Eur Respir J, 1995, 8, 1389-1397
DOI: 10.1183/09031936.95.08081389
Printed in UK - all rights reserved

REVIEW

Copyright ©ERS Journals Ltd 1995
European Respiratory Journal
ISSN 0903 - 1936

Molecular and biological factors in the prognosis

S.D.J.M. Kanters*, J-W.J. Lammers**, E.E. Voest*

Molecular and biological factors in the prognosis of non-small cell lung cancer.
S.D.J.M. Kanters, J-W.J. Lammers, E.E. Voest. ©ERS Journals Ltd 1995.
ABSTRACT: For patients with non-small cell lung cancer the tumour/node/metas-
tasis (TNM) staging system and other conventional prognostic factors fail to pre-
dict the outcome of treatment and survival accurately. New prognostic factors are
urgently needed to improve understanding of the biological behaviour of the dif-
ferent subtypes of non-small cell lung cancer and to recognize patients with a good
or poor prognosis.

This review will focus on molecular and biological factors published in the English
language literature between 1988 and 1994. To be included in this survey, the pre-
dictive value of a specific prognostic factor had to be confirmed by multivariate
analysis in at least two different studies.

Blood group antigen expression, ras oncogenes, microvessel density, and factors
reflecting the proliferative state of the tumour may be important determinants of
outcome of treatment. The search for new determinants of prognosis has provi-
ded insight in the complex tumour biology of non-small cell lung cancer and indi-
cated possible targets for tumour therapy.

Several promising prognostic factors have now been recognized. To validate these
factors, prospective studies of a large patient population are needed. This ultimately
serves the recognition of subsets of patients who may benefit from adjuvant therapy.
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Lung cancer is the leading cause of death from malig-

nancy in the Western world. Non-small cell lung car-
cinoma accounts for approximately 75% of the cases
and represents a heterogeneous group of cancers con-
sisting mainly of squamous cell, adeno- and large cell
carcinoma [1]. During the last decade, the 5 year sur-
vival rate of patients with lung cancer has hardly improved.
At the time of diagnosis, approximately 80% of lung
cancer patients have unresectable disease. Despite radio-
and/ or chemotherapy, the 5 year survival of those patients
is 2-3%, whereas in the case of a putative complete
resection 25-40% of the patients survive for 5 yrs [1,
2].

The choice of treatment is currently determined by
conventional prognostic factors, such as tumour/node/
metastasis (TNM) stage, the extent of lymph node me-
tastases and performance status [3, 4]. However, great
differences in outcome after therapy are seen between
patients with the same initial stage and performance
status. The influence of additional variables may ex-
plain this heterogeneous prognosis. Knowledge of these
variables may allow us to predict the response to treat-
ment more accurately and select patients who need adju-
vant therapy.

In this review, we will give a survey of novel tumour
characteristics which may affect the prognosis of patients

with non-small cell lung carcinoma. Articles reviewed
in this paper were collected using the Medline literature
search system. We enclosed both retro- and prospective
studies published in the English language literature from
1988 until 1994. Prognostic factors were included when
their value was reported in at least two separate studies
by independent groups. In addition, multivariate analy-
sis was a prerequisite to show independent prognostic
value. Almost all studies reviewed have a sample size
of at least 50 patients.

Blood group antigen expression

Cell surface carbohydrate structures are important for
interactions between cells and between the cell and the
extracellular matrix. ABH blood group antigens are carbo-
hydrate structures found in erythrocytes and in a variety
of epithelial cells. The expression of these antigens de-
pends on the type of blood. In various human cancers,
expression of blood group A and B antigens is frequently
lost, and there is an increase of their precursor antigen
H and H-related antigens. In normal human cells the
expression of H-related structures is higher in O cells
than in A or B cells [5]. In cancerous cells, however,
there is enhanced expression of these H-related antigens
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independent of the host's blood group (ABO status).
Altered cell surface carbohydrate structures can result in
changed cell-cell interactions that give rise to a differ-
ence in growth and differentiation, and probably even
progression of malignancy [6].

