
Abstract. Background: The analysis of tumour markers is based
on the evaluation of data in relation to defined cut-off values.
Changes in the method of determination or reference study group
have led to different results. Cut-off-independent diagnostic
evaluation of laboratory parameters can avoid laboratory-based
and method-derived systematic errors. The decision guarantee
(DG) is an appropriate parameter that can be determined using a
defined reference population and its respective receiver operating
characteristic (ROC) curve. The influence of ROC differences on
the determination of DG is examined. Patients and Methods: A
group of 281 consecutive patients with newly diagnosed,
histologically confirmed lung cancer and a control group of 231
patients were examined. Histological classification of the tumour
cases defined in 59 small-cell carcinoma, 102 squamous cell
carcinomas, 66 adenocarcinomas and 54 large-cell carcinomas
or mixed bronchial carcinomas without classification. The control
group without tumours consisted of 23 healthy subjects, 125
patients with silicosis or asbestosis, 27 with chronic obstructive
pulmonary diseases (COPD) and 56 suffering from inflammatory
lung diseases. Results: Cytokeratin-19 fragments (CYFRA 21-1)
was the most sensitive marker with a sensitivity of 57.3% and a
specificity of 94.9%. Sensitivity and specificity influence each
other. Related to the ROC curve, the method described here
ensured the diagnosis of lung cancer on the basis of the data
collected in comparison with a reference population. Thus, it was
possible to determine with statistical certainty whether the
evaluation of the sample data would lead to a diagnosis of lung
cancer. Conclusion: The DG provides the basis for a laboratory-
and method-independent support for a diagnosis including fairer
information about the reference population in the data analysis.

With feedback between laboratory results and the specialist
physician's comprehensive clinical findings, the sensitivity and
specificity can be continually monitored. 

The analysis of tumour markers as diagnostic tools is usually
based on the evaluation of data in relation to defined cut-off
values (1). The definition of the cut-offs considerably
influences the diagnostic merit of this evaluation. Changes in
the method of determination or reference population can lead
to different results, and therefore data from different
laboratories cannot be compared.

Cut-off-independent diagnostic evaluation of tumour
markers or other laboratory parameters can avoid laboratory-
based and method-derived systematic errors. The decision
guarantee (DG) is an appropriate parameter that can be
determined using a defined reference population and its
respective receiver operating characteristic (ROC) curve (2).

The specificity is generally set at 95%, depending on the
diagnostic test in question. The respective cut-off is
determined and a sample is classified as malignant if the
laboratory value of the tumour marker exceeds the cut-off
value. Thus, each sample can be categorised as malignant or
benign. The relationship of a value to the cut-off permits not
only a qualitative characterisation of malignant or benign, but
also describes the certainty with which a diagnosis of
malignancy can be made. The difference between a value and
the cut-off reflects to an extent the decision certainty or
guarantee that accompanies this method of analysis.

The configuration of ROC curves are determined by the
patient population on which they are based and an adequately
large group of patients and controls is required for the
development and optimisation of the classification method. The
ROC curve is an indispensable component of the so-called
sensitivity-adapted method of classification. The usefulness of this
method can only be guaranteed when the ROC curve is correctly
applied. Since quantitative errors are common, especially in cases
where the sample number is low, the influence of these
differences on the decision guarantee must be determined. The
performance of this method in determining the diagnosis of lung
cancer with certainty was evaluated in an individuum. 
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Patients and Methods

The study group consisted of a total of 512 individuals, including 281
consecutive patients (244 male, 37 female; 64.5±9.2 years of age) with
newly diagnosed, histologically confirmed lung cancer. Histological
classification of the primary lung tumour cases indicated 59 cases of
small-cell carcinoma and 222 non-small cell carcinomas. Of the latter,
there were 102 squamous cell carcinomas, 66 adenocarcinomas of the
lung and 54 large-cell carcinomas or mixed bronchial carcinomas
without classification. Exclusion criteria were cancer therapy and
relapse, pulmonary metastases of extrapulmonary tumours,
mesothelioma, sarcoma and lymphoma. 

The tumour patients were compared with a control group of 231
patients (212 male, 19 female). Within this group, 23 were healthy
subjects, and the others were patients with non-malignant lung
disease, 125 patients had silicosis or asbestosis [criteria for diagnosis:
see (3)], 27 male patients had chronic obstructive pulmonary diseases
(COPD) and 56 patients suffered from inflammatory lung diseases.

