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Abst rac t  Activation of K-ras gene by point mutations, a 
common finding in lung adenocarcinomas, has been sug- 
gested to decrease patient survival. We investigated 109 
lung adenocarcinomas, mostly small, peripheral, stage I 
tumours (81/109) for presence of K-ras gene mutations at 
codons 12 and 13. Mutations were detected by denaturing 
gradient gel electrophoresis analysis of specific sequenc- 
es amplified by polymerase chain reaction from DNA ex- 
tracted from archival pathological material. Thirty-three 
of 109 (30.3%) tumours showed mutations at codon 12 
(28/33, 84.8%) or 13 (5/33, 15.2%) of the gene. Muta- 
tions and type of nucleotide substitutions were differently 
distributed among cytological subtypes, being more prev- 
alent among less differentiated (G2 and G3) turnouts and 
among bronchial than bronchiolo-alveolar type adenocar- 
cinomas. Survival analysis showed an adverse effect of 
K-ras mutation on survival, restricted to stage I tumours. 
Median survival for 81 stage I patients was 30 months for 
non-mutated tumours versus 20 months for mutated tu- 
mours (p = 0.016). Multivariate analysis showed that age 
of patient (p = 0,001) and K-ras mutation status (p = 
0.04) were the only independent factors influencing sur- 
vival significantly. These data strengthen the hypothesis 
that K-ras gene mutations may be useful in identifying a 
subgroup of patients with poor outcome. 
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introduction 

Lung cancer is the most common cancer in developed 
countries, with estimated age standardized rates of inci- 
dence in men of 52.5 per 100,000 in Europe (Parkin et 
al. 1993). Non-small cell lung carcinomas (NSCLCs) are 
a heterogeneous group of tumours that comprise over 
75% of lung neoplasms (Hammar 1988). Adenocarcino- 
ma accounts for over 30% of all NSCLCs and epidemio- 
logical trends indicate that it is rapidly becoming the 
most frequent histotype (Hammar 1988; Minna et al. 
1989). Despite significant advances in diagnosis and sur- 
gical treatment, mortality from lung adenocarcinoma re- 
mains high with an overall survival rate of about 12% at 
5 years and does not exceed 27% at 5 years even for sur- 
gically resectable tumours (Minna et al. 1989; Naruke et 
al. 1988). Thus, additional prognostic indicators of long 
term biological behaviour are needed to improve the data 
from clinico-pathological staging by the TNM system 
(Mountain 1986) that presently determines therapeutic 
decisions. Pathological features of tumours such as histo- 
logical subtype or grade lack major prognostic impact on 
prolonged survival and their predictive value is restricted 
to the disease-free interval or 1 year survival (Scrensen 
et al. 1988). 

Ras genes (H-ras, K-ras and N-ras) belong to a fami- 
ly of small monomeric GTPases bound to the inner side 
of the cell membrane which are involved in cytoplasmic 
signal transduction networks operating in cell prolifera- 
tion control, cell to cell communication and cell response 
to external stimuli (Lowry and Willumsen 1993). Point 
mutations occurring at specific codons of ras genes may 
alter the intrinsic GTPase activity of their encoded pro- 
teins that acquire oncogenic potential. Ras genes activat- 
ed by mutations occurring specifically at codons 12, 13 
and 61 are frequently found in a variety of human tu- 
mours (Bos 1989). K-ras activation is particularly asso- 
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ciated with adenocarcinomas,  mainly  o f  the gastrointesti- 
nal tract (Bos et al. 1987), pancreas (Almoguera  et al. 
1988; Pellegata et al. 1992) and lung (Kobayashi  et al. 
1990; Mitsudomi  et al. 1991a; Rodenhuis  et al. 1988; 
Rosell  et al. 1993; Sugio et al. 1992). 

