -45%, with adverse health 
and economic consequences4. Treatment of IDA 
includes, dietary adjustments, iron enrichment of 
food and iron therapy1. Patients unresponsive to 
oral iron treatment (OIT) are advised intravenous 
iron preparations5.

Iron levels are exquisitely maintained in body, 
preventing iron toxicity6. Previous studies7-9 prove 
serum hepcidin-25 (SH) as master iron regulatory 

hormone, influencing iron absorption from entero-
cytes and its release in circulation. Initially produced 
in hepatocyte, as 84 amino acid preprohepcidin, 
and finally cleaved to 25 amino acid SH.10,11 Trans-
membrane receptor of hepcidin, Ferroportin is 
located at basolateral surface of enterocyte, mac-
rophage, hepatocyte, and placental cells, they are 
the only known iron exporter channels12. Hypoxia, 
inflammation and iron status regulate hepcidin. 
Erythropoiesis inhibits hepcidin expression13, 14.

Lemos et.al; provided data for hepcidin as a poten-
tial biomarker in IDA patients, thus SH levels may 
supplement complete blood count (CBC) and iron 
profile parameters in confirming IDA diagnosis, and 
appears to have lead over other novel indicators of 

iron e.g. soluble transferrin receptor (sTfR), zinc 
protoporphyrin (ZPP), 15 reticulocyte hemoglobin 
content (CHr), and percentage of hypochromic 
red blood cells (%HRBC) 6, 16, 17. Transferrin saturation 
percentage (TSAT%) shows diurnal variation and is 
influenced by inflammatory cytokines, nutritional 
status and liver disease, while ferritin, being an 
acute phase reactant may not effectively predict 
iron status, thus conventional haematological iron 
markers have limitations18. Interestingly, hepcidin 
levels are increased in anemia of chronic disease 
(ACD) and decreased in IDA19. Previously, hepcidin 
in ACD setting has been extensively researched, 
recently human and murine studies emerged on 
hepcidin in IDA setting 20, 21.
 
No local studies, on SH as a biopredictor exists22, 23. 
The objective of study was to assess baseline hepci-
din level in newly diagnosed IDA cases and to 
evaluate usefulness of SH as a predictor of response 
to OIT, therefore saving the medication expense 
and time of both physician and patient, minimizing 
economic burden of anemia on human resource 
and health budgets of resource challenged coun-
tries.

METHODS

This was a purposive study, involving 102 patients, of 
18 years and above, approved by Ziauddin Universi-
ty Ethical Review, and Research and Advocacy 
Committees. Clinically suspected patients of 
anemia were selected from medical OPD of Ziaud-
din hospital, Karachi. Written and informed consent 
was taken from patients at interview and clinical 
exam by researcher. Screening for IDA was by CBC, 
performed on automated hematology analyzer 
(Beckman coulter LH 500 Hematology Analyzer, 
USA) and iron study parameters (serum iron and 
Total Iron Binding Capacity estimation performed 
by calorimetric method and Serum Ferritin by immu-
noturbidimetric method on Roche Hitachi P-800 
automated chemistry analyzer Germany, TSAT% 
was measured by calculating, serum iron levels/TIB-
Cx100)24. Diagnosed IDA patients were further 
subjected to SH level (ELISA kit, MyBioSource USA, 
detection range of kit was 4.69-300ng/ml). Sampling 
duration was October 2013 -August 2014.
  
Patients, were included in study when; baseline 
hemoglobin(Hb) was<13gm/dl in men,         
<12gm/dl in women, hematocrit percent (Hct %) < 
45% in men, and < 35% in women, mean cell 
volume(MCV)<80 fl, mean concentration of hemo-
globin (MCH) <27pg, and mean concentration of 
hemoglobin content (MCHC) < 31gm/dl, serum 
ferritin <15 ng/ml, serum iron< 40ug/dl, transferrin 
saturation (TSAT%) <15%, and total iron binding 
capacity (TIBC) of >388ug/dl. 

Patients with all other forms of anemia, alcoholism, 
chronic blood loss, thalassemia major and trait, 

obesity (based on BMI) and pregnancy25 were 
excluded from study. Ferrous sulphate 200 mg was 
prescribed thrice daily, for eight weeks. Patients 
were reminded for medicine and follow up by 
telephonic and SMS alerts. At follow up, CBC was 
reperformed to check response to treatment, 
defined as increment in Hb values by >1gm/dl after 
8 weeks of OIT. 

STATISTICAL ANALYSIS 

Data entry and analysis was done on IBM SPSS 
version 20. Descriptive analysis for all the variables 
was done. For categorical and numerical variable, 
mean and standard deviation was calculated. To 
check baseline hepcidin as a biomarker, logistic 
regression was applied and odds ratio calculated. 
The efficiency of hepcidin as a bio predictor was 
evaluated using null and final model. After data 
was fitted to the logistic regression model, insignifi-
cant variables were taken out methodically and 
the model was modified, until model had variables 
having significant explainable effect on the 
response variable. Serum hepcidin quartiles were 
constructed to quantify scatter and fourth quartile 
was compared with first quartile. Receiver operat-
ing characteristics (ROC) curve was calculated for 
hepcidin levels as a predictor for response. The 
curves were assessed to identify suitable hepcidin 
cutoffs. The area under the curve for ROC curves 
(AUCROC) was created by non-parametric 
method. Sensitivity, specificity, positive predictive 
value (PPV), negative predicted value (NPV) of 
hepcidin as a bio predictor was determined for 
possible cutoff value of hepcidin, P value less than 
0.05 was considered statistically significant. 

RESULTS

Table 1 gives the descriptive characteristics of study 
participants before treatment. The mean age, Hb 
level, RBC count and SH level was 29.05(14.94) 
years, 9.20(1.51) gm/dl, 4.17(0.70) millions/ml3 and 
37.34(22.60) ng/mL respectively. All parameters of 
iron study were observed to be lower than normal 
range. Table 2, shows the comparison of red cell 
indices before and after OIT, with statistically signifi-
cant improvement p = < 0.0001 in all parameters. 
Table 3 shows hepcidin quartiles levels and other 
serological parameters along with frequency. 
Hepcidin level was higher in fourth quartile as com-
pared to first quartile, as well as better levels of 
ferritin, serum iron and TSAT% yet patients failed to 
increase their Hb levels comparable to patients in 
first quartile, validating that high hepcidin level 
prevents iron absorption. 

The predictability of baseline SH, as a bio predictor 
for iron response was tested by logistic regression 
analysis, also called a logit model, used to model 
log odds of the dichotomous outcome (improve-
ment in Hb after OIT; yes or no), as a linear combina-

tion of the predictor variables. A complex model, 
including all demographic variables such as age, 
gender, height, sex, weight, ethnicity, marital status 
along with iron profile parameters and hepcidin 
was initially fit on the data.  All demographic and 
iron profile variables were statistically insignificant 
except for hepcidin (p=0.031).  A second model 
was then fit where the impact of hepcidin alone 
was measured on the odds of improvement via OIT.

The second model was a good fit with a decrease 
in likelihood ratio of 8.026 for a loss of 1 degree of 
freedom (p-value = 0.0046) compared to the null 
(intercept-only) model. Indicating that hepcidin 
was statistically significant as a predictor of 
response to iron therapy. The model predicted 0.029 
gm/dl decrease in the log-odds of Hb improvement 
thus, for every one unit increase in hepcidin, the 
odds of Hb improvement decreased by (1-0.972- 
0.028 gm/dl).
 
Cutoff value of hepcidin that best separates Hb 
improvement from no improvement by OIT was 
calculated by plotting ROC curve (Fig1). Based on 
the data set, hepcidin cutoff point of 40ng/mL was 
selected as it minimizes the number of false positives 
and false negatives and has Sensitivity of 68%, Spec-
ificity of 63%; PPV of 85% and NPV of 38%. The alter-
nate value of 20ng/mL was also evaluated for com-
parison, and ruled out as undesirable, because the 
Sensitivity decreased to 32% while the specificity 
increased to 100% (all cases that did not improve 
were classified correctly). Out of 78 patients who 
showed response to OIT, hepcidin cut off value of 40 
ng/mL picked up n=53 (68%)-true positives but 
failed to pick n=25 (32%)–false negatives, and out of 
24 patients who showed no response to OIT, hepci-
din cut off value of 40ng/mL picked up n=15 
(63%)-true negatives and failed to pick n=9 (39%) 
patients who showed no response to OIT. Area 
under the curve was 0.73 or 73% (95% CI: 0.63, 0.83), 
demonstrating that the cutoff value is a fair discrimi-
nator of hemoglobin improvement. Diagnostic odds 
ratio (DOR) shows the usefulness of a diagnostic 
test, and the DOR for cutoff value 40 ng/mL is 3.53, 
demonstrating that hepcidin is 3.53 times more likely 
to predict improvement in Hb levels after treatment 
relative to not being able to do so. The DOR is great-
er than one so the test is discriminating correctly, 
which is favorable. The discriminating power for all 
models was in acceptable range. 

Limitations of this study were small sample size, C 
reactive protein and   1 acid glycoprotein was not 
evaluated due to budget limitations. Erythrocyte 
Sedimentation Rate was available for some 
patients only, (although high levels of ferritin and 
white blood count were checked to rule out ACD 
and inflammation, none of the patients had high 
levels). Collection time could not be specified for 
iron study to patients for logistics reasons. 

Table 1: Descriptive parameters, of study partici-
pants (n=102)

RBC=red blood cell; MCV=mean corpuscular 
volume; MCH=mean corpuscular hemoglobin; 
MCHC=mean corpuscular hemoglobin concentra-
tion; TIBC= total iron binding capacity; UIBC= unsat-
urated iron binding capacity; TSAT%= transferrin 
saturation percentage.

DISCUSSION

In this follow up study of IDA patients, recruited 
through internal medicine OPD of a tertiary care 
hospital, we measured baseline hepcidin levels and 
evaluated the performance of SH concentration as 
a biopredictor to diagnose responsiveness to OIT. 
Our mean baseline hepcidin value in IDA patients 
was higher than that reported by Naqvi et.al; 23. 

Ramesh kumar reported mean hepcidin levels of 
33.6±5.5ng/ml in 5out of 218 IDA patients27. Finding 
of Ramesh kumar was almost similar to our study; 
however the sample size was only 5 and cannot be 
generalized for whole population. Previously done 
studies in western region report mean hepcidin 
levels in IDA patients to be lesser than normal refer-
ence range11,18.  Reasons for a higher mean base-
line hepcidin levels in IDA patients in our study as 
compared to levels reported in western studies may 
be due to different, ELISA kit (MyBioSource), hepci-
din quantification method e.g. mass spectrometry; 
environmental pollution, circadian rhythm28 and 
genetic makeup11,18.  

