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Patients presenting with early stage non-small
cell lung cancer (NSCLC) are commonly
thought to have a favourable prognosis after
resection. However, patients with pathological
stage I disease have, in fact, a 35-50% relapse
rate at five years,'-3 and for pathological stage
II the relapse rate is 61 %.4 Little is known of
the factors that account for this poor outcome.
Sorensen5 concluded from multivariate analysis
of five studies which included over 2000
patients with stage I and II NSCLC that stage
of disease (size of the primary tumour and
lymph node status) and performance status
were the only consistent significant prognostic
factors. A similar conclusion was reached by
Buccheri et al after a literature review.6 In
both studies other variables analysed, such
as histopathological features and traditional
laboratory tests, gave conflicting results.

If we were able to identify biologically more
aggressive localised NSCLC tumours, ad-
ditional treatments could be considered. New
diagnostic tools from immunology and mol-
ecular biology have been proposed for this
purpose. In recent years several studies have
been published that have retrospectively eval-
uated putative tumour markers. In this paper
we have reviewed the current evidence for the
existence of prognostic factors other than stage
of disease and performance status in resectable
NSCLC.

DNA content and percentage of tumour
celis in S phase
The introduction of flow cytometry has per-
mitted the rapid and quantitative determination
of cellular characteristics, including measure-
ment ofDNA ploidy and percentage oftumour
cells in the S phase (the period in the cell cycle
in which DNA replication takes place, fig 1).
Since 1987 nine studies7'-' have demonstrated
an inverse relationship between aneuploidy (ab-
normal DNA content) and probability of long
term survival in resected NSCLC. In two stud-
ies,"'5 including one in which DNA ploidy
was not significantly correlated to survival,"I
patients with a larger fraction of tumour cells
in the S phase had a worse prognosis than those
with a low fraction. A large number of tumour
cells is needed for flow cytometry so this anal-
ysis can only be used in resected specimens. In
recent years components of cell cycle control

mechanisms have been elucidated at the mo-
lecular level. Ultimately, the presence or ab-
sence of such mechanisms determines the
number of cells in the S phase. It has now
become possible to evaluate some of the com-
ponents of cell cycle control in smaller numbers
of tumour cells such as in biopsy material.

p53 ABNORMALITIES
The most extensively studied protein in cell
cycle control is the p53 tumour suppressor
gene product (fig 2). p53 is a cellular 53 kD
nuclear phosphoprotein discovered in the late
1970s which has subsequently been shown to
perform a myriad of cellular functions. It acts
as a transcription factor for a number of genes
containing the p53 binding site, thereby con-
trolling the cell cycle at the G,/S checkpoint
(fig 3), as well as DNA repair, differentiation,
neoangiogenesis and apoptosis.'6-22

Mutations in the gene encoding for p53 lead
to loss of function of the protein, and the
mutated gene then acts as a dominant onco-
gene. It is one ofthe earliest (but not obligatory)
events in malignant transformation in the
lung.23 26 The most common mutation in lung
cancer, which occurs in over 50% of patients
with NSCLC, is a mis-sense mutation - that
is, an exchange of one base pair for another -

in exons 5-823 which affects amino acids in
the DNA binding region close to the protein-
DNA interface.2027 Wild type (non-mutated)
p53 is not detectable by routine immuno-
histochemistry due to its short half life. Mis-
sense mutations increase the half life and quant-
ity of the p53 protein, allowing detection by
immunohistochemistry.28 Thus, identification
ofp53 protein (p53 + ) in tissue samples implies
the activity of the oncogene.

Mitosis
M

Period between 6r-NDNA synthesis G211G, Prnte-DNAand mitosis synthesis

S G1/S checkpoint

DNA synthesis

Figure 1 The cell cycle.
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Figure 2 Simplified model to explain how p53 mutations can lead to more virulent
cancer. Upon DNA damage normal cells (left) can either die by the apoptotic pathway
(programmed cell death) or because rising nuclear levels of wild type (non-mutated) p53
(wt p53) cause G, arrest. In cancer cells harbouring a mutant p53 no G, arrest occurs
after DNA damage and a more virulent cancer develops by amplification of oncogenes.

