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Abstract. Flow Cytometry (FC) has been incorporated into cancer research in relation to its prognostic value together with
histological parameters and TNM stages. We have studied by means of FC the cell cycle of 132 samples from male patients
with Squamous Cell Lung Carcinoma (SQCLC). All of the patients received curative surgery and the clinical follow-up was
60 months. The clinical and cytometric parameters were evaluated in order to predict the patients’ outcome. The presence of
tumoural recurrence and the tumoural stage showed statistical significance associated with survival. The multivariant analysis
reveals radiotherapy (p = 0.004) as protective variable and the high S-phase fraction (SPF) (p = 0.001) and stage IIIA
(p = 0.012) as risk factors. The SPF appears as an independent prognostic factor for overall survival time. We can build a
prognostic index representative of different prognostic groups, which allows us to improve the individual monitoring of these
patients.
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1. Introduction

Lung cancer is an important public health problem in our region, with an incidence rate in males
of 112.40 per 100,000 and a male/female occurrence ratio of 10/1 [10]. From the histological point of
view, 45% of the non-small cell lung carcinomas (NSCLC) are squamous carcinomas. At present, the
anatomic description of dissemination and tumoural aggressiveness precision are the two main sets of
factors which allow us to estimate the prognosis of the patients [12]. However, the variability in the
survival rate within the same stages, proves that we still need to find other prognostic factors which can
determine which patients are most at risk to suffer a recurrence of the disease [5,23].

Technological development has had a great impact on the precision of tumoural stage and on the overall
survival rate of patients [11,31]. The use increasingly sensitive image analysis methods has facilitated the
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improvement of the survival rate in SQCLC due to a more precise identification of the subsidiary surgical
treatment of these patients [22]. As the long-term intervention results and treatment responses are based
on inherent biological factors within the tumoural cells, it is becoming more and more important for us
to concentrate our research efforts on the tumoural biology of lung cancer [6].

DNA ploidy and tumour cell proliferation activity estimated by FC have been considered potential
indicators of survival and treatment response in SQCLC [1,32,36,39]. In some of the SQCLC series,
overall survival varies depending on the ploidy, regardless of the stage [16,26,35]. Tumoural recurrence
in SCQLC has been reported 50% lower than in other NSCLC [33].

The reported variability of the prevalence and prognostic significance of DNA aneuploidy could be
related to the number of samples analysed, the methodological differences and the histological types [8,
16,17,32].

The prognostic value of the DNA aneuploidy can be completed with the analysis of the cell pro-
liferation activity estimated using FC according to the percentage of cells in S-phase. The increasing
proliferation activity has a negative effect on the survival rate [35]. In this way, the neoplasias with a
high rate of cells in S-phase are more likely to develop metastasis, regardless of the histological differen-
tiation, stage of the disease, or the type of treatment [37]. The cytometric information obtained from the
cell cycle analysis can be combined with the information provided by the tumoural extension and other
variables so as to build up a Prognostic Index (PI) [14].

Because of the male/female incidence and the histologic frequency, we carried out a retrospective
study on 132 male patients with SQCLC who have received curative surgery to establish the prognostic
significance of these cytometric variables. The final aim of our study was to establish objective and
reproducible follow-up parameters, complementary to the clinicopathological ones which allow us to
assess, in each case, the potential aggressiveness of the neoplasia and the corresponding therapeutic
monitoring.

2. Materials and methods

2.1. Patients

One hundred and thirty-two males with SQCLC treated by curative surgery, were studied and included
in the tumour archives at the Hospital General de Asturias (HGA) from January 1, 1985 to December 31,
1989. The surgery was planned as curative in patients in stages I, II and IIIA, according to the TNM
classification of the Fourth World Wide Lung Cancer Conference [19]. A further reclassification was
carried out after pathological study. The original diagnosis was established by radiography, cytology
of sputum and/or bronchoscopy. The information was completed with preoperative and postoperative
pathological examinations.

Regarding the complementary treatment, radiotherapy decision was taken according to the pathologic
study, incorporating the clinical staging parameters such as tumour size, grading of differentiation, vas-
cular and pleural invasion and tumour necrosis. Chemotherapy was not given to the patients.

