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Abstract

Aims: To assess the diagnostic value of CEA and CYFRA 2[-I (cytokeratin |9 fragments) in serum and
pleural fluid in non small cell lung cancer with malignant pleural effusion (MPE). Settings and Design: Two

subsets of patients were recruited with lymphocytic exudative effusion, one subset constituted diagnosed
patients of NSCLC with malignant pleural effusion and the other subset of constituted with Tubercular
pleural effusion. Materials and Methods: CYFRA 21-1 and CEA levels were measured using
Electrochemilumiscence Immunoassay (ECLIA). The test principle used the Sandwich method. For both
the tests, results are determined via a calibration curve which is instrument specifically generated by
2 - point calibration and a master curve provided via reagent barcode. Statistical Analysis Used: All
data are expressed as means + SD and percentage.All the parametric variables were analysed by student-t
test where as non parametric variables were compared by Mann-Whitney U-test Statistical significance
was accepted for P values < 0.05. Software used were SPSS | 1.5,and MS excel 2007. In order to compare
the performance of the tumor markers, receiver operating characteristic (ROC) curves were constructed
and compared with area under the curve (AUC).The threshold for each marker was selected based on the
best diagnostic efficacy having achieved equilibrium between sensitivity and specificity. Results: In cases
serum CYFRA2I-I levels had mean value of 34.1 * 29.9 with a range of 1.6-128.3 where as in controls
serum CYFRA2I-1| levels had mean value of 1.9 + 1.0 with a range of 0.5-4.7. In cases serum CEA levels
had mean value of 24.9 + 47.3 with a range of 1.0,267.9 where as in controls serum CEA levels had mean
value of 1.9 £ 1.4 with a range of 0.2-6.8.The difference in the means of serum CYFRA 21-| (P = 0.000)
and CEA (P = 0.046) were statistically significant. In cases pleural fluid CYFRA2I-I levels had mean value
of 160.1 + 177.1 with a range of 5.4-517.2 where as in controls pleural fluid CYFRA2I-I levels had
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mean value of 15.9 £ 5.7 with a range of 7.2-29.6. In cases CEA pleural fluid levels had mean value of
89.8 + 207.4 with a range of 1.0-861.2 where as in controls CEA levels had mean value of 2.5 + 2.3 with
a range of 1-8.9.The difference in the means of CYERA 21-1 (P = 0.001) between cases and controls is
statistically significant. Conclusions: CYFRA21-| (serum - pleural fluid) is a sensitive marker for NSCLC
with sensitivity of 96.7%, highest of any combination [Serum (CYFRA 21-I - CEA). CEA (Serum + Pleural
Fluid), Pleural Fluid (CYFRA 21-1 + CEA)] and specificity of 77.8%. Levels of CYFRA2I-I (serum + pleural
fluid) are increased in malignant pleural effusion, so it is better to be used in suspicious malignant pleural

effusion showing negative cytology, particularly in the absence of a visible tumor and or unsuitability for

invasive procedure.

Keywords: Carcinoembryonic antigen, cytokeratin 19 fragments, malignant pleural effusion, nonsmall cell
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INTRODUCTION

Lung cancer represents 19.4% of all cancer related deaths.!"?]
It is a major health problem in Kashmir valley and constitutes
9.9% of all cancers here. It is the second common malignancy
among males.[! Pleural effusion is its common clinical
presentation. Approximately, 20% of all pleural effusions are
due to malignancy, and 50% of these are due to primary lung
cancer.l A malignant pleural effusion (MPE) may be initial
presentation of cancer in 10-50% of patients.

Tumor deposits first establishes in the pleural space, spread
along the parietal pleural membrane thereafter stimulate
the release of chemokines that increase vascular and
pleural membrane permeability thereby promoting pleural
effusion.[*”l Tumor markers are substances usually of peptide
nature secreted by tumor cells or by host in response to a
tumor. Pleural fluid is suitable medium to study the release
of tumor markers. Many studies showed that pleural fluid
had more levels of tumor markers than serum.® Tumor
markers are normally absent or present in very small amount
in serum and pleural fluid and thus serve as diagnostic tool
in MPE.P! Tumor marker is noninvasive tests to screen for
the malignancy.

Tumor markers have high sensitivity in diagnosing
cytologically negative effusion. By increasing number
of tumor markers in panel, sensitivity increases to 90%
and specificity as high as 95%, comparable to that of
thoracoscopy (90%).®1 When measured serially after the
diagnosis is established, they may aid in assessing response to
treatment, in monitoring spontancous course of illness and
in keeping surveillance for tumor recurrences.!”

Tumor markers fall in several categories:!!!

