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Lung cancer is one of the leading causes of cancer
death throughout the world. Nonsmall cell lung carcino-
ma (NSCLC) accounts for approximately 75% of cases
and represents a heterogeneous group of cancers consist-
ing mainly of squamous cell, adenocarcinoma and large
cell carcinoma [1, 2]. Despite major advances in cancer
treatment in the past two decades, the prognosis of pati-
ents with lung cancer has improved only minimally. The
tumour node metastasis (TNM) stage is recognized as the
main prognostic factor in lung cancer [3]. However, the
variability in survival within staging groups required addi-
tional types of indicators, independent of stage [4].

A large number of new molecular and biological fac-
tors has been reported [5–9]. One group of molecules that
has been shown promise as biomarkers is the cytokera-
tins. Cytokeratins and other intermediate filaments of the
cell are known to be present in various normal and patholo-
gical tissues [10]. The expression of cellular cytokeratins
is specific for different tissues. At present, 20 cytokeratins
have been described by immunohistochemical studies. Cy-
tokeratin 19 may be expressed in simple epithelia such as
the unstratified epithelium of bronchial trees and is abun-
dant in carcinoma of the lung [11]. Although cytokeratins

are part of the cytoskeleton, some fragments might be re-
leased in the serum owing to cell lysis or tumour necrosis.

A new tumour marker assay (CYFRA 21-1), which
uses two monoclonal antibodies (KS19-1 and BM19-21)
against epitopes of a water-soluble fragment of cytokera-
tin 19, was recently introduced [12, 13].

The current study examines whether elevated serum
CYFRA 21-1 levels have any prognostic value in patients
with resected NSCLC.

Materials and methods

The study included 94 NSCLC patients examined by
the Chest Oncology Group and operated on in the Tho-
racic Surgery Unit at the Bialystok Medical School be-
tween January 1994 and February 1995. All of the patients
underwent radical surgical resection.

Pretreatment staging procedures included physical and
blood examinations, chest radiography and tomography,
bronchoscopy, computed tomography (CT) of the thorax
and ultrasound scanning of the liver. In addition, radioiso-
topic scans of bones, examination of bone marrow aspi-
rates, and abdominal and brain CT scans were performed
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ABSTRACT: Cytokeratin 19 is particularly abundant in carcinoma of the lung. The
CYFRA 21-1 assay has recently been developed for detection of a cytokeratin 19 frag-
ment in serum. In the current study, the prognostic information provided by the
CYFRA 21-1 assay in operable nonsmall cell lung cancer (NSCLC) was analysed.

Serum levels of CYFRA 21-1 were measured using an immunoradiometric assay
(DiaSorin) in 94 patients with operable NSCLC. Survival and disease-free survival
curves related to initial levels of this marker were estimated using the Kaplan–Meier
method.

Elevated preoperative CYFRA 21-1 levels were identified in 42% of patients with
NSCLC. The number of patients with elevated levels of this marker increased with
tumour node metastasis (TNM) stage (p=0.02). In univariate analysis elevated levels
of CYFRA 21-1 were significantly associated with poor overall survival (p<0.001) and
with disease-free survival (p<0.001). The results remained significant when the com-
parisons were adjusted, using the stratified log-rank test, for patient's TNM stage
(p<0.001 for both overall and disease-free survival). Elevated preoperative levels of
CYFRA 21-1 decreased the probability of survival or surviving without recurrence 15
months or more after the operation. This was confirmed by the results of the multi-
variate analysis.

In conclusion, CYFRA 21-1 may be an independent prognostic parameter of survi-
val and tumour relapse in nonsmall cell lung cancer and may be useful in identifying
resected cancer patients at high risk for treatment failure.
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when necessary. Selected patients underwent mediastino-
scopy. During operation, radical lymph node dissection
was uniformly performed. Nodes were identified and sub-
mitted separately at all levels. Pathological material was
reviewed specially for this study by the same pathologist.
Postoperative, pathological staging (pTNM; primary tu-
mour, regional lymph involvement, occurrence of distant
metastasis) was performed by correlating the operative
and histological findings [3].