The survival of 164 patients, who underwent complete
surgery for non-small cell lung carcinoma, was studied
in relation to the expression of ABH blood-group anti-
gens [7]. Table 1 shows the prognosis of patients with
either the presence or the absence of antigen A in their
tumour cells. Cox's proportional hazards regression analy-
sis showed that expression of blood group antigen A in
tumour cells was an independent prognostic factor for
overall survival among patients with blood type A or AB
(p=0.004).

H/LeY/Leb blood group antigens are increased in tum-
ours negative for blood group antigens A and B. This
is partially due to inhibition of A and B glycosyltrans-
ferases. By aberrant glycosylation, which is common in
essentially all forms of cancer, structures like H/LeY/Leb
are formed. MIA-15-5, an antibody that recognizes H/LeY/
Leb, has a strong inhibitory effect on cell motility and the
ability to metastasize [9]. A difference in 5 year survival
rate was found between the H/LeY/Leb antigen-positive
group and the antigen-negative group in patients who
underwent surgery because of lung carcinoma up to stage
IITA (p<0.001, table 1) [8]. The difference in survival was
significant among patients with blood groups A and AB,
but not among those with blood group B or O. In all three
subgroups with squamous cell carcinoma, adenocarci-
noma and large cell carcinoma, survival rate was high-
er in those patients whose tumours stained negatively for
MIA-15-5 (p<0.001, p=0.015 and p=0.02, respectively).
For the study population overall, in multivariate analy-
sis H/LeY/Leb positivity was the most important prog-
nostic factor, followed by N and T stage.

Oncogenes and tumour suppressor genes

Proto-oncogenes may induce autonomous cellular pro-
liferation when activated to oncogenes. Activation may
occur by point mutation, overexpression or deletion of
genetic material. Proto-oncogenes are usually dominant.
Best known oncogenes in lung cancer are the ras and
myc oncogenes, of which the latter has been found mainly
in small cell lung carcinoma [10]. On the other hand,

inactivation of genes that normally regulate cellular growth
and thereby have a restraining effect on tumorgenesis
(tumour suppressor genes) can lead to uncontrolled cell
proliferation. In many cases, inactivation occurs by a
point mutation of one allele and, subsequently, loss of
an amount of genetic material in the other allele. For
many types of cancer, multiple mutations in both classes
of genes are ultimately required to achieve full malig-
nant transformation.

Ras oncogenes

The ras proto-oncogene family includes the genes K-,
H-and N-ras, which encode 21 kDa (p21) guanosine
triphosphate-binding proteins. These proteins are asso-
ciated with the inner cell membrane and have an impor-
tant role in the cellular signal transduction [11-13].
Point mutations at codon 12, 13 or 61 change ras genes
to oncogenic forms. This results in continuous stimula-
tion of cellular growth. The activated ras genes are among
the most dominant identified oncogenes in human
tumours [14]. The reported incidence of ras mutations
in non-small cell lung cancer varies. In 77 samples from
operated patients with non-small cell lung carcinoma, a
total of 14 K-ras mutations were detected (all in the 12th
codon) and only one H-ras mutation (table 2) [15, 16].
All of these were encountered in the 45 adenocarcino-
mas. It was suggested that K-ras activation is present in
about one third of all adenocarcinomas of the lung at
thoracotomy, but only rarely in other types of non-small
cell lung cancer. The median follow-up of 10 months
was insufficient to evaluate survival data.

Other investigators also found K-ras mutations in squa-
mous cell carcinoma, adenocarcinoma and in patients
with large cell undifferentiated carcinoma [17]. Patients
with K-ras point mutations had significantly poorer
prognosis than patients without the mutation (p=0.01).
This difference was also significant when stratified accord-
ing to node status. In another study, the prognostic value
of K-ras oncogene activation in adenocarcinoma was
investigated in a group of 69 patients in whom complete
resection of the tumour was possible [18]. Nineteen
tumours harboured a point mutation in codon 12 of the
K-ras oncogene. These tumours tended to be less differ-
entiated and smaller at the time of diagnosis than the
tumours without this mutation. A difference in prognosis
was found in all three end-points considered: duration of
disease free survival (p=0.038), overall survival (p=0.002);
and number of deaths due to cancer (p<0.001).

