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Abstract

Background: The biological variability of lung cancer is one
of the causes of the unpredictable clinical outcome of the di-
sease. Many investigators have devoted a lot of effort to fin-
ding molecular and biochemical prognostic factors that may
prove helpful in the qualification of patients for postoperative
chemotherapy. Notwithstanding various previous studies at-
tempted to associate DNA quantification in cancer cells with
the prognosis for lung cancer, there is a divergence of opinion
about its value. The aim of the present study was to assess the
impact of aneuploidy on late (10-year) survival in a group of
patients treated surgically for squamous cell lung cancer.
Material and methods: We analyzed a group of 110 patients
surgically treated for squamous cell lung cancer between 1995
and 1997. The group consisted of 95 men and 15 women, aged
between 34 and 77 years (the average age being 60). We per-
formed lobectomy in 52 cases, pneumonectomy in 47 cases,
and other resections in 11 patients. Most of the patients were
in IB (35 cases), 1B (26 patients) and IlIA (22 cases) pathologi-
cal stage of the disease. Paraffin-embedded pathological sam-
ples underwent a cytometric analysis to determine the DNA
content in cancer cells. The DNA index was established in each
specimen. A statistical analysis was performed using Statistica
10.0 and StatXact 8 software.

Results: DNA aneuploidy was found in 44.5% of cases. We did
not find any relationship between ploidy and age, gender, TNM
stage, T stage, N stage or grading. The percentage of surgical
procedures and adjuvant therapies in patients with aneuploid

Streszczenie

Wstep: Duza zmiennos¢ biologiczna raka ptuca powoduje, ze
mimo okreslonego typu histologicznego i stopnia zaawanso-
wania raka wg klasyfikacji TNM przebieg choroby jest trudny
do przewidzenia. Dlatego poszukuje sie molekularnych i bio-
chemicznych czynnikéw majacych znaczenie prognostyczne
i pomocnych w kwalifikacji chorych do pooperacyjnej che-
mioterapii. Jednym z takich czynnikéw moga by¢é zaburzenia
zawartosci DNA w komérkach nowotworowych, cho¢ opinie
na temat rokowniczego znaczenia ploidii s3 wsréd badaczy
podzielone. Celem pracy byta ocena wptywu nieprawidtowej
ilosci DNA w komoérkach raka na wyniki odlegte (10-letnie) le-
czenia chirurgicznego raka ptaskonabtonkowego ptuca.
Materiat i metody: Analizie poddano grupe 110 chorych leczo-
nych operacyjnie z powodu raka ptaskonabtonkowego ptuca
w latach 1995-1997. W badanej grupie byto 95 mezczyzn i 15
kobiet w wieku 34-77 lat (rednia 60 lat). U 52 chorych wyko-
nano lobektomie, u 47 pneumonektomie, a u 11 inne resekcje.
Wiekszos¢ chorych operowano w stadium IB (35 chorych), 1B
(26 pacjentow) i A (22 chorych). Badany materiat stanowity
preparaty parafinowe, w ktérych metoda cytometrii przepty-
wowe] zbadano zawartos¢ DNA w komérkach raka. W kazdym
przypadku oznaczono indeks DNA, a ilo5¢ DNA w komérkach
nowotworowych zilustrowano w postaci histograméw. Analize
statystyczng przeprowadzono przy uzyciu program kompute-
rowy Statistica 10.0 i oraz StatXact 8.

Wyniki: Odsetek przypadkéw aneuploidalnych (z nieprawidto-
wa iloscia DNA) wynidst 44,5%. Nie stwierdzono korelacji mie-
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and diploid tumors was similar. Overall survival rates at 3, 5
and 10 years were 46.5%, 30.2%, and 30.2% for diploid pa-
tients and 25%, 22.2%, and 13.9% for patients with aneuplo-
id tumors, respectively. Significant differences dependent on
ploidy were observed in 3- and 10-year survival rates. More
patients with aneuploid cancers died from distant metastases
(78% of deaths), whereas local cancer recurrence was more
frequent in patients with diploid tumors (32% of deaths). Mul-
tivariate analysis revealed TNM stage, T stage and DNA ploidy
as independent factors affecting survival.

