
Abstract. Background: Prognostic impact of tumour marker
index (TMI) based on preoperative serum carcinoembryonic
antigen (CEA) and CYFRA 21-1 in non-small cell lung
cancer (NSCLC) was examined using patients with a follow-
up period more than 5 years. Patients and Methods: Two
hundred and ninety-three consecutive NSCLC patients were
reviewed retrospectively, and any patients with follow-up
periods less than 5 years were omitted. Results: The 5-year
survival of the patients with normal and high serum CEA
levels was 71.52% and 48.41%, respectively (p<0.0001). The
5-year survival of the patients with a high serum CYFRA 
21-1 level was 39.66%, which was significantly poorer
compared with that of the patients with a normal serum
CYFRA 21-1 level (66.95%, p<0.0001). There was a 5-year-
survival rate of 72.28% in patients with a TMI less than or
equal to 1.0 compared to only 37.08% in patients with a TMI
greater than 1.0 (p<0.0001). Both univariate and
multivariate analyses indicated the independent prognostic
impact of TMI. Conclusions: TMI may be useful for
predicting the prognosis of NSCLC patients.

In addition to TNM staging, the best predictor of outcome of
non-small cell lung cancer (NSCLC), several previous
reports have indicated that preoperative elevated serum
carcinoembryonic antigen (CEA) and CYFRA 21-1 levels
are associated with very poor survival rates following
surgical resection in NSCLC (1-7). In contrast, other studies
have found that an elevated preoperative CEA and/or
CYFRA 21-1 level has no prognostic value (8-10). The

majority of these authors performed their analyses with the
calculated cumulative survival rate, which can occasionally
be confounded by those patients with a short follow-up
period.

These tumour markers might be more accurate and useful
if used in combination rather individually, however, their
evaluation when used in combination is often difficult.
Previously, Muley et al. introduced an algorithm using serum
CYFRA 21-1 and CEA levels (11, 12). A variable called
tumour marker index (TMI) corresponding to the geometric
mean of normalized CYFRA21-1 and CEA levels (marker
value divided by diagnostic cut-off) was introduced. The
TMI can evaluate not only the degree of marker elevation but
also the combined use of two markers. Muley et al. reported
the prognostic significance of TMI (11, 12). However
another study failed to find any prognostic significance of
TMI (10). One of the possible reasons for this discrepancy
may be due to the differences in follow-up period.

In the present study, therefore, the prognostic impact of
TMI based on serum CEA and CYFRA 21-1 level was
retrospectively investigated for NSCLC patients with a
follow-up period more than 5 years.

Patients and Methods

The present retrospective study was conducted from 1998 through
2004, and included 291 patients with NSCLC who had undergone
complete resection which consisted of either a lobectomy or a
pneumonectomy together with regional lymph node dissection.
Patients also received intraoperative pleural lavage cytology (PLC)
(13) and patients who did not receive PLC were excluded. Any
patients with a follow-up period less than 5 years were excluded.
There were 192 men and 99 women, with ages ranging from 26 to
90 years, with an average of 66 years. The overall follow-up periods
ranged from 60.7 to 141.7 months. The baseline characteristics are
summarized in Table I. 

The clinical investigation section of the hospital measured serum
CEA and CYFRA 21-1 levels, and the normal upper limit was 5.0 ng/ml
and 2.4 ng/ml, respectively. Pathologic (p) TNM staging was recorded in
all patients. 
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The TMI (11,12) was defined by taking the geometric mean of
normalized values of serum CEA and CYFRA 21-1 levels, where
normalization was performed by dividing individual marker values
by corresponding diagnostic cut off points, i.e. 5.0 ng/ml for serum
CEA and 2.4 ng/ml for serum CYFRA 21-1: √[(serum CEA level/
5.0 ng/ml) × (serum CYFRA 21-1 level/2.4 ng/ml)].

Follow-up information, including cause of death, was ascertained
through a review of clinic notes and direct or family contact. 

Survival curves were obtained according to the Kaplan-Meier
method. Comparison of survival curves was carried out using the
log-rank test. Statistical calculations were conducted with JMP
(SAS Institute Inc. Cary, NC, USA) and values of p<0.05 were
accepted as significant.

