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SUMMARY - Tumor marker CYFRA-21-1 may be used as an additional parameter in the diagnosis, progno-
sis and follow-up of patients with non-small cell lung carcinoma (NSCLC), especially those with squamous
cell carcinoma. From 1994 till 2001, the concentration of CYFRA-21-1 was determined in serum and/or
pleural effusions of 166 patients with NSCLC, and in serum of 28 control subjects. Serum CYFRA-21-1
median in the control, benign and malignant group was 0.8 ng/mL, 2.6 ng/mL and 6.3 ng/mL, respectively
(p>0.05). In pleural effusions, CYFRA-21-1 median differed significantly between the benign (8.2 ng/mL)
and malignant (146 ng/mL) group (p<0.0000). The overall CYFRA-21-1 sensitivity and specificity were
62% and 76% in serum, and 73% for both parameters in pleural effusions. Our results confirmed the CY-
FRA-21-1 to better discriminate benign from malignant pleural effusions than benign from malignant sera.
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Introduction

Among malignant diseases, lung cancer is most wide-
spread. In the USA, it kills 28% of the people with malig-
nancy (32% male and 25 % female)'. In Croatia, in the year
1998, an incidence of 56/100000 and mortality of 54/
100000 were recorded. The major risk factors for lung can-
cer are cigarette smoking, genetic predisposition, influence
of arsenic, chrome, asbestos, x-ray radiation, air pollution,
etc? According to histological typing, there are four main
groups of lung cancer: squamous cell carcinoma, adenocar-
cinoma, large cell carcinoma, and small cell carcinoma. The
first three categories are combined into the group of non-
small-cell lung carcinoma (NSCLC), which include about
80% of all lung carcinomas’.
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In the diagnosis of lung cancer, different methods have
been used, e.g., cytologic, histologic, endoscopic, radiolog-
ic, scintigraphic, etc. Determination of the tumor mark-
ers of carcinoembryonic antigen (CEA), neuron specific
enolase (NSE) or cytokeratin 19 fragment (CYFRA-21-1)
may serve as a useful, additional parameter not only for the
diagnosis but even more for the prognosis and monitoring
of the patient’s disease*.

Tumor marker CYFRA-21-1 is a fragment of cytokera-
tin 19, which is part of cytoskeleton in epithelial cells. If
the tumor is of epithelial origin, CYFRA-21-1 can be re-
leased into the bloodstream. CYFRA-21-1 has been shown
to have high sensitivity in patients with NSCLC, especially
those with squamous cell lung carcinoma®*.

Differential diagnosis of pleural effusion is a common
clinical problem. It is not easy to confirm the pleural effu-
sion malignancy only on the basis of cytologic analysis. To
find a minimally invasive tool for differentiating between
pleural effusion of malignant and benign origin, some au-
thors assessed several tumor markers individually or in
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combination’. The aim of this study was to assess wheth-
er an increased Cyfra 21-1 level in serum or in pleural ef-
fusion may be an independent diagnostic factor of exist-
ing malignancy.

Material and Methods

In this retrospective study carried out from 1994 till
2001, CYFRA-21-1 was determined in serum, pleural ef-
fusion, and both serum and pleural effusion of patients
with benign non-lung disease and patients with lung can-
cer, and also in sera of healthy subjects (controls). Patients
with inflammation and those with liver, kidney and heart
disease were included in the benign group. Patients with
squamous cell lung carcinoma prevailed in the malignan-
cy group.

Pleural effusion malignancy was confirmed by cytologic
examination.

Blood and pleural effusion samples were centrifuged
to discard the cell pellet and were subsequently aliquot-
ed and frozen (-20 °C) until analysis.

Controls and patients

Control group included 28 healthy blood donors, 8 male
and 20 female (aged 41-85 years).

Of 166 patients (aged 34-87 years) included in the
study, there were 101 male and 65 female patients, 47 with
benign disease and 119 with malignant disease (squamous
cell lung carcinoma in 66, adenocarcinoma in 30, undiffer-
entiated carcinoma in 18, microcellular cancer in three, and
lymphoma in two patients). Except for nine patients, all
had only one sample of serum or pleural effusion analyzed
for CYFRA-21-1; in eight of these nine patients CYFRA-
21-1 level was determined twice, and in one patient CY-
FRA-21-1 was measured on three occasions.

Table 1. Concentrations of CYFRA-21-1 in serum

The levels of CYFRA-21-1 were determined in total of
131 serum samples and 63 pleural effusions. In addition
to Cyfra-21-1, other tumor markers, i.e. CEA, carbohydrate
antigen 15-3 (CA 15-3) and carbohydrate antigen 125 (CA
125) were in parallel determined in 33 pleural effusions.