Several reports are now available which have
retrospectively analysed the influence of p53
mutations on survival in patients with early
stage NSCLC (table 1).29-34 In all but the smal-
lest study3l p53 abnormality was a significant
independent predictor of death after both multi-
variate and univariate analysis. In the largest
series,34 comprising 271 patients with stage I
disease, actual five year survival of the 104
p53 + patients was 53% compared with 68%
for patients without staining for p53 (p53-)
(p<O.O ).
When interpreting data on p53 abnormalities

and the survival of patients with NSCLC, sev-
eral points have to be kept in mind. Firstly,
many reports are older series which do not
include present day staging procedures so many
of the patients may have been understaged,
explaining the rather low median survival times
in the p53 - patients. However, abnormality
of p53 remained a negative prognostic factor
in the study by Harpole et a134 in which actual
survival was 68% at five years. Secondly, p53
abnormalities can be detected with several
different techniques including direct se-
quencing, single strand conformation poly-
morphism, and immunohistochemistry, and
results differ according to the method used.

Table 1 p53 gene abnormality and survival in patients with stage I and II NSCLC

Author No. of patients Method Median survival (months) p value

p53 + (n) p53- (n)

Quinlan2 114 IHC 23 (49) 37 (65) <0-001
Horio"0 48 PCR-SSCP 25 (23) NR (25) <0-01
Passlick3' 34 IHC NR (18) 29 (16) <0.005
Xu32 101 IHC 18 (38) 36 (63) 0-002
Ebina"' 63 IHC NS (11) NS (52) 0-002*
Harpole34 271 IHC 76 (104) NR (167) <0-01

IHC =immunohistochemistry; PCR-SSCP =polymerase chain reaction-single strand con-
formation polymorphism; NR =not reached; NS =not stated.
* Survival p53 + (>100%) <p53- (0-10%).
Significance of difference between pairs of Kaplan-Meier curves was calculated using the Mantel-
Haenszel procedure.

Figure 3 Schematic representation of the roles ofp53 and
pRB at the G,IS cell cycle checkpoint. DNA damage
induces high nuclear levels ofp53 which inhibits
activation of cyclinelCDK complexes. Activation of
cyclinelCDK complexes is necessary for phosphorylation of
pRB. Hypophosphorylated pRB is bound to the
transcription factor E2F (pRB-E2F) during the G, phase
of the cell cycle; bound E2F transcription factors are
unable to activate genes required for transition from G,
into S phase and consequently G, arrest occurs. Upon
phosphorylation ofpRB (pRB-P) by activated cyclinel
CDK complexes, E2F is released from pRB and activates
the transcription of genes required for transition from G,
into S phase.

Immunohistochemical analysis of p53 ab-
normalities in 74 patients with resected
NSCLC revealed a significant survival ad-
vantage for p53- patients (p<0 01).35 How-
ever, when single strand conformation poly-
morphism and DNA sequencing were
performed on the same tumours, no such
difference could be found. The concordance
between a p53 abnormality detected by
immunohistochemistry and single strand con-
formation polymorphism was only 65%. Sev-
eral explanations have been put forward for
this finding36 and, from another study, it was
concluded that immunohistochemistry is a
sensitive but not specific method for detection
of p53 mutations.37 Thirdly, the number of
cells harbouring a p53 abnormality may be
important. Ebina et al3 found no difference in
survival in patients whose tumours contained
less than 10% p53 + tumour cells and there
was a significant association with adverse sur-
vival only if more than 10% of tumour cells
were positive.

pRB GENE ABNORMALITIES
Another protein which is implicated at the G,/
S cell cycle checkpoint is the retinoblastoma
susceptibility gene product (pRB). pRB ap-
pears to act downstream of p53 in response to
DNA damage (fig 3).38 Data from mice mutant
for both genes exhibited, amongst other ab-
normalities, an increased incidence ofbronchial
hyperplasia.39 Mutations in pRB can be ana-
lysed by immunohistochemistry because ab-
normal pRB does not stain. Xu et al" analysed
the influence of pRB mutations in 101 patients
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Figure 4 Schematic view of the inactive form ofp2l'" protein binding guanidine
diphosphate (GDP) while the active form ofp2l " binds guanidine triphosphate (GTP).
Hydrolysis of GTP by ras proteins or GAP switches p214' to the inactive state. Blocking
of the switch (*) by point mutations transforms p21l" into a perpetually active state (ras
oncogenes).