Hepcidin level of >20ng/mL as a cut off value 
predicts unresponsiveness OIT with sensitivity of 
41.3%, specificity of 84.4%, PPV of 81.6% and NPV of 
46.3% 29. Our AUC for hepcidin was 0.73 [95% CI: 
0.63, 0.83] with post treated Hb, and this moderately 
predicted response to OIT. 

Pasricha et.al; reports, in a study for SH as diagnostic 
test of ID in female blood donors of premenopausal 
age, AUCROC curves for SH compared with ferritin 
<15 ng/mL and with sTfR-F index>3.2 as 0.87(0.82, 
0.92) in 59 ID donors and 0.89 (0.84, 0.93) in 53 ID 
donors respectively. Furthermore, Hepcidin cutoff 
value of <8ng/mL, had sensitivity and specificity of 
41.5% and 97.6%. However when cutoff value 
increased to <18ng/mL sensitivity and specificity 
was 79.2% and 85.6% respectively18. Pasricha et.al; 
obtained different result as he included non-ane-
mic ID patients, who donated blood three times a 
year, however, in our study chronic blood loss was 
excluded. Furthermore, erythropoiesis, due to 
increased blood donation, may inhibit hepcidin 
production, and thus lower SH levels14.

Hepcidin has been evaluated as a modest predic-
tor of dietary iron bioavailability in n=4 subjects after 
oral iron dose of 3.8 and 60 mg of iron for fourteen 
days30, our study also demonstrated SH as a modest 
bio predictor of Hb response to OIT. 

Concurrent to other studies this study recommends 
that severely anemic patients have high hepcidin 
levels; such patients may have a high propensity of 
failure to OIT29. This may warrant earlier and serial 
follow up and change in course of therapy at an 
earlier time. However, it needs to be determined if 
these patients are better candidate for earlier initia-

tion of intravenous iron therapy.
 
Future endeavors for hepcidin may involve its use as 
a point of care instrument for diagnosing IDA or iron 
status of patient in a developing country setting. 
Further research is warranted as normal reference 
range for hepcidin has not been standardized yet. 
Additionally, lack of automated analyzer limits 
clinical application of serum hepcidin for now.19

CONCLUSION

Serum hepcidin-25 moderately predicts response to 
oral iron therapy in IDA patients, hemoglobin 
improvement after 8 weeks of iron therapy was less 
compared to individual with low hepcidin. This 
indicates, an inverse relation exists between hepci-
din levels and improvement in hemoglobin levels. 
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DISCUSSION

In line with the reported evidence, Lymph node 
metastases is found in approximately 34%-50% of 
OSCC patients 12. We report an increased incidence 
of OSCC in older aged males. However, the 
incidence is increasing in younger age group 
patients as well as in females13 due to increased 
usage of tobacco, alcohol and dietary inadequa-
cies like insufficient intake of vegetables and fruits14.

In our study, buccal mucosa (46.8%) was the com-
monly involved site. However, in the west, tongue 
along with floor of mouth are commonest sites of 
OSCC 4 due to practices of alcohol use. 13

Tumor size and thickness showed significant associa-
tion with lymph nodes metastasis (p<0.032) (p<0.05) 
which is in agreement with other studies 15,16,17. How-
ever, disparity exists for optimal tumor thickness 
cutoff point 18, 19. In our study the cut off for tumor 
thickness is 3.1 mm while earlier studies have 
proposed 3mm to 6mm as cutoff point18. The prog-
nosis changed significantly at a cut–off of less than 
4mm of tumor thickness with local control, nodal 
disease and survival rates of 91%, 8%, and 100% 
respectively, compared with 84%, 48% and 74% for 
those 4mm or more20. So, Early detection of tumor 
will result in smaller tumor size, tumor thickness< 3 
mm and hence better prognosis, quality of life and 
long term survival.

Concurrent with other studies21, 22, we reported 
significant association of tumor stage with lymph 
node metastasis (p<0.05).It has been suggested to 

combine TT with the pathological staging to obtain 
a modified pT classification23 as TT being third 
dimension of tumor is accurate prognosticator of 
metastasis22. In our study, majority of cases were 
moderately differentiated showing significant 
association with lymph node metastasis 6, 10. Further-
more, grading system is considered as poor indica-
tor of outcome and response it is attributed to intra- 
observer variability in morphological assessment of 
degree of keratinization, pleomorphism (cellular + 
nuclear) and mitosis 24.

Lymphovascular and PNI are reported to have a 
substantial association with tumor size,  grade, 
nodes and with overall prognosis25, while others 
found no significant association of these 
variables26,27.Our study showed no significant associ-
ation with PNI. The variation in significance of PNI is 
most likely attributed to inconsistency in the meth-
odology along with limited number of cases being 
analyzed 28. Therefore, for validation advance 
studies are required.

CONCLUSION

A significant association between nodal involve-
ment and grade, stage, tumor size and tumor thick-
ness was found in oral squamous cell carcinoma. 
We recommend incorporation of these histopatho-
logical variables not only in protocols for treatment 
but also for assessment of prognosis. However 
further studies with larger sample size are warranted 
to justify these results.

ACKNOWLEDGEMENTS

 
We are thankful to Ziauddin University for providing 
research grant for this project. (ZU/HR/15/80420/02). 
We are also grateful to Dr Fouzia Lateef, Dr Adnan 
Zuberi, Dr Uzma Bukhari and the staff at Department 
of Histopathology Ziauddin Hospital North for their 
valuable insight and technical assistance.

REFERENCES
1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers 
C, Rebelo M, Parkin DM, Forman D, Bray F. Cancer 
incidence and mortality worldwide: sources, meth-
ods and major patterns in GLOBOCAN 2012. Int J 
Cancer. 2015;136: 359-386.
2. Markopoulos AK. Current aspects of oral squa-
mous cell carcinoma. Open Dent J. 2012;6:126-130
3. Jang WI, Wu HG, Park CI, Kim KH, Sung MW, Kim 
MJ et.al; Treatment of patients with clinically lymph 
node-negative squamous cell carcinoma of the 
oral cavity. Jpn J Clin Oncol.2008; 38(6): 395-401
4. Alkaisi A, Zaidan H, Al Kabtan I. The predictive 
value of tumor depth for cervical lymph node 
metastasis in oral squamous cell carcinoma; 
prospective and retrospective study in Iraq. J 
Cancer Sci Ther. 2014; 6: 253-257.
5. Garzino-Demo P, Dell’Acqua A, Dalmasso P, Faso-
lis M, Maggiore GM, Ramieri G, Berrone S, Rampino 
M, Schena M. Clinicopathological parameters and 
outcome of 245 patients operated for oral squa-
mous cell carcinoma. J Craniomaxillofac Surg. 
2006;34(6):344-350.
6. Jerjes W, Upile T, Petrie A, Riskalla A, Hamdoon Z, 
Vourvachis M et.al; Clinicopathological parame-
ters, recurrence, locoregional and distant metasta-
sis in 115 T1-T2 oral squamous cell carcinoma 
patients. Head Neck Oncol. 2010;2:1-40
7. Lodder WL, Teertstra HJ, Tan B, Pameijer FA, 
Smeele LE, van Velthuysen ML, van den Brekel MW. 
Tumour thickness in oral cancer using an intra-oral 
ultrasound probe. Eur Radiol. 2011;21(1):98-106.
8. Van der Schroeff MP, de Jong RJB. Staging and 
prognosis in head and neck cancer. Oral Oncol. 
2009;45(4):356-360.
9. Dancey JE. Assessing benefit in trials: Are we 
making progress in assessing progression in cancer 
clinical trials? Cancer. 2015;121(11):1728-1730.
10. Akinyamoju AO, Adeyemi BF, Kolude B, Adisa 
AO. Histological grading of oral squamous cell 
carcinoma patients in Ibadan using Bryne's and 
Broders' grading systems--a comparative study. Afr J 
Med Med Sci. 2013;42(4):333-337.
11. Edge SB, Compton CC. The American Joint 
Committee on Cancer: the 7th edition of the AJCC 
cancer staging manual and the future of TNM. Ann 
Surg Oncol. 2010;17(6):1471-1474.
12. Tankéré F, Camproux A, Barry B, Guedon C, 
Depondt J, Gehanno P. Prognostic value of lymph 
node involvement in oral cancers: a study of 137 
cases. Laryngoscope. 2000; 110: 2061-2065.
13. Hernández Guerrero JC, Jacinto Alemán LF, 
Jiménez Farfán Farfán MD, Macario Hernández A, 
Hernández Flores F, Alcántara Vázquez A. Preva-

lence trends of oral squamous cell carcinoma. 
Mexico City’s General Hospital experience. Medici-
na Oral, Patologia Oral y cirugia bucal.2013; 18: 
306-311.
14. Mackenzie J, Ah-See K, Thakker N, Sloan P, 
Maran AG, Birch J et.al; Increasing incidence of oral 
cancer amongst young persons: what is the aetiolo-
gy? Oral Oncol. 2000; 36: 387-389.
15. Koo BS, Lim YC, Lee JS, Choi EC. Management of 
contralateral N0 neck in oral cavity squamous cell 
carcinoma. Head Neck. 2006; 28: 896-901.
16. Olzowy B, Tsalemchuk Y, Schotten KJ, Reichel O, 
Harréus U. Frequency of bilateral cervical metasta-
ses in oropharyngeal squamous cell carcinoma: a 
retrospective analysis of 352 cases after bilateral 
neck dissection. Head Neck. 2011; 33: 239-243.
17. Aslam F, Atique M, Aslam M, Sarfraz T, Ayaz B, 
Alamgir W. Relation of tumour thickness with lymph 
node metastasis in oral squamous cell carcino-
ma.Pafmj .2012;64(4):529-533.
18. Huang SH, Hwang D, Lockwood G, Goldstein DP, 
O'Sullivan B. Predictive value of tumor thickness for 
cervical lymph‐node involvement in squamous cell 
carcinoma of the oral cavity. Cancer. 2009; 115: 
1489-1497.
19. Veness MJ, Morgan GJ, Sathiyaseelan Y, Gebski 
V. Anterior tongue cancer and the incidence of 
cervical lymph node metastases with increasing 
tumour thickness: should elective treatment to the 
neck be standard practice in all patients? ANZ J 
Surg. 2005;  75: 101-105.
20. Kane S, Gupta M, Kakade A, D’Cruz A. Depth of 
invasion is the most significant histological predictor 
of subclinical cervical lymph node metastasis in 
early squamous carcinomas of the oral cavity. Eur J 
Surg Oncol. 2006; 32: 795-803
21. Shingaki S, Takada M, Sasai K, Bibi R, Kobayashi T, 
Nomura T et.al; Impact of lymph node metastasis on 
the pattern of failure and survival in oral carcino-
mas. Am J Surg. 2003; 185: 278-284.
22. Sobin L, Wittekind C. International Union Against 
Cancer (UICC): TNM classification of malignant 
tumors 6th edition. 2002.  New York: Willey–Liss.
23. Greenberg JS, El Naggar AK, Mo V, Roberts D, 
Myers JN. Disparity in pathologic and clinical lymph 
node staging in oral tongue carcinoma. Cancer. 
2003;  98:508-515.
24. Bier‐Laning CM, Durazo‐Arvizu R, Muzaffar K, 
Petruzzelli GJ. Primary tumor thickness as a risk factor 
for contralateral cervical metastases in T1/T2 oral 
tongue squamous cell carcinoma. Laryngo-
scope.2009; 119: 883-888.
25. Capote-Moreno A, Naval L, Muñoz-Guerra MF, 
Sastre J, Rodríguez-Campo FJ. Prognostic factors 
influencing contralateral neck lymph node metas-
tases in oral and oropharyngeal carcinoma. J Oral 
Maxillofac Surg.2010; 68: 268-75.
26. Wallwork BD, Anderson SR, Coman WB. Squa-
mous cell carcinoma of the floor of the mouth: 
tumour thickness and the rate of cervical metasta-
sis. ANZ J Surg. 2007; 77: 761-764.
27. Weijers M, Snow GB, Bezemer DP, Van der Wal JE, 

Van Der Waal I. The status of the deep surgical 
margins in tongue and floor of mouth squamous cell 
carcinoma and risk of local recurrence; an analysis 
of 68 patients. Int J Oral Maxillofac Surg. 2004; 33: 
146-149.