After venipuncture the blood samples were centrifuged (550 g, 5
min) within 120 minutes. Sera were kept frozen at –18ÆC until
analyses were carried out. Analyses of carcinoembryonic antigen
(CEA), cytokeratin-19 fragments (CYFRA 21-1), and neuron-specific
enolase (NSE) were performed on sera using reagents from Roche
Diagnostics GmbH, Mannheim, Germany, and were measured with
an ES 600 ELISA analyzer (Roche). 

Cut-off-based tumour marker profile evaluation. A laboratory analysis
normally leads to a diagnosis with the help of a defined cut-off value.
An analysed value is considered negative if it lies below the cut-off. A
value over the cut-off is interpreted as a positive sign of disease. The
diagnostic value of this classification is determined primarily by the
definition of the cut-off value. This point is usually chosen such that
95% of the healthy subjects are defined as negative (specificity).
Thus, for the control group in this investigation, 219 out of the 231
data points (94.8%) would be expected to be negative. The
proportion of subjects determined to be positive for disease
(sensitivity) characterises the comparable efficiency of this diagnostic
method. 

Receiver operating characteristics (ROC) curves. ROC curves were
constructed using both patient and control subject serum marker
levels to establish a sensitivity-specificity relationship of the measured
marker.

The sensitivity and specificity for the 95th percentile levels of the
control group were confirmed by ROC curves. To obtain the ROC
curves for each marker, a new classification procedure was carried
out for each data point at a given specificity. This function is
independent of cut-off information (4).

In this analysis, achievable sensitivity is presented as a function of
specificity in the absence of cut-off information. Thus, a direct
graphic comparison of the classification by various analytical methods
can be made.

Results

Adaptation of sensitivity in the evaluation of tumour marker
data. In a cut-off-based, single marker analysis, the tumour
marker CYFRA 21-1 proved to be the most sensitive
marker for the diagnosis of lung cancer. With a specificity
of 94.8%, a sensitivity of 57.3% was achieved. Accordingly,

219 of the control subjects were classified as negative (non-
malignant) and 161 of the patients with diagnosed cancer
as positive (malignant). 

The ROC curve of the marker was generated (Figure 1). The
influence of the actual value of the cut-off on the two diagnostic
parameters specificity and sensitivity is well-known. When the
chosen cut-off point is high, more data points are classified as
negative. This means that the specificity rises with an increasing
cut-off value, and the sensitivity declines in parallel.

The diagnostic parameters of specificity and sensitivity are
an expression of the confidence of decision-making in
diagnosis. A measured value can be viewed as a cut-off point,
and the corresponding sensitivity and specificity can thus be
determined. The diagnosis of malignancy is especially
guaranteed if the specificity is high (because in this case more
negative samples are classified as negative) or if the sensitivity
is low (because in this case fewer positive samples are
classified as being positive). 

Since specificity and sensitivity influence each other, it is
usually sufficient to evaluate one of these parameters. If
sensitivity is determined, this can be normalised to the
specificity in the following way: under the assumption that a
value above the defined cut-off is positive and a value below is
negative, a decision guarantee of 50% is assigned to this
sensitivity value. In extreme situations, the designation is thus
defined, at 100% sensitivity and 0% specificity, a reliable
diagnosis of malignancy cannot be made, because all results
would be classified as positive, and at 100% specificity and 0%
sensitivity, a diagnosis of malignancy can be made with
certainty, because all negative samples would be classified as
negative, i.e. every positive classification is correct.

Thus, a determination of the sensitivity-adapted guarantee
of the diagnosis should be made. Based on a reference study
group, for a measured value m, the specificity SPm and
sensitivity SEm, which a cut-off with this value as threshold
would produce is invastigated. Knowing the sensitivity SE* at
95% specificity, the decision guarantee (DG) can be
calculated as follows:

The normalisation using SE* (or 1 – SE*) assures that the
value of the decision guarantee lies between 0 and 1, and
predictably for SEm = 100%, takes on a value of 0, and for
SEm = 0%, a value of 1. As an example, a value of CYFRA
21-1 of 1.4 ng/ml was measured (manufacturer’s cut-off value:
3.3 ng/ml CYFRA 21-1; manufacturer’s cut-off values are
determined at a specificity of 95% versus healthy persons).
Applying the above formula, the decision guarantee was
calculated to DG=0.114 and as a result, the interpretation of
this marker value was "benign". In agreement with practical
experience, the guarantee of making a decision for malignancy
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based on a CYFRA 21-1 value of 1.4 ng/ml is very low.
Similarly for a CYFRA 21-1 value of 4.5 ng/ml the above
formula reached a DG of DG=0.626. With a certainty of over
60% (62.6%), a diagnosis of malignancy could be made based
on this CYFRA 21-1 value and in agreement with practical
experience the diagnosis would be lung cancer. 