with resected stage I and II NSCLC. After a

median follow up of more than five years,

patients with negative staining for pRB (muta-
tion) had a median survival of 18 months com-

pared with 32 months for patients with pRB +
tumours (p<0 05). Although 54 patients with
stage I disease and pRB - tumours had a sim-
ilar survival to those with pRB + tumours (me-
dian 22 versus 32 months), for 47 patients with
stage II disease the figures were 15 months
(pRB-) versus 31 months (pRB +) (p<0.005).

ras MUTATIONS
The three ras genes (H-ras, K-ras and N-
ras) are regulatory guanine triphosphate (GTP)
binding proteins.40 They encode for a 21 kD
inner membrane bound protein (p21ras) with
high homology (sharing biochemical and struc-
tural properties) to G proteins, suggesting a role
in signal transduction pathways. p2lras exists in
two states: the "active" state in which GTP is
bound to the protein, and the "inactive" state
in which GTP is hydrolysed to GDP, either by
ras proteins themselves or by enhancement of
intrinsic rasGTPase activity by GAP (GTPase
activating protein). Ras proteins can be turned

Table 2 Ras gene mutations and survival in patients with stage I and II NSCLC

Author No. ofpatients Method Survival p value

Slebos42 66' PCR K-ras + <K-ras- 0002
Mitsudomi48 212 PCR K-ras+ <K-ras- 0.002
Miyamoto' 443 IHC ras p21 + <ras p21- <0 05
Harada49 49 IHC ras p21 + <ras p21- <0-05
SugiO4 764 PCR ras+ <ras-5 0-02
Rosell47 66 PCR K-ras + <K-ras- 0-00I
Kern45 44' PCR K-ras + <K-ras- 006

IHC=immunohistochemistry; PCR=polymerase chain reaction.
'Adenocarcinomas.
2 Cell lines established from patients after curative surgery (n = 19) or radiotherapy with curative
intent (n = 2).
'Patients underwent curative surgery, stage not provided.
476 treated with curative surgery, including 61 stage I and II.
'Any ras mutation, survival analysis includes node negative patients (n = 57).
'Adenocarcinomas, including eight stage IV patients.

into oncogenes by a single point mutation,
most common in codon 12, involving the GTP
binding region (mutational activation). Such
mutations prevent ras proteins returning from
the "active" to the "inactive" state leading
to malignant transformation4' (fig 4). Point
mutations can specifically be detected by oli-
gonucleotide hybridisation techniques with in-
corporation of the polymerase chain reaction
(PCR) in small tissue samples.42 Enhanced
expression - that is, the process leading from
gene transcription (mRNA synthesis) to protein
synthesis - of the ras genes can also lead to
malignant transformation.43 A monoclonal
antibody raised against p21ras is available, al-
lowing immunohistochemical detection of
p21ras. It is not known how p21ras expression as
assessed by immunohistochemistry correlates
with K-ras mutations.

Mutational activation of ras genes has been
found in a number of human malignancies
including lung cancer. Most ras mutations in
NSCLC are found in adenocarcinomas; Roden-
huis et atl reported a 30% prevalence of K-ras
mutations in codon 12 in adenocarcinoma.
However, in a recent report44 in which a more
sensitive PCR based assay was used, it was
shown that the prevalence of K-ras codon 12
mutations in the same samples was under-
estimated and was found to be about 50%.
Enhanced expression of p21ras occurs in over
50% of all histological types of NSCLC.
The effect of ras gene mutations on survival