28. Binmadi NO, Basile JR. Perineural invasion in oral 
squamous cell carcinoma: a discussion of signifi-
cance and review of the literature. Oral Oncol. 
2011; 47: 1005-1010.

INTRODUCTION 

Iron deficiency (ID) is a prelatent phase in iron 
deficiency anemia (IDA), prolonged or untreated ID 
progresses to IDA the commonest anemia, affect-
ing two billion people worldwide1-3. Prevalence of 
IDA in South Asia is 43% -45%, with adverse health 
and economic consequences4. Treatment of IDA 
includes, dietary adjustments, iron enrichment of 
food and iron therapy1. Patients unresponsive to 
oral iron treatment (OIT) are advised intravenous 
iron preparations5.

Iron levels are exquisitely maintained in body, 
preventing iron toxicity6. Previous studies7-9 prove 
serum hepcidin-25 (SH) as master iron regulatory 

hormone, influencing iron absorption from entero-
cytes and its release in circulation. Initially produced 
in hepatocyte, as 84 amino acid preprohepcidin, 
and finally cleaved to 25 amino acid SH.10,11 Trans-
membrane receptor of hepcidin, Ferroportin is 
located at basolateral surface of enterocyte, mac-
rophage, hepatocyte, and placental cells, they are 
the only known iron exporter channels12. Hypoxia, 
inflammation and iron status regulate hepcidin. 
Erythropoiesis inhibits hepcidin expression13, 14.

Lemos et.al; provided data for hepcidin as a poten-
tial biomarker in IDA patients, thus SH levels may 
supplement complete blood count (CBC) and iron 
profile parameters in confirming IDA diagnosis, and 
appears to have lead over other novel indicators of 

iron e.g. soluble transferrin receptor (sTfR), zinc 
protoporphyrin (ZPP), 15 reticulocyte hemoglobin 
content (CHr), and percentage of hypochromic 
red blood cells (%HRBC) 6, 16, 17. Transferrin saturation 
percentage (TSAT%) shows diurnal variation and is 
influenced by inflammatory cytokines, nutritional 
status and liver disease, while ferritin, being an 
acute phase reactant may not effectively predict 
iron status, thus conventional haematological iron 
markers have limitations18. Interestingly, hepcidin 
levels are increased in anemia of chronic disease 
(ACD) and decreased in IDA19. Previously, hepcidin 
in ACD setting has been extensively researched, 
recently human and murine studies emerged on 
hepcidin in IDA setting 20, 21.
 
No local studies, on SH as a biopredictor exists22, 23. 
The objective of study was to assess baseline hepci-
din level in newly diagnosed IDA cases and to 
evaluate usefulness of SH as a predictor of response 
to OIT, therefore saving the medication expense 
and time of both physician and patient, minimizing 
economic burden of anemia on human resource 
and health budgets of resource challenged coun-
tries.

METHODS

This was a purposive study, involving 102 patients, of 
18 years and above, approved by Ziauddin Universi-
ty Ethical Review, and Research and Advocacy 
Committees. Clinically suspected patients of 
anemia were selected from medical OPD of Ziaud-
din hospital, Karachi. Written and informed consent 
was taken from patients at interview and clinical 
exam by researcher. Screening for IDA was by CBC, 
performed on automated hematology analyzer 
(Beckman coulter LH 500 Hematology Analyzer, 
USA) and iron study parameters (serum iron and 
Total Iron Binding Capacity estimation performed 
by calorimetric method and Serum Ferritin by immu-
noturbidimetric method on Roche Hitachi P-800 
automated chemistry analyzer Germany, TSAT% 
was measured by calculating, serum iron levels/TIB-
Cx100)24. Diagnosed IDA patients were further 
subjected to SH level (ELISA kit, MyBioSource USA, 
detection range of kit was 4.69-300ng/ml). Sampling 
duration was October 2013 -August 2014.
  
Patients, were included in study when; baseline 
hemoglobin(Hb) was<13gm/dl in men,         
<12gm/dl in women, hematocrit percent (Hct %) < 
45% in men, and < 35% in women, mean cell 
volume(MCV)<80 fl, mean concentration of hemo-
globin (MCH) <27pg, and mean concentration of 
hemoglobin content (MCHC) < 31gm/dl, serum 
ferritin <15 ng/ml, serum iron< 40ug/dl, transferrin 
saturation (TSAT%) <15%, and total iron binding 
capacity (TIBC) of >388ug/dl. 

Patients with all other forms of anemia, alcoholism, 
chronic blood loss, thalassemia major and trait, 

obesity (based on BMI) and pregnancy25 were 
excluded from study. Ferrous sulphate 200 mg was 
prescribed thrice daily, for eight weeks. Patients 
were reminded for medicine and follow up by 
telephonic and SMS alerts. At follow up, CBC was 
reperformed to check response to treatment, 
defined as increment in Hb values by >1gm/dl after 
8 weeks of OIT. 

STATISTICAL ANALYSIS 

Data entry and analysis was done on IBM SPSS 
version 20. Descriptive analysis for all the variables 
was done. For categorical and numerical variable, 
mean and standard deviation was calculated. To 
check baseline hepcidin as a biomarker, logistic 
regression was applied and odds ratio calculated. 
The efficiency of hepcidin as a bio predictor was 
evaluated using null and final model. After data 
was fitted to the logistic regression model, insignifi-
cant variables were taken out methodically and 
the model was modified, until model had variables 
having significant explainable effect on the 
response variable. Serum hepcidin quartiles were 
constructed to quantify scatter and fourth quartile 
was compared with first quartile. Receiver operat-
ing characteristics (ROC) curve was calculated for 
hepcidin levels as a predictor for response. The 
curves were assessed to identify suitable hepcidin 
cutoffs. The area under the curve for ROC curves 
(AUCROC) was created by non-parametric 
method. Sensitivity, specificity, positive predictive 
value (PPV), negative predicted value (NPV) of 
hepcidin as a bio predictor was determined for 
possible cutoff value of hepcidin, P value less than 
0.05 was considered statistically significant. 

RESULTS

Table 1 gives the descriptive characteristics of study 
participants before treatment. The mean age, Hb 
level, RBC count and SH level was 29.05(14.94) 
years, 9.20(1.51) gm/dl, 4.17(0.70) millions/ml3 and 
37.34(22.60) ng/mL respectively. All parameters of 
iron study were observed to be lower than normal 
range. Table 2, shows the comparison of red cell 
indices before and after OIT, with statistically signifi-
cant improvement p = < 0.0001 in all parameters. 
Table 3 shows hepcidin quartiles levels and other 
serological parameters along with frequency. 
Hepcidin level was higher in fourth quartile as com-
pared to first quartile, as well as better levels of 
ferritin, serum iron and TSAT% yet patients failed to 
increase their Hb levels comparable to patients in 
first quartile, validating that high hepcidin level 
prevents iron absorption. 

The predictability of baseline SH, as a bio predictor 
for iron response was tested by logistic regression 
analysis, also called a logit model, used to model 
log odds of the dichotomous outcome (improve-
ment in Hb after OIT; yes or no), as a linear combina-

tion of the predictor variables. A complex model, 
including all demographic variables such as age, 
gender, height, sex, weight, ethnicity, marital status 
along with iron profile parameters and hepcidin 
was initially fit on the data.  All demographic and 
iron profile variables were statistically insignificant 
except for hepcidin (p=0.031).  A second model 
was then fit where the impact of hepcidin alone 
was measured on the odds of improvement via OIT.

The second model was a good fit with a decrease 
in likelihood ratio of 8.026 for a loss of 1 degree of 
freedom (p-value = 0.0046) compared to the null 
(intercept-only) model. Indicating that hepcidin 
was statistically significant as a predictor of 
response to iron therapy. The model predicted 0.029 
gm/dl decrease in the log-odds of Hb improvement 
thus, for every one unit increase in hepcidin, the 
odds of Hb improvement decreased by (1-0.972- 
0.028 gm/dl).
 
Cutoff value of hepcidin that best separates Hb 
improvement from no improvement by OIT was 
calculated by plotting ROC curve (Fig1). Based on 
the data set, hepcidin cutoff point of 40ng/mL was 
selected as it minimizes the number of false positives 
and false negatives and has Sensitivity of 68%, Spec-
ificity of 63%; PPV of 85% and NPV of 38%. The alter-
nate value of 20ng/mL was also evaluated for com-
parison, and ruled out as undesirable, because the 
Sensitivity decreased to 32% while the specificity 
increased to 100% (all cases that did not improve 
were classified correctly). Out of 78 patients who 
showed response to OIT, hepcidin cut off value of 40 
ng/mL picked up n=53 (68%)-true positives but 
failed to pick n=25 (32%)–false negatives, and out of 
24 patients who showed no response to OIT, hepci-
din cut off value of 40ng/mL picked up n=15 
(63%)-true negatives and failed to pick n=9 (39%) 
patients who showed no response to OIT. Area 
under the curve was 0.73 or 73% (95% CI: 0.63, 0.83), 
demonstrating that the cutoff value is a fair discrimi-
nator of hemoglobin improvement. Diagnostic odds 
ratio (DOR) shows the usefulness of a diagnostic 
test, and the DOR for cutoff value 40 ng/mL is 3.53, 
demonstrating that hepcidin is 3.53 times more likely 
to predict improvement in Hb levels after treatment 
relative to not being able to do so. The DOR is great-
er than one so the test is discriminating correctly, 
which is favorable. The discriminating power for all 
models was in acceptable range. 

