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Original Article

Background: Cytokeratins are the largest sub‑group of intermediate filaments and represent the most 
abundant proteins in epithelial cells. CYFRA 21‑1 (human cytokeratin fragment antigen 21‑1) is a soluble 
fragment of cytokeratin 19 known to increase in various malignancies.
Aim: The present study is aimed to estimate salivary and serum levels of CYFRA 21‑1 in oral squamous cell 
carcinoma (OSCC) patients and to compare them with healthy controls.
Settings and Design: A prospective, case‑control study.
Material and Methods: This study included a total of 80 subjects, comprising 40 OSCC patients and 40 
healthy controls. Saliva and blood samples were collected from the study population, and serum and salivary 
CYFRA 21‑1 levels were measured by enzyme‑linked immunosorbent assay.
Statistical Analysis Used: The statistical tests applied were independent t‑test, ANOVA test for comparison, 
and Post hoc test for correlation. A P value of < 0.05 was considered statistically significant.
Results: A statistically significant increase in salivary and serum CYFRA 21‑1 levels was observed between 
OSCC and control groups and with an increase in the pathological tumour node metastasis stage and 
histopathological grade of OSCC. On correlating salivary and serum CYFRA 21‑1 values, there were 3‑fold 
higher salivary levels than serum.
Conclusion: CYFRA 21‑1 can be suggested as a tumour marker that can be used for the early diagnosis of 
the OSCC. Further prospective studies with a larger sample size and advanced techniques recommended 
before CYFRA 21‑1 can be recommended for routine clinical use.
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INTRODUCTION

Oral squamous cell carcinoma (OSCC) is one of  the most 
aggressive malignancies worldwide, with a high propensity 
for local invasion and distant metastases.[1] Although many 
treatment modalities have been available, the 5‑year survival 
mean remained as low as 30–50%. Many research studies 
have proposed an early detection of  the lesion as a means 
of  the prevention of  the disease. Recently, there has been 
an ever‑growing effort directed toward the immunological 
markers for the diagnosis of  OSCC.[2]

Body fluids such as blood and saliva remain the best 
choice for OSCC screening and diagnosis. They are easily 
accessible, non‑traumatic, and less time‑consuming and 
require less and inexpensive instruments with minimal 
training. Samples can be taken repeatedly and can be used 
for mass screening of  a large population.[3,4] In recent years, 
several exciting developments have occurred, especially in 
biomarkers, such as certain degradation products such as 
cytokeratins (CKs). These are proteins of  the intermediate 
filament family and the main components of  the cell 
cytoskeleton. The cytokeratin family is expressed by all 
epithelial cells and appear to be a useful marker of  epithelial 
differentiation.[5,6]

Cytokeratin 19 has a low molecular weight of  40  kDa 
with an isoelectric pH of  5.2. It is expressed and 
immunohistochemically detectable in the cytoplasm of  
epithelial tumour cells. Although cytokeratins are part of  
the cytoskeleton, some fragments might be released in the 
body fluids because of  cell lysis or tumour necrosis. For 
these reasons, the cytokeratin subunit 19 fragment can be 
used as a tumour marker for various cancers. Cytokeratin 
fraction 21‑1  (CYFRA 21‑1) is a soluble fragment of  
cytokeratin 19 released into the circulation. It can be 
quantified using various commercially available specific 
serological and salivary assays.[5,6]

Most frequently used CKs for the detection of  carcinomas 
are tissue polypeptide antigen  (TPA), tissue polypeptide 
specific antigen  (TPS), and cytokeratin fragment 
21‑1 (CYFRA 21‑1), but the latter one showed promising 
results in non‑small‑cell lung, breast, gastric, oesophagus, 
and pancreatic cancers.[7,8] Paucity of  studies in OSCC leads 
us to evaluate the clinical utility of  CYFRA 21‑1 in OSCC.

