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Summary. Flow cytometric nuclear DNA content
(DNA ploidy) was measured in paraffin-embedded surgi­
cal specimens of 87 patients with primary lung cancer.
Of the 87 tumor tissues, 17 (19.5%) showed a normal
DNA stemline (DNA diploidy), and 70 (80.5%) an abnor­
mal DNA stemline (DNA aneuploidy). Patients with
DNA aneuploid tumors had significantly shorter sur­
vival times than those with DNA diploid tumors (p <
0.001). This study confirmed the high incidence of DNA
aneuploidy as well as its prognostic implication in pri­
mary lung cancer patients. DNA aneuploidy seems to be
a useful parameter for evaluating the degree of lung
cancer malignancy.

INTRODUCTION

Evaluation of the degree of malignancy of cancer
cells serves to predict the prognosis as well as plan
treatment for lung cancer patients. The degree of
malignancy is usually estimated pathologically by
evaluating the histological type and degree of differ­
entiation of cancer cells. However, the pathological
findings are not always correlated with the behavior
and prognosis of the tumor itself. Recently, flow cyto­
metry has enabled the measurement of the nuclear
DNA content of tumor cells. The technique is consid­
ered stable, reproducible and objective, compared
with the histological severity, which is judged by an
experienced pathologist. Several studies have shown
that an abnormal DNA stemline or DNA aneuploidy
is a reliable factor predicting a poor prognosis in lung
cancer. 1
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) However, there is still controversy over
this point,6) and the incidence of DNA aneuploidy also
differs among previous reports. The purpose of this
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study is to determine the incidence of DNA aneu­
ploidy and its prognostic implication in primary lung
cancer.

MATERIALS AND METHODS

Patient Material

Flow cytometric nuclear DNA content was measured
on paraffin-embedded surgical specimens of 87
patients. They were selected from 112 patients with
primary lung cancer, who underwent surgery in our
university hospital from November 1984 to February
1987. The selection was made according to the fol­
lowing basis: (1) the materials were adequate for
histological and flow cytometric analysis; (2) the
patients had survived for at least 4 weeks after
surgery; (3) they could be followed up for more than
4 years. The tumor tissues of 87 patients were
classified morphologically based on the criteria of the
Japan Lung Cancer Society Study; there were 40
adenocarcinomas, 35 squamous cell carcinomas, 5
large cell carcinomas, and 7 small cell carcinomas.
The postsurgical pathologic stages (pStage) were
determined by the International Union Against Can­
cer classification. Thirty-seven of 87 patients had
pStage I, 6 pStage II, 31 pStage IlIA, 9 pStage IIIB,
and 4 pStage IV.

Flow Cytometric Analysis

One or two tissue blocks containing adequate cancer
tissue from a primary tumor were selected from each
case. One or two 50 pm thick sections were cut from
each paraffin block. Single cell suspension was
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achieved by the modified method of Schutte et a1.7)
Briefly, the sections were deparaffinized in xylene
and rehydrated in a sequence of graded alcohols, and
rinsed in distilled water. Then the sections were
incubated in 0.25% trypsin in citrate buffer (3mM
trisodium citrate, 0.1 % vIv Nonidet P40, 1.5 mM
spermine tetrahydrochloride, 0.5 mM Tris (hydroxy­
methyl)-aminomethane, pH 7.6) overnight at 3TC.
After dispersion, the samples were filtered through a
60,um nylon mesh. The DNA stain was carried out
by the method of Vindel¢v et a1. 8

) Flow cytometric
analysis was carried out with a FACScan flow cyto­
meter (Becton Dickinson, Mountain View, CA). Ten
thousand nuclei per sample were examined, and the
nuclear DNA content (DNA ploidy) was displayed as
a histogram. The normal DNA stemline (DNA di­
ploidy) was defined as having a single GO/GI peak

(Fig. I-A, B). The abnormal DNA stemline (DNA
aneuploidy) was defined as having any distinct peak
other than the GO/GI peak (Fig. l-C, D). In cases of
DNA diploidy, one or two additional tumor blocks
were reanalyzed in order to detect occult aneuploid
peaks. When a DNA histogram pattern could not be
classified with certainty, as DNA diploidy or DNA
aneuploidy additional tumor blocks were reanalyzed
until the histogram was clearly classifiable (Fig. 2).