Table 2. — Effect of ras oncogene activation on prog-
nosis of non-small cell lung cancer patients

Table 1. — Effect of blood group antigen expression on

prognosis of non-small cell lung cancer patients

Author Blood group Pts 5 year

[Ref.] antigen survival

n %

LEE et al. Blood A or B, tumour A~ 28 15

[7] Blood A or AB, tumour At 43 59
Blood B or O 93 38

MIKAYE et al. H/LeY/Leb positive 91 21

[8] H/LeY/Leb negative 58 59

Author [Ref.] Pts K-ras Survival
mutations  difference
n % p-value
RossELL et al. [17] 66 20 0.01
SLEBOS et al. [18] 69 29 0.002
Sucio et al.  [19] 115 16 0.02

Pts: patients; [Ref.]: reference number.

Pts: patients; [Ref.]: reference number.
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Eighteen of 115 Japanese patients with surgically re-
sected adenocarcinomas of the lung carried a point mu-
tation in the ras gene [19]. There were no significant
differences related to stage of disease or TNM classifi-
cation between ras mutated and non-mutated tumours.
For patients without lymph node metastasis, 5 year sur-
vival rate in the ras-positive group was significantly
poorer than in the ras-negative group (p=0.02). This
difference in survival could not be established in the
advanced stages of cancer.

Enhanced expression of the protein p21, which is encod-
ed by the ras proto-oncogene, can be detected by anti-
ras monoclonal antibodies. In 116 surgically treated
patients with non-small cell lung cancer, positive reac-
tions were observed in 73% of the adenocarcinomas, 71%
of the large cell carcinomas, and 56% of the squamous
cell carcinomas studied [20]. Five year survival rate was
significantly higher for patients with p21-negative tumours
than for patients with p21-positive tumours (p<0.05). On
Cox's multivariate analysis, p21 staining was found to
be an even more important prognostic factor than stage
of disease.

Her2/neu oncogene

The Her2/neu gene (also called c-erbB-2 gene) encodes
for the transmembrane protein p185n€u, which shows
extensive homology to the receptor for epidermal growth
factor. Expression of the Her2/neu gene product occurs
in approximately one third of the non-small cell lung
cancers [21].

KERN et al. [22] reported that 10 of 29 adenocarcino-
mas and 5 of 16 squamous cell carcinomas overexpres-
sed p185ne in comparison with levels of expression seen
in uninvolved bronchiolar epithelium. None of 10 large
cell carcinomas reacted with DBW-2 antiserum. On mul-
tivariate analysis, expression of p185"et was found to be
a prognostic factor in patients with adenocarcinoma
(p=0.04). Overall survival was about 84 weeks for patients
with adenocarcinoma expressing p185t, compared to
189 weeks for those without expression of this oncogene
(p=0.01). For squamous cell carcinomas, this relation-
ship could not be established. In a later study of 44
patients with adenocarcinomas of all stages, 26 patients
of the former research were included [23]. Her2/neu
was expressed in 34% of the tumours. Multivariate analy-
sis by the Cox's proportional hazards model identified
Her2/neu expression as an independent unfavourable
prognostic factor (p=0.01).

Bcl-2 oncogene

The bcl-2 oncogene encodes a protein that inhibits pro-
grammed cell death (apoptosis) [24]. It is thought that
the expansion of cell populations overexpressing bcl-2
is a result of the lack of programmed cell death. This ex-
pansion occurs at a rate slower than that of growth induced
by oncogenes directly affecting cell proliferation [25].
Bcl-2 protein was found in 20 of 80 surgically resec-
ted squamous cell carcinomas, and in 5 of 42 resected

adenocarcinomas [26]. In adjacent areas of normal epithe-
lium, basal cells showed positive staining for bcl-2, but
the more differentiated columnar cells remained nega-
tive. In the group of patients with squamous cell carci-
noma, 5 year survival was higher for patients with bcl-2
positive tumours (78% compared to 48%, p<0.05). On
Cox's regression analysis of the whole population, bcl-2
expression was not a significant prognostic factor. Analysis
of the squamous cell carcinoma group showed that it was
an even better predictor of survival than N stage. An
explanation for the less aggressive behaviour of bcl-2
positive tumour cells has not yet been found. It has been
suggested that in clones in which a low mitotic rate is
offset by bcl-2 expression, the rate of acquiring com-
plementary defects is slower than in clones with a high
mitotic rate [27].