6. Hormones
7. Other tumor associated antigens.

The most commonly used markers investigated in lung
cancer are:
Neuron specific enolase (NSE)
Carcinoembryonic antigen (CEA)
Cytokeratin 19 fragment (CYFRA 21-1)
Squamous cell carcinoma (SCC) antigen
Cancer antigen 125 (CA-125)
Tissue polypeptide antigen
Tissue polypeptide specific antigen
CA 19-9
CA 15-3 10
. ProGRP!"™
11. Tumor M2-PK.1*3!

e A ARl ol e

—_
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Several tumor markers in pleural fluid have been evaluated to
distinguish malignant effusion from benign. CEA has been
studied the most and has been shown to be very specific, but
its sensitivity remains approximately 29—-77% with variable
cut-off values."*® NSE is known as a serum marker of small
cell lung carcinoma (SCLC), and SCLC with pleural effusion
was associated with elevated pleural fluid NSE.'*'" However,
the sensitivities of pleural fluid NSE for the diagnosis of
malignant effusion from carcinomas including SCLC were
relatively low.['819]

Serum CYFRA 21-1 have been shown to be the most sensitive
tumor marker in non-SCLC (NSCLC), particularly the
squamous cell type. In several reports’*! on the use of
pleural fluid CYFRA 21-1 for the diagnosis of malignant
eftusion, the cut-oft values varied from 8 to 175 ng/mL and
the sensitivities varied from 22% to 91%.

Cytokeratin 19 fragment

Cytokeratins belong to the intermediate filament proteins,
which are the major component of cell skelton.!?**”! There
are around 20 different cytokeratins with a molecular weight
ranging from 40 to 70 kd.?¥ Cytokeratin 19 has molecular

1. Oncofetal proteins

2. Structural proteins

3. Enzymes

4. Cell membrane components
5. Secreted proteins
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weight of 30.000 daltons. CYFRA 21-1 measures a fragment
of cytokeratin 19. Unlike original cytokeratins, fragments of
intermediate filaments are soluble in serum and can therefore
be detected and measured with monoclonal antibodies.
Preliminary investigations reveal CYFRA 21-1 shows a good
specificity, sensitivity profile in bronchogenic carcinoma
especially squamous cell type.*)

Carcinoembryonic antigen

It is a glycoprotein of molecular weight 180 kd. It is a single
chain glycoprotein containing 30-70% weight percentage of
carbohydrate. It is one of the carcino-fetal antigen produced
during fetal development. CEA is one the first tumor
markers to be described and has relatively high sensitivity for
advanced adenocarcinomas.P"! CEA levels is elevated in many
malignancies such as digestive tract cancer, breast cancer jung
cancer, metastatic disease of liver, pancreatic carcinoma, and
medullary carcinoma of thyroid. However, CEA level is
also increased in nonmalignant disorders too. Sensitivity of
CEA is greater and serum CEA concentrations are higher
in adenocarcinoma and large cell carcinoma lung.?'! The
normal range of CEA in adult nonsmoker is <6.5 and in
smoker <5.0 ng/ml, respectively.

This study is important as few studies are done on tumor
markers in lung cancer in India as well as Kashmir and is
first of its kind in MPE in lung cancer in Kashmir. Few
data is available on tumor marker in our country and most
of data is from Western countries. Our data is limited
and needs to be researched. Western data has different
cut-off values, and we need to establish our own cut-off
values in view of ethnically different population. Previous
studies involved heterogenous pathologic conditions,
which included mesothelioma, lymphoma, metastatic lung
cancer, and primary lung cancer.? In addition, patients
with tuberculosis, parapneumonic effusion, empyema,
and heart failure were enrolled together as benign control
subjects. These make comparison of the results difficult and
generalization not possible.

In the present study, we evaluated the diagnostic utility of
each tumor marker, CEA, and CYFRA 21-1, in serum and
pleural fluid as a marker of NSCLC by comparing with those
of tuberculous pleurisy. In addition, the clinical value of a
combination of these tumor markers was assessed.

Aims and objectives

1. To assess the diagnostic value of CEA and CYFRA 21-1
in serum and pleural fluid in NSCLC with MPE

2. To assess the sensitivity and specificity of CEA and
CYFRA 21-1 in serum and pleural fluid in NSCLC
cancer with MPE
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3. Toasses if combination values of tumor markers increase
their diagnostic utility in MPE.

MATERIALS AND METHODS

Study population

Two subsets of patients were recruited with lymphocytic
exudative effusion, one subset constituted diagnosed patients
of NSCLC with MPE and the other subset of constituted
with tubercular pleural effusion.