Conclusions: Aneuploidy appears to be a significant indepen-
dent prognostic factor in patients with squamous cell lung
cancer and can be useful in the qualification of patients for
adjuvant therapy after surgery.

Key words: lung cancer, prognostic factors, aneuploidy.

Introduction

Over the past 30 years, long-term results of the surgi-
cal treatment of non-small cell lung cancer (NSCLC) have
improved insignificantly and are still unsatisfactory. The
prognosis for this group of patients is affected, above all,
by three factors: the stage of progression according to the
TNM classification, histological type, and grading. However,
clinical observation indicates that patients with the same
histological type of cancer and a similar TNM stage show
significant differences in the clinical course and the respon-
se to the administered treatment. The underlying cause of
these differences is the significant biological variability of
lung cancer, which makes the course of the disease difficult
to assess. This calls for continuous research aimed at de-
termining molecular factors influencing the prognosis and
helpful in selecting a group of surgically treated patients
who can be qualified to undergo postoperative chemothe-
rapy, even if standard indications suggest otherwise. One
such factor is genetic instability, observed by geneticists
and molecular biologists, which co-occurs with malignant
tumors and is manifested through the abnormal DNA con-
tent of cancer cells. The first reports on the prognostic si-
gnificance of aneuploidy (abnormal amount of DNA) in lung
cancer date from the late 1980s [1-4]. The relatively few re-
ports that have appeared since then are quite inconsistent
as to the prognostic significance of ploidy [5-9] This rese-
arch is a continuation of studies, the early results of which
were published in 2000 and 2005 [10, 11] The current focus
is on the analysis of the effect of aneuploidy on 10-year
survival rates in the group of patients treated surgically for
squamous cell lung cancer.

The main objective of this work was to evaluate the
influence of abnormal DNA content in cancer cells upon
long-term (10-year) effects of the surgical treatment of squ-
amous cell lung cancer.
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dzy ploidig a: wiekiem, ptcia, stopniem zaawansowania raka
wg TNM, cecha T, cechg N i stopniem zr6znicowania raka. Nie
stwierdzono réwniez istotnych réznic miedzy grupa aneuploi-
dalng i diploidalng w rodzaju wykonywanych resekcji i liczbie
chorych poddanych leczeniu uzupetniajacemu. Odsetki przezy¢
3-, 5- i 10-letnich w przypadkach diploidalnych wyniosty od-
powiednio: 46,5%, 30,2% i 30,2%, a w grupie aneuploidalnej:
25%, 22,2%, 13,9% i byty znamiennie nizsze u chorych z guzem
aneuploidalnym w 3- i 10-letnim okresie obserwacji. W grupie
chorych z guzem aneuploidalnym istotnie czgsciej przyczyna
zgonu byty przerzuty odlegte (78% zgondw), a wsréd chorych
z rakiem diploidalnym wznowa miejscowa (32% zgondw).
W analizie wieloczynnikowej potwierdzono znamienny wptyw
trzech czynnikdw na przezycie odlegte: stopnia zaawansowa-
nia raka wg TNM, cechy T oraz ploidii.

Whioski: U chorych na raka ptaskonabtonkowego ptuca aneu-
ploidia jest niezaleznym czynnikiem rokowniczym. Oznaczenie
zawartosci DNA w komérkach raka moze by¢ pomocne w kwa-
lifikacji chorych do pooperacyjnej chemioterapii.

Stowa kluczowe: rak ptuca, czynniki prognostyczne, aneuploidia.