p33 suppressor gene

The p53 gene is thought to regulate transcription of
deoxyribonucleic acid (DNA) [28]. The wild-type p53
protein blocks the progression of cells through the cell
cycle late in the G1 phase of replication. The mutant
protein does not have this function and may even pro-
mote cellular proliferation. Alterations in this gene are
the most common genetic changes associated with can-
cer [29, 30]. They may be present in germ cells or som-
atic cells. The predisposition to cancer in persons
harbouring such germline mutations appears to be in-
herited as a dominant trait. The inherited forms of p53
mutations were first described in families with the Li-
Fraumeni cancer syndrome, that is characterized by mul-
tiple tumours of early onset [31, 32]. The wild-type p53
gene product is found in the nucleus as a low abundance
protein, whereas many mutant forms have much longer
half-lives and accumulate in the nucleus. A mutation
rate of nearly 50% has been described in non-small cell
lung cancer [33-38].

The 50% survival time of 114 patients with stage I or
II adenocarcinomas or squamous cell carcinomas was
reported to be 16 months for p53 producers, compared
with 38 months for nonproducers (p<0.001) [35]. The
correlation between p53 production and survival ap-
plied to both stage I and stage II carcinomas, when
they were analysed separately. Furthermore, 7 of the 24
stage II non-small cell lung cancers that were p53-
negative, had regional lymph node metastatic sites that
were p53-positive. These specific patients had a mean sur-
vival time that was only one third than that of stage II
patients who remained p53-negative at nodal metastatic
sites (11 months and 34 months, respectively; p<0.009).

In another study, p53 overexpression was observed in
25 of 71 primary and 23 of 52 metastatic non-small cell
lung tumours [37]. It was found in 35 of 75 adenocar-
cinomas, 8 of 23 large cell carcinomas, 2 of 13 squa-
mous cell carcinomas, and 4 of 12 carcinomas of other
histological subtypes. In multivariate analysis, overex-
pression of p53 proved to be an independent prognostic
factor in the curative intent group (p=0.001).

In 71 patients with non-small cell lung carcinoma,
who underwent complete resection by radical surgery,
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the presence of p53 mutation was associated with a short-
ened survival (p=0.014, log rank test) [34]. Multivariate
analysis also revealed that p53 was an unfavourable prog-
nostic factor with a risk ratio of 3.5 (p=0.013).

Other investigators could not establish a relationship
between p53 immunostaining and survival. Of 125 radi-
cally resected primary lung tumours, 54% stained posi-
tively for p53: 59% of 78 squamous cell carcinomas, 52%
of 42 adenocarcinomas; and 20% of five small cell carci-
nomas [38]. Survival analyses of all cases and squamous
and adenocarcinomas seperately showed no statistical
difference between negative and positive cases.

3p deletion

Deletion of a part of the short arm of chromosome 3
(3p) is frequent (50% or more) in non-small cell lung
cancer and is found in 100% of small cell lung cancers.
This strongly suggests the presence of a tumour sup-
pressor gene(s) in this 3p chromosomal region [39, 40].
The precise location of this putative tumour suppressor
gene(s) and the effect of deletion on survival are still
unknown.

Horio and co-workers [34] detected 3p deletions in 34
of 70 resected non-small cell lung cancers. Patients with
the 3p deletion tended to have a poorer prognosis (p=0.084,
all patients; p=0.068, patients with stage I or II disease,
log rank test).

Vasculature

Angiogenesis

The induction of angiogenesis is now a well-estab-
lished step in carcinogenesis [41]. Most preneoplastic
lesions lack obvious neovascularization, whilst the result-
ing tumours are highly angiogenic. Tumour growth and
metastasis can be divided in two stages. At first, there
is a prevascular phase with local invasion of the primary
tumour. This phase is usually long-lasting and associ-
ated with limited tumour growth. Next there is a vas-
cular phase with blood and lymphatic vessel invasion.
This phase is short-lasting and associated with rapid
tumour growth. Dissemination of tumour cells occurs
more often at this stage [42]. Ingrowth of new capil-
laries seems to occur under the influence of angiogenic
factors [43]. New proliferating capillaries have frag-
mented basement membranes and their leakiness may
facilitate penetration by tumour cells [44]. The ingrowth
of new capillaries increases the opportunity for tumour
cells to enter the circulation [45]. Microvessel density
of tumours can be determined by staining for factor VIII-
related antigen.

