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Sensitivity and Specificity of Serum and Salivary CYFRA21-1
in Detecting Malignant Changes in Oral Potentially Malignant
Lesions (Diagnostic Accuracy Study)
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A b s t r ac t
Aim and objective: To identify the specificity and sensitivity of CYFRA21-1 in differentiating between oral malignancy and oral potentially
malignant lesions (PML) and to be able to early diagnose malignant changes in oral lesions.
Materials and methods: It was a prospective pilot study. Twenty-eight participants were collected in a convenience series and divided into three
groups. Group I: 12 patients suffering from PML. Group II: eight patients with oral squamous cell carcinoma (OSCC). Group III: eight participants
with no oral lesions. Serum and salivary CYFRA21-1 levels were measured using enzyme-linked immunosorbent assay and correlated with the
histopathological examination to confirm the diagnosis.
Results: The OSCC group showed the highest levels of both salivary and serum CYFRA21-1 followed by the group of PML than the control group.
The differences in means were statistically significant. At a cutoff value of 0.4 ng/mL, salivary CYFRA21-1 showed 87.5% sensitivity and 100%
specificity in differentiating PML from OSCC, with 95% accuracy. Serum CYFRA21-1, at a cutoff value of 1.03 ng/mL showed 100% sensitivity,
specificity, and accuracy.
Conclusion: Serum and salivary CYFRA21-1 could be considered promising biomarkers for the diagnosis of oral malignancy and could help
detect early malignant changes in PML, especially oral lichen planus and leukoplakia.
Keywords: CYFRA21-1, Diagnostic accuracy study, Oral cancer, Potentially malignant lesions, Saliva.
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I n t r o d u c t i o n
It is well recognized that most of the oral cancers are preceded
by potentially malignant lesions (PML) of which leukoplakia,
erythroplakia, oral submucous fibrosis, oral lichen planus (OLP), and
actinic cheilitis are recognized as the most prevalent. These lesions
are mostly asymptomatic, except for erosive OLP, and could be missed
during routine dental care, leading to late diagnosis of malignant
changes that might take place within such lesions.1 The International
Agency for Research on Cancer (IARC) had reported that cancer is
considered the second leading reason of death in underdeveloped
countries and the major cause of death in developed countries.2
Late discovery and diagnosis of oral cancer is primarily accused
of its high mortality rate, where its 5-year survival rate is around 50%
and remained unchanged over >20 years.2,3 Also, a high recurrence
rate after treatment of oral cancer complicates the situation,
especially in oral squamous cell carcinoma (OSCC) which comprises
90% of oral cancers.4 These issues underline the importance of
discovering and developing new diagnostic methods. Therefore, it is
necessary to identify biomarkers with high sensitivity and specificity
which could be collected easily with no patient discomfort for early
detection of malignant transformation.5 Fortunately, the intimacy
between saliva and oral lesions gives the detection of salivary
biomarkers high importance as a noninvasive method.6
It is well recognized that cytokeratin 19 (CK19) and/or
its fragment CYFRA21-1 correlate with tumor diagnosis and
progression in several types of cancer, as lung cancer,7–9 ovarian
cancer,10 and cervical cancer.11 In a meta-analysis, urinary and
serum CYFRA21-1 levels were found to be valuable diagnostic
biomarkers for bladder cancer.12 Similarly, a meta-analysis utilizing
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serum CYFRA21-1 to diagnose head and neck cancer (HNC) showed
promising results and concluded that serum CYFRA21-1 level could
be a good marker for diagnosis and prognosis of HNC patients.13
For years, salivary biomarkers were researched vs serum and
researchers have developed advanced technologies in a trial to
validate a lot of salivary biomarkers looking forward to turn the
use of saliva into a clinical reality. Among salivary biomarkers,
CYFRA21-1 holds great promise as a biomarker for early detection
of oral malignancy as well as PML. Consequently, the present study
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was carried out in an attempt to measure the salivary and serum
levels of CYFRA21-1 in patients suffering from oral PML as well
as patients with OSCC to evaluate the validity of this biomarker
in diagnosing oral malignancy and, hopefully, in early detecting
malignant transformation of PML.

M at e r ia l s

and

M e t h o d s

Study Design
It is a pilot diagnostic accuracy study.

