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Abstract

We analyzed 66 non-small cell lung cancer cell lines for mutations at

codons 12, 13, and 61 of all three ras genes and correlated the findings
with patient survival. We used designed restriction fragment-length pol
ymorphisms to detect mutations after amplification of ra.v-speeifie se

quences by the polymerase chain reaction. We found 19 mutations of ras
genes (29%), and 11 of these 19 (58%) were at codon 12 of the K-ros

gene. By univariate analysis, the presence of any ras mutation in cell
lines from patients who received curative intent treatment was associated
with a shorter survival (Pi = 0.002). For patients who received only
palliative treatment, detection of K-ra.v mutations at codon 12 was asso

ciated with a shortened survival (Pi = 0.0103), but this analysis was not
statistically significant for the group with any ras mutation (P? = 0.093).

The Cox proportional hazards model also predicted a higher risk for
patients with any type of ras mutations. We conclude that ras mutations,
present in a subset of non-small cell lung cancers, are independently

associated with the shortened survival of patients, irrespective of treat
ment intent.

Introduction

Lung cancer is the leading cause of cancer death in the United
States, with almost 90% of the patients dying from the disease
within 2 years of diagnosis (1). NSCLCs2 comprise about 75%

of lung cancer and consist of adenocarcinoma, squamous cell
carcinoma, large cell carcinoma, and rare types (1). The small
percentage of patients who are cured are generally from among
the patients (one-third) who present with localized disease
which is totally resected by surgery (1). The remaining patients
with regionally advanced or distant metastatic disease are
treated with radiation therapy, combination chemotherapy, or
supportive care (1).

The ras gene family consists of K-, H-, and N-ras genes,
which code for similar membrane-bound M, 21,000 proteins,
which have an important role in the cellular signal transduction
pathway (2). The ras genes can be activated by point mutations
occurring at codon 12, 13, or 61, resulting in an oncogenic
potential (2). The activated ras genes are the most frequently
found oncogenes in a variety of human cancers (3). In lung
cancers, activated ras genes, especially the K-ras gene, are found
in about 20-30% of resected NSCLC specimens (4-6). Slebos
et al. (7) have recently shown that K-ras mutations are associ
ated with a poor prognosis in patients with adenocarcinoma of
the lung who undergo curative resection.

We previously examined the incidence of ras mutations in
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103 lung cancer cell lines and found that (a) 35% of the NSCLC
lines including all histological subtypes had ras mutations; (Â¿>)
sex, prior treatment status, disease extent, and in vitro culture
time did not affect the incidence of ras mutations; and (c) none
of 37 small cell lung cancer cell lines had any ras mutations (8).
In this study, we examined a panel of NSCLC cell lines includ
ing all histological types of NSCLC established from patients
with all stages including advanced disease. As a result, we were
able to confirm the observation of Slebos et al. (7) regarding
the negative prognostic correlation of ras mutations in early-
stage NSCLC. In addition, we report, for the first time, that
the detection of a ras mutation in advanced-stage patients is
also associated with shortened survival and may define a subset
of NSCLC patients especially appropriate for investigational
therapeutic approaches.

Materials and Methods

Patients and Cell Lines. Between August 1976 and May 1990, viable
tumor tissues from patients with pathologically proven primary or
metastatic NSCLC were obtained as part of standard diagnostic, stag
ing, or therapeutic procedures following appropriate informed consent
(9). Approximately 100 cell lines were established during that time
using a previously described culture technique (10). The criteria for
inclusion of the patients in the present study were availability of a cell
line and clinical data regarding treatment intent and survival. Accord
ingly, 66 patients (40 adenocarcinomas, 5 squamous cell carcinomas,
12 large cell carcinomas, 5 carcinoids, and 4 other types) were included
for the present analysis. The patients were divided into 2 groups
according to the treatment they received. The potentially curative group
(n = 21) consisted of patients with tumors confined to one hemithorax
(stages I, II, and selected, favorable Ilia by the new American Joint
Committee staging system; Ref. 11) who underwent surgery (19 pa
tients) or who received radiotherapy with curative intent (2 patients).
The palliative group (45 patients) consisted of those with locally ad
vanced or metastatic disease (stages Illb and IV) who received chemo
therapy and/or palliative radiation or supportive treatment.

Detection of ras Mutations. Point mutations of all three ras genes at
codons 12, 13, and 61 were detected by a nonradioactive technique
utilizing designed restriction fragment-length polymorphisms as pre
viously described (8, 12, 13). Briefly, a mismatched primer was used in
the polymerase chain reaction of genomic DNA so that the combination
of the wild-type sequence of a given codon and the mismatch introduced
by the polymerase chain reaction primer would be recognized by an
appropriate restriction enzyme. A specific cleavage was detected by
agarose gel electrophoresis following the restriction enzyme digestion.
Subsequent to this initial screening, all the base substitutions were
identified and confirmed by other restriction fragment-length polymor
phism analyses in which a specific mutant sequence was cut or by direct
sequencing (8).