The decision guarantee and the cut-off-based evaluation are
qualitatively equal, because the decision threshold 0.5
corresponds by definition to the cut-off value at 95% specificity.
Every cut-off-based system of classification can be transformed
to the basis of decision guarantee if the decision guarantee is
used instead of the measured values and the general threshold
of 0.5 is applied instead of a defined cut-off value (2). 

Statistical differences in ROC curves in the application to a
subpopulation. The determination of a decision guarantee using
the above formula was substantially based on the ROC curve.
To examine the influence of this curve on the parameter, the
entire 512-member population (referred to below as ENTIRE)
was divided into two subpopulations (P) of 256 subjects denoted
P1 and P2, using a mathematical random generator. This
random division applied to both the lung cancer patient group
and the subjects without tumours. A Chi-square test
demonstrated that differences in the two subpopulations were
not statistically significant (p=0.657), Table I. 

The ROC curves of the subpopulations were also similar to
the curve for the ENTIRE group. Marked differences would
not be expected here, since the two populations P1 and P2

originated from the same population and should be viewed as
representative samples. Upon closer examination, however,
there were some recognisable variations. The diagnostic
performance at 95% specificity was 59.7% in P1 and 49.5% in
P2 (while in the ENTIRE group it was 57.3%). Thus, around
the relevant specificity, the curves for P1 and P2 had about a
10% difference in sensitivity. 

From a statistical point of view, each concrete ROC curve
was actually an estimate of the real situation (5). Each point
on a ROC curve relates to specific values of the parameter’s
specificity and sensitivity for the data set on which the curve is
based. Thus, along the curve there is a confidence interval
within which the real curve is expected to lie, with a particular
probability of error. It could therefore be assumed that, with
a probability of error of 5%, there was no statistically
significant difference between the P1 and P2 curves.

Bitterlich and Schneider: Cut-off-independent Tumour Marker Evaluation

4307

Figure 1. ROC curve of the most sensitive single marker CYFRA 21-1 (sensitivity and specificity at the marked point corresponding to 1.5 ng/ml CYFRA 21-1).

Table I. Composition of the subpopulations. 

Designation Number of Benign Malignant
participants (Lung cancer patients)

Number Proportion Number Proportion

P1 256 118 46.1% 138 53.9%
P2 256 113 44.1% 143 55.9%
ENTIRE 512 231 45.1% 281 54.9%



Statistically significant differences are only apparent at a
specificity of over 98%. These effects result from individual
cases with extreme values that lose their influence on the
curve with increasing size of the population.

The example of the subpopulation P1 was used to
demonstrate the calculation of the sensitivity-adapted decision
guarantee. A CYFRA 21-1 value of 1.5 ng/ml was given and
when used in subpopulation P1 as a cut-off, a sensitivity of
82.6% was obtained at a specificity of only 72.9%, by
determining the number of correct positive and negative data
points for a comparatively low threshold. Assuming the usual
specificity of 95%, CYFRA 21-1 had a sensitivity of 59.7% in
this population. According to the above formula, a decision
guarantee was calculated for the value of 1.5 ng/ml for
CYFRA: DGP1(1.5)=0.216. This decision guarantee of about
22% means qualitatively that the sample came from a benign
rather than a malignant tumour. A positive diagnosis (lung
cancer) on the sole basis of the low CYFRA value of 1.5 ng/ml
was possible, but less likely.

Decision guarantee as related to the reference population. If
the value of 1.5 ng/ml was evaluated using the ROC curve of
subpopulation P2, the diagnostic parameters were only
slightly different from those for P1. By counting the correct
positive and negative data sets in subpopulation P2, a
sensitivity of 86.7% at a specificity of 73.5% was obtained.

Applying the sensitivity of 49.5% at a specificity of 95%, the
DGP2(1.5) value =0.132.