Results

As shown in Figure 1A, the 5-year survival of the patients
with normal and high serum CEA levels was 71.52% and
48.41%, respectively (p<0.0001). The 5-year survival of the
patients with a high serum CYFRA 21-1 level was 39.66%,
which was significantly poorer compared with that of the
patients with a normal serum CYFRA 21-1 level (66.95%,
p<0.0001, Figure 1B). 

When both tumour marker levels are within normal upper
limits, the TMI cannot be greater than 1.0. Therefore, in the
present study, the discriminatory value of TMI was set as
1.0. Using this discriminatory value, the patients were
subdivided into two groups: TMI less than or equal to1.0 and
TMI greater than 1.0. There were 202 patients with TMI less
than or equal to 1.0, and 89 patients with TMI greater than
1.0. The survival curve based on TMI is shown in Figure 2.
There was a 5-year-survival rate of 72.28% in patients with
a TMI less than or equal to 1.0 compared to only 37.08% in

patients with a TMI greater than 1.0 (p<0.0001). Both
univariate and multivariate analyses indicated an independent
prognostic impact of TMI.

The results of univariate analysis are summarized in Table
II. When serum CEA and CYFRA 21-1 level were analyzed
separately, both were related to patient prognosis. However,
the TMI had a higher risk ratio and was statistically more
significant. The gender, histology, pT srarus, pN status,
positive PLC findings and TMI were related to patient
prognosis, whereas patient age was not.

The results of multivariate analysis including all variables
for which p<0.05 on univariate analysis are summarized in
Table III. Of the variables that were included in the multivariate
analysis, histology, pT srarus, pN status, positive PLC findings
and TMI were independent prognostic determinants.

Discussion

The prognostic significance of preoperative serum CEA and
CYFRA 21-1 was investigated using a follow-up period of
more than 5 years and an actual number of survivors.

ANTICANCER RESEARCH 30: 3099-3102 (2010)

3100

Figure 1. Survival of patients based on serum CEA level (A) and CYFRA
21-1 (B).

Table I. Clinicopathologic characteristics.

No. of patients

Age (years) ≥65 177
<65 114

Gender Male 192
Female 99

Histology Adeocarcinoma 209
Others 82

pStage I 187
II-III 104

pT pT1 148
pT2-4 143

pN pN0 214
pN1-2 77

PLC Negative 263
Positive 28

Serum CEA Normal 165
High 126

Serum CYFRA 21-1 Normal 233
High 58

CEA: Carcinoembryonic antigen, PLC: pleural lavage cytology.



However, elevated serum these markers are not always due
to the malignant potential of the tumour. Alexander et al.
(14) reported a correlation between smoking and serum CEA
levels. Serum CYFRA21-1 level was also reported to be
higher in patients who were heavy smokers (15). Moreover,
the CYFRA21-1 level is reportedly higher in patients with
benign lung disorders such as pneumonia and pulmonary
fibrosis (15). Therefore there is a possibility that elevated
preoperative serum CEA and/or CYFRA 21-1 levels in some
patient groups are primarily attributable to other factors such
as smoking status. Furthermore, the results of serum CEA
and CYFRA 21-1 levels were also not consistent. Among
165 patients with normal serum CEA levels, 21 patients had
high serum CYFRA 21-1 levels. In contrast, 89 patients had
a high serum CEA but a normal CYFRA 21-1 level. The
reason for these discrepancies might be the difference in the
extraction mechanisms used to determine serum CEA and
CYFRA 21-1 levels. To evaluate these markers more
accurately, the combined use of serum CEA and CYFRA 21-
1 levels, therefore, may prove a useful prognostic
determinant because both serum CEA and CYFRA 21-1
level are useful prognostic factors. However it is sometimes
difficult to evaluate patients with one positive marker. From
this point of view, in the present study, the TMI introduced
by Muley et al. (11, 12), which can evaluate two markers
collectively, was selected. These results showed the
prognostic significance of TMI based on serum CEA and
CYFRA 21-1. Muley et al. also reported that elevated levels
of TMI have a strong negative prognostic impact on survival
in operated early stage of NSCLC (11, 12). In contrast,
Blankenburg et al. showed that TMI was not associated with
a worse outcome (10). One of the reasons for the discrepancy
may be due to differences in follow-up duration of patient
populations. Due to the heterogeneity of follow-up duration
between studies, different results among the previous studies

might therefore be expected. In this current study, therefore,
NSCLC patients diagnosed after 2005 were omitted, and the
follow-up period of all patients was more than 5 years in all
cases. Using a follow-up period of more then 5 years and an
actual number of survivors, the results from the current study
show the prognostic significance of TMI.