Statistical Analysis. The Kaplan-Meier method was used to estimate
the probability of survival as a function of time (14), and the Mantel-
Haenszel method was used to assess the significance of the difference
between pairs of survival probabilities (15). The Cox proportional
hazards modeling technique was used to identify which independent
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factors had a jointly significant influence on overall survival (16). All
reported P values are two sided (denoted by PI).

Results
Detection of Point Mutations in ras Oncogenes. We detected

19 ras mutations in 66 NSCLC cell lines (29%). Of 19 muta
tions, 11 were at codon 12 of K-ras (6 were GGT to TGT; 2
were GGT to GTT; 2 were GGT to CGT; and one was GGT
to GCT); 4 were at codon 13 of K-ras (3 were GGC to TGC
and one was GGC to GAC); one was at codon 61 of K-ras
(CAA to CAT); one was at codon 61 of H-ras (CAG to CTG);
and 2 were at codon 61 of N-ras (one was CAA to AAA and
one was CAA to CG A). Thus 16 of 19 mutations (84%) oc
curred in the K-ras gene, of which 69% were at codon 12.
Mutations were present in adenocarcinomas (8 of 40 or 20%)
and other types of NSCLC (11 of 26 or 42%).

Selection of Starting Point for Measurement of Patient Sur
vival. In this study, tumor material was available at varying
time intervals relative to the patients' initial diagnosis. We first

considered which time point, date of diagnosis, or date of tissue
acquisition was more appropriate as the initial time point in
measurement of patient survival. We constructed Cox models
using each of these starting points. In each case, the final model
contained identical variables (discussed later). Because it is
possible that mutations may have occurred after the date of
diagnosis but prior to tissue acquisition, we selected the latter
date as the more appropriate.

I Divariato Analyses. The variables listed in Table 1 included
all standard prognostic factors that were evaluated in univariate
analyses. Type of treatment, interval between diagnosis and
tissue acquisition, prior treatment status, performance status,
and ras mutation at codon 12 of K-ras were significant prog
nostic factors (Table 1).

The Kaplan-Meier survival curves demonstrated that when
all the patients were considered, those with any ras mutation
or a K-ras 12 mutation survived for a shorter period of time,
although any ras mutation had a borderline significance (Fig.
1). When a comparison was made within groups that received
curative or palliative treatment, the effect of ras mutations on

Table I Univariate analysis of various prognostic factors in patients with
NSCLC"

100 E-

VariableTreatmentDiagnosis-tissue

interval'Prior

treatmentPerformance

status'K

n/i 12mutationAny

rasmutationSexCategoryCurative

Palliative0-30

days
>31daysVes

No01-4Yes

NoYes

NoMale

Femalen21

45302948

1813

4811

5519474422P2<0.0001<0.00010.00120.0180.0330.0520.067

â€¢Neuroendocrine phenotype was determined by measuring dopa decarboxylase
activity (27). Race, age, and histolÃ³gica! subtype were not significant prognostic
factors (P,> 0.1).

* Interval between diagnosis and tissue acquisition. In 7 patients, dates of
diagnosis were unknown.

' In 5 patients, performance status was unknown.

â€¢Any ras
o No rasmutation

18'19 failed

nutation 43/47 failed

â€¢K-ras 12 mutation 11/11 failed
o No K ras 12 mutation 50/55 failed

P.-0.03

18 24 30 36 42 48 54

SURVIVAL TIME IN MONTHS

Fig. 1. Comparison of survival from the time of tissue acquisition with respect
to any ros mutations (top) and K-ros codon 12 mutation (bottom). All patients
(n = 66).

survival became more prominent (Fig. 2). The difference be
tween patients with any ros mutation and those without muta
tion in the palliative treatment group did not reach statistical
significance.

Cox Proportional Hazards Model. Data were analyzed using
the Cox proportional hazards model. The universe of variables
from which the Cox models were constructed initially included
all the variables used in univariate analyses as shown in Table
1. We have developed 4 models (Table 2). In models 1 and 2,
ras mutations, curative procedure, and the interval between
diagnosis and tissue acquisition were important prognostic
factors. Elimination of this tissue diagnosis interval did not
change the effect of ras mutations and curative treatment, as in
models 3 and 4. Therefore, patients whose cell lines had any
ras mutations had a significantly greater risk of earlier death
than those without mutations. The substitution of any ras
mutation by mutation at K-ras codon 12 slightly improved this
model.