in patients with stage I and II NSCLC is shown
in table 2. Slebos et al4" retrospectively analysed
the clinical outcome of 69 patients with re-
sected adenocarcinoma of the lung with regard
to K-ras codon 12 point mutation. The analysis
was limited to patients suffering from adeno-
carcinoma only, since they previously found
that K-ras mutations were uncommon in other
types of NSCLC. Twelve of 19 patients with
samples showing a K-ras mutation died during
a median follow up period of 36 months, com-
pared with 22 of 50 without a mutation
(p<000l). K-ras point mutation was the single
most important prognostic factor in patients
with a mutation after adjustment for stage of
disease. In a similar group of patients with
adenocarcinoma Ker et al45 found a 16%
incidence of codon 12 K-ras mutations. In a
multivariate model, controlling for stage and
age, K-ras codon 12 mutation was a poor
prognostic factor of borderline significance
(p=-0O6). In a subset of 57 patients with
adenocarcinoma without lymph node meta-
stases at thoractomy descrbed by Sugio et al,46
nine had a point mutation in one of three ras
genes and the five year survival rate of these
patients was significantly lower (p<002) than
for those without a ras mutation (53-3% versus
83-6%). Rosell et al" found K-ras mutations
in codons 12, 13, and 61 more frequently in
patients wit squamous c-ell cacinoma (eigt
of 38) than with adenocarcinomas (three of
22). Median survival for the group with K-ras
mutations was 15 months compared with 32-9
months for those without K-ras mutations
(p<0 01). When cell lines established from
patients with NSCLC treated with curative
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intent are analysed for a ras gene mutation, the
latter predicts for adverse survival.48

In two studies749 p21 as expression analysis
by immunohistochemistry yielded somewhat
different results. More than 55% immuno-
reactivity was found in patients with squamous
cell carcinoma and more than 70% in those
with adenocarcinomas. Non-neoplastic cells of
the lung also react with this antibody. In both
studies, comprising probably the same study
population, when strong p21ras immuno-
reactivity in pathological stage I and II NSCLC
was encountered, five year survival was 22%
compared with 74% for patients without p2Iras
overexpression (p<0O05). The distribution of
tumour histologies was similar between positive
and negative patients, but strong staining was
associated with more advanced disease.

In conclusion, a K-ras mutation and p21ra,
overexpression are predictive of shortened sur-
vival after curative resection of NSCLC. The
prevalence of K-ras mutations is unknown and
may rise as assays become more sensitive.

c-erbB-2/neu OVEREXPRESSION
The c-erbB-2 gene, also known as Her-2, en-
codes for a 185 kD transmembrane protein
(p1 85flU) which possesses intrinsic tyrosine
kinase activity. The protein has extensive hom-
ology to the epidermal growth factor receptor.
A ligand for pl85neu is not yet identified. In
vivo experiments with c-erbB-2/neu transfected
NSCLC cells indicate that p185nfU over-
expression (usually the result from gene am-
plification - that is, an increased number of
gene copies - but occasionally resulting from
enhanced transcription of a single gene) en-
hances the metastatic potential of these cells
by promoting the invasion process.50 In the
normal lung c-erbB-2 is expressed at low levels
in ciliated cells lining the respiratory tract, type
II pneumocytes and bronchial mucosal glands
as measured by immunohistochemistry using
a polyclonal antibody.5' Amplification of the
c-erbB-2 gene is a rare event in primary
NSCLC,52 but overexpression has been found
in all histological types ofNSCLC, although it
is more common in adenocarcinoma with a
frequency of about 30%.3

In other epithelial carcinomas such as breast
cancer p185neU overexpression has been as-
sociated with higher metastatic potential and
adverse clinical outcome, and the relationship
between p1 85"u overexpression and survival in
patients with NSCLC has been investigated in
four studies.34455' 4
Kern et al45' were the first to report a dimin-

ished survival for patients suffering from adeno-
carcinoma of the lung with c-erbB-2
overexpression. In their first study,5' 16 of 26
patients with adenocarcinoma (including nine
non-surgical patients) expressed p185fnlU and
mean survival of these paiients was 83-7 weeks
compared with 188-5 weeks for the others
(p<0-01). pl85neu expression was the only fac-
tor with prognostic value after accounting for
the effect of stage of disease on survival in
multivariate analysis. For patients with squam-
ous cell carcinoma (5/14 positive) pl85neu ex-

pression was not associated with a decreased
survival in this small sample.