The marked difference in decision guarantee between
21.6% and 13.2% was due to the differences in the ROC
curves of each subpopulation P1 and P2. The lower decision
guarantee would appear plausible because the single marker
had a lower diagnostic power at 95% specificity in
subpopulation P2 compared to P1. 

From the above formula, it can be seen that when the
curves coincide exactly, then both estimates of DG will be
the same. Therefore, the question is whether this difference
in the curves can be eliminated or at least reduced in the
calculation of the decision guarantee in subpopulation P2
based on the data of subpopulation P1. In this manner, the
calculation could be made largely independent of the
particular choice of (reference) population.

Regarding the spread of the confidence interval (6)
around the point corresponding to the CYFRA 21-1 value
of 1.5 ng/ml in P2, the values of the diagnostic parameters
varied from 80.2% specificity at 81.1% sensitivity (Figure 2,
diamond on the left side) to 65.8% specificity at 91.1%
sensitivity (diamond on the right).

The statistical variability of approximately ±5.5% sensitivity
and ±8.0% specificity demonstrated the need to quantify the
decision guarantee in the practical application of diagnostic
evaluations.
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Figure 2. Confidence interval around 73.5% specificity at 86.7% sensitivity in subpopulation P2 corresponding to a CYFRA 21-1 value of 1.5 ng/ml
(marked point) in comparison to the curve for subpopulation P1. (CI=confidence interval, DG=decision guarantee).



In the case of subpopulation P1, the confidence interval
offered a solution, under the assumption made at the outset
that populations P1 and P2 have similar ROC curves, the
pair of data points on the ROC curve of P2 were related
only to points on the ROC curve of P1 that were inside the
P2 confidence interval for the CYFRA 21-1 value of 1.5
ng/ml that was being evaluated. In Figure 2 these points are
included by the diagnostic parameters between 81.2%
sensitivity at 75.4% specificity (triangle on the left) and
84.8% sensitivity at 66.1% specificity (triangle on right). In
relation to subpopulation P1, this range in sensitivity was
limited to the area from 81.2% (Figure 2, lower triangle) to
SE2=84.8% (Figure 2, upper triangle), accounting for
approximately only ±1.8%. For these limits, the decision
guarantee was calculated the upper limit was DGup=0.233
and the lower limit was DGlow=0.188. Thus, without having
to make calculations with actual data from subpopulation
P2, the decision guarantee could be calculated in relation to
subpopulation P1 using the confidence interval. Depending
on the defined probability of error, the desired decision
guarantee would be within the calculated limits. In addition,
the narrow width of the respective area permited not only a
definitive rejection of a malignant diagnosis in relation to
subpopulation P2, but also in relation to P1.

In a further mathematical evaluation of the decision
guarantee, for example in multiparametric diagnostic
methods, it was necessary to define a concrete value instead
of a range for the decision guarantee. For an estimate of the
DG, it would appear intuitively appropriate to choose a
point on the ROC curve of the reference population that
was closest to the data point pair in the diagram to be
evaluated. Such a neighbouring point could always be
determined, independent of the statistical quality. In the
above example, this point in subpopulation P1 was at a
sensitivity of 82.6% with a specificity of 72.9%. The dotted
line in Figure 2 between the two ROC curves marks these
neighbouring points. Since, as a basis of comparison, a pair
of parameters was chosen that also corresponded to the
CYFRA 21-1 value of 1.5 ng/ml in P1, the estimated
decision guarantees in both subpopulations P1 and P2 were
in agreement. 

Discussion and Conclusion

Lung cancer is one of the most prominent causes of cancer
death in Western industrialised countries, particularly among
the male population. Thus, a comprehensive primary diagnostic
program is of great importance for successful therapy. 

Patients with lung cancer particularly in the early stages
often do not exhibit specific symptoms. Dyspnoea, cough
and thoracic pain are considered to be nonspecific early
signs, while hemoptysis may indicate an already advanced
stage of lung cancer. Relapsing infectious diseases of the

respiratory system in combination with a smoking history or
occupational exposure to lung carcinogens might be a hint
for further examinations. Diagnostics for lung cancer
include medical history and physical examination, clinical
laboratory tests, chest radiography, computed tomography
or magnetic resonance imaging of the chest, abdomen and
the brain, bronchoscopy, sputum cytology, biopsy, bone
scan, preoperative pulmonary function studies, and
eventually positron emission tomography, bone marrow
biopsy and thoracentesis (7-13).

