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ABSTRACT:  A correct diagnosis of small cell lung cancer (SCLC) and non-small
cell lung cancer (NSCLC) is essential both for prognostic and therapeutic reasons.
We used discriminant analysis as a method to optimize the discriminant power of
serum tumour marker levels for differentiation between SCLC and NSCLC. 

A panel of serum markers, including neurone specific enolase (NSE), cytokeratin
fragment antigen 21.1 (CYFRA-21.1), tissue polypeptide antigen (TPA) and carci-
noembryonic antigen (CEA) was obtained in 50 consecutive NSCLC and 17 SCLC.
Data were analysed by the BMDP statistical program after logarithmic transfor-
mation of marker levels.

The variables selected were NSE and CYFRA-21.1.  Considered together, they
were able to give a 97% rate of correct classification.  The formula generated (cano-
nic variable, CV) was validated on a group of seven SCLC and 22 NSCLC patients.
Only two errors occurred.  

We therefore conclude that the canonic variable tested, based on NSE and CYFRA-
21.1, provides a good discrimination between the two types of lung cancer.  The
method is rapid, relatively inexpensive, and based on simple serum tests.
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Lung cancer represents the most frequent malignant
neoplasm in man [1], with an incidence of 33,000 new
cases annually in Italy [2], and 600,000 deaths world-
wide [3].  The latter figure may be an underestimation
due to the lack of reliable statistics in many countries.   

Lung cancers are classified into four major cell types
by histology: small cell lung cancer (SCLC); lung
adenocarcinoma (LADC); squamous cell lung cancer
(SQCLC); and large cell lung cancer (LCLC) [4]; the
last three types being grouped together as non-small
cell lung cancer (NSCLC).  Other known types of lung
cancer are not represented in our study.

Differentiation between SCLC and NSCLC is very
important for prognostic and therapeutic reasons, due to
their different behaviour [5, 6].

In addition to histology, an alternative diagnostic metho-
dology may be useful, especially if the system is based
on simple laboratory tests, performed on serum.   Until
now, by using single tumour markers, it was not possi-
ble to classify lung cancer as SCLC or NSCLC.  Some
authors tried to improve the discrimination rate by com-
bining several markers, but with limited success [7–13].

Discriminant analysis is a mathematical method, which
may be applied to a set of markers and which may im-
prove the classification power of any single variable,
increasing the final discrimination rate [14–17].

By means of a suitable computer program [18, 19],
working with four tumour markers, we investigated the
possibility of enhancing differentiation between SCLC
and NSCLC by discriminant analysis.

Patients and methods

Patient population

From January 1993 to December 1993, a first group
of 67 consecutive unselected and untreated patients with
newly diagnosed lung cancer was evaluated in a divi-
sion of the Forlanini Hospital (Rome, Italy) to generate
a canonic variable (CV) for discrimination between SCLC
and NSCLC using serum tumour marker levels.

A second group of 29 patients was then enrolled to
validate the discriminant power of the canonic variable
in patients not previously used to generate the algorithm
[20].

Histological types and disease stages of both study
groups are displayed in table 1. 

Lung cancer diagnosis

Histological diagnosis was made by at least two patho-
logists, following World Health Organisation (WHO)
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criteria [4].  For each patient, three sputum samples and
bronchoscopic biopsies were routinely evaluated.  Needle
transthoracic aspiration was needed for seven patients
and resected tissues for three.  Serum marker data were
not known by the pathologists.

Tumour markers

Sera were obtained by venipuncture and stored at
-20˚C until assayed for the following tumour markers:
1) carcinoembryonic antigen (CEA) (Sorin Biomedica,
Saluggia, Italy; normal values less than 5.5 ng·mL-1) [9];
2) tissue polypeptide antigen, (TPA) (Byk Sangtec,
Cormano, Italy; normal values less than 95 U·mL-1) [11];
3) a cytokeratin fragment antigen CYFRA-21.1, (CIS
Diagnostici, Vercelli, Italy; normal values less than 3.3
ng·mL-1) [8, 10]; and 4) neurone-specific enolase (NSE),
(CIS Diagnostici, Vercelli, Italy; normal values less than
12.5 ng·mL-1) [9].  All tests (radioimmunoassays) were
performed in duplicate, following the manufacturers'
instructions.

The laboratory personnel did not know the histologi-
cal diagnosis. 

Statistical analysis

Due to non-normal distribution of the raw data, a loga-
rithmic transformation was needed.  To permit compari-
sons with other studies, results are presented as medians
and ranges of the individual non-transformed data and
as mean±SD of numbers obtained after the Ln transfor-
mation.

Comparisons or correlations were evaluated by using
non-parametric tests (Kruskall Wallis one-way variance
analysis or Spearman Rank test, respectively) on the raw
data, and by means of Student's t-test on normalized data.

Discriminant analysis, a multiparametric test, was per-
formed by using a computer furnished with the BMDP
program (BMDP, statistical software, University of
California, USA, P7M module) [18, 19].

