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Aneuploidy and prognosis of non-small-cell lung cancer:
a meta-analysis of published data 

D Choma 1, J-P Daurès 2, X Quantin 1 and JL Pujol 1,2

1Thoracic Oncology Unit, Centre Hospitalier Universitaire de Montpellier, Hôpital Arnaud de Villeneuve, 34295 Montpellier Cedex, France; 2Department of
Biostatistics and Epidemiology, University Institute for Clinical Research, Rue de la Cardonille, 34093 Montpellier Cedex 5, France 

Summary In lung cancer, DNA content abnormalities have been described as a heterogeneous spectrum of impaired tumour cell DNA
histogram patterns. They are merged into the common term of aneuploidy and probably reflect a high genotypic instability. In non-small-cell
lung cancer, the negative effect of aneuploidy has been a subject of controversy inasmuch as studies aimed at determining the survival–DNA
content relationship have reported conflicting results. We made a meta-analysis of published studies aimed at determining the prognostic effect
of aneuploidy in surgically resected non-small-cell lung cancer. 35 trials have been identified in the literature. A comprehensive collection of
data has been constructed taking into account the following parameters: quality of specimen, DNA content assessment method, aneuploidy
definition, histology and stage grouping, quality of surgical resection and demographic characteristics of the analysed population. Among the
4033 assessable patients, 2626 suffered from non-small-cell lung cancer with aneuploid DNA content (overall frequency of aneuploidy: 0.65;
95% CI: (0.64–0.67)). The DerSimonian and Laird method was used to estimate the size effects and the Peto and Yusuf method was used in
order to generate the odds ratios (OR) of reduction in risk of death for patients affected by a nearly diploid (non-aneuploid) non-small-cell lung
cancer. Survivals following surgical resection, from 1 to 5 years, were chosen as the end-points of our meta-analysis. Patients suffering from a
nearly diploid tumour benefited from a significant reduction in risk of death at 1, 2, 3 and 4 years with respective OR: 0.51, 0.51, 0.45 and 0.67
(P < 10–4 for each end-point). 5 years after resection, the reduction of death was of lesser magnitude: OR: 0.87 (P = 0.08). The test for overall
statistical heterogeneity was conventionally significant (P < 0.01) for all 5 end-points, however. None of the recorded characteristics of the
studies could explain this phenomenon precluding a subset analysis. Therefore, the DerSimonian and Laird method was applied inasmuch as
this method allows a correction for heterogeneity. This method demonstrated an increase in survival at 1, 2, 3, 4 and 5 years for patients with
diploid tumours with respective size effects of 0.11, 0.15, 0.20, 0.20 and 0.21 (value taking into account the correction for heterogeneity; 
P < 10–4 for each end-point). Patients who benefit from a surgical resection for non-small-cell lung cancer with aneuploid DNA content prove to
have a higher risk of death. This negative prognostic factor decreases the probability of survival by 11% at one year, a negative effect
deteriorating up to 21% at 5 years following surgery. © 2001 Cancer Research Campaign http://www.bjcancer.com
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Ploidy status predicts disease-free intervals and short-t
survival in numerous human malignancies (Barlogie et al 19
Friedlander et al 1984). In lung cancer, the prognostic value
ploidy is controversial. The effect of ploidy status on patie
outcome has been investigated particularly in non-small-cell l
cancers (NSCLC), a group of different histologies including sq
mous cell carcinoma (SQC), adenocarcinoma (ADC) and la
cell carcinoma (LCC). Although authors from different labora
ries have suggested that patients presenting an aneuploid tu
have a shorter survival than patients presenting a nearly dip
tumour, others did not find such a difference. Many factors co
explain the differences in estimating the ploidy–survival relatio
ship. Possible interpretation could lie in the heterogeneity of
abnormal DNA patterns gathered under the common term
aneuploidy, i.e. hyperdiploidy, hypodiploidy and multiploid
(Barlogie et al, 1980). Differences in methods used to analyse D
content could also have been responsible for the above-menti
ak

y,
or
id
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controversy inasmuch as some studies were founded on f
cytometry data whereas others used static cytometry. Finally, 
difference might be related to the histological and clinical chara
teristics of the studied patient population. 