Participants
Participants included in the present study were recruited
consecutively (convenience sample) from the outpatient clinics
of Oral Medicine and Periodontology Departments at Faculty
of Dentistry, Cairo University and Faculty of Dentistry, Fayoum
University as well as from National Cancer Institute (NCI), Cairo,
Egypt. The start of recruitment was in October 2018 and ended in
January 2020.

Eligibility Criteria
Inclusion criteria: Participants were divided into three groups:
Group I: patients suffering from PML as defined by World Health
Organization.1 Group II: patients suffering from OSCC. Group III:
healthy participants who are systemically free, non-smokers, and
not suffering from any oral mucosal lesions.

Exclusion Criteria
•
•
•
•

Patients taking any drugs inducing any changes that could affect
the salivary flow.
Pregnant females.
Patients having any allergies, infectious diseases, or active dental
abscesses within 1 month before saliva sampling.
Patients receiving any drugs related to the oral lesions during
the 6 months before sample collection.

Ethical Considerations
•

•
•

This research involved human participants and has been
complied with all the relevant national regulations, institutional
policies and in accordance with the tenets of the Helsinki
Declaration, and has been approved by the authors’ Institutional
Review Board (The Ethical Committee of Faculty of Dentistry,
Cairo University) with serial number: 18948.
Informed consent was obtained from all participants included
in the study.
The full study protocol can be accessed on clinicaltrials.gov;
NCT03686020.

Index Test
Preanalytical Phase

were asked to refrain from eating, drinking, smoking, or oral hygiene
procedures for at least half an hour before saliva collection. The
saliva was immediately centrifuged at 9880g and the clarifying
supernatant was filtered and stored at −20°C until used.
Serum sample collection: Peripheral venous blood samples (5 mL)
were taken by standard venipuncture from patients and controls
using plain tubes. The procedure for serum collection was done
under aseptic conditions. Samples were immediately centrifuged
and the clarifying supernatant was filtered and stored at −20°C
till assayed.

Analytical Phase (Assay Procedure)
The concentration of CYFRA21-1 in saliva and serum was
quantitated using an enzyme-linked immunosorbent assay (ELISA)
kit (Catalogue Number: SL0589Hu) that was supplied by SunLong
Biotech Co., LTD (Hangzhou, China). The main principle applied in
the used ELISA kit is Sandwich enzyme immunoassay.15

Reagents Preparation and Assay Procedure
•

Dilution of standards.
Ten wells were set for standards in a Microelisa strip plate. In well
1 and well 2, 100 μL standard solution and 50 μL standard dilution
buffer were added and mixed well. In well 3 and well 4, 100 μL
solution from well 1 and well 2 were added, respectively. Then, 50
μL standard dilution buffers were added and mixed well. Then, 50
μL solution was discarded from well 3 and well 4. In well 5 and well
6, 50 μL solutions from well 3 and well 4 were added, respectively.
Then, 50 μL standard dilution buffers were added and mixed well.
In well 7 and well 8, 50 μL solutions from well 5 and well 6 were
added, respectively. Then, 50 μL standard dilution buffers were
added and mixed well. In well 9 and well 10, 50 μL solutions from
well 7 and well 8 were added, respectively. Then, 50 μL standard
dilution buffers were added and mixed well. Then, 50 μL solutions
were discarded from well 9 and well 10. After dilution, the total
volume in all the wells was 50 μL and the concentrations were 3.6,
2.4, 1.2, 0.6, and 0.3 ng/mL, respectively.
•
•

•
•
•

Clinical examination: All included participants underwent thorough
oral examination along with documentation of their identification
data, medical history, and description of their oral lesions.1

•

Salivary sample collection:14 Whole unstimulated saliva samples
were collected in the morning between 9 am and 12 pm by
requesting participants to swallow first, tilt their heads forward, and
expectorate 10 mL saliva into a sterile centrifuge tube. Participants

•
•

•

In the Microelisa strip plate, a well was left empty as blank
control. Each set of standards, samples, and controls were
duplicated.
In sample wells, 40 μL sample dilution buffer and 10 μL sample
were added (dilution factor is 5). Samples were loaded onto the
bottom without touching the well wall. Mix well with gentle
shaking was done.
Incubation for 30 minutes at 37°C was done after sealed with a
closure plate membrane.
Dilution: the concentrated washing buffer was diluted with
distilled water (30 times).
Washing: carefully aspiration and refill with the wash solution
were done. The wash solution was discarded after resting for 30
seconds. The washing procedure was repeated 5 times.
50 μL HRP-conjugate reagent was added to each well except
the blank control well.
Incubation was done for 30 minutes at 37°C after sealed with a
closure plate membrane.
Washing was done as described in step 5.
Coloring: 50 μL chromogen solution A and 50 μL chromogen
solution B were added to each well, mixed with gently shaking,
and incubated at 37°C for 15 minutes with avoidance of light.
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•
•

Termination: 50 μL stop solution was added to each well to
terminate the reaction. The color in the well was changed from
blue to yellow.
Absorbance OD was read at 450 ± 10 nm using a microtiter
plate reader. The OD value of the blank control well is set as
zero. The assay was carried out within 15 minutes after adding
the stop solution.