The follow-up of the patients continued for 60 months after the date of surgery. A complementary
procedure was established for those patients for whom we had no information during the follow-up pe-
riod. At first, they were investigated by means of the program of oncological patients treated with opiate
derivatives, whose mandatory register is kept by the regional medical authorities. Finally, the Regional
Statistical Decease Bulletins (RSDB) were assessed during a 5 year period after surgery, recording the



J.A. Alvarez-Riesgo et al. / Cell proliferation activity and prognostic index 235

cause of death in order to complete the follow-up. The patients lost in our study were 9/132 (6.8%) dis-
tributed in a uniform way during the periods, 3 (1985), 2 (1986), 2 (1987), 2 (1989), and the cause is the
loss of clinical history information.

The tumoural recurrence was confirmed by biopsy, cytology or fine needle aspiration. The relapse free
time was obtained by subtracting the surgical resection date from the recurrence date.

2.2. Flow cytometry

The flow cytometric analysis was carried out by the Cytometry Service of the University of Oviedo
from the material embedded in paraffin and archived in the Pathology Service of the HGA. A detailed
description of the technique used has been published [27]. To select the blocks we revised for each
patient all the slides available stained with hematoxylin–eosin, selecting those with a greater proportion
of tumour and a lower rate of inflammatory component. When possible, sections from two or more blocks
were taken. Three 50µm thick sections were obtained from each block of tissue. The deparaffination was
carried out with xylene for 35–40 min at 70◦C, and left at room temperature for 10 min. Ethanol was
used in decreasing concentration (100, 96, 70%) for 10 min in each step, later washing the sample with
a PBS buffer and centrifuging it at 300× g for 10 min. After centrifugation, enzymatic disaggregation
was performed in pepsin solution (Pepsin A, EC 3.4.23.1, Sigma, St. Louis, MO, USA) for 30 min in a
shaking water bath at 37◦C. In addition, the samples were mechanically dissociated using a 5 ml syringe
and with a 20 gauge needle, drawn in and out of the tube several times. The single cells and nuclei
obtained were then filtered through a nylon mesh (70µm) and stained with propidium iodide according
to the Vindelöv technique [34].

A FacScan cellular analyser from Becton Dickinson was used which was equipped with an argon-ion
laser light source, with excitation at a wave length of 488 nm, and three fluorescence detectors, selecting
the FL2 with a fluorescent emission band of about 585 nm. To obtain and analyze the data we used the
Cellfit software 2.0.2 from Becton Dickinson. Tumour sample acquisition was carried out together with
a DNA diploid control, using lymphocytes from tonsil embedded in paraffin and processed at the same
time as the tumoural suspensions. Should the presence of aneuploid tumours be questioned with more
than one population, a mixed sample of tumour and control was prepared. From each sample, 10,000–
15,000 cells were analysed [4] and the CV was always found to be lower than 6%. The number of events
were those obtained after the exclusion of debris and aggregates. The histograms obtained were then
interpreted by an analyst with no prior knowledge of the clinical characteristics of the neoplasia. The
following were taken as cytometric variables: DNA ploidy, DNA Index (DI) and SPF. The adjustment of
debris and aggregates were established by an electronic gate. In all the DNA diploid cases RFIT model
was used in the assessment of S-phase, and POLY model in the DNA aneuploid ones. The cases with
DI between 0.9 and 1.1 were considered as DNA diploids, less than 0.9 or greater than 1.10 as DNA
aneuploids, and between 1.9 and 2.1 as DNA tetraploids.

2.3. Statistical analysis

The data was analysed using the SPSS/PC+ version 4.01 and Egret version 0.26.6 Pecan. The qualita-
tive variable analysis was carried out using the chi square test. The Cox model [7] was used for regression
analysis. The formula applied wash(t,xi) = h0(t)eβx, whereh(t,xi) represents the hazard function or
hazard rate, with values in the explicative variables (x) in the time (t), h0(t) is the function of the refer-
ence hazard rate (“baseline” or “underlying hazard function”) and eβx represents an exponential function
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whose exponent represents the linear combination of the explicative variables (xi). Thep value to enter
was established at 0.05, andp value to remove at 0.15. The prognostic index was built from the mul-
tivariant model. The results of this analysis have been used to define a PI, expressed by the formula:
PI =

∑
i βiXi. The PI expressed as a continuous quantitative variable, changes into a negative scale,

and was thus converted into a positive scale in order to aid understanding. To represent the survival ac-
cording to the PI, the results were categorized by quartiles (Q), and the differences were analysed with
the log-rank technique. From the variables examined in the Cox regression models, the relapse free time,
measured in months, and the rate of cells in S-phase were considered as continuous quantitative variables.
The tumoural recurrence and the application of radiotherapy were expressed as dichotomic variables, and
the tumoural stage as an ordinal variable.