Study design

A Tertiary Care Center, 750 bedded hospital catering the
population of Jammu and Kashmir State. It was a case control
study.

Inclusion criteria for cases

Eftusions were considered malignant if malignant cells were
found on cytologic examination or in a biopsy specimen.
Only specimens histologically diagnosed as primary NSCLC
were considered. Malignancies due to any other causes were
excluded.

Inclusion criteria for controls

Tuberculous pleurisy was diagnosed if one of the following
criteria was met: Identification of acid-fast Bacillus (AFB)
in pleural fluid, caseous granulomas in a pleural biopsy
specimen, polymerase chain reaction for AFB positive and
a high level of pleural fluid adenosine deaminase (40 U/L).

Exclusion criteria

Patients having renal failure. Patients who refused for
a detailed examination and who refused giving a valid
consent for serum and pleural fluid sample. Patients having
bilirubin >65 mg/dl, lipemia >1500 mg/dl, and rheumatoid
factors concentration > 1500 IU/M1 were excluded from our
study, as these factors cause interference in computation of
marker levels.

History and detailed examination

Clinical parameters were recorded according to proforma
given in the index. A special focus was on smoking in
pack years or quantity of tobacco consumed in grams per
day in hukka smokers. Examination of patients included a
general physical examination and a systemic examination.
Performance status was evaluated using Eastern Cooperative
Oncology Group (ECOG) scale; it is five point system that
is simple and easy to apply to clinical practice.

Routine investigations

Hemogram: Hemoglobin (Hb), Total leukocyte count,
and erythrocyte sedimentation rate. Liver function tests:
Bilirubin, alkaline phosphatase, and serum albumin. Lactate
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dehydrogenase (LDH), chest X-ray, computed tomography
chest, ultrasonography abdomen and chest, bronchoscopy;,
and histopathological examination of the specimen. If
required CT guided biopsy, open lung biopsy, pleural biopsy,
node biopsy, and thoracoscopic biopsy was done.

Special investigations
Serum and pleural fluid CEA and CYFRA 21-1 levels.

Cytokeratin |9 fragment levels
CYFRA 21-1
electrochemilumiscence immunoassay (ECLIA). The kit is
manufactured by Roche diagnostics. The kit was stored at
2-8°C. Samples were stored at —70°C in the Immunology
Department, SKIMS, Srinagar. The test principle used the
Sandwich method.

levels were measured using

Carcinoembryonic antigen levels

CEA levels were measured using ECLIA. The kit was
manufactured by Roche diagnostics. The kit was stored at
2-8°C Samples were stored at —70°C in the Immunology
Department, SKIMS, Srinagar. The test principle used the
Sandwich method. For both the tests, results are determined
via a calibration curve which is instrument specifically
generated by 2-point calibration and a master curve provided
via reagent barcode. In calibrator, two calset cal-1 and cal-2
are provided having two different concentrations. They
are bar coded and are analyzed in Elecsys Immunosassay
Analyzer (ROCHE, GERMANY). Accuracy is checked by
quality control.

Limitations-interference

The assay is unaffected by icterus (bilirubin <65 mg/dl),
hemolysis (Hb <2.2 g/dl), lipemia (intralipid <1500 mg/dl),
and biotin <120 pg/ml. XO interference was observed from
rheumatoid factors up to a concentration of 1500 IU/M1.
In our study, these limitations were excluded. Prior to any
therapy, blood and pleural fluid were collected from each
patient on the same day. Serum and pleural fluid supernatant
were obtained by centrifugation at 1800° - for 10 min and
stored at —70°C (refrigerator-REVCO made in USA) in the
Immunology Department, SKIMS, Srinagar, until tumor
markers were assayed using commercial immunoassay kits. In
both pleural fluid and serum, tumor markers were determined
blind of information concerning the definitive diagnosis.

Statistical analysis

All data are expressed as means =+ standard deviation (SD)
and percentage. All the parametric variables were analyzed
by Student’s t-test whereas nonparametric variables were
compared by Mann-Whitney U-test statistical significance
was accepted for P < 0.05. Software used were SPSS
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(www.ibm.com/software/analytics/spss) 11.5, and MS Excel
2007. In order to compare the performance of the tumor
markers, receiver operating characteristic (ROC) curves were
constructed and compared with area under the curve (AUC).
The threshold for each marker was selected based on the best
diagnostic efficacy having achieved equilibrium between
sensitivity and specificity.