We therefore made a meta-analysis of published studies aim
at determining the prognostic effect of aneuploidy in surgica
resected NSCLC. 

TRIALS AND METHODS 

Eligibility criteria 

The most conventional definition of ploidy status is as follow
ploidy was determined for each specimen using DNA index wh
represents the ratio of the cell DNA content of tumour G0/1 cells to
the diploid G0/1 peak (2n). A coefficient of variation (CV) for this
DNA index (DI) has been specifically defined for each study. Thu
a DNA index = 1 defined a near diploid specimen i.e. only one pe
of G0/1 cells in the near diploid region (2n, DNA index = 1) with
few G2M tumour cells in the tetraploid region (4n). Conversel
tumours presenting a DI of less than [1 – CV] (hypodiploidy) 
over [1 + CV] (hyperdiploid) were classified as aneuplo
NSCLCs, as were tumours sharing multiple aneuploid peaks. 
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To be included in this meta-analysis, studies had to fulfil 
following criteria: estimation of overall survival–DNA conten
relationship as aim of the study; inclusion of patients suffer
from histologically proven NSCLC and operated upon in 
attempt at surgical resection; no anticancer treatment (ne
chemotherapy nor radiotherapy) prior to surgical resection; sp
fication of the nature of both tested specimens and method
DNA content assessment; standard ploidy and aneuploidy de
tions; clear definition of overall survival as the time from surg
to the date of death (or date of survival update for cens
patients), comprehensive survival analysis including 
Kaplan–Meier method (Kaplan and Meier, 1958) estimation 
incomplete observations separately analysing patient gro
according to the DNA content. Alternative survival analysis us
actuarial survival curves were also considered as eligible for
analysis. Finally, a 2-year minimal median follow-up w
required. Studies mainly devoted to the analysis of NSC
patients which also included a small proportion of SCLC w
considered as eligible depending on separate survival analyse

Studies with one or more of the following methodologic
issues were not included in the meta-analysis: histology 
reported; analysis of DNA content aimed at assessing cell kin
parameters such as identification of the percent of cells in S p
rather than ploidy status; unconventional survival report (lack
estimation of survival according to time, small subgroup analys
unknown relationship between death and lung cancer; follow
shorter than 2 years. In addition, studies mainly aimed at analy
survival according to treatment modalities (post-operative tr
ment, diagnostic only surgery) were not considered as eligible

Selection of trials 

A computerized bibliography was extracted from MEDLINE a
CANCERLIT (CancerNet™) databases using medical sub
headings for the following terms: lung neoplasm, lung carcino
non-small-cell, ploidy or DNA content, prognosis. The search
publications in any language, was carried out from 1966 to the
of 1999 inclusive. Afterwards, the manual selection of relev
studies was based upon summary analysis. The reprint of 
study was carefully analysed regarding the different eligibi
criteria. In addition to the above-mentioned procedure, bibliog
phies of selected full papers were screened in order to disc
other relevant articles.

Collection of data 

A comprehensive collection of data has been constructed ta
into account the following parameters: year of publication, aim
the study, type of sampled specimens (paraffin embedded s
imen versus fresh tissue specimens), DNA content assessm
method (flow cytometry versusstatic cytometry), aneuploidy defi
nition, histology sub-groups and stage grouping, quality 
surgical resection and demographic characteristics of the ana
population. 

Survivals after surgical resection, from 1 to 5 years, w
chosen as the end-points of our meta-analysis. These outc
were assessed as follows: the parameters were directly graph
measured from magnification of publication graphs. When 
data were directly reported in the text, comparisons with gra
assessment were in good agreement. An attempt to contac
first author of each selected article was made in order to ob
© 2001 Cancer Research Campaign
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permission to use the data and to know whether there had been
update of the study following its publication. 