Postanalytical Phase (Calculation of Results)
The average absorbance values were calculated for each set of
duplicate standards, samples, and controls. Duplicates were within
20% of the mean. A linear standard curve was created by plotting
the known concentrations of Human CYFRA21-1 Standard and its
corresponding optical density value on the log scale (x-axis) and
the log scale (y-axis), respectively. The Professor who performed the
index test was not aware of the clinical information and reference
standard results.

Descriptive and Comparative Analyzes
The Shapiro–Wilk test for normality was used. Numerical
parameters were described in terms of mean, SD, and range. Gender
was described in terms of frequencies and percentages. Normally
distributed data required using the parametric one-way ANOVA to
assess the differences between groups regarding numerical data
and Pearson’s Chi-squared test was applied for gender. To assess
the pairwise between-group differences regarding numerical data,
Tukey’s post hoc test was applied.

Testing Diagnostic Capabilities of Predictors
An optimal cutoff value for each predictor was assessed using the
Youden Index method. The receiver operating characteristics (ROC)
curve and area under the curve (AUC) were plotted. Area under the
curves were compared using DeLong’s test. The significance level
was verified at p ≤ 0.05.

R e s u lts

Reference Standard
The reference standard was tissue biopsy followed by
histopathological examination because it is considered the gold
standard for diagnosing malignancy and PML.16,17 Histopathological
examination was performed by third party pathologists who were
neither aware of the study nor the index test results.

Statistical Analysis
The statistical package used for this study was R statistical package
version 3.5.2 (Copyright © 2018. The R Foundation for Statistical
Computing, Vienna, Austria). There were no indeterminate values
in the index test because all values were used to form a cutoff.
Regarding reference standards, participants with indeterminate
results were not included in the study. There were no missing data
as the reference standard was a requirement for the inclusion of a
patient into the study.

Sample Size Calculation
The test of choice was a one-way analysis of variance (ANOVA)
power calculation for more than two groups. Means and standard
deviations (SDs) needed for calculations were determined according
to Rajkumar et al.18 based on the difference in serum CYFRA21-1
levels in different study groups. The results showed that at a power
of 85% and a two-sided significance level of 5%; a total sample size
of 24 participants would be adequate to reject the null hypothesis
that the group means are equal.

The present study was carried out on 28 participants (12 males and
16 females) divided into three groups. The first group included 12
patients suffering from oral PML (8 OLP and 4 leukoplakia). Group
II included eight patients who suffered from OSCC in various
locations. The third group involved eight healthy controls who
were selected to match the age and gender of both groups I and II.
The Shapiro–Wilk test for normality results showed that all
numerical data (including age, serum, and salivary CYFRA21-1 levels)
were normally distributed. Descriptive analysis of numerical data in
each group and between-group comparisons are shown in Table 1.
Concerning CYFRA21-1 levels in serum and saliva, the malignancy
group had the highest mean value followed by that of the PML
group than that of the control group. The differences in means
were statistically significant (p value < 0.0001).
The results of Pearson’s Chi-squared test showed that the
difference in gender distribution between groups is statistically
insignificant (p value = 0.8035). Number of PML patients were 12;
6 males (50%) and 6 females (50%). Cancer patients were eight
including three males (37.5%) and five females (62.5%). Control
group included eight healthy participants; three males (37.5%) and
five females (62.5%). Results of Pearson’s correlation coefficient
test for the correlation between serum and salivary CYFRA21-1 are
demonstrated in Figure 1.
Youden Index method was applied to calculate the optimal
cutoff points for serum and salivary CYFRA21-1 discretely which

Table 1: Descriptive analysis of numerical data and results of one-way ANOVA and Tukey’s post hoc test for between-group comparisons
Range
Age