Discussion

Slebos et al. (7) reported that the presence of a K-ras mutation
at codon 12 is a negative prognostic factor among patients with
adenocarcinoma of the lung who underwent radical resection.
In our study, we analyzed a broader subset of patients in terms
of disease extent and treatment. We confirmed the Dutch
finding and, furthermore, were able to show that the presence
of any ras mutation is an important prognostic factor among
those who received only palliative treatment. We have previ
ously presented evidence that support the concept that ras
mutations found in cell lines arose in vivo and not as a function
of in vitro propagation (8). Our data indicated that K-ras
mutations at codon 12 might be more important than those at
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R â€¢Any ras mutation 7/8 failed
o No ras mutation 10'13 failed

P2=0.002

â€¢Kvas 12 mutation 5/5 failed
o No K-ras 12 mutation 12/16 failed

P2=0.005

â€¢Any ras mutation 11/11 failed

o No ras mutation 33/34 failed
P2-0.09

â€¢K-ras 12 mutation 6/6 failed

o No Kvas 12 mutation 38/39 failed
P2=001

12 18 24 30 36

SURVIVAL TIME IN MONTHS

12 18 24 30 36

SURVIVAL TIME IN MONTHS

42 48 54

Fig. 2. Kaplan-Meier survival curves in a curative treatment subset (n = 21) (A) and palliative treatment subset (n = 45) (B). Top, comparison with respect to
presence of any ros mutations; bottom, comparison with respect to presence of K-ros codon 12 mutations.

other codons by multi- as well as univariate analyses. However,
we cannot conclusively prove this point because of limited
numbers for each subset in this analysis. We found ten different
raÃmutations in 19 cell lines. These different mutations may
have varying effects on patient survival because it has been
shown that the transforming ability of the H-ras gene activated
at codon 61 depends on base substitution (17). However, be
cause of the limited number for each subset, we could not
analyze this point.

The mechanism by which a ros mutation affects the clinical
outcome is unknown, ras mutations confer invasive or met-
astatic potential under certain experimental conditions (18,19).
However, the similar incidence of ros mutations in primary
lung tumor and in regionally advanced or metastatic tumors (8)
is at odds with this supposition. Transfection of an activated
ras gene has been reported to induce resistance to c/s-diam-
minedichloroplatinum(II) or resistance to ionizing radiation
(20, 21), and both of these modalities are frequently used in the
care of NSCLC patients. Direct evaluation of chemosensitivity
to 6 agents including cis-diamminedichloroplatinum(II) dem
onstrated that chemoresistance was independent of ras muta
tions in our NSCLC cell lines.3 Stevenson et al. (9) reported

that the ability to establish a cell line from a tumor tissue is a
new, independent prognostic factor for the survival of patients
with NSCLC. However, it is unlikely that cell line establishment
is closely related to ras status at least in adenocarcinomas,
because the incidence of ras mutations in our adenocarcinoma

cell lines was not higher than that in tumor specimens (5,6, 8).
In other types of NSCLC, however, the incidence of ras muta
tions in cell lines was considerably higher than that in tumor
specimens (5, 6, 8). Therefore, ras mutations may aid in vitro
growth in these types of NSCLC.

Alterations of some oncogenes including ras genes have been

Table 2 Cox proportional hazards model for factors associated with survival of
NSCLC patients

Models 1 and 2 were based on observations of 59 patients with date of
diagnosis, while models 3 and 4 were based on all 66 patients. Because treatment
intent and tumor stage were closely correlated, we did not independently analyze
tumor stage.

Model1234VariableD,-tissue
interval'

K-rav 12 mutation
CurativeR,D.-tissue

interval'

Any ras mutation
CurativeR,K-ra

y 12 mutation
CurativeR,Any

rat mutation
Curative R,PÂ¡

Relativerisk*0.0003

<0.0001
<0.00010.0002

0.0003
<0.00010.0003

<0.00010.0052

<0.00013.10

6.49
0.103.25

3.46
0.133.90

0.162.29

0.1995%

confidence
interval*(1.69,5.68)

(2.79, 15.07)
(0.04,0.26)(1.74,6.09)

(1.77,6.73)
(0.05,0.33)(1.85,8.21)

(0.08,0.32)(1.27,4.13)

(0.10,0.37)

3Our unpublished observation in collaboration with Dr. C. Kadoyama.

â€¢Themodel parameters (*,) were converted to relative risks by computing
exp(e,) where exp(Ar)= 2.7182*.

'The 95% confidence interval for the relative was computed as [exp(e/i.),
exp(/>,,,)]where h,, = b, - 1.96 [estimated standard error (ft,)| and bm = bÂ¡+ 1.96
[estimated standard error <b,)\.

' Interval between diagnosis and tissue acquisition.
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shown to be a negative prognostic factor in certain types of
human cancers (22-25). While multiple genetic alterations have
been described in lung cancers (26), c-myc amplification is a
negative prognostic factor for SCLC (24), and ras mutations
are a negative prognostic factor for NSCLC.

In conclusion, ras gene mutations are a negative prognostic
factor among patients with NSCLC, irrespective of the treat
ment intent. NSCLC patients with ras mutations, due to their
poor prognostic outcome, comprise an important subset that
may be suitable for new investigational therapeutic approaches.
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