Previous studies have reported that K-ras point  muta-  
tions o f  codons 12 and 13 are frequently found in lung 
adenocarc inomas and they have shown that they may  be 
associated with decreased survival irrespective o f  disease 
extent (Mitsudomi et al. 1991b; Slebos et al. 1990). 
Thus, K-ras gene mutations might  be useful in identify- 
ing a subgroup of  patients with dismal prognosis  despite 
potentially curative resection for localized disease. 

In the present study we examined K-ras gene point  
mutat ions on codons  12 and 13 in a group of  109 prima- 
ry lung adenocarcinomas,  mainly  small, peripheral, stage 
I tumours,  which underwent  radical surgery and that we- 
re fol lowed for a median period o f  55 months.  A novel 
denaturing gradient gel electrophoresis (DGGE)  tech- 
nique (Myers et al. 1987) was used to detect mutations in 
polymerase  chain reaction (PCR)-amplif ied D N A  ex- 
tracted f rom archival pathological  material. The aim of  
the study was to correlate K-ras mutat ion with patients 
survival as well as with stage and histological  features o f  
the tumours,  in order to validate the application of  the 
technique in routine diagnostic practice. 

Materials and methods 

One hundred and nine consecutive patients who underwent surgi- 
cal resection for lung adenocarcinoma between September 1984 
and December 1991 at the IRCCS Policlinico S.Matteo of Pavia 
were included in the study. Only patients with peripherally located 
tumours, accurate pathological staging and potentially curative re- 
section were considered. Patient ages ranged from 38 to 83 years 
(mean age 63.5 years), 87 were men and 22 were women. Since 
smoking history was not avaiable for several patients, this was not 
further considered. Seventy two patients underwent lobectomy or 
pneumonectomy with staging lymphadenectomy; 24 had simple 
lobectomy and 13 had atypical pulmonary resection.Tumour stage 
was assessed according to the TNM system (Mountain 1986). 

Pathological classification of adenocarcinomas (Hammar 
1988) was performed according to WHO (1981), subdividing tu- 
rnouts into 4 subtypes (acinar, papillary, bronchiolo-alveolar and 
solid with mucus formation) mainly according to architectural fea- 
tures and growth patterns. They were further classified according 
to the criteria proposed by Shimosato et al. (1982) into 5 cytologi- 
cal subtypes suggestive of origin from different respiratory cell ty- 
pes (bronchial superficial epithelium, Clara cells, type II pneu- 
mocytes, goblet cells, bronchial gland cells). A category of non- 
classified tumours was included for each classification. Histologi- 
cal grade of tumours was established according to WHO (1981). 
For each patient, sections from at least 2 tissue blocks were stai- 
ned with haematoxilin and eosin and alcian blue-periodic acid 
Schiff (PAS). 

All tumour samples used in the study were from routine forma- 
lin-fixed, paraffin-embedded material. Tissue blocks were chosen 
which consisted of at least 75% neoplastic tissue. Alternatively, tu- 
monr areas were dissected from surrounding normal tissue. Two or 
three 10 btm thick tissue sections were cut from each block de- 
pending on sample size, collected into microcentrifuge tubes and 
incubated overnight at 58°C in 50 mM potassium chloride, 10 mM 
TRIS-HC1 pH 8.3, 2.5 mM magnesium chloride, 0.45% Tween 20, 
0.45% NP40 and 0.5 mg/ml Proteinase K. Proteinase K was inac- 

tivated at 95°C for 15 rain and 5-10 gl of the digested material 
were directly used for enzymatic amplification by PCR. 

Oligonucleotide primers used for amplification of K-ras gene 
exon 1 sequences were as follows: 

5' primer: 5'-ATGACTGAATATAAACTTGT-3'; 
3' primer: 5'-CTCTATTGTTGGATCATATT-3'; 
3' GO-clamp primer: 5'-CGCCCGCCGCGCCCCGCGCCCGT- 
CCCGCCGCCCCCGCCCCCTCTATTGTTGGATCATATT, used 
to obtain amplified sequences suitable for DGGE analysis. 