Limitations of this study were small sample size, C 
reactive protein and   1 acid glycoprotein was not 
evaluated due to budget limitations. Erythrocyte 
Sedimentation Rate was available for some 
patients only, (although high levels of ferritin and 
white blood count were checked to rule out ACD 
and inflammation, none of the patients had high 
levels). Collection time could not be specified for 
iron study to patients for logistics reasons. 

Table 1: Descriptive parameters, of study partici-
pants (n=102)

RBC=red blood cell; MCV=mean corpuscular 
volume; MCH=mean corpuscular hemoglobin; 
MCHC=mean corpuscular hemoglobin concentra-
tion; TIBC= total iron binding capacity; UIBC= unsat-
urated iron binding capacity; TSAT%= transferrin 
saturation percentage.

DISCUSSION

In this follow up study of IDA patients, recruited 
through internal medicine OPD of a tertiary care 
hospital, we measured baseline hepcidin levels and 
evaluated the performance of SH concentration as 
a biopredictor to diagnose responsiveness to OIT. 
Our mean baseline hepcidin value in IDA patients 
was higher than that reported by Naqvi et.al; 23. 

Ramesh kumar reported mean hepcidin levels of 
33.6±5.5ng/ml in 5out of 218 IDA patients27. Finding 
of Ramesh kumar was almost similar to our study; 
however the sample size was only 5 and cannot be 
generalized for whole population. Previously done 
studies in western region report mean hepcidin 
levels in IDA patients to be lesser than normal refer-
ence range11,18.  Reasons for a higher mean base-
line hepcidin levels in IDA patients in our study as 
compared to levels reported in western studies may 
be due to different, ELISA kit (MyBioSource), hepci-
din quantification method e.g. mass spectrometry; 
environmental pollution, circadian rhythm28 and 
genetic makeup11,18.  

Hepcidin level of >20ng/mL as a cut off value 
predicts unresponsiveness OIT with sensitivity of 
41.3%, specificity of 84.4%, PPV of 81.6% and NPV of 
46.3% 29. Our AUC for hepcidin was 0.73 [95% CI: 
0.63, 0.83] with post treated Hb, and this moderately 
predicted response to OIT. 

Pasricha et.al; reports, in a study for SH as diagnostic 
test of ID in female blood donors of premenopausal 
age, AUCROC curves for SH compared with ferritin 
<15 ng/mL and with sTfR-F index>3.2 as 0.87(0.82, 
0.92) in 59 ID donors and 0.89 (0.84, 0.93) in 53 ID 
donors respectively. Furthermore, Hepcidin cutoff 
value of <8ng/mL, had sensitivity and specificity of 
41.5% and 97.6%. However when cutoff value 
increased to <18ng/mL sensitivity and specificity 
was 79.2% and 85.6% respectively18. Pasricha et.al; 
obtained different result as he included non-ane-
mic ID patients, who donated blood three times a 
year, however, in our study chronic blood loss was 
excluded. Furthermore, erythropoiesis, due to 
increased blood donation, may inhibit hepcidin 
production, and thus lower SH levels14.

Hepcidin has been evaluated as a modest predic-
tor of dietary iron bioavailability in n=4 subjects after 
oral iron dose of 3.8 and 60 mg of iron for fourteen 
days30, our study also demonstrated SH as a modest 
bio predictor of Hb response to OIT. 

Concurrent to other studies this study recommends 
that severely anemic patients have high hepcidin 
levels; such patients may have a high propensity of 
failure to OIT29. This may warrant earlier and serial 
follow up and change in course of therapy at an 
earlier time. However, it needs to be determined if 
these patients are better candidate for earlier initia-

tion of intravenous iron therapy.
 
Future endeavors for hepcidin may involve its use as 
a point of care instrument for diagnosing IDA or iron 
status of patient in a developing country setting. 
Further research is warranted as normal reference 
range for hepcidin has not been standardized yet. 
Additionally, lack of automated analyzer limits 
clinical application of serum hepcidin for now.19

CONCLUSION

Serum hepcidin-25 moderately predicts response to 
oral iron therapy in IDA patients, hemoglobin 
improvement after 8 weeks of iron therapy was less 
compared to individual with low hepcidin. This 
indicates, an inverse relation exists between hepci-
din levels and improvement in hemoglobin levels. 
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DISCUSSION

In line with the reported evidence, Lymph node 
metastases is found in approximately 34%-50% of 
OSCC patients 12. We report an increased incidence 
of OSCC in older aged males. However, the 
incidence is increasing in younger age group 
patients as well as in females13 due to increased 
usage of tobacco, alcohol and dietary inadequa-
cies like insufficient intake of vegetables and fruits14.

In our study, buccal mucosa (46.8%) was the com-
monly involved site. However, in the west, tongue 
along with floor of mouth are commonest sites of 
OSCC 4 due to practices of alcohol use. 13

Tumor size and thickness showed significant associa-
tion with lymph nodes metastasis (p<0.032) (p<0.05) 
which is in agreement with other studies 15,16,17. How-
ever, disparity exists for optimal tumor thickness 
cutoff point 18, 19. In our study the cut off for tumor 
thickness is 3.1 mm while earlier studies have 
proposed 3mm to 6mm as cutoff point18. The prog-
nosis changed significantly at a cut–off of less than 
4mm of tumor thickness with local control, nodal 
disease and survival rates of 91%, 8%, and 100% 
respectively, compared with 84%, 48% and 74% for 
those 4mm or more20. So, Early detection of tumor 
will result in smaller tumor size, tumor thickness< 3 
mm and hence better prognosis, quality of life and 
long term survival.

Concurrent with other studies21, 22, we reported 
significant association of tumor stage with lymph 
node metastasis (p<0.05).It has been suggested to 

combine TT with the pathological staging to obtain 
a modified pT classification23 as TT being third 
dimension of tumor is accurate prognosticator of 
metastasis22. In our study, majority of cases were 
moderately differentiated showing significant 
association with lymph node metastasis 6, 10. Further-
more, grading system is considered as poor indica-
tor of outcome and response it is attributed to intra- 
observer variability in morphological assessment of 
degree of keratinization, pleomorphism (cellular + 
nuclear) and mitosis 24.

Lymphovascular and PNI are reported to have a 
substantial association with tumor size,  grade, 
nodes and with overall prognosis25, while others 
found no significant association of these 
variables26,27.Our study showed no significant associ-
ation with PNI. The variation in significance of PNI is 
most likely attributed to inconsistency in the meth-
odology along with limited number of cases being 
analyzed 28. Therefore, for validation advance 
studies are required.

CONCLUSION

A significant association between nodal involve-
ment and grade, stage, tumor size and tumor thick-
ness was found in oral squamous cell carcinoma. 
We recommend incorporation of these histopatho-
logical variables not only in protocols for treatment 
but also for assessment of prognosis. However 
further studies with larger sample size are warranted 
to justify these results.
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INTRODUCTION 

Iron deficiency (ID) is a prelatent phase in iron 
deficiency anemia (IDA), prolonged or untreated ID 
progresses to IDA the commonest anemia, affect-
ing two billion people worldwide1-3. Prevalence of 
IDA in South Asia is 43% -45%, with adverse health 
and economic consequences4. Treatment of IDA 
includes, dietary adjustments, iron enrichment of 
food and iron therapy1. Patients unresponsive to 
oral iron treatment (OIT) are advised intravenous 
iron preparations5.

Iron levels are exquisitely maintained in body, 
preventing iron toxicity6. Previous studies7-9 prove 
serum hepcidin-25 (SH) as master iron regulatory 

hormone, influencing iron absorption from entero-
cytes and its release in circulation. Initially produced 
in hepatocyte, as 84 amino acid preprohepcidin, 
and finally cleaved to 25 amino acid SH.10,11 Trans-
membrane receptor of hepcidin, Ferroportin is 
located at basolateral surface of enterocyte, mac-
rophage, hepatocyte, and placental cells, they are 
the only known iron exporter channels12. Hypoxia, 
inflammation and iron status regulate hepcidin. 
Erythropoiesis inhibits hepcidin expression13, 14.

Lemos et.al; provided data for hepcidin as a poten-
tial biomarker in IDA patients, thus SH levels may 
supplement complete blood count (CBC) and iron 
profile parameters in confirming IDA diagnosis, and 
appears to have lead over other novel indicators of 

iron e.g. soluble transferrin receptor (sTfR), zinc 
protoporphyrin (ZPP), 15 reticulocyte hemoglobin 
content (CHr), and percentage of hypochromic 
red blood cells (%HRBC) 6, 16, 17. Transferrin saturation 
percentage (TSAT%) shows diurnal variation and is 
influenced by inflammatory cytokines, nutritional 
status and liver disease, while ferritin, being an 
acute phase reactant may not effectively predict 
iron status, thus conventional haematological iron 
markers have limitations18. Interestingly, hepcidin 
levels are increased in anemia of chronic disease 
(ACD) and decreased in IDA19. Previously, hepcidin 
in ACD setting has been extensively researched, 
recently human and murine studies emerged on 
hepcidin in IDA setting 20, 21.
 
No local studies, on SH as a biopredictor exists22, 23. 
The objective of study was to assess baseline hepci-
din level in newly diagnosed IDA cases and to 
evaluate usefulness of SH as a predictor of response 
to OIT, therefore saving the medication expense 
and time of both physician and patient, minimizing 
economic burden of anemia on human resource 
and health budgets of resource challenged coun-
tries.

METHODS

This was a purposive study, involving 102 patients, of 
18 years and above, approved by Ziauddin Universi-
ty Ethical Review, and Research and Advocacy 
Committees. Clinically suspected patients of 
anemia were selected from medical OPD of Ziaud-
din hospital, Karachi. Written and informed consent 
was taken from patients at interview and clinical 
exam by researcher. Screening for IDA was by CBC, 
performed on automated hematology analyzer 
(Beckman coulter LH 500 Hematology Analyzer, 
USA) and iron study parameters (serum iron and 
Total Iron Binding Capacity estimation performed 
by calorimetric method and Serum Ferritin by immu-
noturbidimetric method on Roche Hitachi P-800 
automated chemistry analyzer Germany, TSAT% 
was measured by calculating, serum iron levels/TIB-
Cx100)24. Diagnosed IDA patients were further 
subjected to SH level (ELISA kit, MyBioSource USA, 
detection range of kit was 4.69-300ng/ml). Sampling 
duration was October 2013 -August 2014.
  
Patients, were included in study when; baseline 
hemoglobin(Hb) was<13gm/dl in men,         
<12gm/dl in women, hematocrit percent (Hct %) < 
45% in men, and < 35% in women, mean cell 
volume(MCV)<80 fl, mean concentration of hemo-
globin (MCH) <27pg, and mean concentration of 
hemoglobin content (MCHC) < 31gm/dl, serum 
ferritin <15 ng/ml, serum iron< 40ug/dl, transferrin 
saturation (TSAT%) <15%, and total iron binding 
capacity (TIBC) of >388ug/dl. 