MATERIALS AND METHODS

The current observational study was carried out after 
obtaining ethical clearance and patient consent. We 
finalised 40 newly diagnosed OSCC subjects of  both 

genders between the ages 30 and 78 based on Broders 
histopathological classification, and 40 age‑matched healthy 
subjects were selected as controls. Staging was performed 
by the pathological tumour node metastasis  (pTNM) 
classification system.[9]

After explaining the procedural details of  the study, an 
in‑depth case history was taken. Serum was procured 
from the blood (3 ml) that was aseptically collected and 
centrifuged for 10  minutes at 2000  rpm. The subjects 
were instructed to restrain from food intake for at least an 
hour before saliva procurement. The unstimulated whole 
saliva was taken following the diurnal rhythm between 
9 am and 12 pm, and the supernatant was collected by 
centrifuging the saliva for 25 min at 2000 rpm and stored 
at  ‑80°C till further analysis.[1,4] The serum and salivary 
CYFRA 21‑1 were assayed using a sandwich enzyme‑linked 
immunosorbent assay kit  (XEMA Co., Ltd Moscow, 
Russia). The detection range was 0.5–50  ng/ml, with 
620 nm micro‑plate reader absorbency.

Statistical analysis
The data thus obtained were analysed using IBM SPSS 
ver.  23, and appropriate statistical tests were applied. 
Demographics, grading, and staging were subjected to 
descriptive statistics [Table 1]. Comparison of  mean serum 
and saliva levels of  CYFRA 21‑1 between OSCC patients 
and the control group was performed by independent T 
test  [Table  2]. One‑way ANOVA with post hoc Tukey 

Table 1: Demographic groups and sub‑groups among the cases
Parameters Cases 40 (100%) Control 40 (100%)

Frequency Percentage 
(%)

Frequency Percentage 
(%)

Age Range
<50 years 17 42.5 16 40
>50 years 23 57.5 24 60

Sex
Men 27 67.5 28 70
Women 13 32.5 12 30

Grading
Well‑differentiated 15 37.5 ‑ ‑
Moderately 
differentiated

16 40 ‑ ‑

Poorly 
differentiated

9 22.5 ‑ ‑

pTNM
pT1N0 8 20.0 ‑ ‑
pT1N1 1 2.5 ‑ ‑
pT1N2b 1 2.5 ‑ ‑
pT2N0 10 25.0 ‑ ‑
pT2N1 8 20.0 ‑ ‑
pT2N2 4 10.0 ‑ ‑

Staging
Stage I 8 23.5 ‑ ‑
Stage II 10 29.4 ‑ ‑
Stage III 9 26.5 ‑ ‑
Stage IV 5 20.6 ‑ ‑
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test were performed for inter‑group and intra‑group 
comparisons and correlations  [Tables  3–6]  [Figure  1]. 
A receiver operating characteristic (ROC) curve was used to 
determine sensitivity and specificity of  serum and salivary 
CYFRA 21‑1 [Figure 2].

RESULTS

Demographics
Both the case and the control groups were age‑  and 
gender‑matched. However, there were no subjects 
with the habit of  smoking or chewing tobacco in the 
control group. The distribution of  the subjects for the 
various grades and the stages of  the OSCC are shown 
in [Table 1].

CYFRA 21‑1 levels between the groups
A significantly higher  (p  <  0.01) mean serum marker 
was seen in the OSCC  (6.82  ng/ml) than in the 
normal subjects  (1.34  ng/ml). Similarly, significantly 
higher (p < 0.01) mean salivary CYFRA 21‑1 (22.31 ng/
ml) was seen in the OSCC than in the normal 
subjects (4.35 ng/ml) [Table 2].

CYFRA 21‑1 levels for the various grades and the 
stages of the OSCC
Elevated mean serum and salivary titers were observed 
with grades of  OSCC. The mean serum marker 
titer was 3.93  ng/ml in well‑differentiated  (WD), 
6.88  ng/ml in moderately differentiated  (MD), and 
11.52 ng/ml poorly differentiated (PD) cases, and the mean 
salivary concentrations were 16.80, 22.34, and 31.43 ng/ml, 
respectively, in well, moderate, and poorly differentiated 
cases of  OSCC [Table 3].

Furthermore, one‑way ANOVA test was performed for 
pair‑wise comparison, and a significant difference between 
all pairs of  groups except between well and moderate 
groups was seen [Table 4].

The mean CYFRA 21‑1 concentration ranged from 2.81 
to 13.33 ng/ml from stage I to stage IV in serum, whereas 

in saliva, it ranged from 14.03 to 35.04 ng/ml, and both 
showed a close correlation with clinical staging [Table 5]. 
However, on pair‑wise analysis, serum and the saliva 
marker were remarkably elevated only between stages 
III and IV (P < 0.01). There was no significant variation 
between stages II and I and between stages III and 
II [Table 6].