In a second study by the same group45 com-
prising 44 patients with adenocarcinoma, in-
cluding eight non-surgical patients, 15 had a
tumour which expressed p185feeU. Expression
of this protein was associated with a 2-4-fold
increase in the patient's relative risk of dying
of NSCLC in comparison with those whose
tumours did not express pl85neu (p=0-02).
Tateishi et a154 investigated 203 primary
NSCLC specimens (119 adenocarcinoma, 84
squamous cell carcinoma) for expression of
p185feU. Only two squamous cell carcinomas
stained positive with a polyclonal rabbit anti-
c-erbB-2 antibody, while 33 of 99 surgical
patients with adenocarcinomas stained pos-
itively. The five year survival rate for these
patients was 32% compared with 50% for
patients with negative staining lesions
(p<0-01). Harpole et aP4 observed immuno-
reactivity with a p185fneU directed antibody in
all major histology types of pathological stage
I NSCLC with a frequency of21% (58 of 271).
Median survival was 47 months for "positive"
patients and over 60 months in the others
(p<0002). Expression of p185fneu was an in-
dependent risk factor for cancer death in a
multivariate model.

COMBINED EFFECTS OF DNA CONTENT, p53,
RB, ras AND c-erbB-2 ABNORMALITIES
Malignant transformation is a multistep process
involving multiple genetic and biochemical ab-
normalities. Thus, combinations of markers
may be more important in defining high risk
patients. Two large studies have investigated
the effect of a p53 abnormality combined with
either c-erbB-2 overexpression34 or pRB muta-
tion32 on survival in patients with early stage
NSCLC. In the study by Harpole et al34 c_
erbB-2 expression and p53 staining had an
additive effect on survival in patients with
pathological stage I NSCLC. When either one
of these oncogenes was expressed (108 of 271),
median survival was not reached by 60 months,
whereas when both were expressed (27 of 271)
median survival was only 37 months
(p<0.0005). The authors suggested that c-
erbB-2 and p53 acted independently on
tumorigenesis, supported by the fact that Cox
proportional regression analysis defined an in-
dependent risk of early recurrence and cancer
death for both p53 and c-erbB-2, while no
covariance for both markers was observed in
the study population.

In another study in which data ofp53 staining
and pRB staining were combined, similar res-
ults were obtained.32 Of 101 patients with re-
sected stage I and II NSCLC, those with
tumours with the overall "best" pRB and p53
status (pRB+/p53-) had a median survival
time of 46 months, whereas patients with the
theoretically "worst" pRB and p53 tumour
status (pRB-/p53+) had a median survival
time of 12 months (p<0-001). Multivariate
analysis suggested that both pRB and p53 status
were independent prognostic factors for overall
survival. In a Japanese study,20 no additive effect
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Figure 5 Two ways in which Bcl-2 can inhibit apoptosis
or programmed cell death. Following DNA damage p53
dependent and p53 independent apoptotic pathways can be
blocked by Bcl-2.

of3p deletions (involving three putative tumour
suppressor genes55) on p53 staining was ob-
served. In this study there was a significant
association between 3p deletions and a p53
mutation.
Ras abnormalities in combination with c-

erbB-2 expression45 or DNA aneuploidy7 con-

fer a worse prognosis than either abnormality
alone. Of 44 patients with adenocarcinoma,
including 36 with pathological stage I and stage
II, six tumours harboured both a K-ras muta-
tion and c-erbB-2 expression with a 4-4-fold
increase in relative risk of cancer related death
(p<0.005). The influence of each marker was
independent in a multivariate model. Survival
ofthese patients was significantly worse than for
patients with tumours that contained neither
single abnormality, although survival figures
were not provided.45

Combination ofDNA aneuploidy and strong
p21 ras expression was observed in 33 of 60
patients with NSCLC of all histological types.
These patients had significantly worse survival
(five year survival rate 21 %) than those whose
tumours had both diploidy and negative p2 Iras
staining (n = 10, five year survival rate 100%;
p<0.00I).7

Bcl-2 EXPRESSION
Bcl-2 is the acronym for the B cell lymphoma/
leukaemia-2 gene. The protein for which this
gene encodes is localised at several subcellar
sites and blocks a final common pathway for
programmed cell death, also known as apo-
ptosis (fig 5).6 Apoptosis is a normal homeo-
static mechanism in all tissues with the capacity
for self-renewal such as lymphoid tissue and
several epithelial tissues. Overproduction of
Bcl-2 protein prevents cell death without ne-

cessarily affecting proliferation. Pezzella et al57
evaluated a series of 122 patients with stage I
and II NSCLC for Bcl-2 expression by
immunohistochemistry. Expression of Bcl-2
was observed in 25% (20/80) of patients with
squamous cell carcinoma and 12% (5/42) of
those with adenocarcinoma. There was no as-
sociation between Bcl-2 expression and stage
of disease. When the whole patient population
was analysed, those with Bcl-2 expression in
their tumours had a non-significant difference
in five year survival rate (68%) compared with