CYFRA in saliva

CYFRA in serum

Controls
PML
Malignancy
Controls
PML
Malignancy
Controls
PML
Malignancy
p value

Mean
SD
52.00
5.18
56.00
10.16
48.50
11.71
0.01
0.11a
0.07
0.27b
c
0.14
0.51
0.03
0.17d
0.14
0.49e
0.29
1.42g
*<0.0001

Min
44.00
32.00
29.00
0.09
0.17
0.33
0.11
0.27
1.03

Max
60.00
70.00
62.00
0.12
0.40
0.76
0.19
0.75
1.93

Between-group comparison one-way ANOVA
p value*
0.241

Interpretation
Statistically insignificant difference

<0.0001

Statistically significant difference

<0.0001

Statistically significant difference

*Significance level at p value ≤0.05. Different superscripts in the same column mean they are statistically significantly different
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Figs 1A to C: Results of Pearson’s correlation coefficient test for the correlation between serum and salivary CYFRA21-1 in (A) PML group; (B)
Malignancy group; (C) Control group. All correlations are direct (positive) and statistically significant

corresponds to the values of the best sensitivity and specificity. In
an attempt to evaluate the ability of serum and salivary CYFRA21-1
in discriminating between patients with PML vs healthy controls,
malignancy vs healthy controls, and PML vs malignancy; three
ROC curves were plotted as shown in Figure 2, and the accuracy
measurements were abridged in Table 2. At a cutoff value 0.4 ng/
mL, salivary CYFRA21-1 showed 87.5% sensitivity, 100% specificity,
and 95% accuracy in differentiating PML from OSCC (p value <
0.0001), while serum CYFRA21-1 at a cutoff value 1.03 ng/mL showed
100% sensitivity, specificity, and accuracy (p value = 0.0001). By
contrasting AUCs using DeLong’s test, there was no statistically
significant difference between salivary and serum CYFRA21-1
in the accuracy of distinguishing cancer and PML patients
(p value = 0.407).

D i s c u s s i o n
Egypt, according to the report of GLOBOCAN 2018 had the
uppermost incidence and mortality rates of oral and oropharyngeal
cancer among the 22 countries of the Arab nations.19 Unfortunately,
the majority of cases registered among the Egyptian population
were diagnosed at advanced stages.20 These basic incidence and
mortality ratios are expected to be doubled by 2030 especially
in Egypt, among other countries as Sudan, Morocco, Iran, and
Turkey. This rise is far beyond that of the estimated global rate. 21

Identification of high-risk PML and their close follow-up, with
the possible early detection of malignant transformation, could
constitute one of the keys to reduce the mortality, morbidity, and
cost of treatment associated with oral cancer.22
In the normal cell’s cytoskeleton, CKs demonstrate very low
solubility. Though, during the malignant transformation of normal
cells, posttranslational modifications impact the biological activity
of the intermediate filaments resulting in elevated solubility and
filament re-organization leading to a rise in CKs concentrations in
patients with epithelial cell-associated carcinomas as OSCC. Thus, it
could be concluded that CKs can reflect tumor cell activity, predict
disease status and the response of cancer to different therapeutic
modalities via critical information about tumor growth activity.23
Consequently, in the current study, we selected one of the CK19
fragments which is CYFRA21-1 to be evaluated in serum and saliva
of patients suffering from PML as well as OSCC cases, compared to
healthy participants, utilizing sandwich ELISA technique as index
test. The ELISA technology was preferred because it is considered
the most sensitive, well-established, widely available technology
and is cost-effective for the detection of protein markers in
different body fluids.24 The reference standard selected was the
histopathological examination of biopsy specimens (the gold
standard) obtained from patients with PML and OSCC.25
The present investigation showed that the concentration of
serum CYFRA21-1 in OSCC patients showed the highest value, with
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Figs 2A to C: ROC curves of serum and salivary CYFRA21-1 in the diagnosis of (A) PML vs control; (B) Malignancy vs control; (C) Malignancy vs PML