In 87 TINOMO non-small cell lung cancer patients
who were treated with complete surgery, microvessel den-
sity was compared with other well-known prognostic
factors [46]. Twenty two patients developed postoper-
ative metastasis. These patients had significantly higher
mean microvessel density counts than the patients with-
out metastasis (p<0.0001). Other prognostic factors were

tumour size and proliferative activity. However, on mul-
tivariate analysis, the microvessel density count was found
to be the only independent predictor of metastasis (p<0.0001).

Tumour specimens from 28 patients, with resected non-
small cell lung cancer involving the thoracic inlet, were
analysed for the presence and degree of angiogenesis
[47]. Seventy one percent of the tumours exhibited areas
of angiogenesis. The median density grade was 1, and
the median number of neovessels was 6. On multivari-
ate analysis, angiogenesis was the only independent and
significant predictor of survival. Patients whose tumours
had a density grade of 1 or more and a number of neo-
vessels of 6 or more (high risk), had a significantly worse
disease-free interval (p=0.0001), and higher relative risk
of suffering systemic recurrence of their primary tumour
(p=0.0001), than did their low-risk counterparts.

These findings suggest that the degree of vascular neo-
formation is associated with the prognosis of patients
with non-small cell lung carcinoma.

Tumour invasion in vessels

Besides inducing angiogenesis, tumour cells are also
capable of penetrating pre-existent vessels, thereby enter-
ing the circulation. This may clearly facilitate the develop-
ment of metastasis. Arterial or venous vascular invasion
by tumour cells was present in 77% of 87 patients who
underwent lobectomy or pneumectomy for adenocarci-
noma or squamous cell carcinoma [48]. Neither the pres-
ence, nor the absence, nor the proportion of vasoinvasion
was related to survival.

Tumour invasion in vessels was also analysed in 45
patients with peripheral, superficially seated, node-
negative non-small cell lung carcinoma, treated with
wedge resection alone [49]. In 15% of the resected neo-
plasms, tumour cells were seen within a blood channel.
Patients with tumour invasion in vessels had a signifi-
cantly higher recurrence of disease and death from non-
small cell lung cancer (p=0.0009). On multivariate
analysis, only the presence or absence of blood vessel
invasion retained an independent level of significance
(p=0.006).

Nucleolar organizer regions

The nucleolus contains large loops of DNA emanat-
ing from several chromosomes. Each of these loops
contains a cluster of ribosomal ribonucleic acid (rRNA)
genes, known as a nucleolar organizer region (NOR)
[50]. The rRNA genes are transcribed by RNA poly-
merase I, after which they are packaged with ribosomal
proteins to form ribosomes. Nucleolar organizer regions
can be visualized by silver staining of their associated
proteins (Ag-NORs) on paraffin-embedded blocks [51].
The number of Ag-NORs per nucleus correlates with
cellular differentiation and activity and may, therefore.
be a prognostic factor in malignant tumours.

In 274 patients with non-small cell lung cancer, the
mean number of Ag-NORs per nucleus of stage T1 or
T2 disease was statistically lower than that in cases of
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T3 or T4 disease (p<0.01). The mean number of Ag-
NORs in NO disease was statistically lower than in N1
or N2 disease (p<0.01). A similar pattern was seen in
patients with stage I when compared with stages 11, IIIA,
IIIB or IV (p<0.01) [52]. According to the histological
type, the mean number of Ag-NORs per nucleus of adeno-
carcinoma was statistically lower than that in cases of
squamous cell carcinoma (p<0.01) or large cell carci-
noma (p<0.05). IsHIDA et al. [53] found the same con-
cerning stage and histological type.

Five year overall survival rates of patients with low
(less than the mean number) and high (a mean number
or more) Ag-NOR counts were 56 and 25%, respectively
(p<0.001) [52]. In 131 patients with stage I disease and
adenocarcinoma, 5 year survival was 78% in patients
with low Ag-NOR counts, which was significantly high-
er than the 25% 5 year survival in patients with high
Ag-NOR counts. This difference in survival could not
be established for the other stages and histological sub-
types other than adenocarcinoma.

