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ABSTRACT:  We wanted to investigate the diagnostic and prognostic significance
of serum CYFRA 21-1, especially in predicting the risk of recurrence in patients
with operable squamous cell lung cancer.

Serum levels of CYFRA 21-1 were measured using an immunoradiometric assay
(CIS bio) in 76 patients with squamous cell lung cancer (64 operable and 12 with
unresectable tumours), 22 with other non-small-cell type (12 with adenocarcinoma
and 10 with large-cell type) and 45 with nonmalignant lung diseases.

Elevated preoperative CYFRA 21-1 levels were identified in 63% of patients with
squamous cell type (SqCC), 33% with adenocarcinoma, and 30% with large-cell
carcinoma type.  The diagnostic specificity of the assay was 96%.  Positive CYFRA
21-1 levels were observed in 33% of stage I, 52% of stage II, 76% of stage IIIa
and 83% of stage IIIb patients with SqCC type. Statistically significant differences
were obtained between stages I and II and between II and IIIa, but not between
stages IIIa and IIIb.  Recurrence-free survival probability for patients with eleva-
ted serum CYFRA 21-1 levels before surgery was 63% (24/38) versus 92% (24/26)
for patients with normal serum CYFRA 21-1 levels.  However, the difference was
not statistically significant when adjusted for the TNM stage (primary tumour,
regional lymph node involvement, occurrence of distant metastasis).  In 9 of the 10
patients with increased trend for CYFRA 21-1 during follow-up, elevated serum
CYFRA 21-1 levels preceded (7) or coincided (2) with the clinical detection of tu-
mour recurrence, providing a predictive value of an increased trend of 90%.  In
the multivariate analysis, the association of the increase of CYFRA 21-1 level with
a higher risk of recurrence was statistically significant.

Our results indicate that CYFRA 21-1 may be a useful marker in SqCC.  Serial
determination of CYFRA 21-1 was consistent with the treatment results and the
serum CYFRA 21-1 levels were shown to reflect the disease process during follow-
up.  Rising serum CYFRA 21-1 levels in patients after tumour resection were an
early indicator of tumour recurrence.
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Lung tumour markers can be classified into several
categories including peptide and nonpeptide hormones,
oncofoetal proteins, enzymes, structural proteins and
membrane antigens.  The expression of biochemical
markers by lung tumours has been known for many
years, but the role of biomarkers in the diagnosis and
prognosis of lung cancer is still unclear.  Clinical use of
carcinoembryonic antigen, tissue polypeptide antigen
and squamous cell carcinoma antigen is widespread [1–
4].

However, in recent years a number of interesting de-
velopments have occurred, especially in the field of
markers which represent certain degradation products.
Cytokeratins are proteins of the intermediate filament
family, main components of the cell cytoskeleton.  The
cytokeratin family is expressed by all epithelial cells
and appears to be a useful marker of epithelial differen-

tiation [5–8].  Cytokeratin 19 has a low molecular weight
of 40 kDa.  It is expressed and immunohistochemically
detectable in the cytoplasm of epithelial tumour cells,
including bronchial cancers [5, 6].  Although cytoker-
atins are part of the cytoskeleton, some fragments might
be released in the serum owing to cell lysis or tumour
necrosis.  For these reasons, the cytokeratin subunit 19
fragment can be treated as a tumour marker for lung can-
cer.  A fragment of cytokeratin subunit 19 can be mea-
sured in serum by a new immunoradiometric assay, the
CYFRA 21-1 using two mouse monoclonal antibodies
(MoAbs) KS 19-1 and BM 19-21.  This cytokeratin 19
fragment is referred to as CYFRA 21-1. 

The aim of this study was to examine the diagnostic
and prognostic significance of serum CYFRA 21-1, es-
pecially in predicting the risk of recurrence in patients
with operable squamous cell lung cancer.
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Subjects and methods

The study includes 98 non-small-cell lung cancer
(NSCLC) patients and 45 with nonmalignant lung disea-
ses (tuberculoma, hamartoma, lung fibrosis, pulmonary
emphysema) examined by the Chest Oncology Group and
operated in the Thoracic Surgery Unit at the Bialystok
Medical School between January 1991 and May 1992.
Among patients with NSCLC, 76 had squamous cell car-
cinoma (SqCC), 12 had adenocarcinoma (AC) and 10 had
large-cell carcinoma (LCC).  Of these patients, 84 under-
went surgical resection (64 with SqCC, 10 with AC, and
10 with LCC), four had an exploratory thoracotomy (three
with SqCC and one with AC) and 10 did not undergo
operation (nine with SqCC and one with AC).  Routine
pretreatment staging procedures included physical and
blood examinations, chest radiographs and tomograms,
bronchoscopy, computerized tomography (CT) of the tho-
rax and brain, and ultrasound scanning of liver.  In addi-
tion, radioisotopic scans of bones, examination of bone
marrow aspirates, and abdominal CT scan were perfor-
med when necessary.  Selected patients underwent me-
diastinoscopy.  During operation, radical lymph node
dissection was uniformly performed.  Nodes were iden-
tified and submitted separately at all levels.  Pathological
material has been specially reviewed for this study by the
same pathologist.  Postoperative, pathological staging
(pTNM) (primary tumour, regional lymph node involve-
ment, occurrence of distant metastasis) was performed by
correlating the operative and histological findings [9].
After surgery, patients were followed-up to evaluate the
recurrence rate.  Clinical and radiological examinations
were repeated bimonthly.  The median follow-up was 24
months (range 6–34 months).