Statistics 

2 methods were used in order to estimate the effects of ploidy u
survival in surgically resected NSCLC patients. The Yusuf a
Peto method produces odds ratio (OR) and a 95% confide
interval together with the value of the heterogeneity test (Yu
et al, 1985). In addition, the DerSimonian and Laird method w
used in order to estimate the size effects upon the different p
meters and their 95% confidence intervals were calcula
(DerSimonian and Laird, 1986). For this method the value and
95% confidence interval were corrected taking into account 
heterogeneity where this latter parameter was statistically sign
cant. 

RESULTS 

A total of 35 studies fulfilled the criteria of selection (Zimmerma
et al, 1987; Tirindelli-Danesi et al, 1987; Ten Velde et al, 198
Volm et al, 1988; Yamaoka et al, 1989; Cibas et al, 1989; Da
et al, 1990; Isobe et al, 1990; Sahin et al, 1990; Shiota et al, 1
Miyamato et al, 1991; Mizumoto et al, 1991; Liewald et al, 199
Ogawa et al, 1992; Filderman et al, 1992; Morkve et al, 1993; Ch
et al, 1993; Pence et al, 1993; Rice et al, 1993; Ichinose et al, 1
Lima et al, 1993; Shimizu et al, 1993; Yu et al, 1993; Usuda et
1994; Salvati et al, 1994; Tanaka et al, 1995; Pujol et al, 19
Huang et al, 1996; Nagai et al, 1996; Jeanfaivre et al, 19
Muguerza et al, 1997; Kolodzeijski et al, 1997; Graziano et 
1997; Dalquen et al, 1997; Asamura et al, 1999; (Table 1)). Amo
the 4033 assessable patients, 2626 suffered from NSCLC w
aneuploid DNA content (overall frequency of aneuploidy: 0.6
95% Cl: (0.64–0.67)). All studies used flow cytometry measu
ment of DNA content except 2 which were based on static cyto
etry. 15 studies were prospectively conducted whereas 
retrospectively investigated specimens from tumour banks. For
4 remaining studies the nature of the studies population w
unknown. NSCLC was the targeted population for all studi
However, three studies including less than 10% SCLC amon
large NSCLC population where also taken into account (Oga
et al, 1992; Usuda et al, 1994; Pujol et al, 1996). These SC
cases represented 0.4% of the whole population. 

Some studies reporting ploidy in NSCLC were considered
being outside the scope of this meta-analysis. 4 studies could
be selected owing to the lack of overall survival data although th
appropriately reported disease-free (or relapse-free) surv
(Volm et al, 1988; Carp et al, 1992; Costa et al, 1996; Roberts e
1998). 3 studies aimed at determining the prognostic effect
DNA content characteristics other than the classical dichoto
diploidy–aneuploidy. These characteristics targeted as progno
factors were: type of aneuploidy patterns (Bunn et al, 198
percent of cells in the aneuploid G1 peak (Van Bodegom et al,
1989) and hypodiploid/hypertetraploidy patterns (Stipa et 
1993). One study (Del Carlo Bernardi et al, 1997) defined diplo
tumours as tumours presenting a DI ≤ 1.2 a feature shared by
hypodiploid tumours (Barlogie et al, 1980; Stipa et al, 1993)
publications were preliminary reports of DNA content–surviv
relationship (Salvati et al, 1989; Ichinose et al, 1991; Ogawa e
1991) but otherwise subsequently reported by the respec
groups (Ogawa et al, 1992; Ichinose et al, 1993; Salvati et
British Journal of Cancer (2001) 85(1), 14–22
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Zimmerman; 1987
Tirindelli; 1987
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Morkve; 1993
Cheon; 1993
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Rice; 1993
Ichinose; 1993

Yu; 1993
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Shimizu; 1993
Usuda; 1994
Salvati; 1994
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Pujol; 1996
Huang; 1996
Nagai; 1996
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Muguerza; 1997
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Graziano; 1997
Dalquen; 1997
Asamura; 1999