TMI can evaluate the degree of marker elevation. In the
present study, the discriminatory value of TMI was set as
1.0. Using this discriminatory value, it was possible to
differentiate clearly between two prognostic groups.
However, it is possible that other useful discriminatory
values exist and they should be investigated in future studies.
Muley et al. introduced the TMI based on serum CEA and
CYFRA 21-1 levels, and they found two discriminatory
values at 0.48 and 0.83 (11). However, they did not describe
the method used to find these discriminatory values. 

The measurement of serum CEA and CYFRA 21-1 levels
is inexpensive and routinely available. Despite current
advanced diagnostic procedures for preoperative staging, the
present results show a role for the use of the TMI based on
serum CEA and CYFRA 21-1 levels as an adjunct to
conventional staging for NSCLC patients. From these results,
it can be hypothesized that adjuvant chemotherapies may be
useful for patients with high TMI. The subgroup of patients
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Figure 2. Survival of patients based on tumour marker index.

Table II. Univariate analysis.

Risk Factors Risk ratio 95% CI p Value

Age 1.082319 0.9025-1.3064 0.3971
Gender 1.400643 1.1450-1.7398 0.0008
Histology 1.582791 1.3200-1.8917 <0.0001
pT 1.714736 1.4242-2.0817 <0.0001
pN 1.964127 1.6394-2.3488 <0.0001
PLC 1.871704 1.4719-2.3304 <0.0001
CEA 1.432133 1.1990-1.7151 0.0001
CYFRA 21-1 1.568951 1.2883-1.8930 <0.0001
TMI 1.760532 1.4722-2.1035 <0.0001

CI: confidence interval, CEA: carcinoembryonic antigen, PLC: pleural
lavage cytology, TMI: tumour marker index.

Table III. Multivariate analysis.

Risk Factors Risk ratio 95% CI p Value

Gender 1.185223 0.9602-1.4832 0.1155
Histology 1.389134 1.1489-1.6753 0.0008
pT 1.254074 1.0234-1.5465 0.0289
pN 1.665629 1.3794-2.0078 <0.0001
PLC 1.494384 1.1648-1.8813 0.0021
TMI 1.427576 1.1838-1.7204 0.0002

CI: confidence interval, CEA: carcinoembryonic antigen, PLC: pleural
lavage cytology, TMI: tumour marker index.



with high TMI could represent a reasonable study population
for an adjuvant therapy trial. Further prospective studies in
this area are warranted.

In conclusion, TMI based on serum CEA and CYFRA 21-1
levels appears to be an independent prognostic determinant in
patients with NSCLC. When planning postoperative adjuvant
therapies, the Authors believe that the TMI based on serum
CEA and CYFRA 21-1 levels should be considered.
Unfortunately, there is no evidence that adjuvant therapy would
be useful in patients with a TMI greater than 1.0, but this may
be a question for future studies.

References

1 Icard P, Regnard JF, Essomba A, Panebianco V, Magdeleinat P
and Levasseur P: Preoperative carcinoembryonic antigen level as
a prognostic indicator in resected primary lung cancer. Ann
Thorac Surg 58: 811-814, 1994.

2 Rubins JB, Dunitz J, Rubins HB, Maddaus MA and Niewoehner
DE: Serum carcinoembryonic antigen as an adjunct to
preoperative staging of lung cancer. J Thorac Cardiovasc Surg
116: 412-416, 1998.

3 Tomita M, Matsuzaki Y, Edagawa M, Shimizu T, Hara M and
Onitsuka T: Prognostic significance of preoperative serum
carcinoembryonic antigen level in lung adenocarcinoma but not
squamous cell carcinoma. Ann Thorac Cardiovasc Surg 10: 76-
80, 2004.