3. Results

The patients in our study were homogeneously distributed throughout our 5 year investigation, with
the 55–64 year olds being the most important age group, but numerically close to the 65–74 year olds
(Table 1). Almost all of the patients (98.8%) were smokers. Regarding the tumoural stage, 65.9% of the

Table 1

General description of the sample

Variable N = 132 % p value
Age(years) <0.001
<55 16 12.1
55–64 55 41.7
65–74 51 38.6
>74 10 7.6

Smoking status <0.001
Non-smoker 1 0.6
Smoker 130 98.8
Ex-smoker 1 0.6

Stage <0.001
Stage I 87 65.9
Stage II 11 8.3
Stage IIIA 34 25.8

Cellular differentiation <0.001
Well 11 8.3
Moderate 82 62.1
Poor 39 29.6

DNA ploidy NS
Diploid 69 52.2
Aneuploid 63 47.8

Surgery <0.001
Lobectomy 57 43.2
Pneumonectomy 69 52.3
Others 6 4.5

Status <0.001
Alive 48 36.4
Dead 84 63.6
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Table 2

Univariant analysis of squamous cell lung carcinoma

Variable RR∗ CI (RR) p value
Tumour relapse

(no vs. yes) 3.979 2.522–6.278 0.001

Stage
I vs. II 1.909 1.000–3.673 0.051
I vs. IIIA 2.472 1.578–3.871 0.001

Relapse free time
(months) 0.940 0.928–0.953 0.001

Radiotherapy
(no vs. yes) 1.581 0.998–2.503 0.060

DNA ploidy
(diploid vs. aneuploid) 1.230 0.799–1.893 0.347

SPF
(percentage) 1.011 0.997–1.024 0.147

∗Cox’s regression. RR: relative risk; CI: confidence interval.

Table 3

Multivariant analysis of squamous cell lung carcinoma

Variable RR∗ CI (RR) p value
Radiotherapy

(no vs. yes) 0.361 0.179–0.726 0.004

Stage
I vs. II 1.160 0.456–2.892 0.750
I vs. IIIA 2.439 1.220–4.877 0.012

Relapse free time
(months) 0.927 0.910–0.944 0.001

SPF
(percentage) 1.026 1.011–1.042 0.001

∗Cox’s regression. RR: relative risk; CI: confidence interval.

patients were in stage I, 8.3% in stage II and 25.8% in stage IIIA. Only 8.3% of the cases were identified
as well-differentiated with 62.1% moderately differentiated and 29.6% poorly differentiated.

From the total of 132 cases studied, 52.2% were diploids (mean of S-phase fraction 14.154% and
SD 10.294) and 47.8% aneuploids (mean of S-phase fraction 12.147% and SD 12.473). We found sig-
nificant differences in the S-phase fraction from DNA diploid and aneuploid tumours (p = 0.0006).
Regarding the type of surgery, pneumonectomy was the most frequently used at 52.3%. This resulted in
36.4% of the patients still being alive after 5 years.

In the univariant analysis the clinical variables: presence of tumoural recurrence, tumoural stage and
tumoural relapse free time, all showed statistical significance associated with the patients’ survival (Ta-
ble 2). In this table we can see the reduction of overall survival time with tumoural recurrence and
stage IIIA.
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Fig. 1. Prognostic index and dead risk.

Fig. 2. Survival analysis for prognostic index quartil.

The multivariant analysis (Table 3) includes radiotherapy, tumoural stage and relapse free time as
clinical variables and the SPF as the cytometrical one. Radiotherapy (p = 0.004) and the relapse free
time (p = 0.001) are clear protective variables, and the high SPF (p = 0.001) and stage IIIA (p = 0.012)
are clearly risk factors.

The risk of dying as predicted by the PI (Fig. 1) show an exponential evolution. Categorizing the
prognostic index by quartiles, the survival rate decreases with the change of quartile; this change is
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Fig. 3. Survival and prognostic index at 6, 12 and 24 months.

statistically significant (p < 0.001) (Fig. 2). The results in the evaluation of survival probability at 6, 12
and 24 months confirm the previous results (Fig. 3).