a statistically significant difference when compared with either
PML or control participants. These results were in agreement
with previous studies that reported that serum CYFRA21-1 levels
were significantly higher in HNC and OSCC than those of healthy
individuals,23,26–29 in addition to patients with laryngeal SCC. 30
Contradictorily, Alkotyfan et al.31 evaluated oropharyngeal SCC by
electro-chemiluminescence immunoassay (ECLIA) and the results
showed that there was no significant correlation between the
CYFRA21-1 serum level, at the time of initial diagnosis, with either
the clinical or pathological parameters. However, they observed
higher levels of CYFRA21-1 during follow-up in cases of local tumor
recurrence or distant metastasis.31
In the present investigation, the serum CYFRA21-1 level of
PML was statistically significantly higher than the control group;
but still significantly lower than the malignancy group. These
results were in accordance with Rajkumar et al.,18 although they
included cases with leukoplakia and oral submucous fibrosis,
not OLP as the present study. However, they did not observe any
significant difference in serum CYFRA21-1 in the PML group when
compared with healthy controls, which is not the case in the present
investigation. This could be attributed to the different sample sizes
and different lesions included in the PML group.18
In the OSCC group, salivary CYFRA21-1 levels were significantly
the highest among all groups. This finding was consistent with
previous studies that reported higher salivary CYFRA21-1 values in
oral cancer compared to healthy controls.18,28,32–34 Likewise, other
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studies declared that salivary CYFRA21-1 was significantly higher in
the PML group compared to healthy controls but still significantly
lower than that of OSCC.18,34
Surprisingly, Awasthi34 mentioned that the mean salivary level
of CYFRA21-1 in the PML group was 5.9 (±2.4) and in the OSCC
group was 17.5 (±15.5) which is much higher than that reported in
the present study. Similarly, another study observed that salivary
CYFRA21-1 in PML and OSCC group had a median of 7.39 and 16.56,
respectively, compared to 0.28 and 0.48 recorded in the current
study.18 To explain this diversity, it should be noted that these levels
depend on the expression and differentiation of the tumor tissue
in case of malignancy, which may be heterogeneous as well as the
localization of the lesion.35 Another essential reason is the presence
of confounding factors such as those in the study by Rajkumar et
al.18 where all the PML and OSCC patients had some of tobacco/pan
chewing/smoking or alcohol intake habits taking into consideration
that there is no clear evidence about the effect of these factors on
CYFRA21-1 production. Moreover, Awasthi34 did not mention the
type of PML included in the study.
Receiver operating characteristic curve analysis revealed that
at a cutoff value of 0.4 ng/mL, salivary CYFRA21-1 showed 87.5%
sensitivity, 100% specificity, and 95% accuracy in differentiating
PML from OSCC. For CYFRA21-1 in serum, the cutoff value was 1.03
ng/mL with 100% sensitivity, specificity, and accuracy. Similarly,
a study analyzed the ROC curve at a cutoff value of >10.4 ng/mL;
where salivary CYFRA21-1 had 75% specificity and sensitivity.18 In

b

Significance level at p value ≤ 0.05
95% Confidence interval
c
Area under the curve (ROC curve)
d
Positive predictive value
e
Negative predictive valuec

a

PML vs control
CYFRA in saliva
CYFRA in serum
Combined
Malignancy vs control
CYFRA in saliva
CYFRA in serum
Combined
PML vs malignancy
CYFRA in saliva
CYFRA in serum
Combined
100
100
100
100
100
100
87.5
100
100

<0.33
<1.03
–
<0.4
<1.03
–

Sensitivity

<0.17
<0.27
–

Cutoff

100
100
100

100
100
100

100
100
100

Specificity

100
100
100

100
100
100

100
100
100

PPVd

92.31
100
100

100
100
100

100
100
100

NPVe

95
100
100

100
100
100

100
100
100

Accuracy

Table 2: Accuracy measurements of predictors that differentiate between healthy controls, PML, and malignancy cases at optimal cutoffs