Correlation between serum and salivary values in the 
study group and control group
There was a positive correlation found between serum and 
salivary values between the test group and control group 
using post hoc Tukey test (p‑value < 0.01) [Figure 1].

Figure 1: Illustration of positive correlation between serum and saliva 
in the study group using post hoc Tukey test. Salivary CYFRA 21‑1 
levels were almost 3‑fold higher than those of serum

Figure 2: ROC curve to detect sensitivity and specificity of salivary 
CYFRA 21‑1. AUC  =  88.75. AUC was an effective and combined 
measure of sensitivity and specificity that describes the inherent 
validity of the marker

Table 4: Pair‑wise comparison of serum and salivary values 
among various grades of OSCC
Parameter Grade of malignancy p‑value

Serum Moderately differentiated SCC Poor <0.05
Well 0.12

Poorly differentiated SCC Well <0.01
Saliva Moderately differentiated SCC Poor <0.05

Well 0.19
Poorly differentiated SCC Well <0.01

Table 2: Mean serum and saliva CYFRA21‑1 in the control and 
OSCC groups and their comparisons using independent t‑test
Group Mean Serum SD Mean Saliva SD P‑value

Control group 1.34 0.79 4.35 3.60 <0.01
OSCC 6.82 4.86 22.31 10.07

Table 3: Intra‑group comparison of mean serum and salivary 
CYFRA 21‑1 among grades of OSCC by one‑way ANOVA
Grade Mean Serum SD Mean Saliva SD P‑Value

Well 3.93 2.58 16.80 8.32 <0.01
Moderate 6.88 3.78 22.34 6.65
Poor 11.52 6.00 31.43 11.83
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Analysis of specificity and sensitivity of salivary and 
serum CYFRA 21‑1
Serum CYFRA 21‑1 had a sensitivity of  82.5, and a 
specificity of  90 if  2.51 is considered as the cut‑off  value, 
whereas salivary CYFRA 21‑1 had a sensitivity of  85 and a 
specificity of  92.5 if  10.88 is considered as the cut‑off  value. 
The area under curve (AUC) for the serum and the salivary 
marker levels was 86.25 and 88.75, respectively [Figure 2].

DISCUSSION

Cytokeratins are a type of  intermediate filaments of  the 
cell cytoskeleton found in epithelial cells. CYFRA 21‑1 is a 
soluble fragment of  cytokeratin19. Cytokeratin expression 
is site‑specific and differentiation‑dependent.[8] In the 
healthy oral mucosa, low‑molecular‑weight cytokeratins 
such as 18, 19, and 20 are located only in basal and 
para‑basal layers, whereas suprabasal layers express 
high‑molecular‑weight cytokeratins 4, 5, 13, and 
14.[10,11] During the normal maturation process, these 
low‑molecular‑weight cytokeratins will be replaced with 
high‑molecular‑weight keratins.[11,12]

In the present study, we found a significant rise of  the 
CYFRA 21‑1 fragment of  cytokeratin 19 in the serum and 
saliva of  OSCC patients, which is comparable with previous 
studies.[1,13‑15] This might be because of  disturbance in the 
process of  differentiation during the course of  malignant 
transformation, resulting in retention and increased 
expression of  CK 19 even by the supra‑basal cells in 
massive amounts.[11,12,16] It has been suggested that this 
increased CK19 undergoes caspase 3‑mediated cleavage 

and facilitates the formation of  apoptotic bodies during the 
intermediate stage of  apoptosis. Apoptotic bodies further 
amplify the apoptotic signal, resulting in the release of  
excess CK19 fragments into the extra‑cellular spaces which 
result in the presence of  CYFRA 21‑1 in various body 
fluids such as blood, saliva, cystic fluids, ascites, pleural 
effusions, urine, and the cerebro‑spinal fluid  (CSF).[17,18] 
Other pathways such as proteolytic degradation, tissue 
necrosis, abnormal mitosis, increased proliferation, and 
neovascularisation can cause spillover of  CYFRA 21‑1 
into the extra‑cellular space.[1,13,16]