RESULTS

A total of 48 patients with pleural effusions were studied,
with age ranging from 30 to 85 years. Thirty patients were
diagnosed as malignant eftusion and 18 as benign (tubercular)
which served as controls. The mean age in cases was
59.6 + 10.5 years with range from 38 to 85 years. Out of the
30 cases, 23 (76.7%) patients were >50 years of age. The mean
age of controls was 45.8 * 9.9 years (range 30-65); out of
the controls, only six (33.3%) patients were >50 years of age.
A statistically significant association of malignant effusions
was seen with age more than 50 years (P = 0.003).

Sixty percentage of the cases (18 of 30) and 72% of the
controls (13 of 18) were males. Gender difterence between the
two groups was insignificant (P = 0.396). The most common
symptoms in the cases was breathlessness (n = 27; 90%),
tollowed by chest pain (# = 9; 30%), and hemoptysis (1 = 5;
16.7%). A statistically significant association was seen between
breathlessness and malignant eftusions (P = 0.000). History of
smoking was more commonly present in patients of malignant
effusions (n = 24; 80%) compared to the controls (n = 7;
38.9%) as was the case with > 20 pack years of smoking (cases;
n = 18; 75%: Controls; n = I; 14.3%>), and the difterence
was statistically significant (P = 0.004). The performance
score (ECOG score) of most of the cases at presentation
was two (17; 56.7%) and three (13; 43.3%>). Higher score
at presentation was significantly associated with malignant
effusions (P = 0.000). The duration of symptoms (P = 0.364),
side of effusion (0.301), and weight loss (0.817) has no
significant association with malignancy but the P value of
grade of effusion was significant (P = 0.001), with higher
grades (moderate and massive) favoring malignancy.

A statistically significant difference of the means of
serum LDH (P = 0.035) was observed between
cases (465.2 = 133.0 [186, 775]) and controls
(391.9 = 114.7 [138, 586]). All the 30 patients of malignant
effusion were malignant cells positive fulfilling the criteria
for inclusion in our study. All the cases were subjected to
bronchoscopy but only 18 (60%) had positive findings on
bronchoscopy. Histological diagnosis was confirmed by CT
guided biopsy in 16 (53.4%) patients, and 14 (46.6%) were
confirmed on bronchoscopic biopsy. Five patients were
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having metastatic deposits to peripheral lymph nodes. On
histology, 23 (76.7%) were squamous cell lung carcinoma
and 7 (23.3%) were adenocarcinomas of lung.

In cases, serum CYFRA 21-1 levels had mean value of
34.1 = 29.9 with a range of 1.6-128.3 whereas in controls
serum CYFRA 21-1 levels had mean value of 1.9 + 1.0 with
a range of 0.5-4.7 [Table 1]. In cases, serum CEA levels had
mean value of 24.9 + 47.3 with a range of 1.0, 267.9, whereas
in controls serum, CEA levels had mean value of 1.9 = 1.4
with a range of 0.2-6.8 [ Table 1]. The difterence in the means
of serum CYFRA 21-1 (P = 0.000) and CEA (P = 0.046)
were statistically significant. In cases, pleural fluid CYFRA
21-1 levels had mean value of 160.1 = 177.1 with a range
of 5.4-517.2, whereas in controls, pleural fluid CYFRA
21-1 levels had mean value of 15.9 %= 5.7 with a range of
7.2-29.6. In cases, CEA pleural fluid levels had mean value of
89.8 + 207.4 with a range of 1.0-861.2, whereas in controls,
CEA levels had mean value of 2.5 = 2.3 with a range of 1-8.9.
The difference in the means of CYERA 21-1 (P = 0.001)
between cases and controls is statistically significant [ Table 1].

The performance of each marker at various levels of specificity
was analyzed by comparing AUC ROC. The area under curve
of pleural fluid CEA (0.942) is more than area under curve
of serum CEA (0.941), serum CYFRA 21-1 (0.941), and
pleural fluid CYFRA 21-1 (0.930) [Table 2].

Serum CEA has sensitivity of 78.3% for SCC as compared to
serum CYFRA 21-1 which has sensitivity of 82.6%. Pleura
fluid CEA has sensitivity of 82.6% for SCC which is similar
to Pleural fluid CYFRA 21-1 which has sensitivity of 82.6%
[Table 3].

Serum CEA has sensitivity of 71.4% for Adenocarcinoma,
which is similar to serum CYFRA 21-1, which has sensitivity
of 7 1.4%. Pleural fluid CEA has sensitivity of 71.4% for
Adenocarcinoma as compared to pleural fluid CYFRA 21-1,
which has sensitivity of 85.7% [Table 4].

Pleural fluid CYFRA 21-1 positivity was observed among 6
adenocarcinoma subjects 85.7%, of which pleural fluid CEA
who exhibited positivity among 5 (83.3%) subjects.