At the time of analysis, 38 patients had died: 37 patients
had died owing to recurrence of the disease (local recur-
rence or distant metastatic disease) and one patient died
34 months after surgery, owing to an unrelated cause. In
this case, no tumour recurrence had been detected. In the
whole group of patients the length of follow-up ranged
12–48 months. In the group of 56 surviving patients the
median follow-up was 31.5 months.

To determinate CYFRA 21-1 serum levels, venous blood
samples were collected from each patient before surgery,
centrifuged to obtain serum samples and stored at -80°C
until assayed. All samples were assayed in duplicate. Ser-
um levels of CYFRA 21-1 were measured by radioimmu-
noassay, using a commercial source (DiaSorin, Saluggia,
Italy), following the manufacturer's instructions. The cut-
off point was 3.6 ng·mL-1.

Statistical analysis

Comparisons based on contingency tables were perfor-
med using Fisher's exact test and the exact test for trend
[14]. Survival time was calculated from the date of surg-
ery to the date of death or the last observation of a patient.
Patients who were alive at the end of the follow-up were
regarded as censored observations. Disease-free survival
time was calculated from the date of surgery to the date
of relapse or death or to the date of the last observation of
a patient. Patients who were alive and disease-free at the
end of the follow-up were regarded as censored observa-
tions.

Overall survival and disease-free survival curves were
estimated using the Kaplan–Meier method. Ninety-five
per cent confidence intervals for the estimated probability
of overall and disease-free survival were calculated using
asymptotic variance of the log–log transformation of the
survivor function [15].

In the univariate analysis the log-rank test and the log-
rank test for trend (with equally spaced coefficients [16])
were used.

In the multivariate analysis the stratified log-rank test
and the proportional hazard model were used. The assum-
ption of proportionality of hazard functions was checked
graphically and using tests for time-dependent covariates
[15]. Final models contained time-dependent covariates.
The fit of the models was checked graphically using un-
standardized integrated residuals and generalized Scho-
enfeld residuals [17]. Comparisons based on the models
were performed using the score test [15].

All the tests performed in the univariate and multivariate
analyses were two-sided. The exact tests were computed
using StatXact-3 software (Cytel Software Corporation,
Cambridge, MA, USA). The other methods were applied
using BMDP/DYNAMIC (version 7.0, programs 1L and
2L; BMDP Statistical Software Inc., Los Angeles, CA,

USA) and STATA (version 3; Computing Resource Cen-
ter, Santa Monica, CA, USA). In order to calculate the
residuals to check the fit of proportional hazard models
containing time-dependent covariates, a separate program
was written using procedure IML of SAS (version 6.03;
SAS Institute, Cary, NC, USA).

Results

At the time of diagnosis 40 (42.5%) of 94 analysed pa-
tients with NSCLC had CYFRA 21-1 levels >3.6 ng·mL-1.
The numbers of patients with an elevated CYFRA 21-1
level according to different characteristics are shown in
the table 1.

The proportion of patients with an elevated CYFRA 21-
1 level were compared in different groups using tests for
contingency tables at the p=0.01 significance level (adjust-
ed for multiple comparisons). The age categories (ð60,
61–63, 64–66 and >66 yrs) were formed using quartiles
of the observed age distribution (to obtain four age groups
of roughly equal size).

It was found that only an effect of TNM stage was mar-
ginally significant (p=0.02), with the proportion of pati-
ents with an elevated CYFRA 21-1 level increasing with
increasing TNM stage.

Overall survival

All 94 patients with NSCLC were included in the ana-
lysis of overall survival. The length of follow-up in this
group ranged 12–45 months. Thirty-eight patients died du-
ring the observation, with follow-up ranging 13–39 months
(median 26.5 months). In the group of 56 surviving pa-
tients the median follow-up time was 31.5 months.