97.92
100
100

100
100
100

100
100
100

AUC

92.99–100
100–100
100–100

100–100
100–100
100–100

100–100
100–100
100–100

95% CIb

AUCc

<0.0001
0.0001
<0.0001

0.0005
0.0003
0.0004

0.0001
<0.0001
<0.0001

p valuea
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the same study, a cutoff value of 2.5 ng/mL in serum CYFRA21-1
showed 90% specificity and 60% sensitivity in differentiating PML
from OSCC.18 These results are in agreement with Awasthi,34 where
salivary CYFRA21-1 showed a sensitivity of 90% and specificity of
97% at a cutoff value of 8.7 ng/mL. Furthermore, a study utilizing
3 ng/mL as a cutoff value for serum CYFRA21-1, revealed the
sensitivity and specificity to be 88 and 78.2%, respectively.28 In the
same study, using a cutoff value of 8.5 ng/mL for salivary CYFRA21-1,
the sensitivity was found to be 93.8% and specificity to be 84.3%. 28
Similarly, a previous study found that at cutoff value 2.17 ng/mL
for serum CYFRA21-1 sensitivity was 60.36% and specificity was
81.03%.29
In a meta-analysis about the overall diagnostic accuracy of
serum CYFRA21-1 for HNC, the pooled sensitivity and specificity
were 51% and 97%, respectively. They suggested CYFRA21-1 as
a valuable indicator in the diagnosis of HNC with high specificity.
They also reported that an abrupt increase of CYFRA21-1 during
follow-up would likely indicate disease progression and/or
metastatic formation and provide early prognostic information,
regardless of the cutoff value.13
We can explain the diversity of cutoff values by the expression
of CYFRA21-1 even by healthy tissues, which leads to a wide
range of CYFRA21-1 levels. Another reason might be a technical
one since the measurements were done via two different
technologies; ELISA and ECLIA. Another factor to be considered is
the demographic differences since the age and gender distribution
in those studies were heterogonous. Moreover, studies of the HNC
involved participants with human papillomavirus (HPV) positive
oropharyngeal cancer which expressed higher levels of CYFRA21-1
due to disturbance in the basal cell differentiation caused by viral
infection leading to overproduction of CKs as CK19. 36,37
There has been a great debate about the significance of
serum CYFRA21-1 in the diagnosis and prognosis of patients with
oral cancer, with highly variable cutoff values.26,38,39 Yet, it is well
recognized that elevated CYFRA21-1 in HNC patients are related to
a worse overall prognosis and reduced survival.26,27 Some studies
revealed that CYFRA21-1 is inappropriate for the initial diagnosis
of oral cancer but seems to be useful in the follow-up period for
detection of a regional or distant tumor recurrence. 31,39 Others
declared that CYFRA21-1 is a valuable biomarker in the diagnosis
of OSCC and early detection of malignant transformation of
PML,13,18,29,34 thus perfectly fitting what the present investigation
pointed out.
Concerning the limitations of this study, we may consider
the small sample size as one despite it was calculated statistically
with ANOVA test at a power of 85% as mentioned before. The
results showed that a total sample size of 24 participants would
be adequate to reject the null hypothesis. However, we intended
to increase the number of PML participants to 12 patients (total
participants = 28) without being overpowering. We selected
leukoplakia and OLP as they are the most encountered PML in our
daily practice in Egypt. Interestingly, there were no differences in
CYFRA21-1 expression between them despite the inflammatory
nature of OLP. This finding supported our conclusion on both as one
group. However, we recommend further investigations considering
re-classifying PML patients into different subgroups to establish
a standardized cutoff point for CYFRA21-1 values indicative of a
malignant transformation in different PML entities.
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C o n c lu s i o n
The present study suggests that salivary and serum CYFRA21-1
could be considered promising biomarkers for the diagnosis of oral
malignancy and could be helpful in the detection of early malignant
changes in PML, especially OLP and leukoplakia.

A u t h o r C o n t r i b u t i o n s
All authors have accepted responsibility for the entire content of
this manuscript and approved its submission.