Tumour recurrence was detected in 16 patients (25%)
among those operated on with stages I, II and IIIa (64
patients).  Recurrence was local in four patients and dis-
tant in 12 patients.  The anatomical distribution of the
distant recurrences was: contralateral lung in three pati-
ents; bones in four patients; brain in two patients; and
multiple sites in three patients.  Two of four patients with
local recurrence were able to undergo a second resec-
tion, and both are alive without evidence of disease at 1
and 1.5 yrs after the second operation.  The other two
patients could not undergo resection because of in-
sufficient pulmonary reserve.  Both were treated with
radiation therapy and died from disease progression.
Chemotherapy was offered to any patient with good
performance status and disseminated disease.

To determine CYFRA 21-1 serum levels, venous blood
samples were collected from each patient before sur-
gery, on days 14 and 30 postsurgery, and subsequently
every 2 months for 2 yrs.  Serum samples were obtained
by centrifugation and stored at -80°C until assayed.  All
samples were assayed in duplicate.  Serum levels of
CYFRA 21-1 were measured with immunoradiometric
assay, using a commercial source (CIS bio internatio-
nal, Gif/Yvette, France), following the manufacturer's
instructions.  The cut-off point was 3.6 ng·ml-1.

Data were reported as median and statistically analy-
sed with Wilcoxon's test.  Univariate survival analyses

were based on the Kaplan-Meier product-limit estimates
of the survival distribution.  Differences between sur-
vival curves were tested statistically using Mantel's log-
rank test or its stratified version.  The relative importance
of prognostic factors on recurrence-free survival was es-
timated using Cox's proportional hazard model with
time-dependent covariates [10].  A p-value of less than
0.05 was regarded as statistically significant.

Results

At the time of diagnosis, 56% (55/98) of all NSCLC
patients (SqCC + AC + LCC), and 4% (2/45) with non-
malignant lung diseases had CYFRA 21-1 levels higher
than 3.6 ng·ml-1.  The highest median of CYFRA 21-1
was found in patients with SqCC (table 1), and there were
48/76 (63%) patients with CYFRA 21-1 levels above 3.6
ng·ml-1.  The median value of 5.1 ng·ml-1 was signifi-
cantly higher than in other histological types: adenocar-
cinoma (p<0.001) and large-cell carcinoma (p<0.001).

Table 1 refers to the CYFRA 21-1 assays, according
to the stage of SqCC group.  Both median levels of
CYFRA 21-1 and the marker sensitivity were more ele-
vated in advanced stages.  However, statistically signifi-
cant differences were obtained between stages I and II
(p<0.01), and between II and IIIa (p<0.001), but not
between stages IIIa and IIIb (p>0.05).

After 24 months of monitoring, recurrence was ob-
served in 16/64 SqCC patients (25%).  Recurrence-free
survival probability curves, according to different pre-
treatment serum CYFRA 21-1 levels, are presented in
figure 1.  Based on the survival curves, the 2 yr recur-
rence-free survival rate for patients with an elevated
serum CYFRA 21-1 level before surgery was 63 versus
92% for those with a normal level.  When compared by
means of the log-rank test, the curves differ significant-
ly at the 0.05 significance level (p=0.02); but when they
are compared using the stratified log-rank test, with stra-
ta defined by the TNM stages, the difference is not sig-
nificant (p=0.3).
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Table 1.  –  Relationship of CYFRA 21-1 to the histo-
logical type of NSCLC and the stage of disease in SqCC
type in 98 patients

Patients Sensitivity CYFRA 21-1*
n % ng·ml-1

SqCC 76 63 5.1 (0.5–30.5)
Stage I 12 33 1.1 (0.5–4.8)
Stage II 23 52 3.7 (1.4–10.9)
Stage IIIa 29 76 6.8 (1.1–30.5)
Stage IIIb 12 83 7.4 (1.9–19.4)

AC 12 33 2.1 (0.6–4.5)
LCC 10 30 2.4 (1.0–4.9)

All patients 98 56 5.1 (0.5–30.5)

*:  data are presented as median, and range in parenthesis.
NSCLC:  non-small-cell lung cancer; SqCC:  squamous cell
carcinoma;  AC:  adenocarcinoma;  LCC:  large cell carcino-
ma.