Patients with all other forms of anemia, alcoholism, 
chronic blood loss, thalassemia major and trait, 

obesity (based on BMI) and pregnancy25 were 
excluded from study. Ferrous sulphate 200 mg was 
prescribed thrice daily, for eight weeks. Patients 
were reminded for medicine and follow up by 
telephonic and SMS alerts. At follow up, CBC was 
reperformed to check response to treatment, 
defined as increment in Hb values by >1gm/dl after 
8 weeks of OIT. 

STATISTICAL ANALYSIS 

Data entry and analysis was done on IBM SPSS 
version 20. Descriptive analysis for all the variables 
was done. For categorical and numerical variable, 
mean and standard deviation was calculated. To 
check baseline hepcidin as a biomarker, logistic 
regression was applied and odds ratio calculated. 
The efficiency of hepcidin as a bio predictor was 
evaluated using null and final model. After data 
was fitted to the logistic regression model, insignifi-
cant variables were taken out methodically and 
the model was modified, until model had variables 
having significant explainable effect on the 
response variable. Serum hepcidin quartiles were 
constructed to quantify scatter and fourth quartile 
was compared with first quartile. Receiver operat-
ing characteristics (ROC) curve was calculated for 
hepcidin levels as a predictor for response. The 
curves were assessed to identify suitable hepcidin 
cutoffs. The area under the curve for ROC curves 
(AUCROC) was created by non-parametric 
method. Sensitivity, specificity, positive predictive 
value (PPV), negative predicted value (NPV) of 
hepcidin as a bio predictor was determined for 
possible cutoff value of hepcidin, P value less than 
0.05 was considered statistically significant. 

RESULTS

Table 1 gives the descriptive characteristics of study 
participants before treatment. The mean age, Hb 
level, RBC count and SH level was 29.05(14.94) 
years, 9.20(1.51) gm/dl, 4.17(0.70) millions/ml3 and 
37.34(22.60) ng/mL respectively. All parameters of 
iron study were observed to be lower than normal 
range. Table 2, shows the comparison of red cell 
indices before and after OIT, with statistically signifi-
cant improvement p = < 0.0001 in all parameters. 
Table 3 shows hepcidin quartiles levels and other 
serological parameters along with frequency. 
Hepcidin level was higher in fourth quartile as com-
pared to first quartile, as well as better levels of 
ferritin, serum iron and TSAT% yet patients failed to 
increase their Hb levels comparable to patients in 
first quartile, validating that high hepcidin level 
prevents iron absorption. 

The predictability of baseline SH, as a bio predictor 
for iron response was tested by logistic regression 
analysis, also called a logit model, used to model 
log odds of the dichotomous outcome (improve-
ment in Hb after OIT; yes or no), as a linear combina-

tion of the predictor variables. A complex model, 
including all demographic variables such as age, 
gender, height, sex, weight, ethnicity, marital status 
along with iron profile parameters and hepcidin 
was initially fit on the data.  All demographic and 
iron profile variables were statistically insignificant 
except for hepcidin (p=0.031).  A second model 
was then fit where the impact of hepcidin alone 
was measured on the odds of improvement via OIT.

The second model was a good fit with a decrease 
in likelihood ratio of 8.026 for a loss of 1 degree of 
freedom (p-value = 0.0046) compared to the null 
(intercept-only) model. Indicating that hepcidin 
was statistically significant as a predictor of 
response to iron therapy. The model predicted 0.029 
gm/dl decrease in the log-odds of Hb improvement 
thus, for every one unit increase in hepcidin, the 
odds of Hb improvement decreased by (1-0.972- 
0.028 gm/dl).
 
Cutoff value of hepcidin that best separates Hb 
improvement from no improvement by OIT was 
calculated by plotting ROC curve (Fig1). Based on 
the data set, hepcidin cutoff point of 40ng/mL was 
selected as it minimizes the number of false positives 
and false negatives and has Sensitivity of 68%, Spec-
ificity of 63%; PPV of 85% and NPV of 38%. The alter-
nate value of 20ng/mL was also evaluated for com-
parison, and ruled out as undesirable, because the 
Sensitivity decreased to 32% while the specificity 
increased to 100% (all cases that did not improve 
were classified correctly). Out of 78 patients who 
showed response to OIT, hepcidin cut off value of 40 
ng/mL picked up n=53 (68%)-true positives but 
failed to pick n=25 (32%)–false negatives, and out of 
24 patients who showed no response to OIT, hepci-
din cut off value of 40ng/mL picked up n=15 
(63%)-true negatives and failed to pick n=9 (39%) 
patients who showed no response to OIT. Area 
under the curve was 0.73 or 73% (95% CI: 0.63, 0.83), 
demonstrating that the cutoff value is a fair discrimi-
nator of hemoglobin improvement. Diagnostic odds 
ratio (DOR) shows the usefulness of a diagnostic 
test, and the DOR for cutoff value 40 ng/mL is 3.53, 
demonstrating that hepcidin is 3.53 times more likely 
to predict improvement in Hb levels after treatment 
relative to not being able to do so. The DOR is great-
er than one so the test is discriminating correctly, 
which is favorable. The discriminating power for all 
models was in acceptable range. 

Limitations of this study were small sample size, C 
reactive protein and   1 acid glycoprotein was not 
evaluated due to budget limitations. Erythrocyte 
Sedimentation Rate was available for some 
patients only, (although high levels of ferritin and 
white blood count were checked to rule out ACD 
and inflammation, none of the patients had high 
levels). Collection time could not be specified for 
iron study to patients for logistics reasons. 

Table 1: Descriptive parameters, of study partici-
pants (n=102)

RBC=red blood cell; MCV=mean corpuscular 
volume; MCH=mean corpuscular hemoglobin; 
MCHC=mean corpuscular hemoglobin concentra-
tion; TIBC= total iron binding capacity; UIBC= unsat-
urated iron binding capacity; TSAT%= transferrin 
saturation percentage.

DISCUSSION

In this follow up study of IDA patients, recruited 
through internal medicine OPD of a tertiary care 
hospital, we measured baseline hepcidin levels and 
evaluated the performance of SH concentration as 
a biopredictor to diagnose responsiveness to OIT. 
Our mean baseline hepcidin value in IDA patients 
was higher than that reported by Naqvi et.al; 23. 

Ramesh kumar reported mean hepcidin levels of 
33.6±5.5ng/ml in 5out of 218 IDA patients27. Finding 
of Ramesh kumar was almost similar to our study; 
however the sample size was only 5 and cannot be 
generalized for whole population. Previously done 
studies in western region report mean hepcidin 
levels in IDA patients to be lesser than normal refer-
ence range11,18.  Reasons for a higher mean base-
line hepcidin levels in IDA patients in our study as 
compared to levels reported in western studies may 
be due to different, ELISA kit (MyBioSource), hepci-
din quantification method e.g. mass spectrometry; 
environmental pollution, circadian rhythm28 and 
genetic makeup11,18.  

Hepcidin level of >20ng/mL as a cut off value 
predicts unresponsiveness OIT with sensitivity of 
41.3%, specificity of 84.4%, PPV of 81.6% and NPV of 
46.3% 29. Our AUC for hepcidin was 0.73 [95% CI: 
0.63, 0.83] with post treated Hb, and this moderately 
predicted response to OIT. 

Pasricha et.al; reports, in a study for SH as diagnostic 
test of ID in female blood donors of premenopausal 
age, AUCROC curves for SH compared with ferritin 
<15 ng/mL and with sTfR-F index>3.2 as 0.87(0.82, 
0.92) in 59 ID donors and 0.89 (0.84, 0.93) in 53 ID 
donors respectively. Furthermore, Hepcidin cutoff 
value of <8ng/mL, had sensitivity and specificity of 
41.5% and 97.6%. However when cutoff value 
increased to <18ng/mL sensitivity and specificity 
was 79.2% and 85.6% respectively18. Pasricha et.al; 
obtained different result as he included non-ane-
mic ID patients, who donated blood three times a 
year, however, in our study chronic blood loss was 
excluded. Furthermore, erythropoiesis, due to 
increased blood donation, may inhibit hepcidin 
production, and thus lower SH levels14.

Hepcidin has been evaluated as a modest predic-
tor of dietary iron bioavailability in n=4 subjects after 
oral iron dose of 3.8 and 60 mg of iron for fourteen 
days30, our study also demonstrated SH as a modest 
bio predictor of Hb response to OIT. 

Concurrent to other studies this study recommends 
that severely anemic patients have high hepcidin 
levels; such patients may have a high propensity of 
failure to OIT29. This may warrant earlier and serial 
follow up and change in course of therapy at an 
earlier time. However, it needs to be determined if 
these patients are better candidate for earlier initia-

tion of intravenous iron therapy.
 
Future endeavors for hepcidin may involve its use as 
a point of care instrument for diagnosing IDA or iron 
status of patient in a developing country setting. 
Further research is warranted as normal reference 
range for hepcidin has not been standardized yet. 
Additionally, lack of automated analyzer limits 
clinical application of serum hepcidin for now.19

CONCLUSION

Serum hepcidin-25 moderately predicts response to 
oral iron therapy in IDA patients, hemoglobin 
improvement after 8 weeks of iron therapy was less 
compared to individual with low hepcidin. This 
indicates, an inverse relation exists between hepci-
din levels and improvement in hemoglobin levels. 
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Bio Parameters Mean (+S.D)

Age (yrs)

Weight (kg)

Height (cm)

BMI (kg/m2)

Homoglobin (gm/dl)

Hematocrit (%)

RBC (x10E12/L)

MCV (f1)

MCH (pg)

MCHC (gm/dl)

Ferritin (ng/ml)

Serum iron (ug/dl)

TIBC (ug/dl)

UIBC (ug/dl)

TSAT (%)

Hepcidin (ng/mL)

CBC parameters

Iron studies parameters

Serum hepcidin-25 level

29.05 (+14.94)

54.46 (+13.36)

21.86 (+4.86)

158.19 (+7.92)

9.20 (+1.51)

29.31 (+4.75)

4.17 (+0.70)

70.31 (+8.29)

22.10 (+3.32)

30.91 (+1.66)

12.52 (+10.81)

26.35 (+14.52

392 (+97.30)

370 (+90.13)

6.90 (+3.69)

37.34 (+22.60)
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DISCUSSION

In line with the reported evidence, Lymph node 
metastases is found in approximately 34%-50% of 
OSCC patients 12. We report an increased incidence 
of OSCC in older aged males. However, the 
incidence is increasing in younger age group 
patients as well as in females13 due to increased 
usage of tobacco, alcohol and dietary inadequa-
cies like insufficient intake of vegetables and fruits14.