Overall

iploidy better Aneuploidy better
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

I yr

D

Figure 1 Odds ratio and 95% confidence interval of mortality at 1 year for
patients operated upon for a NSCLC with nearly diploid DNA content 
(P < 10–4). Results are expressed as individual and overall Ors; vertical bar,
and their respective 95% confidence intervals; horizontal bar. ORs lower than
1 indicate a reduction in risk of death for patients affected by a diploid
NSCLC. See in Table 2, test for heterogeneity 
1994). 7 publications aimed at determining the relations
between ploidy status and other clinical and biological featu
such as c-erbB-2 and L-mycexpressions (Chiba et al, 1993), Ki-6
growth-fraction evaluation (Simony et al, 1990), stage group
(Ikeda et al, 1995), S-phase (Granone et al, 1993; Visakorpi e
1995), p53 gene mutations (Casson et al, 1994), or brom
eoxyuridine labelling (Shimosato et al, 1989). In these studies
survival data were neither exhaustively reported nor considere
the primary end-point of the experiment. Finally one stu
aimed at describing a new static cytometric method and se
darily reported descriptive relapse data (Blondal and Bengts
1981). 

Peto and Yusuf 

Patients suffering from nearly diploid tumours benefited from
significant reduction in risk of death at 1, 2, 3 and 4 years w
respective OR: 0.51, 0.51, 0.45 and 0.67 (P < 10–4 for each end-
point; Figures 1–4). 5 years after resection, the reduction of d
was of lesser magnitude: OR: 0.87 (P = 0.08; Figures 5). The tes
for overall statistical heterogeneity was conventionally significa
(P < 0.01; Table 2) for all 5 end-points, however. None of t
recorded characteristics of the studies were able to explain
phenomenon precluding a subset analysis. 

DerSimonian and Laird 

The DerSimonian and Laird method was applied inasmuch as
method allows a correction for heterogeneity. This method dem
strated an increase in survival at 1, 2, 3, 4 and 5 years for pat
with diploid tumours with respective size effects of 0.11, 0.1
0.20, 0.20 and 0.21 (value taking into account the correction
heterogeneity; P < 10–4 for each end-point). 

DISCUSSION 

DNA content analysis has been proposed to assess cell kin
insofar as the DNA histogram allows the identification of t
percent of cells in S phase. However, the assessment of S ph
frequently hampered by the overlap between aneuploid tum
cell population and diploid non-malignant cell population. Thus
human malignancies, DNA content analysis is mainly used
evaluate the occurrence of aneuploid cell population, an ab
mality known to characterize malignant cells (Barlogie et 
1980). The study of cell kinetics has been proposed as a rel
prognostic parameter in human malignancies (Barlogie et al, 1
Latreille et al, 1980; Friedlander et al, 1984). Aneuploidy c
predict short-term survival in many solid tumours (Wolley et 
1982; Auer et al, 1984; Friedlander et al, 1984; Bondeson et al, 1
Matsura et al, 1986). In lung cancer the prognostic significance of an
abnormal DNA content might be regarded, in a logical way,
consistent with knowledge of tumour biology for this disea
However, published studies have generated conflicting results
currently the negative effect of aneuploidy in NSCLC is s
controversial. 

In this study we used a meta-analytic approach to this ques
in an attempt to determine the ploidy-survival relationship a
depending on its existence, the magnitude of the effect. One 
hypothesize that, due to the nature of the herein meta-ana
based on published data, a possible bias was introduced a
© 2001 Cancer Research Campaign
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 our

procedure did not allow the disclosure of unpublished studies
direct comparison of meta-analysis on medical literature and m
analysis on individual patient data has been made in the settin
chemotherapy in ovarian cancer (Stewart and Parmar, 1993). 
study suggested possible differences in estimated treatment e
due to patient exclusions and shorter length of follow-up in 
former technique. However, the meta-analysis reported here ta
into account 35 studies which as a whole included over 40
patients suffering from NSCLC. A long-term survival end-poi
has been chosen to avoid overestimation of effect by a s
follow-up period. No apparent effect of epoch appeared when y
of publication was taken into account. The proportion of tumo
presenting an aneuploid DNA content is set at 64% and w
reported homogeneously throughout the panel of studies analy
One can therefore speculate that publication bias could be min
although remaining unknown. 