Survival Analysis

Analysis of the results was carried out by Student's t
test and the chi-square test. Survival times were
calculated from the date of operation to the date of
death or last follow-up date. Survival curves were
estimated by the Kaplan-Meier method. Differences
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Fig. 1. Representative examples of DNA histograms
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Fig. 2. Representative DNA histograms classified as DNA aneuploid by reanalysis of additional tumor blocks.

in survival were analyzed by the generalized Wilcoxon
test.

RESULTS

Of all 87 cancer tissues, 17 (19.5%) showed DNA
diploid and 70 (80.5%) DNA aneuploid (Table 1).
Fifteen of 70 DNA aneuploid cases needed one to
three reanalyses until the histograms were clearly
classifiable. Of 80 non-small cell lung cancer tissues,
65 (81.3%) showed DNA aneuploid (Table 1). The
coefficient of variation (CV) for the GOjG1 peaks for
all cases ranged from 2.9 to 10.2 (median, 4.9). Four
cases showed histograms with CV> 8. They were all
classified as DNA aneuploidy, because they had dis­
tinct aneuploid peaks.

The proportion of DNA ploidy in each TN factor

(TNM classification), pStage, and histopathological
features are shown in Tables 1 and 2. The incidence
of DNA aneuploidy was higher in larger T factor and
in less differentiated carcinomas, although it was not
statistically significant. There was no correlation
between the incidence of DNA aneuploidy and TN
factor, pStage and histopathological features.

Patients with DNA aneuploid tumors had signi­
ficantly shorter survival times than those with DNA
diploid tumors (p<O.OOl) (Fig. 3). The survival time
of patients with DNA aneuploid tumors was shorter
than that of patients with DNA diploid tumors in
pStage I+II and III +IV (Fig. 4). However, a signi­
ficant difference in survival time was noticed only in
pStage III + IV (p < 0.05). The same relationship was
also noticed in patients with adenocarcinoma and
those with squamous cell carcinoma, though not
significant (Fig. 5).
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Table 1. Relation between TNM classification and DNA
ploidy

Table 2. Relation between histopathologic features and
DNA ploidy

DISCUSSION

Differentiation of Squamous cell ca.
Well or Moderate 7 (24.1) 22 (75.9) 29 NS
Poor 106.7) 5(83.3) 6

NS

NS

p<O.OOl

40

35

5

6

28

12

34(85.0)

27(77.1)

4(80.0)

5(71. 4)

23(82.1)

11 (91. 7)

DNA aneuploid (n=70l

DNA diploid (n=17)

605.0)

8 (22.9)

1 (20.0)

2 (28.6)

Diploid
(%)

Histologic Type
Adenocarcinoma
Squamous cell ca.
Large cell ca.
Small cell ca.

Differentiation of Adenocarcinoma
Well or Moderate 5 07.9)

Poor 1 ( 8.3)

100

90

80

70

~ 60

bIl 50t::.:;
.:; 40
l-;
;:;l

if) 30

20

NS

NS

NS

NS

Diploid Aneuploid Total(%) (%)

All patients 1709.5) 70(80.5) 87

Non-small cell ca. 1508.8) 65(81. 3) 80

T factor is 1(50.0) 1(50.0) 2

1 8(34.8) 15(65.2) 23

2 709.4) 29(80.6) 36

3 1( 5.9) 16(94.1) 17

4 O( 0 ) 9000 ) 9

N factor 0 10(20.8) 38(79.2) 48

1 3(21. 4) 11 (78.6) 14

2 406.7) 20(83.3) 24

3 O( 0 ) 1(100 ) 1

pStage I 10(27.0) 27(73.0) 37

II 2(33.3) 4 (66.7) 6

IlIA 402.9) 27(87.1) 31

IIIB O( 0 ) 9000 ) 9

IV 1(25.0) 3(75.0) 4

I+ II 12(27.9) 31(72.1) 43

III IV 501.4) 39(88.6) 44

Flow cytometry (FCM) can rapidly and objectively
analyze the nuclear DNA content or DNA ploidy of
large numbers of cells. The analysis of DNA ploidy
on paraffin-embedded tissue blocks9

) is possible using
this technology. It also enables the retrospective
study of many tumor tissue blocks from patients
whose clinical course has clearly been evaluated.