Bcl-2 negative patients (44%). However, when
patients with squamous cell carcinoma were
studied separately, the association between Bcl-
2 expression and survival reached statistical
significance (78% versus 48% five year survival,
p<0.05). Walker et a158 reported a higher fre-
quency of Bcl-2 staining in 16 of 27 patients
with resected NSCLC. No significant differ-
ence in survival was found at two years after
resection for patients with tumours which were
negative for Bcl-2 compared with those with
Bcl-2 positive tumours. In contrast, patients
whose tumours had 50-100% Bcl-2 positive
cells (n = 12) had a significantly longer survival
than those with 0-25% Bcl-2 positive tumour
cells (n= 15, p<0.02), At present it is unclear
why Bcl-2 expression seems to be associated
with less aggressive tumour behaviour in
NSCLC. To assess the clinical utility of this
marker, a larger series of patients than hitherto
reported needs to be investigated.58

Carbohydrate antigens
Factors that are important in cell-cell and cell-
matrix adhesion processes include the carbo-
hydrate moieties of glycoproteins and glyco-
lipids.59 Aberrant glycosylation ofthese proteins
is a frequent event in human cancers60 and is
associated with increased metastatic potential
oftumour cells.6162 The antigenic determinants
ofABH blood group antigens are carbohydrate
side chains of glycolipids and glycoproteins.
In lung cancer, changes in blood group ABH
antigens are frequent. The tumours lose their
mature blood group A and B determinants,
and the precursor antigen H and H-related
antigens often increase reciprocally. Lee et al6'
examined the presence of blood group A, B
and H in 164 patients with NSCLC tumours
resected for cure. Twenty eight patients with
blood group type A or AB who had primaries
negative for blood group antigen A had a me-
dian survival of 15 months, whereas a median
survival of 71 months was observed in the
43 patients with the same blood groups who
retained expression ofblood group antigenA on
their tumours (p<0001 ). Expression of blood
group B or H on malignant cells did not cor-
relate with survival. Cox regression analysis
showed that expression of blood group A in
tumour cells added significantly to overall sur-
vival when other known factors such as stage
of disease were controlled for. Binding of a
monoclonal antibody, designated MIA-15-5,
which defines H/Ley/Leb blood group antigens
by tumour cells was shown to be a negative
prognostic factor in a study conducted by Mi-
yake et al. 64 Resected specimens of 141 NSCLC
tumours of pathological stages I-IIIA were in-
vestigated and immunoreactivity with MIA-
15-5 was observed in 91 tumours of various
histological types. The five year survival rate
was 20-9% in the MIA-15-5 positive group
and 58-6% in the MIA-15-5 negative group
(p<0001). Cox regression analyses revealed
three significant predictors of survival: MIA-
15-5 status, N and T stage.
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Angiogenesis and blood vessel invasion
Angiogenesis is an essential step in tumour
growth and the metastatic process.65 The mech-
anism that controls angiogenesis under physio-
logical circumstances and in the neoplastic state
is complex and involves a number of stim-
ulating and inhibitory factors,66 including
p53.22 Macchiarini et al studied induction of
blood vessels67 and invasion by tumour cells68 in
patients with pathological TINOMO NSCLC.
Angiogenesis was assessed by the number of
microvessels as revealed by staining the tumour
for factor VIII. The relative risk (RR) for de-
velopment of metastatic disease increased from
1 (6/65) in patients with low microvessel counts
to 2-42 (10/16, p<0000l) for those with inter-
mediate microvessel counts and 2-0 (6/6,
p<0000l) for those with high microvessel
counts. Invasion of such blood vessels by
tumour cells was found in 16 of 95 pathological
TlNOMO tumours in their second study,
thereby increasing substantially the relative risk
of recurrent metastatic disease (RR 25-64,
p<OOOOOl). In this mature study (median fol-
low up 8-3 years, five year survival 75%) in-
vasion of blood vessels was the only
independent significant prognostic factor in
multivariate analysis for disease free survival.
Vascular invasion of the pulmonary arteries or
veins using standard pathological criteria was
also shown to be associated with adverse long
term survival in patients with Tl-2NOMO
NSCLC.34 Ten year survival decreased by 50%
(61% versus 30%) in patients with vascular
invasion (28 of 271) compared with those with-
out (243 of 271) vascular invasion (RR 1-85,
p<O05).

