
Abstract. Background: New biological factors have not been
extensively studied in stage III non-small cell lung cancer
(NSCLC). We aimed to determine the role of p53 as a
prognostic factor in such patients. Materials and Methods: p53
expression was assessed by immunohistochemistry and evaluated
by three independent observers. The Cox model was used to
assess the impact of clinical and biological factors on patient
survival. Results: Between 01/1987 and 07/2002, 93 stage III
NSCLC patients were included. Twenty-eight had a p53-positive
tumour. There was no survival difference among patients with
p53-positive and -negative tumours (p=0.46). In multivariate
analysis, 3 factors were statistically significantly associated with
survival: surgical resection (p=0.009), good performance status
(p=0.02) and low creatinine level (p=0.02). Conclusion: Good
performance status, surgical resection and low creatinine level
were independent favourable prognostic factors for survival in
stage III NSCLC, while p53 was not, even in univariate analysis.

Stage is the most prominent prognostic factor of non-small

cell lung cancer (NSCLC) (1). The last updated version of

the International Staging System (ISS) was published in

1997 (2). Specifically, in stage III NSCLC, the 1997 ISS

separated the patients into stages IIIA and IIIB. This group

of patients is heterogeneous, including resectable tumours

as well as unresectable diseases treated by chemotherapy

and/or radiotherapy. For that reason, some authors have

suggested modifications of the ISS classification (3-10). In

two previous studies (4, 9), we observed that the repartition

of stage III NSCLC patients into stages III‚ (T3-4N3M0)

and III· (other TN stage III) better discriminates the

patients in terms of survival than the 1997 ISS.

Some other independent clinical and biological parameters

have already been identified for predicting survival (11, 12).

Currently, increased attention has focused on new biological

predictors: biological substaging using molecular markers in a

risk stratification strategy has been proposed (13, 14), although

their role as prognostic factors in treatment modulation

remains unclear. p53 is a 53-kD nuclear phosphoprotein that

has three main physiological functions: cell cycle regulation,

induction of apoptosis and stabilisation of the genome.

Mutations of the Tp53 gene are implicated in the

carcinogenesis of many cancers and are commonly found in

lung cancer. p53 has been the topic of numerous publications

in lung cancer patients. In a meta-analysis, we observed that

p53 had an unfavourable impact on survival (15).

As stage III NSCLC is a heterogeneous group, parameters

other than disease stage are needed to improve the

therapeutic choice and prognostic assessment. Four studies,

dealing with stage III NSCLC and p53 status, have been

published to date. They only included patients treated in

therapeutic protocols with the primary objective of identifying

responding patients, either to radiotherapy (16, 17) or

chemotherapy (18, 19). The primary objective of the present

study was to determine the role of p53 protein expression by

immunohistochemistry as a prognostic factor for survival in

stage III NSCLC, in order to improve the 1997 ISS.

Materials and Methods

Study population. Patients with lung cancer treated in the

department of Thoracic Oncology at the Institut Jules Bordet,

Belgium, have all been registered in a database since 1985. Those

presenting with stage III NSCLC, according to the definition of the

1997 ISS (2), previously untreated, were retrieved from the

database and the corresponding lung biopsies were searched. The

last date of inclusion in the study was July 2002.

Sample preparation, selection and immunohistochemistry. All tissues

(biopsies or surgical samples) were routinely fixed in 10% neutral

buffered formalin and were embedded in paraffin. From each
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specimen block, 4-Ìm sections were cut from paraffin-embedded

tissues and were deposited on SuperFrost Plus Slides (Menzel-Gläser,

Braunschwein, Germany). All the reagents were of analytic quality

and were used without any preliminary purification. Methanol, citric

acid, sodium citrate, tris(hydroxymethyl)aminomethane (TRIS) and

hydrochloridric acid were purchased from Merck (Darmstad,

Germany).

Immunohistochemistry was performed according to a standard

streptavidin-biotin-peroxidase complex method. p53 expression was

assessed by a mouse monoclonal antibody, MS 186 R7, to

suppressor protein Ab-5 (clone DO-7) (dilution 1 in 50, final

titration 1.9 Ìg.ml-1; Neomarkers, Union City, CA, USA). Slides

were deparaffinised in xylene and rehydrated in ethanol.