Tumour proliferation and DNA content

Markers of cellular proliferation have been studied
extensively. They are summarized in table 3. In a vari-
ety of cancers, tumours with abnormal DNA content
(aneuploidy) or a high proliferative fraction appear to
have a more aggressive biological behaviour and worse
prognosis [67, 68]. Several studies have reported DNA
content to be a significant prognostic variable in a vari-
ety of non-small cell types and stages [54-56]. Others
did not find this association [57-59]. Some investiga-
tors found tumour ploidy to be valuable only for squa-
mous cell carcinoma [60, 61].

The proliferative potential of tumours depends on the
growth fraction and the transit time through the various
phases of the cell cycle. Ki-67 is a nonhistone protein of
the nuclear matrix that is preferentially expressed dur-
ing the late Gy, S, G, and M phases of the cell cycle
[69]. Immunostaining for this protein provides a reli-
able method for evaluation of the tumour growth frac-
tion [70]. Immunostaining for the antigen Ki-67 was used
to derive the tumour proliferation index for 62 surgi-
cally resected non-small cell lung tumours [62]. A signifi-
cant survival advantage was observed for patients with
a proliferation index of less than 3.5, compared with
those with an index greater than 3.5 (p=0.01). At 24 months,
both groups of patients had an estimated probability of
survival of 0.54 and 0.08, respectively.

The percentage of tumour cells with an S phase DNA
content is another measure of proliferative activity. In
44 stage I patients, 5 year survival was 93% for patients
with less than 8% S phase cells, and 21% for those with
a greater percentage of S phase cells (p<0.001) [56]. S
phase fraction was also calculated in a group of 49 pat-
ients with non-small cell lung cancer of all stages [59].
Patients were divided into two categories: S phase frac-
tion <17%; and S phase fraction >17%. The S phase frac-
tion was not related to histology or stage of disease, but a
significant prognostic value was found for survival; pat-
ients with a high S phase fraction died earlier (p=0.04).

Table 3. — Effect of tumour proliferation and DNA con-
tent on prognosis of non-small cell lung cancer patients
Factor Pts Predictive [Ref.]
n of survival
DNA content 100 Yes [54]
64 Yes [55]
44 Yes [56]
93 No [57]
52 No [58]
67 No [59]
130 only for SCC [60]
146 only for SCC [61]
Ki-67 62 Yes [62]
S phase fraction 44 Yes [56]
49 Yes [59]
Thymidine labelling
Index 89 Yes [63]
Polymerase a 43 Yes [64]
PCNA 40 Yes [65]
211 Yes [66]

SCC: squamous cell carcinoma; DNA: deoxyribonucleic acid;
PCNA: proliferating cell nuclear antigen; Pts: patients; [Ref.]:
reference number.

The thymidine labelling index reflects the percentage
of tumour cells which are actually in the S phase and do
synthesize DNA. On multivariate analysis of 89 non-
small cell lung cancer patients who underwent complete
surgery, a twofold increase in the risk of death was report-
ed in the group of patients with a thymidine labelling
index greater than the overall median thymidine labelling
index of 2.9 (p=0.057) [63].

DNA polymerase o plays a crucial role in the repli-
cation of DNA and is active in the nucleus in the G1/S
or G2 phase [71]. Polymerase a levels were examined
in 43 non-small cell lung cancer patients with complete
resection [64]. The overall 3 year disease-free survival rate
was 42% for patients who were polymerase a-positive,
which was significantly lower than the 81% survival for
those who were polymerase a-negative (p<0.05).

Proliferating cell nuclear antigen (PCNA) is a 36 kDa
nuclear protein binding to DNA polymerase 8, and is asso-
ciated with DNA replication [72]. In 40 peripheral, node-
negative non-small cell lung cancer patients treated with
surgery alone, PCNA was found in all tumour samples
[65]. It was confined to the nuclei of cancer cells. On
multivariate analysis, the degree of PCNA was the only
independent prognostic factor of survival. In 211 sur-
gically resected primary non-small cell lung carcinomas
the prognostic value of PCNA expression and nucleolar
organizer regions was evaluated [66]. Of the 211 spec-
imens examined, there were 69 (33%) with PCNA(+)
and 92 (44%) with a high Ag-NOR count (a mean num-
ber or more). The 5 year survival rates of patients with
PCNA(+) and high Ag-NOR counts, those with PCNA-
(+) or high Ag-NOR counts and those with PCNA(-) and
low Ag-NOR counts were 18, 37 and 71%, respectively
(p<0.05). On Cox's multivariate regression analysis,
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PCNA and Ag-NOR were selected as independent prog-
nostic factors (p<0.005).