DISCUSSION

In malignant eftusion, the cytologic examination is important
because of its less invasiveness and ease. However, we
sometimes encounter highly suspected cases of malignant
eftfusion with repeated negative cytology findings. A pleural
needle biopsy adds little to cytology, and thus an aggressive
diagnostic technique such as thoracoscopy or thoracotomy

http://www.carcinogenesis.com/content/ 14/1/7

Table I: Tumor markers in serum and pleural fluid
with meantSD (minimum, maximum)

Cases Controls P
Serum (ng/ml)
CYFRA 21-1 34.1£29.9 1.9+1.0 0.000
(1.6,128.3) (0.5,4.7) (significant)
CEA 24.9+47.3 1.9+1.4 0.046
(1.0,267.9) (0.2,6.8) (significant)
Pleural fluid (ng/ml)
CYFRA 21-1 160.1+177.1 15.9+5.7 0.001
(54,517.2) (7.2,29.6) (significant)
CEA 89.8+207.4 2.5+23 0.082
(1.0,861.2) (1.0,8.9) (NS)

Student t-test used for calculation of P values. SD: Standard deviation,
CEA: Carcinoembryonic antigen, CYFRA 21-1: Cytokeratin |19 fragments, NS: Not
significant

Table 2: Tumor marker sensitivity in SCC

Tumor
Malignant
Count Column %

CEA serum

Positive 18 783

Negative 5 21.7
CYFRA 21-serum

Positive 19 82.6

Negative 4 17.4
CYFRA 21-1 plural fluid

Positive 19 82.6

Negative 4 17.4
CEA pleural fluid

Positive 19 82.6

Negative 4 17.4

CEA: Carcinoembryonic antigen, CYFRA 21-1: Cytokeratin 19 fragments,
SCC: Squamous cell carcinoma

Table 3: AUC

Test result variable (s) Area
CEA serum 0.941
CYFRA 21-1 serum 0.941

CEA: Carcinoembryonic antigen, CYFRA 21-1: Cytokeratin |19 fragments,
AUC:Area under the curve

Table 4:Tumor marker sensitivity in adenocarcinoma

Tumor
Malignant
Count Column %

CEA serum

Positive 5 71.4

Negative 2 28.6
CYFRA 21-1 serum

Positive 5 714

Negative 2 28.6
CYFRA 21-1 pleural fluid

Positive 6 85.7

Negative | 14.3
CEA pleural fluid

Positive 5 714

Negative 2 28.6

CEA: Carcinoembryonic antigen, CYFRA 21-1: Cytokeratin 19 fragments
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should be considered.?® The evaluation of tumor markers in
serum and pleural fluid has been proposed as an alternative
way of establishing a diagnosis of MPE. Therefore, we
evaluated the diagnostic utility of two tumor markers CEA
and CYFRA 21-1 for lung cancer to differentiate malignant
from benign effusion.

The current study is an attempt to add to the already existing
data regarding diagnostic utility of two tumor markers CEA
and CYFRA 21-1 for lung cancer to differentiate malignant
from benign effusion.

In the present study, we compared serum and pleural fluid
levels of CEA and CYFRA 21-1 in nonsmall cell carcinoma
with MPE and tubercular effusion. The marker levels
were much lower in tubercular effusion as compared with
malignant eftusion. The cut-oft level for CEA in serum as
provided in our kit in nonsmokers is 5.0 ng/ml and in smokers
is 6.5 ng/ml. The cut-oft level for CEA in pleural fluid in our
study was fixed at 4.8 ng/ml. The cut-oft level for CYTRA
21-1 in serum as provided in our kit in nonsmokers and in
smokers is 3.3 ng/ml. The cut-off level for CYFRA 21-1 in
pleural fluid in our study was fixed at 21.6 ng/ml (cut-oft was
calculated by means of control +1SD).

The most common method of reaching at diagnosis in our
cases was CT guided biopsy 16 cases (53.4%) as compared
to bronchoscopy 14 cases (46.6%), which did not correlate
with results shown by Buccheri ef al.l'! as 53% cases being
diagnosed by bronchoscopy. The discordance in our data
could be due to small number of patients studied in our study.

Cytokeratin 19 fragment levels in serum and pleural
fluid

In cases, serum CYFRA 21-1 levels had mean value of
34.1 £ 29.9 ng/ml with a range of 1.6-128.3, whereas
in controls serum, CYFRA 21-1 levels had mean value
of 1.9 + 1.0 ng/ml with a range of 0.5-4.7 [Table 1].