This method generates an index, negative or positive,
able to separate two groups.  This index is named cano-
nic variable (CV).  CV=0 serves as the cut-off point.
Patients with CV >0 are classified as SCLC, patients
with CV<0 are classified as NSCLC.  Inclusion of the
variables into the CV formula was obtained by the cri-
terion of corrected means by F statistics.  The analysis
was performed using the option of the "equal prior prob-
ability" to assign the subjects to groups.

The jack-knifed approach was used to discriminate the
patients.  With this method, each patient is evaluated by
a canonic variable generated after exclusion of the same
patient data.  Furthermore, the canonic variable for-
mula was also validated on another group of patients
enrolled consecutively after the first [20].

Sample size

As suggested by LACHENBRUCH [21], the number of sub-
jects considered must be at least five times greater than
that of the variables selected.  In our case, this recom-
mendation was largely satisfied.  The significance level
of the discrimination rate obtained in the study, indicat-
ed that the sample size was sufficient.

Results

As shown in table 2, only CYFRA-21.1 and NSE were
statistically different between the two types of lung can-
cer.

Figure 1 compares the distributions of Ln CYFRA-
21.1 and Ln NSE in SCLC and NSCLC patients.  NSE
has the highest discrimination power (21 patients mis-
classified by CYFRA-21.1 and eight by NSE).

Correlation matrices of the four variables in the groups
are shown in table 3a (SCLC) and 3b (NSCLC).  Serum
levels of CEA and TPA, TPA and CYFRA-21.1, and
TPA and NSE were significantly correlated in both can-
cer types.  In NSCLC the levels of CEA and NSE, and
in SCLC the levels of CYFRA-21.1 and NSE, were also
correlated.

Table 1.  –  Characteristics of the groups of patients used: a) to generate the canonic variable (n=67); and
b) to validate the canonic variable (n=29)

Histology Patients Sex Age yrs* Stages

M/F I II IIIa IIIb IV LD ED

a)  To generate the canonic variable
LADC 16 12/4 63±10 1 0 2 6 7
SQCLC 32 29/3 70±8 6 3 6 3 14
LCLC 2 2/0 63±8 0 1 0 1 0
SCLC 17 13/4 61±10 6 11

b)  To validate the canonic variable
LADC 7 5/2 57±11 1 1 0 2 3
SQCLC 12 13/2 68±10 3 0 2 2 8
LCLC 3 2/1 62±7 1 0 1 0 1
SCLC 7 5/2 56±7 2 5

M: male; F: female; LD: limited disease; ED: extensive disease; LADC: lung adenocarcinoma; SQCLC: squamous cell
lung cancer; LCLC: large cell lung cancer; SCLC: small cell lung cancer.  *:data for age are presented as mean±SD.



Applying the discriminant analysis to SCLC and NSCLC,
a good classification was obtained by means of Ln NSE
and Ln CYFRA-21.1.  The results are reported in figure
2; the calculation formula is reported in the legend to
this figure.  CV showed significantly different values
between the two groups: SCLC (mean±SD 1.71±1.42 ver-
sus NSCLC -1.62±0.81, (p<0.0001).

The statistical evaluation of the correlation found
between the two classification systems was obtained by
canonic correlation (r coefficient = 0.83; p<0.0001).

As reported in the legend to figure 2, the Ln NSE vari-
able coefficient is positive in contrast to that of Ln
CYFRA-21.1, indicating that these two variables have
an opposite effect in determining the final CV value, as
reported previously  [7–10, 12].  The most important dis-
criminant variable is NSE (see fig. 1).

TPA and CEA were not selected, possibly due to non-
significant differences found between the two groups of
subjects and strong correlations with CYFRA-21.1 and
NSE markers (tables 2 and 3).
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Table 2.  –  Medians and ranges of the variables ana-
lyzed and means and standard deviations of Ln-trans-
formed levels of tumour markers

a) CEA TPA CYFRA-21.1 NSE
ng·mL-1 U·mL-1 ng·mL-1 ng·mL-1

SCLC Median 4.3 82 2.5 19
(n=17) range 1–70 25–330 0.6–7.6 10–97

NSCLC Median 4.8 139 8.7 8.2
(n=50) range 0.3–100 7.2–1374 0.3–150 4.5–15.9

p-value 0.32 0.13 0.003 <0.0001

b) Ln CEA Ln TPA Ln CYFRA-21.1 Ln NSE
ng·mL-1 U·mL-1 ng·mL-1 ng·mL-1

SCLC Mean 1.51 4.48 0.72 3.28
(n=17) SD 0.99 0.77 0.84 0.68

NSCLC Mean 1.68 4.90 1.89 2.07
(n=50) SD 1.07 1.05 1.52 0.29

p-value 0.59 0.14 0.004 <0.0001

CEA: carcinoembryonic antigen; TPA: tissue polypeptide anti-
gen; CYFRA-21.1: cytokeratin fragment antigen; NSE: neu-
rone-specific enolase; SCLC: small cell lung cancer; NSCLC:
non-small cell lung cancer
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Fig. 1.  –  Serum level distributions of Ln NSE and Ln CYFRA-21.1
in 17 SCLC (+) and 50 NSCLC (×) patients.        : discriminant
cut off; SCLC: small cell lung cancer; NSCLC: non-small cell lung
cancer; NSE: neurone specific enolase; CYFRA: cytokeratin fragment
antigen
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Fig. 2.  –  Discriminant analysis generated on 50 NSCLC and 17 SCLC
patients by means of Ln NSE and Ln CYFRA-21.1.  Formula: CV =
Ln NSE × 2.37032 - Ln CYFRA-21.1 × 0.37699 - 5.55988.  ●: small
cell lung cancer (SCLC); +: lung adenocarcinoma; ■: squamous cell
lung carcinoma; ×: large cell lung carcinoma.  NSCLC: non-small cell
lung cancer.