Nuclear morphometry

Morphometric analysis of nuclear shape and size proved
to be useful in predicting prognosis in certain forms of
cancer [73-77]. Nuclear properties can be measured with
a computer-assisted digitizing system. In 75 patients who
underwent surgical resection of an adenocarcinoma of
the lung smaller than 2 cm, the mean nuclear area and
the standard deviation of nuclear area were determined
[78]. The mean nuclear area of the cancer cells was unre-
lated to prognosis. The 5 year survival rates of patients with
small, medium and large standard deviation of nuclear
area, were 75, 58 and 52%, respectively (p<0.05). On
multivariate analysis, standard deviation of nuclear area
was a marginally significant prognostic factor (p=0.05).
In patients with stage I non-small cell lung cancer, there
was no correlation between morphometric parameters
(nuclear area, perimeter, major diameter, minor diame-
ter and nuclear shape factor) and disease free survival [79].

Neural cell adhesion molecule

The neural cell adhesion molecules are a family of
cell surface sialoglycoproteins involved in homotypic and
heterotypic cell-cell binding via a homophilic mecha-
nism. Abnormal patterns or levels of expression of adhe-
sion molecules on the cell membrane, which cause changes
in normal cellular adhesiveness, may play an important
role in tumour invasion and metastasis. The mono-
clonal antibody (MoAb) 123C3 recognizes the neural cell
adhesion molecule in frozen sections [80]. The neural
cell adhesion molecule has a wider tissue distribution
than just the neural and neuroendocrine cells. It was
found to be positive in all neuroendocrine lung tumours
and in 20% of non-small cell lung carcinomas tested
[81]. The expression of the neural cell adhesion mole-
cule in 226 completely resected non-small cell lung can-
cer patients was investigated [82]. A significantly shorter
disease-free and overall survival was seen for subjects
with tumours positive for MoAb 123C3, also when cor-
rected for differences in tumour stage (disease-free sur-
vival p=0.044, overall survival p=0.046).

In another study, neural cell adhesion molecule ex-
pression was determined in the tumours of 97 surgically
treated lung cancer patients, using the MoAbs MOC-1
and S-L 11.14 [83]. Neural cell adhesion molecule
expression was found in all nine small cell lung cancers
and in 18% of the non-small cell lung cancers. Neural
cell adhesion molecule expression was significantly
higher in stage N2 non-small cell lung carcinomas, com-
pared with stage NO or N1 disease. In univariate analysis,
patients with neural cell adhesion molecule-positive non-
small cell lung cancer proved to have a shorter survival
than those with neural cell adhesion molecule-negative
disease. On Cox's multivariate analysis, it's prognostic
value could not be established.

Discussion

The currently used prognostic factors, such as stage of
disease, performance status, and histology, fail to pro-
vide an accurate prediction of the course of the disease
in patients with non-small cell lung cancer. The dis-
covery of new prognostic factors is extremely important,
since it allows discrimination between patients in high-
or low-risk groups with respect to recurrence of the dis-
ease and long-term survival. A large number of new
molecular and biological factors have been reported and
are now recognized as independent predictors of out-
come of treatment. In table 4 all prognostic factors are
summarized. In this table, we try to indicate the prog-
nostic value of each factor separately. In most studies,
the group of large cell carcinoma patients is too small to
find a statistically significant difference in outcome.
We, therefore, summarize the prognostic value of the vari-
ables in adenocarcinoma and squamous cell carcinoma.

When one evaluates a prognostic factor for its clini-
cal merit there are several considerations to be made.
Firstly, is the method of detection simple and can it be
standardized? This is important, since new prognostic
factors are often demonstrated with the use of mole-
cular biological methods. For instance, ras gene mutations
are usually established by oligonucleotide hybridization.