Method

ELSA CYFRA-21-1 (Schering Cis bio international,
Gifsur-Yvette, France; cutoff <3.3 ng/mL) is a solid phase
“sandwich” immunoradiometric assay® for detection of
soluble cytokeratin 19 fragments in the effusion. Two
monoclonal antibodies (BM 19-21 and KS 19-1 obtained
after immunization of mice with MCF-7 cells) prepared
against sterically remote sites on the CYFRA-21-1 mole-
cule, the first being coated on the ELISA solid phase and
ther other radiolabelled with iodine '»I, were used as a
tracer.

The concentrations of CEA, CA15-3 and CA 125 were
measured by the immunoradiometric assay (CEA IRMA,
cutoff <5.0 ng/mL; CA 15-3 IRMA, cutoff <35.3 U/mL;
CA125 IRMA, cutoff <26.0 U/mL, all from DPC, Los
Angeles, CA, USA).

Statistics

Medians of CYFRA-21-1 levels were compared by the
X?-test. A p value <0.05 was considered significant. The
receiver-operating characteristic (ROC) curve was used to
determine the sensitivity and specificity of the groups
compared.

Results

Unfortunately, it was not possible to collect both se-
rum and pleural effusion samples from each patient includ-
ed in the study. Therefore, CYFRA-21-1 was assayed on
an unbalanced number of serum and pleural effusion sam-

Group n Median Range <3.3*  Specificity  >3.3  Sensitivity
(ng/mL)  (ng/mL) n (%) n (%)

Control 28 0.8 0.3- 3.2 0 100

Benign 21 2.6 0.3- 16.7 16 76

Malignant 82 6.3 0.1-138 51 62

a) adenocarcinoma 7 17.4 2.6-138 5 71

b) squamous ca 60 6.3 0.1-104 39 65

c) other types ca 15 4.6 0.9-108 8 53

* cutoff in serum <3.3 ng/mL
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Table 2. Concentrations of CYFRA-21-1 in pleural effusions

Group n Median Range <3.3*  Specificity >50** Sensitivity
(ngmL)  (ng/mL) n (%) n (%)

Control

Benign 26 10.7 0.1- 78 19 73

Malignant 37 146 8.4-3280 27 73

a) adenocarcinoma 23 154 8.4-3280 19 83

b) squamous ca 6 233 12.2-1664 4 67

¢) other types ca 8 52 31.4-2400 4 50

* cutoff in serum <3.3 ng/mL, ** cutoff in pleural effusion <50 ng/mL

ples of patients with benign and malignant disease, which
may have caused a problem in the interpretation of the sta-
tistical analysis applied.

For 28 healthy blood donors (controls), serum CYFRA-
21-1 median was 0.8 ng/mL, range 0.18-2.5 ng/mL. At a
cutoff serum value of 3.3 ng/mlL, the specificity was 100%.
In 21 patients with benign disease, serum CYFRA-21-1
median was 2.6 ng/mL and the corresponding specificity
was 76%. A total of 82 patients with malignant lung dis-
ease had serum median of 6.3 ng/mL (Table1). Median of
the dominant tumor type, squamous cell carcinoma
(n=60), was 6.3 ng/mL, with the corresponding sensitiv-
ity of 65%. Median values were not statistically significantly
different (p>0.05).

The pleural effusion CYFRA-21-1 median for 26 pa-
tients with benign disease was 10.7 ng/mL, and for 37
patients with malignancy 146 ng/mL (Table 2), yielding a
statistically significant difference (p<0.0000).

In adenocarcinoma that prevailed in the patient group
(n=23), the median was 154 ng/mL. At a cutoff CYFRA-
21-1 value of 50 ng/mL for pleural effusion’'!, the corre-
sponding sensitivity was 83%.

The highest serum CYFRA-21-1 median of 17.4 ng/mL
was detected in adenocarcinoma, and highest pleural ef-
fusion median of 233 ng/mL in the group of squamous cell
carcinoma.

The median CYFRA-21-1 values in serum and pleural
effusion were compared between the study groups. A sta-
tistically significant difference (p<0.0000) was recorded
only between the benign group and adenocarcinoma, and
between adenocarcinoma and squamous cell lung carcino-
ma in serum and pleural effusion.