In our study, buccal mucosa (46.8%) was the com-
monly involved site. However, in the west, tongue 
along with floor of mouth are commonest sites of 
OSCC 4 due to practices of alcohol use. 13

Tumor size and thickness showed significant associa-
tion with lymph nodes metastasis (p<0.032) (p<0.05) 
which is in agreement with other studies 15,16,17. How-
ever, disparity exists for optimal tumor thickness 
cutoff point 18, 19. In our study the cut off for tumor 
thickness is 3.1 mm while earlier studies have 
proposed 3mm to 6mm as cutoff point18. The prog-
nosis changed significantly at a cut–off of less than 
4mm of tumor thickness with local control, nodal 
disease and survival rates of 91%, 8%, and 100% 
respectively, compared with 84%, 48% and 74% for 
those 4mm or more20. So, Early detection of tumor 
will result in smaller tumor size, tumor thickness< 3 
mm and hence better prognosis, quality of life and 
long term survival.

Concurrent with other studies21, 22, we reported 
significant association of tumor stage with lymph 
node metastasis (p<0.05).It has been suggested to 

combine TT with the pathological staging to obtain 
a modified pT classification23 as TT being third 
dimension of tumor is accurate prognosticator of 
metastasis22. In our study, majority of cases were 
moderately differentiated showing significant 
association with lymph node metastasis 6, 10. Further-
more, grading system is considered as poor indica-
tor of outcome and response it is attributed to intra- 
observer variability in morphological assessment of 
degree of keratinization, pleomorphism (cellular + 
nuclear) and mitosis 24.

Lymphovascular and PNI are reported to have a 
substantial association with tumor size,  grade, 
nodes and with overall prognosis25, while others 
found no significant association of these 
variables26,27.Our study showed no significant associ-
ation with PNI. The variation in significance of PNI is 
most likely attributed to inconsistency in the meth-
odology along with limited number of cases being 
analyzed 28. Therefore, for validation advance 
studies are required.

CONCLUSION

A significant association between nodal involve-
ment and grade, stage, tumor size and tumor thick-
ness was found in oral squamous cell carcinoma. 
We recommend incorporation of these histopatho-
logical variables not only in protocols for treatment 
but also for assessment of prognosis. However 
further studies with larger sample size are warranted 
to justify these results.
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Table 2: Comparison of pre and post treatment CBC

*: Hb, hemoglobin                
  ** P value =.0001

Table 3: Table for Hepcidin quartiles

Hb= hemoglobin; TIBC = total iron binding capacity; TSAT%= transferrin saturation percentage.

Figure 1: ROC curve for Hepcidin as independent and response as dependent variable

DISCUSSION

In this follow up study of IDA patients, recruited 
through internal medicine OPD of a tertiary care 
hospital, we measured baseline hepcidin levels and 
evaluated the performance of SH concentration as 
a biopredictor to diagnose responsiveness to OIT. 
Our mean baseline hepcidin value in IDA patients 
was higher than that reported by Naqvi et.al; 23. 

Ramesh kumar reported mean hepcidin levels of 
33.6±5.5ng/ml in 5out of 218 IDA patients27. Finding 
of Ramesh kumar was almost similar to our study; 
however the sample size was only 5 and cannot be 
generalized for whole population. Previously done 
studies in western region report mean hepcidin 
levels in IDA patients to be lesser than normal refer-
ence range11,18.  Reasons for a higher mean base-
line hepcidin levels in IDA patients in our study as 
compared to levels reported in western studies may 
be due to different, ELISA kit (MyBioSource), hepci-
din quantification method e.g. mass spectrometry; 
environmental pollution, circadian rhythm28 and 
genetic makeup11,18.  

Hepcidin level of >20ng/mL as a cut off value 
predicts unresponsiveness OIT with sensitivity of 
41.3%, specificity of 84.4%, PPV of 81.6% and NPV of 
46.3% 29. Our AUC for hepcidin was 0.73 [95% CI: 
0.63, 0.83] with post treated Hb, and this moderately 
predicted response to OIT. 

Pasricha et.al; reports, in a study for SH as diagnostic 
test of ID in female blood donors of premenopausal 
age, AUCROC curves for SH compared with ferritin 
<15 ng/mL and with sTfR-F index>3.2 as 0.87(0.82, 
0.92) in 59 ID donors and 0.89 (0.84, 0.93) in 53 ID 
donors respectively. Furthermore, Hepcidin cutoff 
value of <8ng/mL, had sensitivity and specificity of 
41.5% and 97.6%. However when cutoff value 
increased to <18ng/mL sensitivity and specificity 
was 79.2% and 85.6% respectively18. Pasricha et.al; 
obtained different result as he included non-ane-
mic ID patients, who donated blood three times a 
year, however, in our study chronic blood loss was 
excluded. Furthermore, erythropoiesis, due to 
increased blood donation, may inhibit hepcidin 
production, and thus lower SH levels14.

Hepcidin has been evaluated as a modest predic-
tor of dietary iron bioavailability in n=4 subjects after 
oral iron dose of 3.8 and 60 mg of iron for fourteen 
days30, our study also demonstrated SH as a modest 
bio predictor of Hb response to OIT. 

Concurrent to other studies this study recommends 
that severely anemic patients have high hepcidin 
levels; such patients may have a high propensity of 
failure to OIT29. This may warrant earlier and serial 
follow up and change in course of therapy at an 
earlier time. However, it needs to be determined if 
these patients are better candidate for earlier initia-

tion of intravenous iron therapy.
 
Future endeavors for hepcidin may involve its use as 
a point of care instrument for diagnosing IDA or iron 
status of patient in a developing country setting. 
Further research is warranted as normal reference 
range for hepcidin has not been standardized yet. 
Additionally, lack of automated analyzer limits 
clinical application of serum hepcidin for now.19

CONCLUSION

Serum hepcidin-25 moderately predicts response to 
oral iron therapy in IDA patients, hemoglobin 
improvement after 8 weeks of iron therapy was less 
compared to individual with low hepcidin. This 
indicates, an inverse relation exists between hepci-
din levels and improvement in hemoglobin levels. 
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SERUM HEPCIDIN-25: A PREDICTOR OF RESPONSE TO ORAL IRON THERAPY

Parameters (units) (SD) Pre treatemt values Post treatemt values Hb*
Difference

Hb (gm/dl)

Hct (%)

RBT (x10E12/L)

MCV (fl)

MCH (pg)

MCHC  (gm/dl)

9.20 (+1.51)

29.31 (+4.75)

4.17 (+0.70)

70.31 (+8.29)

22.01 (+3.32)

30.91 (+1.66)

11.50 (+1.39)

35.32 (+4.03)

4.63 (+0.62)

78.08 (+6.78)

25.13 (+3.00)

31.95 (+1.95)

2.15**

5.68**

0.46**

7.69**

3.12**

1.05**

Variables
Mean (Std.Deviation)

First quartile
n=25
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10.45(+10.66) 11.98(+11.72) 11.84(+8.22) 15.86(+12.16)
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DISCUSSION

In line with the reported evidence, Lymph node 
metastases is found in approximately 34%-50% of 
OSCC patients 12. We report an increased incidence 
of OSCC in older aged males. However, the 
incidence is increasing in younger age group 
patients as well as in females13 due to increased 
usage of tobacco, alcohol and dietary inadequa-
cies like insufficient intake of vegetables and fruits14.

In our study, buccal mucosa (46.8%) was the com-
monly involved site. However, in the west, tongue 
along with floor of mouth are commonest sites of 
OSCC 4 due to practices of alcohol use. 13

Tumor size and thickness showed significant associa-
tion with lymph nodes metastasis (p<0.032) (p<0.05) 
which is in agreement with other studies 15,16,17. How-
ever, disparity exists for optimal tumor thickness 
cutoff point 18, 19. In our study the cut off for tumor 
thickness is 3.1 mm while earlier studies have 
proposed 3mm to 6mm as cutoff point18. The prog-
nosis changed significantly at a cut–off of less than 
4mm of tumor thickness with local control, nodal 
disease and survival rates of 91%, 8%, and 100% 
respectively, compared with 84%, 48% and 74% for 
those 4mm or more20. So, Early detection of tumor 
will result in smaller tumor size, tumor thickness< 3 
mm and hence better prognosis, quality of life and 
long term survival.

Concurrent with other studies21, 22, we reported 
significant association of tumor stage with lymph 
node metastasis (p<0.05).It has been suggested to 

combine TT with the pathological staging to obtain 
a modified pT classification23 as TT being third 
dimension of tumor is accurate prognosticator of 
metastasis22. In our study, majority of cases were 
moderately differentiated showing significant 
association with lymph node metastasis 6, 10. Further-
more, grading system is considered as poor indica-
tor of outcome and response it is attributed to intra- 
observer variability in morphological assessment of 
degree of keratinization, pleomorphism (cellular + 
nuclear) and mitosis 24.

Lymphovascular and PNI are reported to have a 
substantial association with tumor size,  grade, 
nodes and with overall prognosis25, while others 
found no significant association of these 
variables26,27.Our study showed no significant associ-
ation with PNI. The variation in significance of PNI is 
most likely attributed to inconsistency in the meth-
odology along with limited number of cases being 
analyzed 28. Therefore, for validation advance 
studies are required.

CONCLUSION

A significant association between nodal involve-
ment and grade, stage, tumor size and tumor thick-
ness was found in oral squamous cell carcinoma. 
We recommend incorporation of these histopatho-
logical variables not only in protocols for treatment 
but also for assessment of prognosis. However 
further studies with larger sample size are warranted 
to justify these results.

ACKNOWLEDGEMENTS

 
We are thankful to Ziauddin University for providing 
research grant for this project. (ZU/HR/15/80420/02). 
We are also grateful to Dr Fouzia Lateef, Dr Adnan 
Zuberi, Dr Uzma Bukhari and the staff at Department 
of Histopathology Ziauddin Hospital North for their 
valuable insight and technical assistance.