Table 4. — Prognostic value concerning survival of mole-
cular and biological factors in adenocarcinoma (AC) and
squamous cell carcinoma (SCC) of the lung

AC Scc [Ref.]

Blood group antigen + ++ [7, 8]
expression

Oncogenes

Ras oncogenes ++ + [17-20]
Her2/neu oncogene + - [22, 23]
Bcl-2 oncogene — + [26]
Tumour suppressor genes

P53 suppressor gene + + [34, 35, 37, 38]
3p deletion + + [34]
Vasculature

Angiogenesis + + [46. 47]
Tumour invasion in vessels + + [48, 49]
Nucleolar organizer regions + [52]
Tumour ploidy + + [54-61]
Tumour proliferation

Ki-67 + * [62]
S phase fraction + + [56, 59]
Thymidine labelling index =+ + [63]
Polymerase o + + [64]
PCNA + + [65. 66]
Nuclear morphometry + [78, 79]
Neural cell adhesion + + [82, 83]

molecule

AC: adenocarcinoma. For further abbreviations see legend to
table 3. ++: proven independent prognostic significance; +:
probable independent prognostic significance; =: inconclu-
sive prognostic value based on either contradictory or uncon-
firmed studies; —: no prognostic influence has been established.
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The polymerase chain reaction makes this a very sensi-
tive method to identify the mutated codon [84]. In
addition, is it possible to employ the method on paraffin-
embedded specimen or does it require fresh tissue sam-
ples? Fortunately, most prognostic factors (e.g. blood
group antigens, ras gene mutations and angiogenesis)
can be detected on paraffin sections.

Secondly, is the prognostic factor specific for tumour
cells or does it merely represent an enhanced expression
of a naturally ocurring product. Clearly, the former will
have a greater impact than the latter.

Thirdly, is the prognostic factor a truly independent
predictor of outcome? Most reported factors are recog-
nized in retrospect and the cut-off point for tumours that
were positive or negative for a specific marker was in
most cases not predetermined. To be able to weigh the
importance of prognostic factors, prospective studies are
needed with sufficient numbers of patients to compare a
panel of determinants of outcome of treatment in a sta-
tistically sound way. In this way, independent factors
can be selected and used in the design of new treatment
strategies.

In addition to having a prognostic value, the search
for molecular and biological factors has also provided
new opportunities to treat patients with non-small lung
cancer. For instance, three strategies to inhibit the ras
oncogene have been described. Inhibition of ras gene muta-
tion expression suppresses tumour growth [85]. Ras
function can be suppressed by inhibition of contact bet-
ween ras protein and downstream effector molecules
(kinases). Furthermore, the association of ras protein
with the plasma membrane is a process which is catal-
ysed by farnesyl transferase. Specific inhibitors of this
enzyme may reduce ras activity [86, 87]. The third strat-
egy involves the use of cytotoxic T-lymphocytes specif-
ic for the mutant epitope [88]. Other examples are MoAbs
against H/LeY/Leb antigens, which have inhibitory effects
on cell motility and metastasis [9]. Evaluation of microves-
sel density provides information on oxygen and drug
accessibility of the tumour, which may correlate with the
efficacy of radio- or chemotherapy. Finally, tumours with
neuroendocrine marker expression are highly sensitive in
vitro to treatment with cytotoxic drugs [89].

In conclusion, the lack of improvement in survival of
patients with non-small cell lung carcinoma urges the
design of new treatment modalities and the selection of
subgroups of patients who may benefit the most. For
this reason, it is important to recognize specific tumour
cell characteristics which may not only serve as a prog-
nostic factor but also as a possible target for tumour
therapy. Unfortunately, most studies evaluating tumour
markers are performed retrospectively and on a rela-
tively small number of patients. Therefore, at this time
point, no definite conclusions on the value of most prog-
nostic factors can be drawn. We have illustrated that blood
group antigen expression, ras oncogenes, angiogenesis,
and other putative prognostic variables may have prog-
nostic and therapeutic value. Prospective studies are,
therefore, highly needed. These studies should include
a sufficiently large patient population for statistically
sound comparison of promising novel molecular markers.

Ultimately, this may improve the survival of patients
with non-small cell lung cancer.
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