In cases, pleural fluid CYFRA 21-1 levels had mean value of
160.1 = 177.1 ng/ml with a range of 5.4-517.2, whereas in
controls, pleural fluid CYFRA 21-1 levels had mean value of
15.9 = 5.7 ng/ml with range of 7.2-29.6 [Table 1].

When compared with study conducted by Lee et al.,
in cases, serum CYFRA 21-1 levels had mean value of
14.6 = 33.3 ng/ml, whereas in controls, serum CYFRA
21-1 levels had mean value of 0 ng/ml. In cases, pleural fluid
CYFRA 21-1 levels had mean value of 61.7 * 50.6 ng/ml,
whereas in controls, pleural fluid CYFRA 21-1 levels had
mean value of 23.2 + 23 ng/ml.

http://www.carcinogenesis.com/content/ 14/1/7

In SQC, mean serum CYFRA 21-1 levels were 33.9 ng/ml
with a SD of 25.5 when compared with study conducted by
Lee et al.,® in SQC mean serum CYFRA 21-1 levels were
19.2 ng/ml with a SD of 18.3 [Table 5].

In ACL, mean serum CYFRA 21-1 levels were 34.7 ng/ml
with SD of 44.1. When compared with study conducted
by Lee et al.,®¥ ACL mean serum CYFRA 21-1 levels were
14.4 ng/ml with a SD of 38.7 [Table 5].

In SQC, mean pleural fluid CYFRA 21-1 levels were
157.9 ng/ml with SD of 166.4. When compared with study
conducted by Lee et al.,®! SQC mean pleural fluid CYFRA
21-1 levels were 94.3 ng/ml with a SD of 56.5 [Table 5].

In ACL, mean pleural fluid CYFRA 21-1 levels were
167.5 ng/ml with a SD of 223.4. When compared with
study conducted by Lee ef al.,[¥y ACL mean pleural
fluid CYFRA 21-1 levels were 60.3 ng/ml with a SD of
50.2 [Table 5].

In our study, serum CYFRA 21-1 had a sensitivity of 80%,
specificity of 88.9%, and accuracy of 86.2% [ Table 6, Figure 1].
while as Lee ef al.,[® Dejsomritrutai et al.?¥! and Wagner
et al.,PY observed sensitivity of 45.2%, 81.5%, and 71.4%, and
specificity of 100%, 97%, and 93%, respectively.

In our study, pleural fluid CYFRA 21-1 had a sensitivity
of 83.3%, specificity of 88.9%, and accuracy of 85.4%.
Various studies used cut-off values of pleural fluid
CYFRA [Table 6 and Figure 2] 21-1 ranging from 8 to
175 ng/ml for diagnosis of malignant effusion, we used
21.6 ng/ml, and we obtained sensitivity and specificity
83.3% and 88.9%, respectively, while as other studies had
sensitivity and specificity ranging from 22% to 91% and
71.4-100%, respectively [Table 6].

Carcinoembryonic antigen levels in serum and
pleural fluid

In our study, serum CEA levels in cases had mean value
of 24.9 = 47.3 ng/ml with a range of 1-267.9, whereas in
controls, serum CEA levels had mean value of 1.9 = 1.4 ng/
ml with a range of 0.2-6.8 [Table 1].

Table 5: Tumor markers with mean*SD

SCC Adenocarcinoma
CYFRA 21-1 serum 33.94£25.5 34.7144.1
CEA serum 16.0£10.8 54.1£95.3
CYFRA 21-I pleural fluid 157.9+166.4 167.5+223.4
CEA pleural fluid 34.4£28.5 271.84393.2

CEA: Carcinoembryonic antigen, CYFRA 21-1: Cytokeratin 19 fragments,
SD: Standard deviation, SCC: Squamous cell carcinoma
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In our study, pleural fluid CEA levels in cases had mean
value of 89.8 = 207.4 ng/ml with a range of 1-861.2,
whereas in controls, pleural fluid CEA levels had mean value
of 2.5-2.3 ng/ml with a range of 1-8.9 ng/ml [Table 1].

When compared with study conducted by Lee et al.l¥ and
Pasaoglu et al.,’?! serum CEA levels in cases had mean value
of 33.7 = 54.3 ng/ml and 59.2 *+ 129.0 ng/ml, respectively,
whereas in controls serum CEA levels had mean value of
2.1 = 1.7 ng/ml and 1.96 * 3.6 ng/ml, respectively. Lee
et al.'® and Pasaoglu ef al.®? observed that pleural fluid CEA
levels in cases had mean value of 659.5 * 1314 ng/ml and
124.4 + 214.3 ng/ml, respectively, whereas in controls, pleural
fluid CEA levels had mean value of 1.6 = 2.1 ng/ml and
1.12 + 2.7 ng/ml, respectively.