REFERENCES
1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers 
C, Rebelo M, Parkin DM, Forman D, Bray F. Cancer 
incidence and mortality worldwide: sources, meth-
ods and major patterns in GLOBOCAN 2012. Int J 
Cancer. 2015;136: 359-386.
2. Markopoulos AK. Current aspects of oral squa-
mous cell carcinoma. Open Dent J. 2012;6:126-130
3. Jang WI, Wu HG, Park CI, Kim KH, Sung MW, Kim 
MJ et.al; Treatment of patients with clinically lymph 
node-negative squamous cell carcinoma of the 
oral cavity. Jpn J Clin Oncol.2008; 38(6): 395-401
4. Alkaisi A, Zaidan H, Al Kabtan I. The predictive 
value of tumor depth for cervical lymph node 
metastasis in oral squamous cell carcinoma; 
prospective and retrospective study in Iraq. J 
Cancer Sci Ther. 2014; 6: 253-257.
5. Garzino-Demo P, Dell’Acqua A, Dalmasso P, Faso-
lis M, Maggiore GM, Ramieri G, Berrone S, Rampino 
M, Schena M. Clinicopathological parameters and 
outcome of 245 patients operated for oral squa-
mous cell carcinoma. J Craniomaxillofac Surg. 
2006;34(6):344-350.
6. Jerjes W, Upile T, Petrie A, Riskalla A, Hamdoon Z, 
Vourvachis M et.al; Clinicopathological parame-
ters, recurrence, locoregional and distant metasta-
sis in 115 T1-T2 oral squamous cell carcinoma 
patients. Head Neck Oncol. 2010;2:1-40
7. Lodder WL, Teertstra HJ, Tan B, Pameijer FA, 
Smeele LE, van Velthuysen ML, van den Brekel MW. 
Tumour thickness in oral cancer using an intra-oral 
ultrasound probe. Eur Radiol. 2011;21(1):98-106.
8. Van der Schroeff MP, de Jong RJB. Staging and 
prognosis in head and neck cancer. Oral Oncol. 
2009;45(4):356-360.
9. Dancey JE. Assessing benefit in trials: Are we 
making progress in assessing progression in cancer 
clinical trials? Cancer. 2015;121(11):1728-1730.
10. Akinyamoju AO, Adeyemi BF, Kolude B, Adisa 
AO. Histological grading of oral squamous cell 
carcinoma patients in Ibadan using Bryne's and 
Broders' grading systems--a comparative study. Afr J 
Med Med Sci. 2013;42(4):333-337.
11. Edge SB, Compton CC. The American Joint 
Committee on Cancer: the 7th edition of the AJCC 
cancer staging manual and the future of TNM. Ann 
Surg Oncol. 2010;17(6):1471-1474.
12. Tankéré F, Camproux A, Barry B, Guedon C, 
Depondt J, Gehanno P. Prognostic value of lymph 
node involvement in oral cancers: a study of 137 
cases. Laryngoscope. 2000; 110: 2061-2065.
13. Hernández Guerrero JC, Jacinto Alemán LF, 
Jiménez Farfán Farfán MD, Macario Hernández A, 
Hernández Flores F, Alcántara Vázquez A. Preva-

lence trends of oral squamous cell carcinoma. 
Mexico City’s General Hospital experience. Medici-
na Oral, Patologia Oral y cirugia bucal.2013; 18: 
306-311.
14. Mackenzie J, Ah-See K, Thakker N, Sloan P, 
Maran AG, Birch J et.al; Increasing incidence of oral 
cancer amongst young persons: what is the aetiolo-
gy? Oral Oncol. 2000; 36: 387-389.
15. Koo BS, Lim YC, Lee JS, Choi EC. Management of 
contralateral N0 neck in oral cavity squamous cell 
carcinoma. Head Neck. 2006; 28: 896-901.
16. Olzowy B, Tsalemchuk Y, Schotten KJ, Reichel O, 
Harréus U. Frequency of bilateral cervical metasta-
ses in oropharyngeal squamous cell carcinoma: a 
retrospective analysis of 352 cases after bilateral 
neck dissection. Head Neck. 2011; 33: 239-243.
17. Aslam F, Atique M, Aslam M, Sarfraz T, Ayaz B, 
Alamgir W. Relation of tumour thickness with lymph 
node metastasis in oral squamous cell carcino-
ma.Pafmj .2012;64(4):529-533.
18. Huang SH, Hwang D, Lockwood G, Goldstein DP, 
O'Sullivan B. Predictive value of tumor thickness for 
cervical lymph‐node involvement in squamous cell 
carcinoma of the oral cavity. Cancer. 2009; 115: 
1489-1497.
19. Veness MJ, Morgan GJ, Sathiyaseelan Y, Gebski 
V. Anterior tongue cancer and the incidence of 
cervical lymph node metastases with increasing 
tumour thickness: should elective treatment to the 
neck be standard practice in all patients? ANZ J 
Surg. 2005;  75: 101-105.
20. Kane S, Gupta M, Kakade A, D’Cruz A. Depth of 
invasion is the most significant histological predictor 
of subclinical cervical lymph node metastasis in 
early squamous carcinomas of the oral cavity. Eur J 
Surg Oncol. 2006; 32: 795-803
21. Shingaki S, Takada M, Sasai K, Bibi R, Kobayashi T, 
Nomura T et.al; Impact of lymph node metastasis on 
the pattern of failure and survival in oral carcino-
mas. Am J Surg. 2003; 185: 278-284.
22. Sobin L, Wittekind C. International Union Against 
Cancer (UICC): TNM classification of malignant 
tumors 6th edition. 2002.  New York: Willey–Liss.
23. Greenberg JS, El Naggar AK, Mo V, Roberts D, 
Myers JN. Disparity in pathologic and clinical lymph 
node staging in oral tongue carcinoma. Cancer. 
2003;  98:508-515.
24. Bier‐Laning CM, Durazo‐Arvizu R, Muzaffar K, 
Petruzzelli GJ. Primary tumor thickness as a risk factor 
for contralateral cervical metastases in T1/T2 oral 
tongue squamous cell carcinoma. Laryngo-
scope.2009; 119: 883-888.
25. Capote-Moreno A, Naval L, Muñoz-Guerra MF, 
Sastre J, Rodríguez-Campo FJ. Prognostic factors 
influencing contralateral neck lymph node metas-
tases in oral and oropharyngeal carcinoma. J Oral 
Maxillofac Surg.2010; 68: 268-75.
26. Wallwork BD, Anderson SR, Coman WB. Squa-
mous cell carcinoma of the floor of the mouth: 
tumour thickness and the rate of cervical metasta-
sis. ANZ J Surg. 2007; 77: 761-764.
27. Weijers M, Snow GB, Bezemer DP, Van der Wal JE, 

Van Der Waal I. The status of the deep surgical 
margins in tongue and floor of mouth squamous cell 
carcinoma and risk of local recurrence; an analysis 
of 68 patients. Int J Oral Maxillofac Surg. 2004; 33: 
146-149.

28. Binmadi NO, Basile JR. Perineural invasion in oral 
squamous cell carcinoma: a discussion of signifi-
cance and review of the literature. Oral Oncol. 
2011; 47: 1005-1010.

DISCUSSION

In this follow up study of IDA patients, recruited 
through internal medicine OPD of a tertiary care 
hospital, we measured baseline hepcidin levels and 
evaluated the performance of SH concentration as 
a biopredictor to diagnose responsiveness to OIT. 
Our mean baseline hepcidin value in IDA patients 
was higher than that reported by Naqvi et.al; 23. 

Ramesh kumar reported mean hepcidin levels of 
33.6±5.5ng/ml in 5out of 218 IDA patients27. Finding 
of Ramesh kumar was almost similar to our study; 
however the sample size was only 5 and cannot be 
generalized for whole population. Previously done 
studies in western region report mean hepcidin 
levels in IDA patients to be lesser than normal refer-
ence range11,18.  Reasons for a higher mean base-
line hepcidin levels in IDA patients in our study as 
compared to levels reported in western studies may 
be due to different, ELISA kit (MyBioSource), hepci-
din quantification method e.g. mass spectrometry; 
environmental pollution, circadian rhythm28 and 
genetic makeup11,18.  

Hepcidin level of >20ng/mL as a cut off value 
predicts unresponsiveness OIT with sensitivity of 
41.3%, specificity of 84.4%, PPV of 81.6% and NPV of 
46.3% 29. Our AUC for hepcidin was 0.73 [95% CI: 
0.63, 0.83] with post treated Hb, and this moderately 
predicted response to OIT. 

Pasricha et.al; reports, in a study for SH as diagnostic 
test of ID in female blood donors of premenopausal 
age, AUCROC curves for SH compared with ferritin 
<15 ng/mL and with sTfR-F index>3.2 as 0.87(0.82, 
0.92) in 59 ID donors and 0.89 (0.84, 0.93) in 53 ID 
donors respectively. Furthermore, Hepcidin cutoff 
value of <8ng/mL, had sensitivity and specificity of 
41.5% and 97.6%. However when cutoff value 
increased to <18ng/mL sensitivity and specificity 
was 79.2% and 85.6% respectively18. Pasricha et.al; 
obtained different result as he included non-ane-
mic ID patients, who donated blood three times a 
year, however, in our study chronic blood loss was 
excluded. Furthermore, erythropoiesis, due to 
increased blood donation, may inhibit hepcidin 
production, and thus lower SH levels14.

Hepcidin has been evaluated as a modest predic-
tor of dietary iron bioavailability in n=4 subjects after 
oral iron dose of 3.8 and 60 mg of iron for fourteen 
days30, our study also demonstrated SH as a modest 
bio predictor of Hb response to OIT. 

Concurrent to other studies this study recommends 
that severely anemic patients have high hepcidin 
levels; such patients may have a high propensity of 
failure to OIT29. This may warrant earlier and serial 
follow up and change in course of therapy at an 
earlier time. However, it needs to be determined if 
these patients are better candidate for earlier initia-

tion of intravenous iron therapy.
 
Future endeavors for hepcidin may involve its use as 
a point of care instrument for diagnosing IDA or iron 
status of patient in a developing country setting. 
Further research is warranted as normal reference 
range for hepcidin has not been standardized yet. 
Additionally, lack of automated analyzer limits 
clinical application of serum hepcidin for now.19

CONCLUSION

Serum hepcidin-25 moderately predicts response to 
oral iron therapy in IDA patients, hemoglobin 
improvement after 8 weeks of iron therapy was less 
compared to individual with low hepcidin. This 
indicates, an inverse relation exists between hepci-
din levels and improvement in hemoglobin levels. 
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DISCUSSION

In this follow up study of IDA patients, recruited 
through internal medicine OPD of a tertiary care 
hospital, we measured baseline hepcidin levels and 
evaluated the performance of SH concentration as 
a biopredictor to diagnose responsiveness to OIT. 
Our mean baseline hepcidin value in IDA patients 
was higher than that reported by Naqvi et.al; 23. 

Ramesh kumar reported mean hepcidin levels of 
33.6±5.5ng/ml in 5out of 218 IDA patients27. Finding 
of Ramesh kumar was almost similar to our study; 
however the sample size was only 5 and cannot be 
generalized for whole population. Previously done 
studies in western region report mean hepcidin 
levels in IDA patients to be lesser than normal refer-
ence range11,18.  Reasons for a higher mean base-
line hepcidin levels in IDA patients in our study as 
compared to levels reported in western studies may 
be due to different, ELISA kit (MyBioSource), hepci-
din quantification method e.g. mass spectrometry; 
environmental pollution, circadian rhythm28 and 
genetic makeup11,18.  

Hepcidin level of >20ng/mL as a cut off value 
predicts unresponsiveness OIT with sensitivity of 
41.3%, specificity of 84.4%, PPV of 81.6% and NPV of 
46.3% 29. Our AUC for hepcidin was 0.73 [95% CI: 
0.63, 0.83] with post treated Hb, and this moderately 
predicted response to OIT. 