Table 1.  –  Proportion of patients with an elevated CYFRA
21-1 according to patients' characteristics

Factor Patients with 
normal CYFRA 

21-1 level
n=54

Patients with 
elevated CYFRA 

21-1 level
n=40

p-value

Age  yrs
ð60
61–63
64–66
>66

Sex
Female
Male

HP
AC
LCC
SqCC

TNM
I (Ia+Ib)
II (IIa+IIb)
IIIa

12 (22.2)
16 (29.6)
13 (24.1)
13 (24.1)

8 (14.8)
46 (85.2)

19 (35.2)
17 (31.5)
18 (33.3)

20 (37.0)
23 (42.6)
11 (20.4)

15 (37.5)
5 (12.5)
8 (20.0)

12 (30.0)

5 (12.5)
35 (87.5)

10 (25.0)
9 (22.5)

21 (52.5)

8 (20.0)
15 (37.5)
17 (42.5)

0.79*

1.00†

0.19‡

0.02*

Data are presented as numbers with percentages in parentheses.
*: Exact test for linear trend; †: Fisher's exact test; ‡: Pearson's
Chi-squared test based on exact distribution. HP: histopatholo-
gical type; AC: adenocarcinoma; LCC: large cell carcinoma;
SqCC: squamous cell carcinoma; TNM: tumour node metasta-
sis stage.
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Five factors were investigated for their influence on sur-
vival of the patients: sex, age, TNM stage (I (Ia+Ib), II
(IIa+IIb) or IIIa), histopathological type of tumour (squa-
mous cell carcinoma (SqCC), adenocarcinoma (AC) or
large cell carcinoma (LCC)) and the level of CYFRA 21-1
(normal: ð3.6, elevated: >3.6 ng·mL-1).

The univariate analysis was based on the results of the
log-rank test. Taking into account the fact that multiple
comparisons were made, a p=0.01 level of significance was
adopted. The results of the tests for TNM and CYFRA 21-
1 level were found to be significant (both p<0.001) (table
2).

The survival curves for the groups of patients classi-
fied according to the presence or absence of an elevated
level of CYFRA 21-1 are presented in figure 1. It can be
seen that the curves cross; the negative effect of an ele-
vated level of CYFRA 21-1 manifests itself after the
eighteenth month. The result of the log-rank test indicates
that this effect is significant.

Since TNM stage was found to influence the survival of
the patients, the group of patients with a normal level of

CYFRA 21-1 was compared with the group with an eleva-
ted level using the stratified log-rank test. The strata were
defined by TNM stage. The result of the test was signifi-
cant (p<0.001) (table 2).

To evaluate the effect of the level of CYFRA 21-1 on
survival while adjusting for effects of the five remaining
factors it was decided to analyse the data using Cox's
proportional hazard model. However, figure 1 indicates
that for CYFRA 21-1 level the assumption that hazard
functions related to different levels of a factor are in the
same proportion independently of time may not be true.
There was no clear evidence for such an effect in the case
of the remaining four factors. Thus, it was decided to use a
model containing a term for interaction between time and
the effect of an elevated CYFRA 21-1 level. These consi-
derations led to the model presented in table 3. The table
contains the estimated coefficients of the model and the
relative risk estimates derived from them.

The model suggests that the relative risk of death asso-
ciated with an elevated CYFRA 21-1 level changes with
time. According to the coefficients presented in table 3 the
relative risk (RR) at time t may be described by the func-
tion:

RR(t) = exp(-2.94 + 0.20t) = 0.05 (1.22)t 

At a certain point, around 15 months after surgery, the
risk of a patient with an elevated CYFRA 21-1 level be-
comes higher than the risk of a patient with a normal lev-
el and the difference increases with time (p=0.001 for
the time-dependent effect of elevated CYFRA 21-1 level,
table 3).