Amplification reaction was performed in a volume of 50 btl in 
50 mM potassium chloride, 10 mM TRIS-HC1 pH 8.3, 1.5 mM 
magnesium chloride, 200 mM dNTPs, 25 pM of each primer and 
0.5 units of AmpliTaq (Perkin-Elmer, Norwalk, Conn., USA). Cy- 
cling parameters were 95°C 1 rain, 55°C 1 rain and 72°C 2 min 
for 5 cycles and 95°C 45 s, 55°C 45 s and 72°C 1 rain for 35 cy- 
cles. To avoid contamination by PCR product carry-over and false- 
positive results, samples were analysed in a separate laboratory 
from that in which amplification reactions were performed. All- 
quoted reagents, aerosol-free tips and all other recommended pre- 
cautions were also used. 

DGGE analysis was performed essentially as described by My- 
ers et al. (1987) and following the conditions we previously re- 
ported (Pellegata et al. 1992). K-ras exon 1 specific PCR products 
obtained with the GC-clamp primer were loaded on a 8% polya- 
crylamide gel in TAE 1X buffer with a linearly increasing gradient 
from 45% to 75% (vol/vol) denaturant (7M urea/40% formamide 
vol/vol) and run at 60°C at 50 V for 15h. After electrophoresis, the 
gel was stained with ethidium bromide and photographed under 
UV light. Amplification products from human cell lines contain- 
ing known point mutations of K-ras gene were used as controls 
(Pellegata et al. 1992). Mutated DNAs with electrophoretic pat- 
terns different from those of control DNAs were characterized by 
direct enzymatic sequencing of PCR products eluted from gels by 
using a thermostable DNA polymerase based system (CircumVent 
sequencing kit, New England Biolabs, Beverly, Mass., USA) ac- 
cording to the manufacturer's instructions. 

Statistical analysis was performed by Z 2 test or Fisher's exact 
test as appropriate. Survival curves were constructed by the Ka- 
plan-Meier method and the log rank test was used to probe statisti- 
cal significance between pairs of survival probabilities. Multivari- 
ate analysis of independent factors influencing survival was per- 
formed by the Cox proportional hazards model, using a group of 
variables that included patient sex and age, stage of the disease 
and K-ras mutation. Two-sided p values <0.05 were considered to 
be significant. 

Results 

Although selection of  tumours was performed according 
to criteria that favoured localized disease, final clinico- 
pathological  staging by the T N M  system revealed that 81 
patients had a stage I tumour  (53 T1N 0, 28 T2N0), 1 l had 
stage II, 15 stage II!  and 2 stage IV disease. The median 
fol low up time was 55 months.  Accord ing  to the W H O  
criteria (1981) 17 tumours were classified as acinar type, 
48 as papillary, 5 as solid with mucous  production,  4 as 
bronchiolo-alveolar  and 36 as mixed type. Twenty-six tu- 
mours  were well-differentiated (G1), 51 moderately  (G2) 
and 32 poor ly  differentiated (G3). Cytological  subtyping 
(Shimosato et al. 1982) revealed that 35 were o f  bronchi-  
al superficial type, 41 o f  bronchiolo-alveolar  type, 8 o f  
mixed type and 25 were unclassified (Fig. 1). Most  grade 
3 tumours fell into the unclassified group since distinc- 
tive cytological  features could be ascertained unambigu-  
ously only in well or moderate ly  differentiated tumours.  