In our study, mean serum CEA levels in SQC were
16-0 ng/ml with a SD of 10.8. When compared with study
conducted by Lee ef al.[¥l mean serum CEA levels in SQC
were 19.2 ng/ml with a SD of 18.3.

In our study, mean serum CEA levels in ACL were 54.1 ng/ml
with a SD 0f 95.3. When compared with study conducted by
Lee et al.® mean serum CEA levels in ACL were 14.4 ng/ml
with a SD of 38.7 [Table 5].

| W Cases ®Controls | 590,
(TN)

80.0%
(TP)

CYFRA 21-1 Tumor Markers as per Serum

Sample Analysis

http://www.carcinogenesis.com/content/ 14/1/7

In our study, mean pleural fluid CEA levels in SQC were
34.4 ng/ml with a SD of 28.5. When compared with study
conducted by Lee ef al.®! mean pleural fluid CEA levels in
SQC were 94.3 ng/ml with a SD of 56.5 [Table 5].

In our study, mean pleural fluid CEA levels in ACL were
271.8 ng/ml with a SD 0 393.2. W.Tien compared with study
conducted by Lee ef al.¥! mean pleural fluid CEA levels in
ACL were 60.3 ng/ml with SD of 50.2 [Table 6].

We observed Serum CEA had a sensitivity of 76.7%, specificity
of 94.4%, and accuracy of 83.3% [Table 6 and Figures 3-6].
Lee et al.,!® Wagner et al.,*!l and Pasaoglu ef al.1’?! observed a
sensitivity of 67.6%, 57.1%, and 30.5% specificity of 92.9%,
100% and accuracy of 75%, 93%, and 73%, respectively.

We observed pleural fluid CEA had a sensitivity of
80%, specificity of 88.9%, and accuracy of 83.3%
[Table 6 and Figure 1]. Various studies used cut-oft values of
pleural fluid CEA ranging from 3 to 50 ng/ml for diagnosis
of malignant effusion, we used 4.8 ng/ml, and we obtained
sensitivity and specificity 80% and 88.9%, respectively, while
as other studies had sensitivity and specificity ranging from
31% to 82.4% and 77-100%, respectively.

In our study, pleural fluid CEA has sensitivity of 71.4% for
adenocarcinoma [Table 4] as compared to study conducted

94.4%

}i H Cases ™ Controls :
: (TN)

76.7%
(TP)

CEA Tumor Markers as per Serum Sample
J Analysis

Figure I: Cytokeratin 19 fragment tumor marker as per serum
sample analysis. TP: True positives, TN: True negatives

Figure 2: Carcinoembryonic antigen tumor marker as per serum
sample analysis. TP: True positives, TN: True negatives

Table 6: Tumor markers with sensitivity, specificity and accuracy pattern with cut-off value

Tumor marker with cut-off value Malignant Benign Accuracy (%)
n Sensitivity (%) n Specificity (%)

CYFRA 21-I serum >3.3 ng/ml 24 80.0 16 88.9 86.2
CEA serum >5 ng/ml 23 76.7 17 94.4 83.3
Serum (CYFRA 21-1 + CEA) 28 933 15 83.3 89.6
CYFRA 21-1 (serum + pleural fluid) 29 96.7 14 77.8 89.6
CEA (serum + pleural fluid) 28 93.3 15 83.3 89.6
CYFRA 21-I pleural fluid >21.6 ng/ml 25 83.3 16 88.9 85.4
CEA pleural fluid >4.8 ng/ml 24 80.0 16 88.9 83.3
Pleural fluid (CYFRA 21-1 + CEA) 28 93.3 14 77.8 87.5

CEA: Carcinoembryonic antigen, CYFRA 21-1: Cytokeratin 19 fragments
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80.0%

H Cases ® Controls 88.9%

\CEA Tumor Markers as per Pleural Fluid Analysis|

Figure 3: Carcinoembryonic antigen tumor marker as per pleural
fluid analysis
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Figure 5: Receiver operating characteristic curve for serum
carcinoembryonic antigen and cytokeratin 19 fragments

by Porcel et al." and Salama et al.*!l whose study showed
a sensitivity of 59% and 71.2%, respectively. In our study,
pleural fluid CYFRA 21-1 has sensitivity of 85.7% for
adenocarcinoma [Table 4] as compared to study conducted
by Porcel et al." and Salama et al.,*'! whose study showed a
sensitivity of 22% and 59%, respectively.

In our study, pleural fluid CEA has sensitivity of 82.6% for
SCC [Tables 3-11]. as compared to study conducted by Porcel
etal.®land Salama et al.,?' whose study showed a sensitivity
of 18% and 100%, respectively.