Pasricha et.al; reports, in a study for SH as diagnostic 
test of ID in female blood donors of premenopausal 
age, AUCROC curves for SH compared with ferritin 
<15 ng/mL and with sTfR-F index>3.2 as 0.87(0.82, 
0.92) in 59 ID donors and 0.89 (0.84, 0.93) in 53 ID 
donors respectively. Furthermore, Hepcidin cutoff 
value of <8ng/mL, had sensitivity and specificity of 
41.5% and 97.6%. However when cutoff value 
increased to <18ng/mL sensitivity and specificity 
was 79.2% and 85.6% respectively18. Pasricha et.al; 
obtained different result as he included non-ane-
mic ID patients, who donated blood three times a 
year, however, in our study chronic blood loss was 
excluded. Furthermore, erythropoiesis, due to 
increased blood donation, may inhibit hepcidin 
production, and thus lower SH levels14.

Hepcidin has been evaluated as a modest predic-
tor of dietary iron bioavailability in n=4 subjects after 
oral iron dose of 3.8 and 60 mg of iron for fourteen 
days30, our study also demonstrated SH as a modest 
bio predictor of Hb response to OIT. 

Concurrent to other studies this study recommends 
that severely anemic patients have high hepcidin 
levels; such patients may have a high propensity of 
failure to OIT29. This may warrant earlier and serial 
follow up and change in course of therapy at an 
earlier time. However, it needs to be determined if 
these patients are better candidate for earlier initia-

tion of intravenous iron therapy.
 
Future endeavors for hepcidin may involve its use as 
a point of care instrument for diagnosing IDA or iron 
status of patient in a developing country setting. 
Further research is warranted as normal reference 
range for hepcidin has not been standardized yet. 
Additionally, lack of automated analyzer limits 
clinical application of serum hepcidin for now.19

CONCLUSION

Serum hepcidin-25 moderately predicts response to 
oral iron therapy in IDA patients, hemoglobin 
improvement after 8 weeks of iron therapy was less 
compared to individual with low hepcidin. This 
indicates, an inverse relation exists between hepci-
din levels and improvement in hemoglobin levels. 
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Table 1: Characteristics of OSCC patients.

Differences in histopathological grading of OSCC 
with age is shown in Table 2. Moderately differenti-
ated OSCC was predominant histopathological 
differentiation in 30-39 years (19; 46.3%), 40-49 years 
(16; 43.2%), 60-69 years (12; 48%) and 20-29 years (7; 
100%) age groups. While poorly differentiated 
OSCC was predominantly seen (17; 60.7%) in 50-59 
years age group (Table 2).

Table 2:  Associtation of histopathological grades of 
OSCC with different age groups

Table 3 shows the correlation between frequencies 
of cigarettes, gutka and pan consumption and 
histopathological differentiation. Moderately differ-
entiated OSCC was more common in patients who 
smoked 5-15 cigarettes per day (24; 40%) and those 
who consumed 5-15 packets of gutka per day (39; 
49.4%). For pan consumers (with frequency of 5-15 
pans per day) both moderately differentiated (39; 
42%) and poorly differentiated OSCC (40; 43%) had 
equal distribution.

Poorly differentiated OSCC was the predominant 
histopathological grade for cigarette smokers (> 15 
cigarette / day) (20; 48.7%) and gutka users (> 15 
packets / day) (25; 64.1%). For pan users (> 15 pan / 
day), both well differentiated (9; 40.9%) and moder-
ately differentiated OSCC (8; 36.4%) showed equal 
distribution (Table 3).

Table 3: Correlation between frequency of ciga-
rettes, gutka, pan consumption and histopathologi-
cal differentiation in OSCC patients.

DISCUSSION

Gender, wise distribution in our study revealed male 
preponderance with 108 (78.3%) male and 30 
(21.7%) female OSCC patients. This could be due to 
higher consumption of gutka, pan and cigarette 
smoking in male gender which is consistent with 
findings of other studies 11, 12. In contrast, a study 
conducted in Lahore observed an equal preva-
lence of OSSC in both genders 13. However, in some 
parts of the world the incidence of OSCC in females 
is increasing, possibly due to of their increasing 
indulgence in high-risk habits 14.

The habits of smoking, gutka and pan are also 
popular in younger age groups due to attractive 
appearance, low prices and easy availability of 
these products, supported by deficiency of knowl-
edge about their devastating effects. In the present 
study, the age of patients ranged from 20 to 69 
years with the peak age range of OSCC occur-
rence in the 30-39 years (41; 29.7%). This finding is in 
agreement with a study carried out in Taiwan 15. 
Similarly, a study in India reported a high incidence 
of OSCC below 40 years of age 16. In contrast a 
research conducted in an Indian population report-
ed greater incidence in the age range of 51-60 
years 17. While another study reported the average 
age of diagnosis of oral malignancy as 62 years 18.
 
Majority of OSCC patients were Muhajirs (Urdu 
speaking people) (55.8%). Urdu speaking people 
have migrated from India at the time of partition 
and have retained their social and cultural heritage 
19. This is in accordance with the researches done in 
Karachi, which also confirms that malignancy was 
predominant amongst the Mohajirs 14, 20. 

In our study the most common site of involvement 
was the buccal mucosa (58.0%) followed by tongue 
(17.4%). These findings are consistent with other 
studies carried out in this region 21, 22. In some Asian 
countries such as Thailand, Taiwan and India, 
buccal mucosa was also found to be the most 
common site of involvement 23. In contrast, tongue is 
the most commonly affected site of oral cancers in 
western countries as tobacco smoking is more prev-
alent than tobacco chewing (9). Similarly, in Iran, 
UK, and Srilanka, the most common site of involve-

ment was the tongue 24,25,26. This difference seems to 
be related to different habits 27.

The histopathological distribution of OSCC in our 
study indicated a clear predominance of moder-
ately differentiated carcinoma (n=19) in 30-39 year 
age group. A research done in Thailand revealed 
that most of the OSCC tumors were moderate to 
well differentiated carcinoma, in patients younger 
than 45 year 28. Similarly, a study conducted in Kara-
chi revealed equal distribution of well-differentiated 
and moderately differentiated carcinoma with age 
ranges between 21-40 years 29. In contrast a study 
conducted in Iran reported majority of cases were 
diagnosed as well differentiated carcinoma with 
age ranges of 20-40 years 24.

In our study risk factors were smoking, gutka and 
pan. Tobacco smokers have a 27 fold higher risk of 
developing Oral squamous cell carcinoma as com-
pared to non-smokers 30. Tobacco-specific nitrosa-
mines (N-nitroso compounds) play a major role in 
the malignant transformation of oral squamous cell 
carcinoma 6. In our study subjects who consumed 
more than 15 cigarettes per day 48.7% (n=20) are 
significantly associated with poorly differentiated 
carcinoma. This is consistent with a study conduct-
ed in Brazil, demonstrating 18.8% of smokers who 
consumed more than 20 cigarettes per day had 
poorly differentiated carcinoma (40.4%) 31. Muange 
et al., reported cigarette smoking in 60% of cases, 
with poorly differentiated carcinoma (48.8%) 32. 
Degree of low differentiation risk increased with 
increasing number of cigarette smoked 33.

An industrially prepared mixture of areca nut, slaked 
lime, catechin containing substance, sandalwood 
fragrance and tobacco is known as Gutka which is 
kept in the buccal pouches for long periods and its 
juices are sucked in. This leads to significant expo-
sure of the subjected mucosa to carcinogens 7. In 
our study subjects who consumed gutka more than 
15 packets per day are significantly associated with 
poorly differentiated carcinoma (25; 64.1%). In 
contrast, a study conducted in Karachi reported 
60% of cases as well differentiated carcinoma 34 
.Similar findings were seen in a study where, gutka 
users (70%) showed 66% of well differentiated carci-
noma 35. While another Indian study conducted by 
Bhat et al., showed 52% of gutka consumers in 
which 47% were confirmed as well differentiated 
carcinoma 36. These studies have not mentioned the 
details about frequency and duration of consump-
tion of these products and we assume that 
prolonged use of these products in our patients has 
resulted in poorly differentiated OSCC37. People get 
addicted to gutka as it is reported to have stimulant 
and relaxation effects. When a person chews 
gutka, the mixture directly enters the system through 
the oral cavity 38. While in the case of smoking, the 
harmful chemicals reach the lungs and so smoking 
is 90% related with lung cancer 39. 

Betel quid (BQ) chewing is an ancient ethnic prac-
tice in Southeast Asian countries. Betel quid is 
chewed owing to its medicinal properties 37 and as 
a symbol of social life. Betel Quid in Pakistan and 
India is called ‘Pan’. The components of pan are 
betel leaf (Piper betel), areca nut (Areca catechu) 
also called betel nut and slaked lime (calcium 
hydroxide). Further use of tobacco and other spices 
are dependent on the individual’s choice. The 
major components of the areca nut are fats, carbo-
hydrates, fiber, proteins, polyphenols (flavonolsand-
tannins), minerals and alkaloids 40. Nitrosamines are 
generated by nitrosation of the alkaloids in stored 
dried nuts and when in the mouth, especially in the 
acid environment, in the presence of nitric oxide 
generated by bacteria 41. BQ chewing forms reac-
tive oxygen species (ROS) that is harmful to oral 
mucosa under an alkaline environment during the 
auto oxidation of areca nut (AN) polyphenols. 
Slaked lime is mainly calcium hydroxide. In coastal 
areas of Sri Lanka, slaked lime is produced by heat-
ing sea shells and in the islands of the Pacific it is 
discovered from limestone. When it is added in pan 
it creates erosion of oral mucosa and allow pene-
tration of betel quid carcinogens through mucous 
membrane 42.  

 In our study subjects who consumed 5- 15 pans per 
day were significantly associated with poorly differ-
entiated carcinoma (40; 40%). In contrast, Znoar et 
al., in India reported majority of subjects with well 
differentiated carcinoma (48.3%) 43. This is in accor-
dance with a study conducted in Karachi, in which 
86.7% of patients had history of pan consumption, 
and well-differentiated type was prevalent histolog-
ical pattern 29.  OSCC patients with pan habits 
showed a greater tendency for structural changes 
in the oral epithelium and hence may be at a 
higher risk of getting converted to malignancy. 

CONCLUSION
 

Outcomes of the present study revealed associa-
tion between frequency of risk factors (cigarette, 
gutka and pan) with histopathological pattern. In 
Pakistan the usage of gutka, pan along with ciga-
rettes is prevalent because they are easily available 
from roadside shops for a very cheap amount. 
There is an essential requirement for establishing 
regarding awareness campaign in all age groups, 
against the consumption of these addictive prod-
ucts, in order to lower the incidence of OSCC.
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