References
1. Warnakulasuriya S, Kujan O, Aguirre-Urizar JM, et al. Oral potentially
malignant disorders: a consensus report from an international
seminar on nomenclature and classification, convened by the WHO
collaborating centre for oral cancer. Oral Dis 2020. Online ahead of
print.
2. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2018;68(6):394–424. DOI:
10.3322/caac.21492.
3. Mao L. Oral squamous cell carcinoma - progresses from risk
assessment to treatment. Chinese J Dent Res 2012;15(2):83–88.
4. Wild C, Weiderpass E, Stewart B. World cancer report 2020, Cancer
research for cancer prevention. Lyon, France: WHO press; 2020. pp.
310–322.
5. Yu JS, Chen YT, Chiang WF, et al. Saliva protein biomarkers to detect
oral squamous cell carcinoma in a high-risk population in Taiwan.
Proc Natl Acad Sci U S A 2016;113(41):11549–11554. DOI: 10.1073/
pnas.1612368113.
6. Shah FD, Begum R, Vajaria BN, et al. A review on salivary genomics
and proteomics biomarkers in oral cancer. Indian J Clin Biochem
2011;26(4):326–334. DOI: 10.1007/s12291-011-0149-8.
7. Ono A, Takahashi T, Mori K, et al. Prognostic impact of serum CYFRA
21-1 in patients with advanced lung adenocarcinoma: a retrospective
study. BMC Cancer 2013;13(1):354–361. DOI: 10.1186/1471-2407-13-354.
8. Arai T, Inoue Y, Sugimoto C, et al. CYFRA 21-1 as a disease severity
marker for autoimmune pulmonary alveolar proteinosis. Respirology
2014;19(2):246–252. DOI: 10.1111/resp.12210.
9. Shirasu H, Ono A, Omae K, et al. CYFRA 21-1 predicts the efficacy of
nivolumab in patients with advanced lung adenocarcinoma. Tumor
Biol 2018;40(2):428–436. DOI: 10.1177/1010428318760420.
10. Jin C, Yang M, Han X, et al. Evaluation of the value of preoperative
CYFRA21-1 in the diagnosis and prognosis of epithelial ovarian cancer
in conjunction with CA125. J Ovarian Res 2019;12(1):114–122. DOI:
10.1186/s13048-019-0587-0.
11. Feng YC, Yang J, Liu CM, et al. The application of CYFRA21-1 in cervical
lesions screening in high-risk human papillomavirus infected women.
Ginekol Pol 2016;87(9):617–625. DOI: 10.5603/GP.2016.0055.
12. Kuang LI, Song WJ, Qing HM, et al. CYFRA21-1 levels could be a
biomarker for bladder cancer: a meta-analysis. Genet Mol Res
2015;14(2):3921–3931. DOI: 10.4238/2015.April.27.6.
13. Wang Y, Hu D, Yan X. Diagnostic accuracy of Cyfra 21-1 for head
and neck squamous cell carcinoma: a meta-analysis. Eur Rev Med
Pharmacol Sci 2013;17:2383–2389.
14. Bhattarai KR, Kim HR, Chae HJ. Compliance with saliva collection
protocol in healthy volunteers: strategies for managing risk and
errors. Int J Med Sci 2018;15(8):823–831. DOI: 10.7150/ijms.25146.
15. Schmidt SD, Mazzella MJ, Nixon RA, et al. Aβ measurement by enzymelinked immunosorbent assay. Methods Mol Biol 2012;849:507–527.
16. Carreras-Torras C, Gay-Escoda C. Techniques for early diagnosis of
oral squamous cell carcinoma: systematic review. Med Oral Patol
Oral Cir Bucal 2015;20(3):e305–e315. DOI: 10.4317/medoral.20347.

CYFRA21-1 in Oral Cancer and Potentially Malignant Lesions
17. Badvi AJ, Jawed K, Ujjan IU, et al. Recent techniques for diagnosis of
oral squamous cell Carcinoma. EC Microbiol 2017;5:165–168.
18. Rajkumar K, Ramya R, Nandhini G, et al. Salivary and serum level of
CYFRA 21-1 in oral precancer and oral squamous cell carcinoma. Oral
Dis 2015;21(1):90–96. DOI: 10.1111/odi.12216.
19. Kujan O, Idrees M, Farah CS. Oral and Oropharyngeal Cancer in Arab
Nations. In: Handbook of healthcare in the Arab World. Springer
International Publishing; 2020. pp. 1–24.
20. Ibrahim NKR, Al Ashakar MS, Gad ZM, et al. An epidemiological study
on survival of oropharyngeal cancer cases in Alexandria. Egypt East
Mediterr Heal J 2009;15(2):369–377. DOI: 10.26719/2009.15.2.369.
21. Kujan O, Farah CS, Johnson NW. Oral and oropharyngeal cancer
in the Middle East and North Africa. Transl Res Oral Oncol 2017;2,
2057178X1769848.
22. Bugshan A, Farooq I. Oral squamous cell carcinoma: metastasis,
potentially associated malignant disorders, etiology and recent
advancements in diagnosis. F1000 Res 2020;9:229–240. DOI:
10.12688/f1000research.22941.1.
23. Singh P, Barpande S, Bhavthankar J, et al. Serum Cyfra 21-1 levels
in oral squamous cell carcinoma patients and its clinicopathologic
correlation. Indian J Dent Res 2017;28(2):162. DOI: 10.4103/09709290.207789.
24. Bolton JS, Chaudhury S, Dutta S, et al. Comparison of ELISA with
electro-chemiluminescence technology for the qualitative and
quantitative assessment of serological responses to vaccination.
Malar J 2020;19(1):159–170. DOI: 10.1186/s12936-020-03225-5.
25. Fuller C, Camilon R, Nguyen S, et al. Adjunctive diagnostic techniques
for oral lesions of unknown malignant potential: Systematic review
with meta-analysis. Head Neck 2015;37(5):755–762. DOI: 10.1002/
hed.23667.
26. Céruse P, Rabilloud M, Charrié A, et al. Study of Cyfra 21–1, a tumor
marker, in head and neck squamous cell carcinoma. Ann Otol Rhinol
Laryngol 2005;114(10):768–776. DOI: 10.1177/000348940511401006.
27. Hsu YP, Hsieh CH, Chien HT, et al. Serum markers of CYFRA 21-1 and
C-reactive proteins in oral squamous cell carcinoma. World J Surg
Oncol 2015;13(1):253. DOI: 10.1186/s12957-015-0656-9.
28. Malhotra R, Urs AB, Chakravarti A, et al. Correlation of Cyfra 21-1 levels
in saliva and serum with CK19 mRNA expression in oral squamous
cell carcinoma. Tumor Biol 2016;37(7):9263–9271. DOI: 10.1007/s13277016-4809-4.