Material and methods

The subject group consisted of 110 patients treated
surgically for squamous cell lung cancer between 1995 and
1997 at the Department of Thoracic Surgery, University of
Medical Sciences in Poznan. The group included 95 men
and 15 women, aged between 24 and 77 years, the average
age being 60. In each case, squamous cell lung cancer was
identified in the course of preoperative diagnostics or as
a result of intraoperative pathology. Lobectomy was perfor-
med in 52 cases, pneumonectomy in 47 cases, bilobecto-
my in 7 cases, and wedge resection in 4 cases. The staging
of cancer was assessed according to the 7t edition of the
TNM classification published in 2009 by the International
Association for the Study of Lung Cancer (IASLC). Most pa-
tients were in the IB (35 cases), II1B (26 patients), and Il1A (22
cases) stage of the disease. The degree of differentiation of
cancer cells was classified as G2 in 52 cases, G3 in 48 cases
and G1in 10 cases. Follow-up of patients treated surgically
was performed through questionnaires mailed directly to
the patients, follow-up examinations in the oncological and
thoracic surgery outpatient clinic, and data acquired from
family doctors. The analyzed material included histological
specimens in the form of paraffin blocks. The DNA content
in cancer cells underwent flow cytometric analysis. In or-
der to prepare a cellular suspension for cytometric analysis,
two 50-pum thick sections from two different areas of the
tumor were sampled with a microtome from each paraffin
block. The sections were then prepared in accordance with
the modified Hedley’s procedure [12]. The minced sections
were deparaffinized by incubating with xylene and the se-
diment was hydrated through graded alcohols, incubated
with a pepsin solution and passaged through a syringe
to acquire a single-cell suspension. After incubation with
RNase and propidium iodide, DNA content measurements
were taken with an Ortho Cytoron Absolute flow cytometer.
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The results were analyzed using ModFit software. The DNA
content in cancer cells was presented graphically as linear
charts or histograms. The DNA index (the ratio of DNA con-
tent at the GO/G1 phase in the analyzed cells to the DNA
content in model cells at the same phase of the cell cyc-
le) was established in each specimen. The following ploidy
assessment criteria were adopted for the interpretation of
results: histograms with a single peak of cells at the GO/
Gl stage of the cell cycle were classified as diploid, while
histograms with more than one separate peak of cells at
the GO/G1 stage were classified as aneuploid.

A statistical analysis was performed using Statistica
10.0 and StatXact 8 software. The limiting value of the si-
gnificance level (p) was set at 0.05. In order to define the
relation between particular variables, Pearson’s y? test, a y?
test with Yates’s correction for continuity, and Fisher-Fre-
eman-Halton’s test were used. A trend analysis for selec-
ted variables was performed with a chi-squared test. The
significance of differences for two unrelated samples was
analyzed with the Mann-Whitney test and Kruskal-Wallis
test (for more than two samples). In the case of significant
differences, appropriate multiple comparison tests were
performed. Odds ratios were calculated for particular va-
riables and a model of logistic regression for the indicated
parameters was formed. A survival analysis in two (with
the log rank test) and three subject groups was carried out
experimentally.

Results

In the analyzed material (n = 110), DNA-aneuploid tu-
mors were found in 44.5% of cases (49 patients), while
DNA-diploid tumors were found in 55.5% of cases (61 pa-
tients). All cases of aneuploidy were of a hyperploid natu-
re, which means that the DNA content in cancer cells was
larger than in the case of diploid tumors (DNA index > 1).