In our study, pleural fluid CYFRA 21-1 has sensitivity of
82.6% for SCC as compared to study conducted by Porcel
et al.1 and Salama et al.,?") whose study showed a sensitivity
of 9% and 75%, respectively. Porcel et al.l'™>! observed less
sensitivity as he has also studied probable (cytology negative
for malignant cells) MPE.

By study of combination of tumor markers, we found that
CYFRA 21-1 (serum + pleural fluid) has sensitivity of 96.7%,
highest of any combination and specificity of 77.8%, while as

88.9%
TN)

$3.3% | MCases ® Controls |

(TP)

'CYFRA 21-1 Tumor Markers as per Pleural Fluid
Analysis

Figure 4: Cytokeratin 19 fragment tumor marker as per pleural
fluid analysis
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Figure 6: Receiver operating characteristic curve for pleural fluid
carcinoembryonic antigen and cytokeratin 19 fragments

Lee et al.!®¥ and Dejsomritrutai et al.[*>) observed sensitivity of
70%, 88.9%, respectively, and Lee et al.!®¥! observed specificity
of 81.8% [Table 6].

In our study, we observed that CEA (serum + pleural fluid)
has sensitivity of 93.3%, and specificity of 83.3%, while as
Lee et al.® observed sensitivity of 85.3% and specificity of
83.3% [Table 6].

In our study, we observed that serum (CYFRA 21-1 + CEA)
and pleural Fluid (CYFRA 21-1 + CEA) has sensitivity and
specificity of 93.3%, 93.3%, 83.3%, and 77.8%, respectively,
while as sensitivity and specificity of 77.4%, 90.9%, 100%,
and 75% were observed by Lee et al.¥! [ Table 6].

SUMMARY AND CONCLUSION

e Vastnumber of data is emerging for the use of serum and
pleural fluid CYFRA 21-1 and CEA levels as a markers
for the diagnosis of MPE in lung cancer

e CYFRA 21-1 (serum-pleural fluid) is a sensitive
marker for NSCLC with sensitivity of 96.7%, highest
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Table 7: AUC

Test result variable (s) Area
CEA pleural fluid 0.942
CYFRA 21-1 pleural fluid 0.930

CEA: Carcinoembryonic antigen, CYFRA 21-1: Cytokeratin 19 fragments,
AUC:Area under the curve

Table 8: Comparison of serum CEA and serum CYFRA
21-1 in SCC

CYFRA 21-1 serum

Positive Negative
Count Column % Count Column %
CEA serum
Positive 16 84.2 2 50.0
Negative 3 15.8 2 50.0

CEA: Carcinoembryonic antigen, CYFRA 21-1: Cytokeratin 19 fragments,
SCC: Squamous cell carcinoma

Table 9: Comparison of serum CEA and serum CYFRA
21-1 in adenocarcinoma

CYFRA 21-1 serum

Positive Negative
Count Column % Count Column %
CEA serum
Positive 3 60.0 2 100.0
Negative 2 40.0

CEA: Carcinoembryonic antigen, CYFRA 21-1: Cytokeratin 19 fragments

Table 10: Comparison of pleural fluid CEA and pleural
fluid CYFRA 21-1 in SCC

CYFRA 21-1 pleural fluid

Positive Negative
Count Column % Count Column %
CEA pleural fluid
Positive 16 84.2 3 75.0
Negative 3 15.8 | 25.0

CEA: Carcinoembryonic antigen, CYFRA 21-1: Cytokeratin 19 fragments,
SCC: Squamous cell carcinoma

Table | I: Comparison of pleural fluid CEA and pleural
fluid CYFRA 21-1 in adenocarcinoma

CYFRA 21-1 pleural fluid

Positive Negative
Count Column% Count Column %
CEA pleural fluid
Positive 5 83.3 | 100
Negative | 16.7

CEA: Carcinoembryonic antigen, CYFRA 21-1: Cytokeratin 19 fragments

of any combination (serum [CYFRA 21-1 — CEA]
CEA [serum + pleural fluid], pleural fluid [CYFRA

21-1 + CEA]), and specificity of 77.8%

Levels of CYFRA 21-1 (serum + pleural fluid) are
increased in MPE, so it is better to be used in suspicious
MPE showing negative cytology, particularly in the
absence of a visible tumor and or unsuitability for invasive

procedure

Determination of tumor markers (CEA and CYFRA 21-1)

http://www.carcinogenesis.com/content/ 14/1/7

in the pleural fluid may be helpful as a complimentary
tool for diagnosis of pleural effusion.
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