Disease-free survival

In the group of 94 analysed patients, 38 recurrences
were observed. Of 38 patients who relapsed, 37 died after
recurrence. Fifty-five patients were disease-free and alive

Table 2.  –  Results of the univariate analysis of overall and disease-free survival

Factor Probability of surviving
Š2 yrs (95% CI)

p-value Probability of surviving without 
recurrence Š2 yrs (95% CI)

p-value

Age  yrs
ð60
61–63
64–66
>66

Sex
Female
Male

HP
AC
LCC
SqCC

TNM
I (Ia+Ib)
II (IIa+IIb)
IIIa

CYFRA 21-1
Normal
Elevated

0.741  (0.532–0.867)
0.847  (0.597–0.948)
0.835  (0.570–0.944)
0.850  (0.604–0.949)

0.917  (0.539–0.988)
0.801  (0.692–0.875)

0.763  (0.544–0.887)
0.792  (0.570–0.907)
0.865  (0.705–0.941)

0.956  (0.729–0.994)
0.913  (0.755–0.971)
0.558  (0.353–0.720)

0.919  (0.799–0.969)
0.680  (0.505–0.804)

0.19*

0.79†

0.25†

<0.001*

<0.001+

(<0.001)‡

0.630  (0.421–0.781)
0.694  (0.440–0.850)
0.733  (0.470–0.880)
0.805  (0.558–0.922)

0.820  (0.444–0.953)
0.695  (0.577–0.786)

0.604  (0.384–0.766)
0.663  (0.437–0.815)
0.809  (0.641–0.904)

0.873  (0.656–0.957)
0.826  (0.652–0.918)
0.407  (0.223–0.584)

0.859  (0.727–0.930)
0.513  (0.340–0.661)

0.06*

0.66†

0.29†

<0.001*

<0.001†

(<0.001)‡

*: Log-rank test for linear trend; †: log-rank test; ‡: stratified log-rank test (strata: levels of tumour node metastasis (TNM)). CI: confi-
dence interval; HP: histopathological type; AC: adenocarcinoma; LCC: large cell carcinoma; SqCC: squamous cell carcinoma.
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Fig. 1.  –  Probability of survival according to the level of CYFRA 21-1
0 and 1 indicate censored observations with 0: CYFRA 21-1 ð3.6
ng·mL-1; 1: CYFRA 21-1 >3.6 ng·mL-1.
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during the follow-up. One patient died after 34 months of
observation but was lost to follow-up with regard to dis-
ease status after 31 months of observation. In the analysis
the patient was treated as a censored observation at 31
months.

The same five factors as in the analysis of overall sur-
vival were investigated for an influence on the disease-
free survival of the patients. Figure 2 presents disease-free
survival curves for patients with normal and elevated
CYFRA 21-1 levels. The results of the univariate (table 2)
and multivariate analyses (table 3) were similar to those
obtained for overall survival. The model presented in table
3 suggests that the relative risk of recurrence or death for a
pa-tient with an elevated CYFRA 21-1 level at time t may
be described by the function:

RR(t) = exp(-2.77 + 0.21t) = 0.06 (1.24)t

The function indicates that around 13 months after sur-
gery the risk of a patient with an elevated CYFRA 21-1

level becomes higher than the risk of a patient with a nor-
mal level and the difference increases with time (p=0.001
for the time-dependent effect of elevated CYFRA 21-1
level; table 3).

Discussion

In the present study, the prognostic value of CYFRA 21-
1 was demonstrated in NSCLC patients undergoing cura-
tive resection. Patients with elevated preoperative levels of
CYFRA 21-1 had a lower probability of overall and dis-
ease-free survival of Š2 yrs.

The currently used prognostic factors, such as stage
of disease, performance status and histology, fail to pro-
vide an accurate prediction of the course of the disease
in patients with NSCLC. The variability in survival within
staging groups required additional types of indicators, in-
dependent of stage, to generate a comprehensive estimate
of prognosis [4]. Recent advances in the understanding of
lung cancer biology have provided insights into new, pot-
entially significant determinants of prognosis [5, 6, 8, 9].
Considerable interest has focused on a new biomarker, the
soluble fragment of cytokeratin 19, CYFRA 21-1.