These included four tumors classified as tetraploid (DNA
index = 2). Hypoploidy (DNA index < 1) was not observed.
The DNA index in aneuploid tumors ranged from 1.19 to
4.2. No significant age- or gender-related differences be-
tween the two groups of subjects were found. Among the
110 surgically treated subjects, 25 (22.7%) showed meta-
stases in regional lymph nodes (N1 and/or N2), including
11 cases (22.2%) with aneuploid tumors and 14 cases
(22.7%) with diploid tumors (p = 0.957). The locoregional
progression in both types of tumors was similar, while
the proportion of particular stages according to the TNM
classification was not significantly different in the subject
groups (Tab. ). Both in the diploid and aneuploid cases,
the surgical treatment was administered most frequently
to patients at the IB stage (32.5% of cases). No statistically
significant differences related to the degree of cancer cell
differentiation were observed between the two subject
groups (Tab. I). Although aneuploid cancer patients were
more often treated with pneumonectomy (49% of cases),
while diploid cancer patients were more often treated with
lobectomy (50.8% of cases), the difference in the type of
administered surgery was not statistically significant. 48
patients (43.9%) were subjected to adjuvant oncological
treatment (chemo- and/or radiotherapy). The ratio of pa-
tients in both groups subjected to the adjuvant therapy
did not differ significantly (46.9% in aneuploid cases and
41% in diploid cases).

There were no deaths in the perioperative period. The
survival probability for 1, 2, 3, 5, and 10 years for the entire
subject group was, respectively, 61%, 41%, 34% , 25%, and
22%. The 3-, 5-, and 10-year survival rates in the diploid
cases were, respectively, 46.5%, 30.2%, and 30.2%, while
in the aneuploid cases they were 25%, 22.2%, and 13.9%.
The 3- and 10-year survival rates were significantly lower
for aneuploid tumor patients (p = 0.048). Ploidy-related su-

Table I. Clinical data relating to patients with diploid and aneuploid tumors

Diploid tumors (n = 61)

Aneuploid tumors (n = 49) Total (n = 110)

Age in years 34-77 (av. 60.2) 42-75 (av. 59.5) 34-77 (av. 59.8)
Gender

Female/Male 8/53 7/42 15 (13.6%)/95 (86.4%)
TNM Classification

1A 9 5 14 (12.5%)

1B 20 15 35 (32.5%)

1B 13 13 26 (23.7%)

1A 12 10 22 (19%)

1B 7 6 13 (12.3%)
Grading

Gl 6 4 10 (9%)

G2 29 23 52 (48%)

G3 26 22 48 (43%)
Type of surgery

pneumonectomy 23 24 47 (42.7%)

lobectomy 31 21 52 (47.3%)

bilobectomy 5 2 7 (6.4%)

wedge resection 2 2 4 (3.6%)
Postoperative chemo- and/or radiotherapy 25 23 48 (43.9%)
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rvival curves are presented in Fig. 1. The deaths reported
after a minimum of 5 years after surgery concerned only
patients with aneuploid tumors. In 62% of cases, the cause
of death were distant metastases, while in 25.9% of cases
it was local recurrence, and in 6.9% of cases the death was
non-cancer related. In the group of patients with aneuploid
tumors, a significantly more frequent cause of death were
distant metastases (78% of deaths), and among patients
with diploid tumors it was local recurrence (32% of deaths)
(p =0.0007; Table I1). Our analysis of the influence of single
factors on survival included, apart from ploidy, age, gen-
der, TNM stage, separately T-stage and N-stage, the degree
of differentiation of cancer cells, the type of surgery, and
postoperative oncological treatment. We did not find any
significant correlation between survival prospects and age,
gender, degree of differentiation of cancer cells, the type
of surgery, or the adjuvant chemo- and/or radiotherapy.
The differences in 10-year survival rates related to T-stage
were statistically significant, while the proportion of survi-
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Fig. 1. Overall 10-year survival related to DNA ploidy (a — aneuplo-
id tumors, d — diploid tumors)
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Fig. 3. Overall 10-year follow-up according to TNM stage
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vors was 40% for T1 stage, 34.4% for T2 stage, 11.1% for
T3 stage, and 5.6% for T4 stage (p = 0.028; Fig. 2). A simi-
larly significant relation between the survival expectancy
and the stage of cancer progression according to the TNM
classification was observed (p = 0.0001; Fig. 3). Substantial
differences in survival expectancy were also observed in re-
lation to the occurrence of metastases in regional lymph
nodes, although these differences remained on the border
of statistical significance (Fig. 4). The rate of 10-year survi-