Micrometastatic disease
In patients with resectable NSCLC, accurate
assessment of lymph node involvement is crit-
ical with regard to prognosis given the survival
advantage of patients with stage I disease over
those with stage II disease. Routine assessment
of lymph node involvement relies on ex-
amination of haematoxylin and eosin stained
sections, but small groups of tumour cells can
easily be missed by this method.69 71 Immuno-
chemical, cytochemical, and histochemical
techniques now allow the detection of single
tumour cells in regional lymph nodes. Chen et
a169 used a polyclonal antikeratin reagent to
assess retrospectively the presence of occult
tumour cells in 588 lymph nodes of 60 patients
with NO disease as judged by conventional
methods. Positive staining was encountered in
102 (17%) lymph nodes originating from 38
(63%) patients, of which 20% were N2.72 Oc-
cult spread oftumour cells to lymph nodes was
seen with all types of histology and grades of
differentiation. However, survival of patients
with node negative disease as judged by this
method was not significantly better than
patients with positive lymph nodes or those
with overt lymph node metastases (2456 days
versus 1977 days versus 927 days; p>O005). In
a prospective study Passlick and coworkers7'
stained 391 fresh frozen regional lymph nodes
from 72 patients with pTl-3NOMO completely

resected NSCLC with a monoclonal antibody
(Ber-Ep4) that recognised a 34 kD and 49 kD
glycoprotein present on epithelial cells. Fifteen
nodes (3 5%) obtained from 11 patients
(15.2%) contained Ber-Ep4 positive cells. No
significant association was found between
tumour size or micrometastatic disease in the
bone marrow. A profound effect on relapse
rate and survival was noted during the median
observation period of 26 months (six patients
were excluded because of non-cancer related
deaths): five of the 10 patients with positive
nodes relapsed and three died compared with
eight of 56 recurrences and four deaths in the
"true" node negative patients. In univariate
analysis these figures were highly significant.

In breast and colonic carcinoma occult meta-
stases to the bone marrow have been found to
exert a negative influence on survival.73 Using
a monoclonal antibody directed against cyto-
keratin, Pantel et al70 were able to demonstrate
individual metastatic tumour cells in the bone
marrow of 18 of 82 completely resected
NSCLC patients (presumably without distant
metastases). After a median of 13 months
66-7% of patients with bone marrow in-
volvement had relapsed compared with 36-6%
of those without (p<005). Interestingly, the
number of local recurrences was not different
between the two groups (26-7% versus 22%)
but the number of patients with distant re-
lapses, especially in the skeleton (26-7% versus
2-4%, p<0-005) was higher in the patients with
bone marrow involvement.

Conclusion
Survival after apparently curative resection of
stage I and II NSCLC remains poor, with the
exception of those patients with pathological
TINO tumours. Since patients with resected
stage I and II NSCLC often develop late
distant metastases, systemic treatment (chemo-
therapy) seems to be the most logical adjuvant
therapy. Traditional methods to assess prog-
nosis in these patients have relied upon stage of
disease at presentation and performance status.
Randomised clinical trials to compare adjuvant
chemotherapy with observation only in which
patients were stratified for these prognostic
factors have yielded conflicting results.76-78
Advances in the understanding of carcino-

genesis and tumour progression have now
identified other significant prognostic factors.
Incorporation of these factors into a risk model
for recurrence after resection would help to
define a rational treatment strategy for patients
with stage I and IINSCLC. Recently developed
techniques such as PCR have facilitated the
analysis of DNA abnormalities, and the iden-
tification of the protein products of mutated
genes or overexpression of normal genes with
(monoclonal) antibodies permits reliable anal-
ysis of these factors in small tissue samples
such as biopsy specimens.
However, several issues remain to be resolved