Comparison of CYFRA-21-1 concentrations between
the benign group and malignant pleural effusions was pre-
sented by means of ROC curve (Fig. 1). The following pa-
rameters were obtained: area under the curve (AUC) of

Acta Clin Croat, Vol. 42, No. 1, 2003

0.943; 95% confidence interval (CI: 0.854-0.985); sensi-
tivity of 89.2%; and specificity of 88.5%.

In 12 frozen pleural effusion samples from adenocar-
cinoma patients with breast cancer metastases, apart from
CYFRA-21-1, tumor markers CA15-3 and CA125 were also
determined.

The median values of 76 ng/mL, 52.3 U/mL and 498
U/mL for CYFRA-21-1, CA15-3 and CA125 all exceeded
the respective serum cutoff values.

Inatotal of 21 pleural effusions, CEA was determined
in parallel to CYFRA-21-1. The median values of CYFRA-
21-1and CEA were 23.2 ng/mL and 3.6 ng/mL (p<0.0000)
in the benign group (n=12), and 185 ng/mL and 97.3 ng/
mL in the malignant group (n=8).

Changes in CYFRA-21-1 concentrations (5 in serum
and 4 in pleural effusions) were monitored in only eight
patients on two visits and in one patient on three visits.

Discussion

Cytokeratins belong to a group of intermediate fila-
ment proteins, which are a major component of the cell
skeleton. There are around 20 different cytokeratins with
a molecular mass ranging from 40 to 70 kilodaltons (kD).
Low molecular mass is found in simple epithelium and
heavy molecular mass in epidermis'®.

Several cytokeratins including cytokeratin 19 are con-
nected with malignancy. In patients with lung cancer it
may be released into the serum as fragments measured by
the CYFRA-21-1 assay. The measurement of this tumor
marker is a noninvasive method for improving the diagno-
sis of malignant lung cancer*'*'*. However, CYFRA-21-1
was not efficient in either screening or detection of early
stage NSCLC, but has been used as an independent mark-
er of squamous cell carcinoma of the lung’. Nowadays,
some research is carried out to evaluate CYFRA-21-1 lev-
el in malignant pleural effusion.
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Our initial results on CYFRA-21-1% in patients with
squamous cell lung carcinoma showed 80% of patients with
distant metastases (stage IIIB and stage IV) to have an
increased serum CYFRA-21-1 concentration, supporting
other authors'® who found highest CYFRA-21-1 values in
metastatic lung cancer and highest sensitivity in stage I11B
and IV squamous cell carcinoma. Clinical evaluation of
CYFRA-21-1 in pleural effusion has been described by Sa-
toherall’. They found higher CYFRA-21-1 median in ma-
lignant (84.5 ng/mL) than in benign (13.9 ng/mL) diseas-
es. Our results are similar (146 ng/mLos. 10.7 ng/mL).

Of the four tumor markers (CYFRA-21-1, CEA, SCC
and NSE) relevant for the detection of lung cancer, Mu-
raki ez a/** found highest sensitivity for CYFRA-21-1. For
adenocarcinoma, Lai ez @/ recorded serum CYFRA-21-1
sensitivity of only 39%. In the present study, we found a
sensitivity of 83% in pleural effusion and of 71% in serum.
In spite of the small number of serum samples of adeno-
carcinoma, we obtained a significant difference between
the benign disease group and adenocarcinoma in both se-
rum and pleural effusion (p<0.0000). In contrast to other
authors*, our data indicated that CYFRA-21-1 might be a
relevant tumor marker for adenocarcinoma. Toumbis eza/.’
have confirmed the CYFRA-21-1 level in pleural fluid to
be 1 to 385 times higher than in serum of the benign and
malignant lung diseases examined. We found the Cyfra-
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Fig. 1 Receiver operating characteristic curve for CYFRA 21-1
in benign and malignant pleural effusions (area under the curve
AUC = 0.943,95% CI = 0.854 — 0.985; sensitivity = 89.2%
specificity = 88.5%)

26

21-1 level in malignant pleural fluid to be up to 24-fold
(range 8.4-3280 ng/mL) maximal concentration in malig-
nant serum (range 0.1-138 ng/mL). According to ROC
analysis (Fig. 1), CYFRA-21-1 levels from the benign and
malignant pleural fluids were well discriminated. The role
of tumor markers in differentiating malignant from benign
pleural effusion is not yet clear, as stated by Romero eza/."°.
In pleural fluid, they found low CYFRA-21-1 sensitivity of
only 32% (specificity 82%). Therefore, they conclude that
CYFRA-21-1is useless in pleural fluid and that only a com-
bination of CEA, CA 15-3 and Cyfra-21-1 in serum may ob-
viate its determination in pleural fluid. Other authors'™
confirmed that out of four tumor markers measured (AFP,
ferritin, CEA and CYFRA-21-1) only CEA and CYFRA-21-
1 had diagnostic value in differentiating benign from ma-
lignant pleural effusion. When pleural effusion cytology is
negative, CYFRA-21-1 and CEA may be useful assays in
the diagnosis of malignant pleural effusion'. However,
Alata e @/*° did not prove the diagnostic value of tumor
markers CEA, CA15-3, CA19-9, CYFRA-21-1, NSE and
"TSA in pleural effusions.