Table Il. Causes of death related to DNA ploidy

Diploid

tumors
39%
32%

Aneuploid
tumors

78%
16%

Total p

62% < 0.05
259% < 0.05
5.2% NS

6.9%  <0.05

distant metastases

local recurrence

metastases + recurrence 3% 6%
26% 0%

other causes
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Fig. 2. Overall 10-year follow-up according to T-stage
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Fig. 4. Overall 10-year survival related to N-stage (group 1 - stage
NO; group 2 — stage N1; group 3 — stage N2)
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val in the NO group was 27.4%, in the N1 group 20%, and in
the N2 group 0% (p = 0.09). A multivariate regression ana-
lysis performed with Cox’s method confirmed a significant
influence of three factors on long-term survival prospects.
These factors were the stage of cancer progression accor-
ding to the TNM classification, T-stage, and DNA ploidy. The
N-stage was on the border of significance.

Discussion

Flow cytometry has been known for over 40 years and
has attracted considerable interest among scientists re-
searching the process of neoplasia. It is a method that is
not only helpful in the diagnostics of pre-cancer conditions
and malignant tumors, but also enables the researcher to
obtain valuable information regarding the proliferation po-
tential of the tumor. It allows for phenotype marking of the
analyzed cells and carrying out measurements of nuclear
DNA content. It offers a possibility of examining any num-
ber of cells at a great speed and with an accuracy allowing
for the assessment of the changes in the DNA content at
the rate of 2-3% [13, 14]. Abnormal DNA content in cancer
cells indicates the genetic instability that is a characteristic
feature of malignant tumors. It may be manifested in the
form of epigenetic instability, resulting from abnormal DNA
methylation and changes in the structure of histone prote-
ins, as well as chromosome instability [15, 16]. It is chromo-
some instability, consisting in the occurrence of an incre-
ased number of chromosome breaks, as well as structural
and numerical aberrations (translocations, deletions, dupli-
cations, transversions), that is responsible for aneuploidy;
it is also clearly related to an increased risk of developing
neoplastic diseases [17, 18].

The discussion on the prognostic significance of ploidy
in cancer cells has been ongoing since the early 1980s. The
first publications were preoccupied mainly with colorectal
carcinoma, breast carcinoma, ovarian carcinoma, and head
and neck cancers [19-21]. Soon reports on DNA content ab-
normalities in lung cancer cells followed [2, 22]. The conc-
lusions concerning research on the influence of aneuplo-
idy on the long-term results of NSCLC surgical treatment,
drawn by various authors, have been quite inconsistent.
Some researchers believe that aneuploidy contributes to
the recurrence of neoplasia and shortens the survival pe-
riod [3, 4, 9, 23, 24]. Others refute the prognostic significan-
ce of ploidy [25-27] or claim that its influence on the clinical
course concerns only squamous cell carcinoma [28, 29]. The
differences of opinion on the prognostic significance of plo-
idy may have several underlying causes. Among them are
the phenomenon of tumor heterogeneity, or the existence
of diploid and aneuploid regions within a single tumor [23,
30], poor quality of material sampled for the cytometric
analysis, resulting from the presence of stroma cells and
tumor-infiltrating lymphocytes [25, 31], and non-uniform
criteria of ploidy assessment used by various researchers
[32]. Additional peaks on the histogram curve are an unqu-
estionable indication of aneuploidy, although its existence
may also be concluded from single, yet deformed or abnor-
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mally located GO/G1 peaks, the high value of the coefficient
of variation (CV), as well as a significant number of cells at
S or G2M phase of the cell cycle [32]. The CV coefficient
reflects the relation between relative standard deviation
(RSD) and the G0O/G1 signal width at half-signal height and
depends on the condition of the analyzed tissue. Its value
increases as the result of autolysis or sample contamina-
tion and should not exceed 8% for paraffin specimens [31,
33]. In the analyzed material, all cases of the CV value > 8%
were excluded or subjected to another examination, thus
reaching the level of CV < 8%.