It has previously been reported that CYFRA 21-1 is a
sensitive marker for lung cancer, especially for squamous
cell type cancer, and elevated levels of this marker were
correlated with progression of tumour stage [18]. Similar
observations were made by other investigators [19–23].
Following these observations the relationship between the
elevated CYFRA 21-1 levels and clinical outcome of pati-
ents with resected squamous cell lung carcinoma was in-
vestigated. CYFRA 21-1 was found to be an independent
prognostic factor of survival and tumour relapse [24]. In
addition, the significant role of CYFRA 21-1 in the post-
operative monitoring of patients with squamous cell type
lung cancer for the detection of tumour recurrence has
recently been reported [25]. Curative surgery resulted in a

Table 3.  –  Results of the multivariate analysis of overall and disease-free survival

Overall survival Disease-free survival

Covariate Coefficient β of 
the covariate 

(SE)

Relative risk eβ

(95% CI)
p-value Coefficient β of 

the covariate
(SE)

Relative risk eβ 
(95% CI)

p-value

Age*
Sex

Female
Male

HP
AC
LCC
SqCC

TNM
I (Ia+Ib)
II (IIa+IIb)
IIIa

CYFRA 21-1†

Normal
Elevated

Elevated CYFRA 21-1 level‡

Time

-0.03 (0.03)

0
0.15 (0.64)

0
-0.28 (0.43)
-1.90 (0.50)

0
0.59 (0.56)
2.09 (0.54)

0
-2.94 (1.70)

0.20 (0.07)

0.97 (0.92–1.03)

1
1.16 (0.33–4.08)

1
0.75 (0.32–1.75)
0.15 (0.06–0.40)

1
1.80 (0.59–5.43)
8.10 (2.82–23.26)

1
0.05 (0.002–1.48)

1.22 (1.07–1.39)

0.29

-
0.81

-
0.51

<0.001
<0.001#

-
0.29

<0.001

-
0.07

0.001

-0.03 (0.03)

0
0.39 (0.62)

0
-0.29 (0.43)
-1.77 (0.49)

0
0.51 (0.53)
1.75 (0.52)

0
-2.77 (1.60)

0.21 (0.07)

0.97 (0.92–1.02)

1
1.48 (0.44–5.03)

1
0.75 (0.32–1.72)
0.17 (0.06–0.45)

1
1.66 (0.59–4.71)
5.77 (2.09–15.96)

1
0.06 (0.003–1.44)

1.24 (1.07–1.42)

0.21

-
0.52

-
0.49

<0.001
0.001#

-
0.33

<0.001

-
0.07

0.001

*: Age scaled by median to (age-63); †: fixed effect of elevated CYFRA 21-1 level; ‡: time-dependent effect of elevated CYFRA 21-1
level; time not scaled; #: test for linear trend. CI: confidence interval; HP: histopathological type; AC: adenocarcinoma; LCC: large
cell carcinoma; SqCC: squamous cell carcinoma; TNM: tumour node metastasis stage.
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Fig. 2.  –  Probability of disease-free survival according to the level of
CYFRA 21-1. 0 and 1 indicate censored observations. 0: CYFRA 21-1
ð3.6 ng·mL-1; 1: CYFRA 21-1 >3.6 ng·mL-1.
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significant fall in preoperatively elevated CYFRA 21-1
levels to normal values, whereas steadily increasing marker
levels predicted clinical relapse. Promising results have
also been obtained in the comparison of the clinical value
of CYFRA 21-1 assays for disease monitoring with World
Health Organization response criteria with therapy asses-
sed using standard techniques [26].

In conclusion, the results of the present study indicate
that CYFRA 21-1 has a negative effect on the probabi-
lity of long-term overall and disease-free survival. Thus,
the preoperative CYFRA 21-1 level may be an important
prognostic factor in nonsmall cell lung cancer and may be
useful in identifying resected cancer patients at high risk
for treatment failure.
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