The results obtained by tumor marker combinations
(CYFRA-21-1 and CEA in parallel in benign and malignant
groups, and CYFRA-21-1, CA15-3 and CA 125 in parallel
in patients with breast carcinoma) determined in pleural
fluids of 33 samples confirmed the concentrations of all
four tumor markers to be increased in patients with ma-
lignancy. The median values in the benign and malignant
groups were highly significant (p<0.0000), those of CY-
FRA-21-1, CA15-3 and CA 125 all greatly exceeded their
serum cutoff values.

It is well known that the most important role of CY-
FRA-21-1 is in therapy monitoring and follow-up of pa-
tients with NSCLC**'. Unfortunately, until now we have
had an opportunity to monitor CYFRA-21-1 level twice in
only eight patients and three times in one patient with lung
cancer. In three patients with benign disease at the first
visit the pleural effusion CYFRA-21-1 concentration was
increased but it declined on the second visit. Two out of
five patients with squamous cell lung carcinoma had CY-
FRA-21-1 values below the normal level in both serum
samples. In one patient serum level increased significant-
ly, and in the other two CYFRA-21-1 levels remained highly
increased. In one patient with adenocarcinoma both CY-
FRA-21-1 values in pleural effusions were highly increased.
According to such a low rate of CYFRA-21-1 determina-
tion, and lacking data on therapy and clinical examinations
of these patients, we are not yet able to evaluate CYFRA-
21-1 results during the follow-up period.
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Conclusion

The results obtained confirm that CYFRA-21-1 is a
useful parameter in distinguishing benign from malignant
pleural effusions and malignant sera from malignant pleural
effusions. The highest median concentration of CYFRA-
21-1 was detected in serum of patients with adenocarci-
noma and in pleural effusions of patients with squamous
cell lung carcinoma. Their CYFRA-21-1 median values
were significantly different (p<0.0000).

In the near future, Cyfra-21-1 concentration should be
evaluated in monitoring therapeutic efficacy in patients
with lung cancer. Another application of CYFRA-21-1 de-
termination might be in patients with pulmonary periph-
eral solid lesion which is unaccessible by transthoracic
needle. If CYFRA-21-1 is increased, explorative thoracot-
omy should be considered.
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SaZetak
TUMORSKI BILJEG CYFRA -21-1 U SERUMU I PLEURALNOM IZLJEVU B OLESNIKA S KARCINOMOM PL UCA
D. Jurman, 1. Lukinac, D. Nithig-Hus, D. Krilic, D. Cortila, J. likad'i 7. Kusié

Za dijagnosticiranje, prognozu i pracenje bolesnika s karcinomom pluéa, osobito skvamoznog tipa, poznato je odredivanje
koncentracije tumorskog biljega CYFRA -21-1. U razdoblju od 1994. do 2001. godine izmjerena je razina CYFRA ~ -21-1 u serumu
ili/i pleuralnom izljevu 166 bolesnika, od kojih je 119 imalo karcinom pluéa, a 47 benignu bolest. Medijani koncentracije CYFRA -
21-1 u serumu kontrolne, benigne i maligne sk upine iznosili su 0,8 ng/mL, 2,6 ng/mL i 6,3 ng/mL i nisu se znacajno razlikovali
(p>0,05). Nasuprot tome, u pleuralnom izljevu medijani CYFRA  -21-1 benigne i maligne sk upine od 8,2 ng/mL i 146 ng/mL bili
su znacajno razli¢iti (p<0,0000). Osjetljivost i specificnost CYFRA  -21-1 u serumu bila je 62% odnosno 76%, a u pleuralnom
izljevu su oba parametra iznosila 73%. Nasi dosada$nji rezultati potvrduju da je CYFRA ~ -21-1 koristan dodatni parametar u
razlikovanju benignih od malignih pleuralnih izljeva, ali ne i benignih od malignih seruma.

Kljuéne rijeci: Plucne neoplazme, kro; Tumorski biljexi — bioloski, ko; Plucne neoplazme, patologija; Pleuralni izljev — maligni, dijagnostik
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