Endogenous peroxidases were quenched by incubation in 0.3%

hydrogen peroxide for 4 minutes. They were then submitted to

antigen retrieval in citric buffer 0.01 M, pH 6, comprising 3 times 

5-minute microwave treatments at 650 W. The slides were cooled

for 20 minutes at room temperature and, thereafter, rinsed twice

in Tris-HCl 0.05M NaCl 0.09%, pH 7.6, for 10 minutes. All the

following steps were performed automatically at 37ÆC in the

NexES system (Ventana Medical Systems, Tucson, AZ, USA). The

primary antibody was deposited and incubated for 30 minutes. The

complex between p53 and its antibodies was fixed with

glutaraldehyde and NaCl 0.9% for 4 minutes. The secondary

biotinylated antibody was incubated for 8 minutes. The slides were

stained with a diaminobenzidine (DAB) detection kit (Ventana

Medical Systems), counterstained with haematoxylin and mounted

with permount. Negative controls for p53 were carried out by

omitting the primary antibody and also by substituting normal

mouse immunoglobulin G2a for the primary antibody. The positive

controls were a known p53-positive lung carcinoma.

Interpretation of immunohistochemistry. Three observers

independently evaluated the results of the immunohistochemical

staining, without any knowledge of the clinical data. The level of

positivity was expressed as a percentage of tumour cells showing

nuclear staining. A tumour was considered as positive when the

expression was >10% of positive cells (20). The results were

compared and discordant interpretations were consensually

resolved by review of the specific slides.

Statistics. Survival was measured from the date of diagnosis until

the date of death, the last date known to be alive or the date of

analysis. Univariate survival comparisons were performed with a

log-rank test. All variables with a p value less or equal to 0.2 in

univariate analysis were included in a Cox model for multivariate

analysis. Comparison of the patients’ characteristics according to

p53 status was made by Chi-square test in the case of a binary

variable or the Mann-Whitney test. A p value <0.05 was

considered as statistically significant. All statistical tests were

performed using the software Statistica® (Statsoft, Tulsa, USA).

Results

From January 1987 until July 2002, 93 previously untreated

patients with stage III NSCLC were assessable and included

in this study. These patients had been assessed for EGFR

status in another previously reported study (21). The principal

characteristics of the patients are described in Table I.

The majority of the patients were treated either with

chemotherapy alone (n=37) or with a combination (n=39),
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Table I. Characteristics of 93 patients with stage III NSCLC.

Number of patients

Median age (range) 64 years (37-83)

Gender (male/female) 71/22

Smoking (never/active/ex-smoker) 2/54/36

Histology

Squamous 47

Adenocarcinoma 26

Other NSCLC histology 20

Median weight loss (range) 0% (0%-17%)

Stage IIIA/IIIB 37/56

Stage III·/III‚ 76/14

Median Karnofsky performance status (range) 80 (20-100)

Mediastinoscopy (yes positive/yes negative/no) 21/07/65

Table II. Patients' characteristics according to p53 status.

p53 + p53 – p value

Overall 28 65

IIIA/IIIB 11/17 26/39 0.95

III·/III‚ 23/4 53/10 1

PS 

80-100 17 34 0.44

60-70 6 24

<60 2 5

Age 

≤ 60 years 9 19 0.78

> 60 years 19 46

Gender (male/female) 25/3 46/19 0.07

Histology 0.95

Squamous 14 33

Non-squamous 14 32

Weight loss 

≤ 5% 19 43 0.92

> 5% 7 15

PS=performance status according to Karnofsky scale



including chemotherapy plus radiotherapy (n=34) or plus

surgery with or without radiotherapy (n=5). The remaining

patients received radiotherapy alone (n=15) or were offered

surgery only (n=2). Cisplatin or carboplatin-based

chemotherapy was administered in 66 and 5 patients,

respectively. Other patients received non platinum-

containing chemotherapy (n=5), mainly due to functional

contraindication to platinum administration. According to

the intent-to-treat analysis, the response rate to first-line

therapy was 37.6%.

The tumours were negative or positive for p53 staining

in 65 and 28 patients, respectively. Overall, the positivity

rate was 30.1% (95% confidence interval 20.8%-39.4%).

There was no difference according to histological subtypes

(p=0.95). The principal characteristics of the patients

according to the p53 status of their tumour are described

in Table II. At the time of analysis, 9 patients were still

alive, 78 were dead and 6 were lost to follow-up. The

following variables were found statistically significantly

associated with difference in survival in univariate analysis:

good performance status (p=0.003), surgical resection

(p=0.0001), normal LDH level (p=0.04) and normal

sodium (p=0.01). In addition to these 4 variables, those

with a p value less than or equal to 0.2 in univariate

analysis, corresponding to T status, neutrophil and platelet

counts, haemoglobin level and creatinine were included in

a multivariate Cox model. Eighty-five observations were

complete. Three variables were independently associated

with survival: good performance status (p=0.02), surgical

resection (p=0.009) and low creatinine level (p=0.02)

(Table III).