It is unquestionable that abnormal DNA content can be
observed in the majority of tumors. The proportion of aneu-
ploid tumors in the subject group was 44.5% and stayed
within the limits suggested by various research works on
paraffin specimens (31-84%) [3, 8, 9, 23, 24]. No correlation
between ploidy and the TNM stage or the degree of dif-
ferentiation of cancer cells was observed in the analyzed
material, although other authors pointed to the greater fre-
quency of aneuploidy occurrence at stage Ill and IV of the
disease [6, 27, 34] and in poorly differentiated carcinomas
(G3) [8, 24], as well as to a greater frequency of metastases
in mediastinal lymph nodes in aneuploid tumors [6, 24].
Unfavorable late results of NSCLC surgical treatment are
connected, above all, to a high death rate within the first
2-3 years after the surgery, the main cause of death being
neoplastic dissemination. Within the subject group analy-
zed in the present research, 66% of patients died within
3 years after surgery, most of them as a result of distant
metastases. It was also within the first three years after
surgery that the most significant ploidy-related difference
in survival rates (46.5% in the case of diploid tumors and
25% in the case of aneuploid tumors) was observed. In the
logistic regression model (p = 0.008), ploidy, together with
the degree of clinical progression, remained a crucial survi-
val factor, while affiliation to the aneuploid group lowered
the chance of survival by three times (Qr = 3.02, 95%, con-
fidence interval 1.02-8.96). This difference was also clearly
demonstrated in the analysis of 10-year survival (30.2% vs.
13.9%). What is interesting is that all deaths that occur-
red within 5 years after surgery concerned patients with
aneuploid tumors. Contrary to diploid tumors, the cause of
death in the vast majority of aneuploid cases were distant
metastases (78% of cases). The advantage of the present
study is the relatively large subject group and the extensi-
ve period of observation. The existing literature contains
only a few reports on ploidy-related 10-year survival rates,
the authors of which confirm the prognostic significance of
abnormal DNA content in endometrial carcinoma [35], bre-
ast carcinoma [36], or urinary bladder carcinoma patients
[37]. In 2003 Gawrychowski et al. presented the analysis of
a decade-long observation of 191 NSCLC patients, in which
they stressed the significance of the percentage of S-phase
cells as an independent prognostic factor. Five- and 10-year
survival rates were lower, while disease-free survival (DFS)
periods were shorter in aneuploid cases [8]. The largest
population of squamous cell lung cancer patients treated
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surgically (207) has been analyzed by Kotodziejski, who
confirmed a smaller probability of 2- and 5-year survival
within the aneuploid group [9].

In compliance with the growing tendency of recent
years to individualize the treatment of NSCLC, researchers
have undertaken efforts to define as many potential fac-
tors influencing the course of the disease as possible. More
and more attention is paid to molecular disorders in cancer
cells, such as proto-oncogene activation or mutations of
suppressor and mutator genes, in an attempt to determine
the genetic profile connected with a high risk of recurrence
of the disease after a radical surgical treatment. Although
marking DNA content in cancer cells has not yet been intro-
duced into standard clinical practice, it nevertheless seems
a relatively easy test of assessing the proliferation activity
of the tumor and could be useful in the qualification of
patients for postoperative chemotherapy.

Conclusions

1. Flow cytometry enables a retrospective analysis of DNA
content in cancer cells. The rate of aneuploid tumors in
cases of squamous cell lung cancer is significant and
amounts to 45%.

2. Based on a 10-year observation period, it was ascer-
tained that aneuploid patients treated surgically for
squamous cell lung cancer show markedly worse late
results of treatment. The most frequent cause of death
in these cases are distant metastases.

3. The measurement of DNA content in patients with squ-
amous cell lung cancer may, along with the standard
prognostic factors, provide a useful method of qualify-
ing patients for postoperative chemotherapy.

This work has not been co-financed by any institution.
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