Ideally diagnostic procedures should be conducted
rapidly, costs for staff and equipment should be kept low
and moreover there should not be any complications for the
patient. These are the reasons why examinations for tumour
markers could be a promising tool, because these
necessitate only a blood test (14). The sensitivities reported
in the literature for CYFRA 21-1 are comparable with our
results (15-22).

The development of data evaluation methods for use in
diagnostics is generally based on reference populations. The
algorithms are optimised for the actual data of these
populations, and the diagnostic performance of the method is
tested by applying it to data for validation. The routine use of
this method implies that the conditions for development and
application are similar. The use of the sensitivity-adapted
decision guarantee ensures that systematic differences in
laboratory results will be eliminated. Factors resulting from
the specific makeup of the patient collective should receive
special attention. Changes in the ROC curves can be observed
when the proportion of patients having tumours of various
stages shifts or when certain types of tumours predominate.
The ROC curves are in good agreement for similar
populations. The method described here offers a practical way
to evaluate the decision guarantee of a diagnosis using ROC
curves. Additionally this it is possible to determine with
statistical certainty whether the evaluation of the sample data
would lead to a diagnosis of lung cancer.

Use of the sensitivity-adapted decision guarantee opens
new avenues for quality assurance. Fairer information about
the reference population is included in the data analysis. Thus,
the requirement is met for determining the statistical
comparability of the user's situation with that of the reference
population in order to ensure the correct qualitative
application. With a systematic feedback between laboratory
results and the specialist physician's comprehensive clinical
findings, the sensitivity and specificity of the laboratory
parameter in question can be continually monitored. Marked
changes in these diagnostic parameters should always be
investigated. It is especially important to verify that such an
effect does not arise through a change in the method of
measurement. Thus, this method of data analysis could
supplement the normal measures of quality assurance already
in place in the laboratory.
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The diagnostic parameters can be determined for a
given laboratory value with reference to the appropriate
population. The confidence interval can be calculated
based on sensitivity and specificity. If none of the points
of the ROC curve of the reference population fall within
this interval, it must be assumed that the basic
characteristics of the populations are statistically so
different that a generalisation of the decision guarantee
should be viewed with scepticism. Under such conditions,
the mathematical algorithms can be formally applied, but
a meaningful interpretation of quantitative results cannot
be guaranteed.

If the ROC curve of the reference population lies inside
the confidence interval, the method described here ensures
a quantitative result for the decision guarantee. Even more
importantly, a diagnosis of malignancy can be made not
only on the basis of the data collected but in comparison
with a reference population. Thus, it is possible to
determine with statistical certainty whether the evaluation
of the sample data would lead to the diagnosis of lung
cancer. This provides the basis for a laboratory- and
method-independent support for a diagnosis.

References

1 Bitterlich N: Tumormarker-Profilauswertung – und aus Daten
wird Information. J Lab Med 29: 108-112, 2005.

2 Bitterlich N and Schneider J: Decision guarantee in tumour
marker analysis: a cut-off independent assessment. Anticancer
Res 27: 1933-1940, 2007.

3 Parker JE: Radiological criteria: the use of chest imaging
techniques in asbestos-related diseases. In: Proccedings of an
International Expert Meeting on Asbestos, Asbestosis and
Cancer. People and Work. Finish Institute of Occupational
Health, Helsinki, Finland, Research Reports 14: 28-40, 1997.

4 Bitterlich N, Schneider J and Lindner E: Roc curves-can
differences in AUC be significant? Int J Biol Markers 18: 227-229,
2003.

5 Guangqin MA and Hall WJ: Confidence bands for receiver
operating characteristics curves. Med Decis Making 13: 191-197,
1993.

6 Schäfer H: Efficient confidence bounds for ROC curves. Stat Med
13: 1551-1561, 1994.

7 Kraus T and Raithel HJ: Frühdiagnostik asbeststaubverursachter
Erkrankungen. Schriftenreihe des Hauptverbandes der
gewerblichen Berufsgenossenschaften, Sankt Augustin, pp. 1-145,
1998.

8 Raithel HJ and Lehnert G: Aussagemöglichkeiten moderner
computertomographischer Untersuchungsverfahren bei der
Diagnose berufsbedingter Staublungenerkrankungen. Arbeitsmed
Sozialmed Präventivmed 25: 144-150, 1990.