In our study, intra‑group and pair‑wise comparisons 
between different grades showed a significant rise in 
mean serum and salivary values between all grades except 
between well‑differentiated and moderate differentiated 
OSCC  (P‑value 0.12). These observations were in 
accordance with Doweck et al.[19] and Rewa Malhotra et al.[1] 
but contradicting with Zhong et al.[15] and Rafael Nagler 
et al.[20] The cognition for the above might be with the fact 
that with increasing grade, the differentiation process will 
be compromised, so more immature, hyper‑proliferative, 
and atypical cells will emerge. They tend to retain and 
express increased amounts of  CK19 and show accelerated 
spillage of  CYFRA 21‑1 into extra‑cellular spaces.[8,17]

Similarly, among pTNM stages, serum and salivary 
CYFRA21‑1 showed a significant rise from stage I to stage 
IV. On pair‑wise comparison, a statistically significant rise 
was not seen between stages I and II and stages II and III. 
The rationale may be that with an increase in stage, the 
tumour size increases, which results in tumour necrosis 
and accelerates spillage of  CYFRA21‑1, and there will be 
an added increase with lymph node involvement.[6,8] As the 
stage increases, the prognosis will decrease, so CYFRA 21‑1 
was also providing independent prognostic information.[6] 
These observations were in accordance with Raj Kumar 
et al.,[13] Doweck et al.,[19] and Rewa Malhotra et al.[1] However, 
the results were contradicting with Zhong et al.[15] and Rafael 
Nagler et al.[14]

In this study, a positive correlation was found between 
serum and saliva (P < 0.01), and there was almost 3‑fold 
higher salivary titers than serum. Nagler et al.[14] found a 
4‑fold increase, whereas Zhong et  al.,[8] Rewa Malhotra 
et al.,[1] and Raj Kumar et al.[13] showed a 3‑fold elevated 
level of  this marker in saliva compared to serum. This 
may be because of  direct contact with lesion, local cell 
necrosis, or active transportation across cell membranes 
or through tight junctions or by passive diffusion from the 
serum to saliva, reflecting immediately in saliva compared 
to serum.[1,13,15]

Table 6: Pair‑wise comparison of serum and salivary values 
among different stages of OSCC
Parameter Stage of Malignancy

Serum stage I stage II 0.76
stage III <0.01
stage IV <0.01

stage II stage III 0.09
stage IV <0.01

stage III stage IV <0.01
Saliva stage I Stage II 0.7

stage III <0.05
stage IV <0.01

stage II stage III 0.25
stage IV <0.01

stage III stage IV <0.05

Table 5: Comparison of mean serum and salivary CYFRA 21‑1 
among stages of OSCC by one‑way ANOVA test
Stage Mean Serum SD P‑Value Mean Saliva SD P‑Value

Stage I 2.81 1.93 <0.01 14.03 4.94 <0.01
Stage II 4.34 1.74 17.84 5.34
Stage III 7.96 3.19 24.28 6.56
Stage IV 13.33 5.55 35.04 11.94
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In the current study, the diagnostic sensitivity (85%) and 
specificity (92.5%) of  salivary CYFRA21‑1 were found to 
be marginally higher than the serum sensitivity (82%) and 
specificity (90%) when 2.51 g/ml and 10.88 ng/ml were 
taken as cut‑off  values for serum and saliva, respectively. 
Several researchers have reported varied sensitivity and 
specificity percentages with different cut‑off  values in 
both serum and saliva. This variation was often because 
of  different biochemical techniques used to estimate the 
marker concentration and the difference in methods used 
to determine the cut‑off  values.[1,4,13,15,20]

Both serum (86.26) and saliva (88.75) had almost proximate 
AUC, suggesting the undistinguishable diagnostic potency, 
but saliva is easily accessible, painless, quick, and economic 
to both the patient and the diagnostician.[4,13] We have also 
found that salivary values are 3‑fold higher than those 
of  serum, proving saliva to be the best screening tool 
compared to serum.

The limitation of  our study was a smaller sample size and 
that the impact of  adverse habits on marker level was not 
correlated.

CONCLUSION

There was a significant increase in serum and salivary 
CYFRA 21‑1 levels in OSCC patients compared to the 
control group, and it showed a significant association with 
histologic grading and staging of  OSCC with positive 
correlation between serum and salivary levels. CYFA 21‑1 
is established to be an ideal tumour marker with a role in 
early diagnosis. Further prospective studies with a larger 
sample size and advanced techniques recommended before 
CYFRA 21‑1 should be endorsed for routine diagnostic 
applications.
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