before this work can be incorporated into the
clinical management ofpatients with early stage
NSCLC. Firstly, although it seems that at least
some of these markers are uniformly present
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in a tumour,79 for others the problem of biopsy
samples and tumour heterogeneity needs to be
considered. From the current literature it is
not clear whether biopsy specimens do contain
all genetic and molecular abnormalities that
can be found in tissue blocks. Secondly, almost
all the studies so far reported have analysed
small groups of patients. Thirdly, the stage of
the disease in most older studies was probably
underestimated and consequently the clinical
outcome of advanced stage NSCLC may have
been analysed. Some of the studies cited above
included patients with stage IIIA NSCLC, a
stage which is not recognised by everyone as
"early". Fourthly, because of differences in
biomarkers analysed and statistical methods
used, comparison between studies is difficult if
not impossible. Finally, only a few reports focus
on the interrelationship between individual
biomarkers.
A number ofprospective studies are therefore

needed to try to validate the value of these
biological factors. The importance ofsuch stud-
ies is illustrated by the randomised study of
Rosell et al80 who examined the effect of pre-
operative chemotherapy in patients with stage
IIlA NSCLC and found a highly significant
(p<O0OO1) difference in median survival in
favour of the chemotherapy treated group (26
versus 8 months). However, the conclusion
of this study that preoperative chemotherapy
increases survival in these patients has been
challenged on the basis that, in the control
arm, the prevalence of K-ras mutations was
significantly higher (42% versus 15%, p<005)
than in the chemotherapy treated patients.

Ideally, such studies should include a treat-
ment arm and an observation arm to which
patients are randomly allocated on the basis of
defined biological markers. The major obstacle
for such studies is the fact that, on the present
evidence, it is not yet possible to define the risk
groups accurately. For example, Strauss et a181
propose to randomise patients with stage I
NSCLC according to T status (TI versus T2).
All patients with T2 tumours are to be ran-
domised to resection and observation or post-
operative treatment with chemotherapy
(cisplatin and vinblastine). A recently started
study of the Dutch Lung Cancer Study Group
is randomising patients with stage I (except
TlNO) and stage II NSCLC to preoperative
chemotherapy (cisplatin and teniposide) or im-
mediate resection. In both studies patients will
be carefully and prospectively evaluated and a
battery of prognostic variables (both clinical
and biological) are being measured. Ac-
cordingly, a high risk group of patients for
recurrent NSCLC after resection may be de-
fined and evaluated. Apart from considering
the question as to whether chemotherapy can
alter the prognosis of patients with early stage
NSCLC, an additional advantage of such stud-
ies is the possibility ofidentifying the subgroups
that are most likely to benefit from (neo)-
adjuvant chemotherapy. Unfortunately, the
same biological factors which confer an adverse
prognosis after resection are also implicated
in resistance to chemotherapy. For instance,
inability of cells to undergo apoptosis following

chemotherapy is related to loss of p53 function
and Bcl-2 overexpression. 8 83 K-ras mut-
ations have been linked to resistance to plat-
inum compounds and etoposide.848'

Alternatively, these biological markers them-
selves may be the specific targets of future
therapy strategies. Retroviral mediated gene
therapy, introducing wild type p53 gene,86 wild
type RB gene,87 and anti-sense K-ras"8 into
tumour cells, has been shown to inhibit tumour
growth in animal models. Ras function may
also be inhibited by targeting the enzyme which
incorporates p21ras into the plasma membrane
and the use of cytotoxic T lymphocytes specific
for mutant K-ras epitopes."9 Modified mono-
clonal antibodies directed against the extra-
cellular domain of c-ErbB-2 display potent
cytotoxic effects in vivo on tumour cells ex-
pressing c-ErbB-2.9° Inhibitors of carbohydrate
processing constitute a novel class ofanticancer
agents of which the first, the alkaloid swain-
sonine, has recently been tested in phase I
trials.9' The specific inhibition of tumour de-
rived angiogenic factors is an attractive thera-
peutic target which has shown promising results
in animal models.929' Micrometastatic disease
may be prevented from further progression by
inhibiting specific cell surface receptors94 or
membrane proteases.95

In summary, new prognostic factors based on
our knowledge of carcinogenesis and tumour
progression have been identified in early
stage NSCLC. Prospective clinical trials in-
corporating (neo)adjuvant chemotherapy need
to be initiated to try to validate the clinical
value of these biological factors even if im-
provement in survival is small. The magnitude
of the problem which is posed by the current
epidemic of lung cancer justifies such an ap-
proach.
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