Table 3.  –  Correlation coefficients (r) matrix for: SCLC
groups and NSCLC group

Variables CEA TPA CYFRA-21.1 NSE

SCLC group
CEA 1.00
TPA 0.56* 1.00
CYFRA-21.1 0.01 0.72*** 1.00
NSE 0.26 0.71** 0.75*** 1.00
NSCLC group
CEA 1.00
TPA 0.64*** 1.00
CYFRA-21.1 0.23 0.46*** 1.00
NSE 0.33* 0.37** 0.23 1.00

For abbreviations see legend to table 2.  *: p<0.05; **: p<0.01;
***: p<0.001.
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To validate the formula previously generated, a con-
trol group (table 1b) was used.  The rate of correct class-
ification obtained was 93%, with only two errors: one
patient affected with NSCLC and one with SCLC (fig.
3).  Although misclassified, these two patients presen-
ted CV values between -0.5 and 0.5.

Early stages (I or limited disease (LD)) were misclas-
sified in two cases, 1 of 13 belonging to the first group
(table 1a) and 1 of 7 to the validation group (table 1b).

A further attempt to improve the correct classification
rate by adding the squamous cell carcinoma antigen (SCC-
Ag) and carbohydrate antigenic determinant 19-9 (Ca 19-
9) [22] did not improve the results (data not shown).

Discussion

Due to the different biology, prognosis and sensitivity
to therapy of SCLC and NSCLC, their differentiation is
very important.  Generally, this aim is obtained using
histological techniques.  The recognition that lung can-
cer is often associated with changes in the levels of var-
ious plasma markers, suggests their possible employment
as diagnostic and discriminant indices.  For this purpose,
several studies have been performed to evaluate the abil-
ity of tumour markers to diagnose and to differentiate
the various histological types of lung cancer [7–13].

Discriminant analysis represents one of the best meth-
ods to associate the discriminant power of more vari-
ables to obtain the maximum classification between two
or more groups.  This methodology is currently applied
in taxonomy.  Several examples of the use of this method
are also reported in the literature concerning different
fields [14–17, 20].  Recently, serum tumour marker lev-
els were reliably used to distinguish between primary
and metastatic malignant bone tumours [16].

Our study attempted to optimize the use of some com-
mon markers of lung cancer (TPA, CEA, NSE and
CYFRA-21.1), to differentiate SCLC and NSCLC by
means of discriminant analysis.  To our knowledge, no
other reports exist in the literature for this topic.

The canonic variable generated was able to separate
SCLC from NSCLC with an overall 97% (98% on NSCLC
and 94% on SCLC) rate of correct classification, whilst
no acceptable classification was obtained among LADC,
SQCLC and LCLC.

One of the critical points for the correct use of dis-
criminant analysis is the validation of the canonic vari-
able generated.  In fact, overestimation cannot be ruled
out, since the formula directly derives from the data of
the group selected.  To overcome this problem, a sec-
ond group of patients, not previously employed to gen-
erate the algorithm, was evaluated confirming the validity
of the formula generated.

Generally, histology furnishes both cancer diagnosis
and histological typing; whilst, due to the type of groups
used, the formula obtained cannot be employed to recog-
nize lung cancer from other diseases, but only to distin-
guish histological types.  Therefore, a previous clinical
examination was necessary to indicate the presence of a
lung malignancy.

In addition to the theoretical importance of CV in rec-
ognizing histological types of cancer, a clinical role for
this method may be represented by those cases where
histology cannot be obtained.  For instance, there are
subsets of patients with poor cardiorespiratory function
and negative sputum cytology in which fibrebronchoscopy,
needle transthoracic aspiration and thoracotomy may not
be performed.  Although histology remains the reference
method, a relatively simple serological test may be help-
ful to obtain a presumptive diagnosis of lung cancer type
in these patients.

Consistent with the notion that tumour marker levels
in the serum are more readily detectable within advanced
stages, one might expect that this multimarker serologi-
cal test may not be employed with success in early stage
cancers.  However, although the relative frequency of
misclassification was higher in early stage cancers, the
rate of correct classification (90%) appears promising.  

In conclusion, the results indicate that, the use of dis-
criminant analysis with a small panel of markers may be
useful to differentiate SCLC and NSCLC, especially when
applied to an appropriate subset of lung cancer patients.
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