4 Okada M, Nishio W, Sakamoto T, Uchino K, Yuki T, Nakagawa
A and Tsubota N: Prognostic significance of perioperative serum
carcinoembryonic antigen in non-small cell lung cancer: analysis
of 1,000 consecutive resections for clinical stage I disease. Ann
Thorac Surg 78: 216-221, 2004.

5 Reinmuth N, Brandt B, Semik M, Kunze WP, Achatzy R, Scheld
HH, Broermann P, Berdel WE, Macha HN and Thomas M:
Prognostic impact of CYFRA21-1 and other serum markers in
completely resected non-small cell lung cancer. Lung Cancer 36:
265-270, 2002.

6 Pujol JL, Molinier O, Ebert W, Daures JP, Barlesi F, Buccheri
G, Paesmans M, Quoix E, Moro-Sibilot D, Szturmowicz M,
Brechot JM, Muley T and Grenier J: CYFRA21-1 is a prognostic
determinant in non-small cell lung cancer: results of a meta-
analysis in 2063 patients. Br J Cancer 90: 2097-2105, 2004.

7 Brechot JM, Chevret S, Nataf J, Le Gall C, Fretault J,
Rochemaure J and Chastang C: Diagnostic and prognostic value
of CYFRA 21-1 compared with other tumor markers in patients
with non-small cell lung cancer: a prospective study of 116
patients. Eur J Cancer 33: 385-391, 1997.

8 Tsuchiya T, Akamine S, Muraoka M, Kamohara R, Tsuji K,
Urabe S, Honda S and Yamasaki N: Stage IA non-small cell lung
cancer: vessel invasion is a poor prognostic factor and a new
target of adjuvant chemotherapy. Lung Cancer 56: 341-348,
2007.

9 Szturmowicz M, Sakowicz A, Rudzinski P, Zych J, Wiatr E,
Zaleska J and Rowinska-Zakrzewska E: The clinical value of
CYFRA 21-1 estimation for lung cancer patients. Int J Biol
Markers 11: 172-177, 1996.

10 Blankenburg F, Hatz R, Nagel D, Ankerst D, Reinmiedl J,
Gruber C, Seidel D and Stieber P: Preoperative CYFRA 21-1
and CEA as prognostic factors in patients with stage I non-small
cell lung cancer: external validation of a prognostic score.
Tumour Biol 29: 272-277, 2008.

11 Muley T, Dienemann H and Ebert W: CYFRA 21-1 and CEA
are independent prognostic factors in 153 operated stage I
NSCLC patients. Anticancer Res 24: 1953-1956, 2004.

12 Muley T, Fetz TH, Dienemann H, Hoffmann H, Herth FJ,
Meister M and Ebert W: Tumor volume and tumor marker index
based on CYFRA 21-1 and CEA are strong prognostic factors
in operated early stage NSCLC. Lung Cancer 60: 408-415, 2008.

13 Tomita M, Shimizu T, Matsuzaki Y, Hara M, Ayabe T and
Onitsuka T: Prognostic significance of carcinoembryonic antigen
level in pleural lavage fluid for patients with lung
adenocarcinoma. Ann Thorac Surg 80: 276-281, 2005.

14 Alexander JC, Silverman NA and Chretien PB: Effect of age and
cigarette smoking on carcinoembryonic antigen levels. JAMA
235: 1975-1979, 1976.

15 Bombardieri E, Seregni E, BogniA, Ardit S, Belloli S, Busetto
A, Caniello B, Castelli M, Cianetti A, Correale M, DeAngelis
G, Gandolfo GM, Gion M, Macchia V, Mione R, Navaglia F,
Onetto M, Paganuzzi M, Pecchio F, Plebani M, Rapellino M,
Ruggeri G, Vannini P, Vitelli G and Zamperlin A: Evaluation of
cytokeratin 19 serum fragments (CYFRA21-1) in patients with
lung cancer: results of a multicenter trial. Int J Biol Marker 9:
89-95, 1994.

Received April 18, 2010
Revised May 16, 2010

Accepted May 24, 2010

ANTICANCER RESEARCH 30: 3099-3102 (2010)

3102