Table 3 shows previous studies of DNA ploidy in
paraffin-embedded specimens of non-small cell lung
cancer. The incidence of DNA aneuploidy varies
from 45% to 81.3%. This variation may be attributed
to the difference in sampling procedures10

) or the
disagreement in DNA histogram classification. ll )

Multiple sampling is extremely important for FCM
analysis because of the high degree of heterogeneity
of lung cancer. ll

•
12

) The present study showed a high
incidence of DNA aneuploidy, compared with the
result of other studies. In the present study, 15 of 70
DNA aneuploid cases required reanalyses until the
definite aneuploid peaks were revealed. Although 2 of
15 cases needed two or three reanalyses, the other
cases required only one. When a DNA histogram
could not be identified with certainty, it was neces-
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Fig. 3. Survival curves of all patients subdivided accord­
ing to DNA ploidy.

sary to reexamine additional tumor blocks.
It has been known that fresh unfixed materials

reveal a higher incidence of DNA aneuploidy than
that of paraffin-embedded materials. Tirindelli-Danesi
et a1. found DNA aneuploidy in 97 (96%) of 101 fresh
samples of lung cancer. 13

) Formalin fixation may
reduce DNA fluorescence of stained nuclei. 14

) In
paraffin-embedded material, tumor tissues with near­
diploid aneuploid population might be misinterpreted
as DNA diploidy because of a high coefficient of
variation.

Several studies have shown that DNA aneuploidy
is a reliable factor predicting a poor prognosis in lung
cancer patients (Table 3).1-5) This study confirmed
the prognostic implication of DN A ploidy. Consider-



pStage III + N, DNA diploid (n= 5)

Adeno, DNA diploid (n=6)
100

90

80

70

~
60

50
bIJ
>:::
';; 40';;
l-<
::l 30if)

20

10

0
100

90

80

70

~ 60

bIJ 50>:::
';;
';; 40l-<
::l

if)

30

20

-~~__ pStage I II,

LL DNA diploid (n=12)

~)l.............-
pStage I + II,

DNA aneuploid (n=31)

\,
J.-1

,1.---1

~----~
"1_-_~ p<O,05

pStage I1I+N, DNA aneuploid (n=39) -~_

100

90

80

70

~ 60

bIJ 50>:::
"S:
's: 40
l-<
;:l

if)
30

20

10

0

100

90

80

70

~ 60

~ 50'S:
"S:

40l-<
::l

if)

30

20

Nuclear DNA Content in Lung Cancer 15
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Fig. 4. Survival curves of patients with pStage I+ II and
pStage III+ IV according -to DNA ploidy,
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Fig. 5. Survival curves of patients with adenocar­
cinoma and squamous cell carcinoma according to
DNA ploidy.

Table 3. Studies of flow cytometric DNA content in paraffin-embedded tissue of
non-small cell lung cancer

Author No. of Aneuploid Correlation between
patient (%) Survival and DNA ploidy

Zimmerman et aLl) (1987) 100 45 (+ )

Ten Velde et a1.6
) (1988) 67 65 (-)

Sahin et a1. 2
) (1990) 146 58 SCC* (+), non-SCC (-)

Isobe et aJ.3) (1990) 125 76.8 (+)

Yamaoka et a1. 4
) (1990) 144 77.1 (+)

Shiota et a1. 5
) (1990) 216 57.4 (+)

Current study 80 81.3 (+)

*SCC: Squamous cell carcinoma.

ing the very high incidence of DNA aneuploidy in
fresh samples, all lung cancer tissues may naturally
possess DNA aneuploidy. If so, it is meaningless to
divide lung cancer tissue into DNA diploid and aneu­
ploid tumors. However, the present FCM cannot

detect all DNA aneuploidy in paraffin-embedded speci­
mens of lung cancer tissue. Van Bodegom et a1. report­
ed that the DNA content, either DNA diploidy or
aneuploidy, did not predict survival time, and that,
however, the percentage of aneuploid tumor cells was
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correlated with the prognosis.I 5
) It can be assumed

that the DNA diploid tumor may have only a few
aneuploid tumor cells rather than none.

Normal tissues, inflammatory lesions, and benign
tumors of the lung always showed DNA diploidy.I6J
On the other hand, primary lung cancer tissues
revealed DNA aneuploidy with very high incidence.
In addition to this, patients with DNA aneuploid
tumor had a significantly poorer prognosis than those
with DNA diploid tumor. Thus, DNA aneuploidy can
serve as a useful marker indicating the degree of
malignancy in lung cancer.
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