Fig. la  K-ras mutated bron- 
chial surface epithelium type 
adenocarcinoma. Tall columnar 
cells with linear surface are ar- 
ranged in tubules. EEx250. b 
K-ras non-mutated bronchiolo- 
alveolar type adenocarcinoma. 
Tumour cells with an irregular 
surface profile proliferate along 
alveolar septa. EE x250 
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Thi r ty - th ree  of  109 (30.3%) adenoca rc inomas  showed  
po in t  muta t ions  in K-ras gene codons  12 or  13 by  D G G E  
analys is  of  P C R  ampl i f i ed  specif ic  D N A  f ragments  of  
the first  exon o f  the gene.  Al l  muta ted  samples  showed  a 
D G G E  band  co r re spond ing  to the wi ld  type  al le le  (Fig.  
2) ind ica t ing  ei ther  ma in tenance  o f  no rma l  a l le le  in can-  
cer  cel ls  or con tamina t ion  o f  tumour  t issue b y  non-neo-  
p las t ic  cells.  The  sens i t iv i ty  o f  the method ,  as p rev ious ly  
de t e rmined  b y  ' in  v i t ro '  recons t ruc t ion  exper imen t s  (Pel-  

Table 1 Distribution of K-ras gene mutations in 32 lung adeno- 
carcinomas (one of the 33 mutations cited in the text was not ty- 
ped due to technical problems). 

Mutated codon Type of mutation Frequency 

Codon 12 GGT (Gly) TGT (Cys) 12 (37.5)* 
GTT (Val) 7 (21.8) 
GCT (Ala) 5 (15.6) 
GAT (Asp) 3 (9.3) 

Codon 13 GGC (Gly) TGC (Cys) 3 (9.3) 
GAC (Asp) 2 (6.2) 

*Numbers in parentheses, percentage 

Fig. 2 Negative image of ethidium bromide stained denaturing 
gradient gel showing patterns from 6 different samples. Tumour 
DNAs were amplified with 5' and GC-3' ampliprimers specific 
for the first exon of the K-ras gene and the polymerase chain reac- 
tion products were loaded onto a 45% to 75% gradient of dena- 
turants. The following mutations are shown: lane 1: GGC>TGC at 
codon 13; lane 2: GGC<GAC at codon 13; lane 3: GGT>TGT at 
codon 12; lane 4: GGT>TGT at codon 12; lane 5: wild type se- 
quence GGT at codon 12; lane 6: GGT>GAT at codon 12, On the 
left hand of the figure the heteroduplex (HET) and homoduplex 
(HOM) molecules are indicated 

Table 2 K-ras mutated versus 
non-mutated lung adeuocarci- 
nomas according to histological 
grade (classification according 
to WHO) and cytological sub- 
type (classification according 
to Shimosato et al.) 

K-ras gene codon 12-13 Grade 1 Grade 2 Grade 3 

Mutated 33 4 17 12 
Non-mutated 76 22 34 20 

K-ras gene Bronchial Bronchiolo Mixed Unclassified 
codon 12-13 superficial alveolar type type type 

type 

Mutated 33 15 8 1 9 
Non-mutated 76 20 33 7 16 



370 

legata et al. 1992), enabled us to detect mutated sequen- 10o 
ces up to a DNA dilution corresponding to a 1/25 ratio of 
neoplastic versus non-neoplastic cells. Moreover, all 
samples used in the present study contained at least 75% ~o 
of tumour tissue. Therefore, no significant proportion of :~ 
mutated sequences were likely to be overlooked in the e 6o 

o) 
experimental conditions used for the study. 

All mutations detected were base substitutions, 28 { 40 
were at codon 12 and 5 were at codon 13. The types of 
nucleotide substitution observed, along with the corre- o 

20 
sponding amino acid variations, are summarized in Table 
1. One mutation at codon 12 was not classifiable due to 
technical problems. G to T transversions were most fre- 0 
quently found (22/32, 68.7%), then G to C transversions a 
and G to A transitions were equally represented (5/32, 
15.6%). Ras gene mutations tended to be more numerous 
in male patients (29/87, 33.3%) than in females (3/22, l O 0 -  
13.6%), without reaching statistical significance. Muta- 
tions occurred more frequently in adenocarcinomas with 80 
cytological features suggestive of origin from bronchial 
superficial epithelium (15/35, 42.8%) rather than in tho- :~- =e 60 
se from terminal airway cells (Clara cells and type II 
pneumocytes) (8/41, 19.5%) (Table 2); this difference $ 4o 

was also not statistically significant. Types of nucleotide 
substitutions also differred between the two groups, the 8 