The different study designs are similar. However, statisti
heterogeneity has been detected by both meta-analysis met
regarding survival estimation. Using the DerSimonian and La
British Journal of Cancer (2001) 85(1), 14–22
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Figure 2 Odds ratio and 95% confidence interval of mortality at 2 years for
patients operated upon for a NSCLC with nearly diploid DNA content
(symbols as in Figure 1; P = < 10–4) 
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Figure 3 Odds ratio and 95% confidence interval of mortality at 3 years for
patients operated upon for a NSCLC with nearly diploid DNA content
(symbols as in Figure 1; P = < 10–4) 
method this heterogeneity has been taken into account. In add
the magnitude of the survival effect has been set by the la
method as a complementary estimation of prognosis aside f
the classical OR determination using the Peto and Yusuf met
There is, so far, no definitive explanation for the heterogene
Among the different hypotheses, we investigated whether 
method of analysis could be responsible for the difference. F
cytometry is considered as the standard method to analyse D
content histograms after propidium iodine staining of a single-
suspension. This method takes into account thousands of c
Static cytometry has been proposed as an alternative metho
analyses cytological prints of the tumour after Feulgen stain
This second method only analyses a few hundred cells. Altho
this number is lower than the one analysed by flow cytometry,
computer-assisted image processor is able to distinguish betw
tumour cells to be analysed and tumour-infiltrating lymphocyt
In addition, studies carried out in order to compare the 2 meth
demonstrated the reliability of ploidy analysis using static cyto
etry (Friedlander et al, 1984; Oud et al, 1989). Thus, st
computer-assisted cytometry is considered as a reliable mea
analysing ploidy in situ. In this meta-analysis, both studies ba
British Journal of Cancer (2001) 85(1), 14–22
ion,
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tic
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ed

on this technique produced results in accordance with the f
survival–aneuploidy relationship as generated by the me
analysis. Neither the nature of the samples, nor the histology
stage of the studied population could be a putative reason for
heterogeneity. In particular, published studies seldom reported
difference in aneuploidy based on histological subgroup (
adenocarcinoma, SQC or LCC). Consequently, it is not possibl
determine whether or not difference in NSCLC histology from o
study to the other could explain the statistical heterogeneity.
addition, the distribution of aneuploid and diploid tumours b
stage has been recorded in our database whenever the data
reported by each study. Out of the 18 studies with detail anal
by stages, the respective percentage of aneuploid tumours in s
I, stage II and stage III was 58, 57 and 70%. Therefore, it see
unlikely that the statistical heterogeneity regarding survival es
mation of the whole meta-analysis, belongs to the distribution
stage grouping of the different accrued populations, insofar as
frequency of aneuploidy did not differ from one stage group to 
other. 

The type of sample analysed could hardly be considered a
possible inductor of heterogeneity across the panel of stud
© 2001 Cancer Research Campaign
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Figure 4 Odds ratio and 95% confidence interval of mortality at 4 years for
patients operated upon for a NSCLC with nearly diploid DNA content
(symbols as in Figure 1; P = < 10–4) 
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Figure 5 Odds ratio and 95% confidence interval of mortality at 5 years
for patients operated upon for a NSCLC with nearly diploid DNA content
(P < 10–4) (symbols as in Figure 1; P = 0.08). 