29. Yang K, Yuan C, Tang H, et al. Diagnostic values of serum tumor
markers Cyfra21-1, SCCAg, ferritin, CEA, CA19-9, and AFP in oral/
oropharyngeal squamous cell carcinoma. Onco Targets Ther
2016;9:3381–3392. DOI: 10.2147/OTT.S105672.
30. Ji M, Zhang LJ. Expression levels of SCCA and CYFRA 21-1 in serum
of patients with laryngeal squamous cell carcinoma and their
correlation with tumorigenesis and progression. Clin Transl Oncol
2020(2):1–7. DOI: 10.1007/s12094-020-02417-4.
31. Alkotyfan K, Wiegand S, Müller H-H, et al. Cyfra 21-1 as a tumor
marker for follow-up of patients with squamous cell carcinoma of
the oropharynx. Anticancer Res 2010;30(6):2291–2296.
32. Nagler R, Bahar G, Shpitzer T, et al. Concomitant analysis of salivary
tumor markers - a new diagnostic tool for oral cancer. Clin Cancer
Res 2006;12(13):3979–3984. DOI: 10.1158/1078-0432.CCR-05-2412.
33. Zhong L, Zhang C, Zheng J, et al. Increased Cyfra 21-1 concentration
in saliva from primary oral squamous cell carcinoma patients. Arch
Oral Biol 2007;52(11):1079–1087. DOI: 10.1016/j.archoralbio.2007.
05.005.
34. Awasthi N. Role of salivary biomarkers in early detection of oral
squamous cell carcinoma. Indian J Pathol Microbiol 2017;60(4):464–
468. DOI: 10.4103/IJPM.IJPM_140_16.
35. Rudhart SA, Gehrt F, Birk R, et al. Clinical relevance of CYFRA 21-1
as a tumour marker in patients with oropharyngeal squamous cell
carcinoma. Eur Arch Oto-Rhino-Laryngology 2020;1:3–8.
36. Tang KD, Kenny L, Perry C, et al. The overexpression of salivary
cytokeratins as potential diagnostic biomarkers in head and neck
squamous cell carcinomas. Oncotarget 2017;8(42):72272–72280. DOI:
10.18632/oncotarget.19731.
37. Santoro A, Pannone G, Ninivaggi R, et al. Relationship between CK19
expression, deregulation of normal keratinocyte differentiation
pattern and high risk-human papilloma virus infection in oral and
oropharyngeal squamous cell carcinoma. Infect Agent Cancer
2015;10(1):1–13. DOI: 10.1186/s13027-015-0041-x.
38. Deng YF, Chen P, Lin YZ, et al. Analytical and clinical evaluation of
CYFRA 21-1 by electrochemiluminescent immunoassay in head and
neck squamous cell carcinoma. J Laryngol Otol 2003;117(3):190–194.
DOI: 10.1258/002221503321192485.
39. Hoffmann-Fazel A, Hoffmann M, Gottschlich S, et al. Cyfra 21-1
in diagnosis of distant metastases of head and neck carcinoma.
Anticancer Res 2003;23(2):917–920.

World Journal of Dentistry, Volume 12 Issue 3 (May–June 2021)

207