20 
bronchial superficial type showing a great excess of G to 
T tranversion and few G to A transitions or G to C trans- 
versions (13 versus 3) as compared with the bronchiolo- 0 
alveolar type (3 versus 5). b 

No significant differences were observed in K-ras 
mutation positive and negative groups according to pa- 
tient age, tumour size and grade and disease stage, how- 
ever non-mutated tumours showed a trend toward a bet- 
ter differentiation - 4 of 26 (15%) G1 tumours were mu- 80 
tated when compared with 17 of 51 (33%) G2 and 12 of 
32 (38%) G3 tumours - (Table 2). :~ 60 

The 5 year survival rate for the whole group of 109 ¢ 
patients examined was 49.6%, with significant depen- .~ 
dence from disease stage (p = 0.018). K-ras mutation ~ 40 
presence showed a trend toward negative correlations 8 
with survival in the whole group of 109 patients (p = 2o 

0.07), without reaching statistical significance (Fig. 3a). 
No significant correlation of K-ras mutation with survi- 0 
val was observed in 28 patients (10 mutated) with stage 
above I. However, when only 81 stage I patients (23 mu- 
tated) were considered, survival was significantly depen- 
dent on K-ras mutation status, with median survival of 
20 months for 23 K-ras positive cases as compared with 
median survival of 30 months for 58 K-ras negative cas- 
es (p = 0.016) (Fig. 3b). In addition K-ras mutation stat- 
us of the 53 TIN 0 patients (14 mutated) significantly af- 
fected survival (p = 0.040) (Fig. 3c) 

Multivariate analysis of  independent variables affect- 
ing survival, performed according to the Cox proportion- 
al hazards model showed that, when considering the 
whole group of 109 patients, those significantly influenc- 
ing survival were age at diagnosis (p -- 0.04) and disease 
stage (p = 0.001). Restriction of the analysis to 81 stage I 
patients indicated that besides age at diagnosis (p = 

All patients 

I ~ NM (76 cases) 
l 

" . . . . . . . . . .  L 1 " ..... M (33 cases) 

,, 

i 

p = 0.07 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1) 2) 3; 
Time (months) 

60 

Stage I patients 

- -  N M ( 5 8  cases) 
i ......... M (23 cases) 

[ 

................... i p = 0.016 

i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 24 36 48 
Time (months) 

60 

T~ N O patients 
100 

- -  NM (39 cases) 
........ M (14 cases) 

................... 

................... i p : 0.040 

i ........................................................ 

12 24 36 48 60 

C Time (months) 

Fig.  3 a - c  Kaplan-Meier survival curves for lung adenocarcinoma 
patients with respect to presence (34) or absence (NM) of K-ras 
gene mutation. Survivals probabilities are compared for (a) 109 
patients at all stages (P = 0.07), (b) 81 stage I patients (P = 0.016) 
and (c) 51 TIN o patients (P = 0.04). P values were calculated with 
log rank test 

0.001), the only variable significantly influencing survi- 
val was K-ras mutation status (p = 0.04), while no sig- 
nificant effects on survival were observed for pathologi- 
cal findings such as tumour size, grade or cytological 
type. 
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Discussion 

Recent advances in our understanding of molecular ge- 
netics of cancer have led to the development of a model 
of malignant transformation as a progressive, sequential 
accumulation of specific mutations involving several ge- 
nes essential for the control of cell proliferation and dif- 
ferentiation (Weinberg 1989). The sequence of distinct 
molecular events has been clarified in detail only for so- 
me tumour models (Fearon and Vogelstein 1990). For 
most of the common epithelial tumours the complexity 
of tumourigenesis and the technical problems involved in 
gene mutation detection have so far hampered any corre- 
lation of specific genetic events with clinical features rel- 
evant to therapeutic decisions. However, studies on some 
hereditary neoplasms of childhood (Haber and Housman 
1991) and on lymphoid malignancies (Rabbitts 1991) in- 
dicate that despite the large number of gene mutations 
present in a given tumour type, few critical molecular 
events actually behave as rate-limiting steps in disease 
progression. Recent studies suggest that K-ras gene acti- 
vation may represent one of such critical events in the 
natural history of lung adenocarcinoma (Kobayashi et al. 
1990; Mitsudomi et al. 1991a; Rodenhuis et al. 1988; 
Rosell et al. 1993; Sugio et al. 1992). 