4. Discussion

Of the total number of patients, 98.8% were smokers, which represents a very similar proportion to
the 95–98% obtained by other authors [20,21]. In the tracheobronchial area, 90% of the tumours are
attributable to smoking, estimating the time of empirical induction to be between 20–40 years from
the beginning of smoking to the maximum disease incidence [3,24,30]. Thus, our cases correspond to
patients starting in their 50s and 60s, with an accumulated incidence of 53.8% of the patients at the age
of 64.

In our series, 65.9% of the patients were in stage I of the disease. The definition of the degree of cellu-
lar differentiation is complex and a controversial subject among pathologists, with a tendency to establish
a high rate of tumours as moderately differentiated. We found 62.1% of SQCLC to be moderately dif-
ferentiated, similar to the results obtained by other authors [15], and only 8.3% to be well differentiated
tumours.

At present, it is agreed that the main factors affecting the prognosis of patients with lung cancer
is the TNM staging with complementary information on the differentiation degree, vascular and pleural
invasion, and growth rate. In the univariant analysis (Table 2) only some clinical variables show statistical
significance. Our multivariant model (Table 3) includes clinical variables and incorporates the SPF results
obtained by FC. The TNM and the SPF become risk factors, increasing the risk of death in 1.026 per
unit increase in SPF. This is only evident for the TNM in stage IIIA (2.439). The similarities between
the rate of death in stages I and II of the TNM can be related to the problems of staging [18,25]. The
tumoural stage has shown an independent prognostic significance in different investigations related to
SQCLC [23] and the whole of NSCLC [9].

The multivariant analysis of prognostic factors contributes to the understanding of the interrelation
between them, identifying subgroups of patients who can take advantage of the different therapeutic
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strategies [28,29]. In some cases, variables which are not significant in the univariant analysis are in-
cluded in the multivariant analysis, due to the adjusting of the effect of other variables included in the
model. This is also the case with the SPF, the inclusion of which improves the precision of the effect of
variables included in the model (Table 3). The increasing relapse free time and the application of radio-
therapy acted as protective variables in our patients. Although the benefit of radiotherapy application in
lung cancer stages II and III is contradictory [38] in our cases, this proves to be a protective variable,
reducing the risk of death by two thirds.

In the formulation of a model, spurious results can be obtained if we include a large number of vari-
ables, with the subsequent loss of accuracy and efficiency [13]. This risk is low if we consider as pre-
dictive variables 5–10% of the events. Our model considers 4 prognostic variables, representing 4.7% of
deaths following the recommendations of different authors. Since none of the selected variables in the
multivariate analysis contradict the clinical knowledge or the known biological principles on SQCLC,
we accept that their inclusion in a prognostic model can be reasonable, because there is no random
association with the survival of any variables of the model.

The prognostic factors observed in this study fulfil the main essential properties for their applica-
tion [12]: they show a high correlation with the patient’s prognosis and a good methodological repro-
ducibility. Furthermore, these factors can be used to predict individual prognosis and formulate thera-
peutic strategies [13].

One of the final objectives of building regression models is the obtaining of a prognostic index which
can summarize all the information and represent the survival probability, or any other result of interest
by combining different prognostic factors. In this way, its use could be studied in the implementation of
treatment plans, clinical trial, or the design of control strategies in the follow-up of the patients [2].

From the explanatory variables of our multivariate model we have built a PI which enables us to
appreciate that an increase in its value is related to an increase in the relative risk of mortality of 2.72 for
each prognostic unit (Fig. 1). Low values on the PI are due to a greater importance of protective variables:
application of radiotherapy, relapse free time, the first stages of the TNM and the low rate of SPF.

By dividing the PI into quartiles (Fig. 2), significant statistical differences (p < 0.001) are marked in
relation to survival. A clear decrease in the survival in higher quartiles can be seen.

In Fig. 3 we represent the survival probability at 6, 12 and 24 months, and so we could establish three
prognostic groups with cut-off points at PI 2 and 3.5, and term them good, regular and bad prognosis. This
possibility of building independent prognostic groups improves the efficiency of the patients’ control,
establishing different standards for the observation depending on the expected evolution of the disease.
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