9 Vehmas T, Kivisaari L, Zitting A, Mattson K, Nordman H and
Huuskonen M: Computed tomography (CT) and high resolution
CT for the early diagnosis of lung and pleural disease in workers
exposed to asbestos: Finnish experiences. In: Proceedings of an
International Expert Meeting on New Advances in Radiology and
Screening of Asbestos-related Diseases. Helsinki, Finnish Institute
of Occupational Health. People and Work Research Reports 36:
53-56, 2000.

10 Marek W, Krampe S, Dickgreber NJ, Nielsen L, Muti A,
Khanavkar B, Müller KM, Atay Z, Topalidis T and Nakhosteen
JA: Automatisierte quantitative Image-Zytometrie bronchialer
Spülungen bei Verdacht auf ein Bronchialkarzinom: Vergleich
mit Zytologie, Histologie und Enddiagnose. Atemw-Lungenkrkh
24: 316-319, 1998.

11 Böcking A, Biesterfeld S, Chatelain R, Gien-Gerlach G and Esser
E: Diagnosis of bronchial carcinoma on sections of paraffin-
embedded sputum. Sensitivity and specificity of an alternative to
routine cytology. Acta Cytol 36: 37-47, 1992.

12 Schiller JH: Current standards of care in small-cell and non-small-
cell lung cancer. Oncology 61: 3-13, 2001.

13 Henschke CI, McCauley DI, Yankelvitz DF, Naidich DP,
McGuiness G, Miettinen OS, Libby DM, Pasmantier MW,
Koizumi J, Altorki NK and Smith JP: Early lung cancer action
project: overall design and findings from baseline screening.
Lancet 354: 99-105, 1999.

14 Schneider J: Tumor markers in detection of lung cancer.
Advances Clin Chem 42: 1-41, 2006.

15 Schneider J, Velcovsky HG, Morr H, Katz N, Neu K and
Eigenbrodt E: Comparison of the tumour markers Tumor M2-
PK, CEA, CYFRA-21-1, NSE and SCC in the diagnosis of lung
cancer. Anticancer Res 20: 5053-5058, 2000.

16 Molina R, Agusti C, Mane JM, Filella X, Jo J, Joseph J, Gimenez
N, Estape J and Ballesta AM: CYFRA 21-1 in lung cancer:
comparison with CEA, CA 125, SCC and NSE serum levels. Int J
Biol Markers 9: 96-101, 1994.

17 Ebert W, Hoppe M, Muley T and Drings P: Monitoring of
therapy in inoperable lung cancer patients by measurement of
CYFRA 21-1, TPA-TP, CEA and NSE. Anticancer Res 17: 2875-
2878, 1997.

18 Stieber P, Dienemann H, Hasholzner U, Müller C, Poley S,
Hofmann K and Fateh-Moghadam A: Comparison of
cytokeratinfragment 19 (CYFRA 21-1), tissue polypeptide specific
antigen (TPA) and tissue polypeptide specific antigen (TPS) as
tumour markers in lung cancer. Eur J Clin Chem Clin Biochem
31: 689-694, 1993.

19 Molina R, Filella X, Auge JM, Fuentes R, Bover I, Rifa J,
Moreno V, Canals E, Vinolas N, Marquez A, Barreiro E, Borras
J and Viladiu P: Tumor marker (CEA, CA 125, CYFRA 21-1,
SCC and NSE) in patients with non-small cell lung cancer as an
aid in histological and prognosis. Comparison with the main
clinical and pathological prognostic factors. Tumour Biol 24: 209-
218, 2003.

20 Moro D, Villemain D, Vuillez JP, Delord CA and Brambilla C:
CEA, CYFRA 21-1 and SCC in non-small cell lung cancer. Lung
Cancer 13: 169-176, 1995.

21 Koga H, Eguchi K, Shinkai T, Tamura T, Ohe Y, Oshita F, Saijo
N, Kondo H, Oki K and Okura H: Preliminary evaluation of the
new tumour marker CYFRA 21-1 in lung cancer patients. Jpn J
Clin Oncol 24: 263-268, 1996.

22 Lombardi C, Tassi GF, Pizzicolo G and Donato F: Clinical
significance of a multiple biomarker assay in patients with lung
cancer. A study with logistic regression analysis. Chest 97: 639-
644, 1990.

Received June 14, 2007
Revised August 1, 2007

Accepted August 16, 2007

ANTICANCER RESEARCH 27: 4305-4310 (2007)

4310



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