K-ras point mutations of codons 12 and 13 are fre- 
quently found in lung adenocarcinoma, with prevalence 
ranging from 15% to 30% according to the population 
studied. K-ras mutation prevalence is strictly correlated 
with a history of cigarettes consumption (Slebos et al. 
1991) and most of the nucleotide substitutions observed 
are G to T transversions (Rodenhuis and Slebos 1992), 
that are characteristic of the mutagenic effects of aroma- 
tic hydrocarbons present in tobacco smoke (Meuth 1990; 
Strauss 1992). The high prevalence of mutations ob- 
served in tumours with cytoarchitectural features of cells 
derived from bronchial superficial epithelium (Kobaya- 
shi 1990) is also suggestive of the carcinogenic effects of 
inhaled substances. 

Our results are in good agreement with published re- 
ports as to the prevalence of mutations observed (33 of 
109 tumours analysed, 30.3%) and their characteristic 
spectrum of nucleotide substitutions (22 G to T transver- 
sions observed in 33 cases, 66.6%). Present data confirm 
the efficacy and reliability of mutation detection based 
on DGGE analysis of archival material. The method is 
simple, unexpensive, does not require use of radioiso- 
topes and can be easily adapted to routine use in clinical 
practice both on fresh tumours (Pellegata et al. 1992) and 
on standard formalin-fixed, paraffin-embedded material. 

Our results also extend previous observations relative 
to the different distribution of K-ras mutations among 
the various cytological subtypes of adenocarcinomas 
(Kobayashi 1990). A larger proportion of mutations oc- 
curred in tumours with phenotypic characteristics of 
bronchial epithelial cells compared with those showing 
cytological features of bronchiolo-alveolar cell types 
(Clara cells and type II pneumocytes). This association 
does not reach statistical significance and is not as 

straightforward as that reported by Japanese authors (Ko- 
bayashi 1990), who found an almost complete absence 
of mutations in tumours with bronchiolo-alveolar cytolo- 
gy (1/23 tumours examined). Nevertheless, it is interest- 
ing in the light of the different spectrum of point muta- 
tions observed in these two kinds of lung adenocarcino- 
mas. An excess of G to T substitutions rather than G to 
A or G to C changes was found in the bronchial type tu- 
mours when compared with the bronchiolo-alveolar type. 
This behaviour may suggest the involvement of different 
mutagenic agents (Meuth 1990), in keeping with the epi- 
demiological differences observed between the two tu- 
mour types (Minna et al. 1989). A nucleotide substitu- 
tion spectrum with prevalence of G to A transitions, sig- 
nificantly different from that observed in commonly oc- 
curring lung tumours, has been recently reported for 
point mutations of the p53 gene in lung tumours from 
uranium mine workers (V~h~tkangas et al. 1992). 

Previous studies on lung adenocarcinoma have point- 
ed out the significant correlation between K-ras activa- 
tion and unfavorable prognosis. In most studies, survival 
probabilities were not stratified according to different 
stages of disease (Mitsudomi et al. 1991b; Sugio et al. 
1992), although Slebos et al. (1990) stated that K-ras 
mutations influence on survival was retained in stage I 
and stage I and II patients. Some authors have distin- 
guished between patients who received radical or pallia- 
tive treatment and two groups compared survival prob- 
abilities in tumours with or without lymph node metasta- 
ses (Rosell et al. 1993; Sugio et al. 1992). Sugio et al. 
(1992) found that the prognostic significance of K-ras 
mutations on survival was limited to patients with radi- 
cally resectable non-metastatic tumours, corresponding 
to stages I, II and Ilia, whose 5 year survival rate was 
53.3% in the ras-positive group as compared with 
83.6% in the ras-negative group. 