Table 2 Results of Peto and Yusuf meta-analysis 

Endpoint OR Lower Upper P –logOR/ Heterogeneity Degree of P heterogeneity 
σσ(logOR) freedom

1 y 0.5130 0.4323 0.6087 < 0.0001 6.74 Q = 76.60 32 P < 0.01 
2 y 0.5092 0.4387 0.5837 < 0.0001 9.24 Q = 59.00 33 P < 0.01 
3 y 0.4461 0.3872 0.5139 < 0.0001 11.17 Q = 87.50 33 P < 0.01 
4 y 0.6666 0.5731 0.7753 < 0.0001 5.26 Q = 119.2 29 P < 0.01 
5 y 0.8742 0.7510 1.0170 0.08 1.74 Q = 123.9 28 P < 0.01 

Odds ratios indicate the reduction of risk of death for patients presenting a nearly diploid tumour. 

Table 3 Results of Dersimonian and Laird meta-analysis 

Endpoint Diploidy Aneuploidy Y* Y : 95% confidence P Heterogeneity Degrees of P
interval freedom heterogeneity 

1 y P = 0.871 P = 0.763 0.11 0.07; 0.15 < 0.0001 Q = 111.3 32 < 0.005 
2 y P = 0.739 P = 0.590 0.15 0.10; 0.20 < 0.0001 Q = 78.42 33 < 0.005 
3 y P = 0.660 P = 0.460 0.20 0.14; 0.26 < 0.0001 Q = 117.62 33 < 0.005 
4 y P = 0.603 P = 0.400 0.20 0.13; 0.27 < 0.0001 Q = 142.58 29 < 0.005 
5 y P = 0.604 P = 0.391 0.21 0.15; 0.28 < 0.0001 Q = 105.53 28 < 0.005 

*Size effect according to DerSimonian and Laird’s method. Corrected values taking into account a significant heterogeneity. 
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20 D Choma et al 
owing to the fact that there is a good agreement between the D
histograms obtained from fresh tissue and paraffin-embedd
specimens where flow cytometry has been done in para
(Hedley et al, 1983). A possible hidden explanation of the stat
tical heterogeneity lies in the well-established diversity of DN
content histograms and growth fraction estimations in a giv
specimen (Sara et al, 1986; Oud et al, 1989; Simony et al, 19
Stipa et al, 1993). Besides this heterogeneity, one can empha
that aneuploidy is a common terminology designating differe
histogram patterns. Multiploidy and hypodiploidy might b
underestimated in some specimens. In multiple myeloma a
breast cancer attention has been paid to the occurrence of the
particular ploidy status (Coulson et al, 1984; Smith et al, 1986)
similar observation has been made in lung cancer in wh
hypodiploidy seems to indicate a particularly poor outcom
(Pujol et al, 1996). 

Hitherto, the prognosis of patients with surgically resecte
NSCLC is mainly determined using two main prognostic variable
i.e. the stage of the disease and the performance status. Durin
past decade, the search for genetic markers of NSCLC 
emerged in an attempt to predict poor outcome of this disease 
to help the clinician in deciding whether there is a case for ad
vant chemotherapy. Abnormal nuclear content has long be
known as a conclusive marker of malignancy and was found
increased frequency in solid tumours. It is noteworthy that t
65% overall frequency of aneuploidy, as observed in this me
analysis is consistent with the 67% frequency reported in 49
patients suffering from various human malignancies (Barlogie
al, 1983). During the 1990s, after an initial period of enthusias
for aneuploidy as a putative prognostic marker in NSCLC, t
interest seemed to decrease. This might be explained partially
the fact that conflicting results arose from different studie
However, the meta-analysis described above seems to prov
additional clues in favour of a prognostic effect of aneuploidy 
this disease. DNA content analysis provides a unique insight i
the cellular heterogeneity and the genotypic instability of NSCL
Chromosomal instability leads to abnormal regulation of ge
expression and aneuploidy. This latter characteristic might be
critical factor for phenotypic diversification towards a metastat
phenotype (Nicolson, 1987). 

Notwithstanding the heterogeneity across the studies, the he
meta-analysis allows the conclusion that patients who benefit fr
a surgical resection for NSCLC with aneuploid DNA conten
prove to have a higher risk of death. The survival probability f
patients having an aneuploid tumour is decreased by 11% at 
year, a negative effect deteriorating up to 21% at 5 years follow
surgery. 
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