In 9 of the 10 patients with increased trend for CYFRA
21-1 during follow-up, elevated serum CYFRA 21-1 lev-
els preceded (7 patients; median 8.2 ng·ml-1) or coinci-
ded (2 patients; median 6.9 ng·ml-1) with the clinical
detection of tumour recurrence, providing a predictive
value of an increased trend of 90%.  In the group of 7
patients who showed elevated serum CYFRA 21-1 level
prior to the detection of recurrence, the median lead-time
(from detection of elevated CYFRA 21-1 to detection of
recurrence) was 3.1 months (range 2–6 months).

To investigate the effect of the change of CYFRA 21-
1 level in time on recurrence-free survival adjusting for
the TNM stage, a multivariate analysis was performed.
The analysis was based on the proportional hazard
model.  A binary covariate for TNM stage (=1 for stage
IIIa, and =0 for stage I and II) and a time-dependent
binary covariate for the CYFRA 21-1 level change (=1
for an elevated level, and =0 for a normal level) were
included in the model.  While tested at 0.05 significance
level using the score test, both covariates appeared to be
statistically significant in the model (p=0.03 for TNM
stage and p<0.00005 for the change of CYFRA 21-1
level) indicating an association of TNM stage IIIa and
of the change of CYFRA 21-1 from a normal to an

elevated level with a higher risk of recurrence.  Figure
2 shows the sequence of changes in serum CYFRA 21-
1 levels in two typical patients (both with pTNM IIIa)
with different postoperative courses.

Discussion

The results of initial studies of CYFRA 21-1 were pub-
lished in 1992 and showed its significant value in non-
small-cell lung cancer [11].  This study demonstrates that
the serum assay CYFRA 21-1 was significantly higher
for the squamous cell carcinoma type than for all other
histological types, in accordance with observations by
others [12].  Generally, increased marker levels were cor-
related with progression of SqCC tumour stage, with one
exception - we found no difference between stage IIIa
and stage IIIb.  In our previous study [13], we observed
a significant relationship between the level of CYFRA
21-1 and mediastinal lymph node involvement, but we
found no correlation between stages N0 and N1.  Similar
data were obtained by other investigators [14], who also
suggested that CYFRA 21-1 might be considered as a
marker of tumour mass.  In addition, they pointed out
that it is impossible to predict operability of NSCLC
using the serum level of this marker.  Those authors also
noticed the prognostic values of pretreatment levels of
CYFRA 21-1.

Our previous study [13] showed that patients with pre-
treatment elevated CYFRA 21-1 levels had shorter sur-
vival time, but the tendency did not reach statistical
significance.  In this study, we obtained a relationship
between CYFRA 21-1 and prognosis.  Two year recur-
rence-free survival rate for patients who had abnormal
serum CYFRA 21-1 level was 63 versus 92% when a
normal serum CYFRA 21-1 level was found.  However,
the difference in recurrence-free survival between those
two groups of patients was not statistically significant
when adjusted for the TNM stage.

Our follow-up data, nevertheless, indicate that serial
determinations of CYFRA 21-1 are of prognostic value
after surgical treatment of patients with SqCC.  In 9 of
the 10 patients with increased trend, recurrence was
observed.  In 89% (48 of 54) of patients with normal
CYFRA 21-1, no recurrence was observed.  In the mul-
tivariate analysis (taking into account the TNM stage)
the association of the increase of CYFRA 21-1 level
with a higher risk of recurrence was found to be statis-
tically significant.  These observations are consistent with
preliminary data of EBERT et al. [15] and DIENEMANN et
al. [16].  They also found that CYFRA 21-1 is able to
predict both success and failure of therapy as well as
relapse, prior to clinical signs.  Additionally, VAN DER

GAAST et al. [17] suggested a value of CYFRA 21-1 espe-
cially for disease monitoring of patients with SqCC dur-
ing and after chemotherapy.

We conclude that CYFRA 21-1 may be a useful mar-
ker in SqCC.  Serial determination of the CYFRA 21-1
was consistent with the treatment results, and the serum
CYFRA 21-1 levels were shown to reflect the disease
process during follow-up.
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Fig. 1.  –  Relapse-free survival probability (%) of 64 SqCC pati-
ents according to different pretreatment serum CYFRA 21-1 values.
——:  s-CYFRA 21-1 <3.6 ng·ml-1 (26 patients); - - - -:  s-CYFRA
21-1:  >3.6 ng·ml-1 (38 patients).  SqCC:  squamous cell carcinoma.
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Fig. 2.  –  Serum CYFRA 21-1 levels in two typical SqCC patients
with different courses after tumour resection.  Patient A (+) died of
bone metastasis; patient B is alive and well.  ······: 3.6 ng·ml-1 cut off
level.
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