We concentrated on small, peripheral, localized tu- 
mours which were more likely to have had radical surgi- 
cal resection and we attempted to differentiate patients 
with different survival by means of K-ras mutation stat- 
us. The initial selection performed for small peripheral 
tumours accounts for the low number of high stage le- 
sions present in our group which differs from the propor- 
tion of cases observed in practice. No significant differ- 
ences in survival probability were seen between K-ras 
mutation positive and negative cases in patients with dis- 
ease stage greater than I. This is probably due to the 
small number of cases considered, as most patients die 
within a relatively short time after surgery and large 
numbers of observations are needed to detect small dif- 
ferences in survival. The inclusion of high stage patients 
is also probably responsible for the lack of statistical sig- 
nificance in survival probabilities observed on the whole 
group of our 109 patients at all stages, as well as in an- 
other study (Sugio et al. 1992). This conclusion is sup- 
ported by the results obtained in the more homogeneous 
group of 81 stage I patients, where differences of survi- 
val probability between K-ras mutated and non-mutated 
cases were significant (p = 0.016) (Fig. 3b). These differ- 
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ences were also maintained for the 53 patients with tu- 
mours at T1N 0 stage (p = 0.040) (Fig. 3c). 

This is the largest group of stage I tumours analysed 
so far for K - r a s  mutations. No prognostic markers of 
long term survival are presently available for this class of 
patients, whose survival probabilities do not exceed 50% 
at 5 years despite potentially curative resection (Minna et 
al. 1989). Our data indicate that presence or absence of  
K - r a s  mutations may effectively discriminate between 
two groups of stage I patients with median survival of 20 
and 30 months, respectively. Survival differences may be 
even more evident in T1N 0 tumours, where survival prob- 
abilities at 5 years were respectively 40% and 73% in the 
two groups. Among long term survivors with follow up 
longer than 50 months only 2 out of 17 had K - r a s  muta- 
tion versus 9 of 17 who died within 2 years from diagno- 
sis. 

Multivariate analysis showed that in stage I patients 
K - r a s  status behaves as an independent variable in deter- 
mining survival and it confirmed that standard pathologi- 
cal variables are of little value in predicting long term 
survival (S0rensen et al. 1988). In keeping with other 
studies (Mitsudomi et al. 1991b; Rodenhuis and Slebos 
1992; Sugio et al. 1992), no statistically significant dif- 
ferences in mutation prevalence were seen in relation to 
disease stage, size, grade or histological pattern of tu- 
mour. However, a trend toward a higher prevalence of K- 
r a s  mutations seems to characterize less differentiated 
(G2 and G3) and bronchial cell type pulmonary adeno- 
carcinomas. 

At the present state of knowledge it is not possible to 
identify how K - r a s  mutation affects the biological char- 
acteristics of tumour growth and progression and how 
they might be therapeutically modified. Recent studies 
(Westra et al. 1993) performed on lung tumours from 
former smokers suggest that K - r a s  mutation might be a 
very early, initiating event in the natural history of the 
disease, as already pointed out for other tumour models 
(Kumar et al. 1990). Thus, clarification of the complex 
network of interaction that links K - r a s  mutation with 
other genetic events occurring during lung tumour pro- 
gression (Mitsudomi et al. 1992; Sundaresan et al. 1992) 
remains an important goal of future studies. Meanwhile, 
we believe that available clinico-pathological data should 
prompt consideration of the use of K - r a s  mutation to 
identify patients with a potentially poor outcome. The 
potential benefit of adjuvant treatment for such patients 
should be evaluated in prospective studies. 
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