Discussion

We observed in this study, dealing specifically with patients

with stage III NSCLC, treated in a single cancer centre, that

surgical resection, initial good performance status and low

creatinine level were favourable prognostic factors for

survival. In contrast, we failed to demonstrate any

prognostic impact of p53 in this selected group of patients.

Stage III NSCLC presents a heterogeneous group of

patients, generally requiring a multimodal therapeutic

approach, and the 1997 ISS (2) remains unsatisfactory in

terms of prognosis for patients who are, in the majority,

clinically staged. Tumoral biological markers might help to

improve prognosis. In a previous meta-analysis dealing with

p53 in NSCLC (15), we demonstrated the negative survival

prognostic value of p53. We then aimed to determine the

prognostic role for survival of p53, in addition to other

factors, in a group of consecutive patients with stage III

NSCLC treated in a single centre, for which biopsy

specimens were available for immunohistochemistry.

We did not observe any difference in survival according to

p53 status. Apart from potential biases, which are discussed

below, it is possible that the biological behaviour inside stage

III NSCLC is too homogeneous to bring to the fore any

survival difference according to p53 status. Perhaps, a larger

number of patients is needed to demonstrate any impact of

p53 on survival in stage III NSCLC, which may be small.

There are some limitations to the interpretation of our

results. Although all our consecutive patients were included

in a database, we could not assess all of them as there was

insufficient tumour material in two-thirds of the cases. This

was a retrospective study, as are the majority of biological

studies, but all the patients were prospectively registered in

our database, so there was no selection bias. Few patients

were lost to follow-up (6%) and they were equally

distributed between the p53-positive and -negative groups.

Although the study period was long, the therapeutic

chemotherapeutic and radiotherapeutic schedules used were

almost similar. The treatment strategies were based on

protocols used at our institution during the study period (22,

23). Except in cases of contra-indication, all patients

received cisplatin-based chemotherapy, which still remains

the standard of care for NSCLC chemotherapy.

The immunohistochemistry protocol used had been

previously applied by our group in other studies (20, 24).

Since no definite international consensus exists on the cut-

off defining tumoral p53 positivity, a cut-off of 10% was

used, as in a previously published study (20), based on the

molecular biology comparison performed by Mitsudomi et
al. (25). However, direct comparisons among studies

assessing p53 in NSCLC are difficult because other cut-offs

may have been used, thus emphasizing the need for a

standardisation of immunohistochemistry procedures. Also,

there is the question of the reliability of p53 assessment in

biopsy specimens instead of resected tumours. In a previous

study, we observed a good correlation between p53

expression in bronchial biopsies and corresponding surgical

specimens, confirming that the p53 status in biopsies is

representative of the general status of the tumour (26).
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Table III. Multivariate analysis for survival in stage III NSCLC patients.

N=85 ‚ coefficient Standard error p

Surgical resection 1.43 0.55 0.009

Performance status 0.67 0.29 0.02

Creatinine 0.62 0.28 0.02

Neutrophil count 0.55 0.30 0.07

LDH 0.49 0.28 0.08

Sodium level 0.76 0.46 0.09

Platelet count –0.40 0.45 0.37

T status 0.12 0.28 0.65

Haemoglobin level 0.10 0.31 0.74



To our best knowledge, only four studies specifically

dealing with stage III NSCLC have been published to date.

All these studies aimed to determine the possible

relationship between p53 expression and response to

treatment, either chemotherapy (18, 19) or radiotherapy

(16, 17). We did not evaluate the response rate in our study,

because of the heterogeneity in the applied treatments.

Survival, our primary objective, was only assessed as a

secondary objective in three of these studies (16-18). No

difference according to the p53 status was found. The

number of patients included in our study was in the range

of the previous studies, namely 52-123. However, the type

of patients were not similar: unresectable patients treated

with induction chemotherapy followed by radiotherapy (18)

or by radiotherapy alone (16, 17) and stage IIIA treated

with induction chemotherapy before surgery (19). In our

study, potentially resectable tumours, locoregionally

advanced cancer that could be treated by multimodal

therapy and patients only suitable for chemotherapy were

included. In our analysis, we updated the tumour staging

according to the latest version of the 1997 ISS, so that

T3N0M0 tumours were reclassified as stage IIB and were

not eligible, in contrast to Hwang et al. (17). Lastly, the

grading system for assessing p53 positivity, as well as the

laboratory design, were not uniform across the studies,

allowing for some differences in the results.

In conclusion, p53 does not appear as a significant

prognostic factor for survival in stage III NSCLC patients. The

principal prognostic factors in this selected group of patients

are surgical resection, good performance status and low

creatinine level. New biological factors with potential

prognostic value are needed, in order to increase the

discrimination value and the prognosis prediction of the

current International Staging System, which has demonstrated

its limitations in patients with stage III NSCLC.
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