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Background Despite gastric cancer being common, its prognosis has not been improved significantly

in recent years. Now, greater insight has been gained into the biological properties of tumour celis,
how they become malignant and what mechanisms they may use to invade and metastasize. This
involves tumour-associated protease systems, loss or mutation of adhesion molecules and changes
in genetics. The view of gastric cancer is changing: it is not only a solid tumour but also exhibits a
minimal residual disease component even in the early stages of disease. Such biological tumour
characteristics may provide new prognostic factors and also potential new therapeutic options.
Methods This is an update of prognostic factors in gastric cancer, emphasizing new biological
features, some of which have been investigated by this group over the past few years. Current
results are discussed in the light of 212 references obtained from the Medline database from 1979

to 1997.

Results There is high probability that some of the factors reviewed, such as c-erbB-2, individual
course and phenotyping of disseminated tumour cells will become significant new prognostic
variables. This is true also, to a lesser extent, of cathepsin D, matrix metalloproteinase 2 combined
with activators or tissue inhibitor of metalloproteinases 2, CD44, E-cadherin, P53 and cripto.
Plasminogen activator inhibitor 1 (PAI-1), a member of the urokinase-type plasminogen activator

. (uPA) system, can already be defined as an established new prognostic factor in gastric cancer.

Conclusion PAI-1 should be considered prognostically in addition to established tumour
classifications. Moreover, the uPA system is a target for future therapeutic concepts. Further
analysis of factors describing tumour biology should lead to new, functionally orientated, tumour

classifications in gastric cancer.

The overall outcome for patients with gastric carcinoma
has not significantly improved over the past decade.
Excluding early gastric cancer (with S-year survival rates
of about 80-90 per cent') and gastric cancer in Japan
(with about 70 per cent 5-year survival most probably
owing to higher proportions of early-stage cancer and of
curative resections’), the present chance of 5-year survival
is estimated at 20 per cent' to 45 per cent'®. With an
incidence of between 22 and 30 per 100000 European
inhabitants'®, however, gastric cancer still holds its
position as one of the most common cancer types in the
world. In such a setting investigations into factors
determining individual prognosis and the development of
therapeutic concepts are of major importance.

Prognostic factors in cancer have many aspects’. At
present, most serve to predict clinical outcome for
individual patients, aiming especially at the identification
of subgroups at high risk of relapse. In cancers with
proven effective adjuvant treatment modalities, prognostic
variables help to classify patients into therapeutic groups
which statistically should benefit from adjuvant treatment
protocols. Ideally, prognostic factors should also suggest
options for therapeutic intervention. Unfortunately, in the
case of eastric cancer the established nroonostic factors

patients who might benefit from adjuvant protocols have
not yet been identified.

During the past decade efforts have been made to
identify new prognostic variables. In contrast to almost all
of the established factors, these variables were orientated
at tumour biology, in a period when knowledge of tumour
cell behaviour was increasing dramatically® (Table 1). To
permit separation from the primary tumour and invasion
of surrounding structures, tumour cells have been shown
to downregulate the expression of adhesion molecules’®
and to overexpress complex tumour-associated protease
and protease inhibitor systems. This effects the malignant
criteria of invasiveness and metastasis®'®', Systemic
spread of tumour cells may be demonstrated in the very
carly stages of solid cancers’®-* and recently the authors
have provided strong evidence for the biological
autonomy of an early systemic disease component in
gastric cancer®. Finally, outgrowth and establishment as
distant metastasis are aided by proteolytic enzymes, but
angiogenetic factors, growth factors and their receptors?,
and proliferative capacity are decisive in this context.
Increasing numbers of investigations are being carried out
on certain oncogenes, tumour suppressor genes and other
molecular mechanisms?’-%, A
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Conventional prognostic variables

The first section of the review briefly summarizes results
associated with variables that are defined by the condition
of the patient, the treatment and the morphology of the
tumour, These classical variables have been studied in
large multivariate analyses in the pasL

Fatignt-refated factors

Gastric cancer preferentially affects patients aged 50 vears
and over'. It also tends to affect more men than
women'". It has therefore been proposed that age and
sex might be prognostic risk factors. In this regard the
results  of studies have been  contradictory. Some
multivariate analyses with more than 500 patients*¥-%
have reported independent prognostic influence, others
have not"". Female sex was reported to be associated
with better prognosis in one study on R, (curatively
resected) patients®, and for certain subgroups in two
other reports™. Other possible  patient-associated
factors, such as pattern of symptoms, weight loss, co-
morbidity and immune status, have not yet been demon-
strated as independent sipnificant factors in multivariate

Table 1 Overview of steps of tumour invasion and metastasis and
hinlogical features correlated with them

Metastatic stalus Potential parameters relevans

Stroma inductionfangingenesis: profcass
inhibitors (PAI TIMP)

Grrowth and proliferation; tyrosine kinase
receptors (c-erhB-2, c-met), growth
fuctors and their receptors (EGF
receptor, crplo), signal trensduction (c-
ray), cell-cyele regulators (pict, G and
G2 cycling, CDEs, MTS1), tumour
suppressor mutations (pi3, nenld),
hlock of apaptosis {Bel-2), genetic
instahility

Segregation from the  Loss of adhesion molecules, tumour-
primary tumour issociuted protesses/inhibitors

Invasion of Tumour-associated proteases (uPA
surrounding lissue system, MMPs, cathepsins and others)

Invasion of hlood Tumour-associated proteases (uPA

Primary tumour

vessels system, MMP-2, MMP-2 and athers)
Sysiemic Disseminated tumour cells (CK18
dissemination positive)
Addhesion and Adhesion molecules, tumour-associated
{'K|]’i'.'-'.'l!-'\.i'l|jl'll'l r']'i“{::'l.‘-l‘_"'l

Interaction with microenvironmeni:
lumour-associated proteases and
inhibitors, adhesion molecules, loss of
MHCI as immunological cscape™

Stroma inductionfangiogenesis: protease
inhibitors (PAL TIMF)

Cirowth and proliferation: tyrosine kinase
receptors (crbB-2, c-met), growih
factors and their receptors (EGF
receptor, enplo), signal transduction (c-
ras), cell-cyele regulatars (picl, G and
G2 cycling, CDESs, MTS1), tumour
suppressor mutations (pid, nma3),
block of apaptosis (bel-2}, genctic
instability

Establishment as
melistases

PAL plasminogen activator inhibitor; TIMP, tissue inhibitor of
metalloproteinases: EGF, epidermal growth factor; CDE, eyelin-
dependent kinase: UPA, urokinasc-type plasminogen activator;
MMP, matrix metalloproteinase; CK, cytokerating MHC, major
histocompatibility complex

analysis. In summary, there is no delinile consensus on
the significance of patient-related variobles as ipde-
pendent factors determining survival

Treatment-related foctors

There is no doubt that survival is deeisively determined by
the ability to perform macroscopically and microscopically
complete surgical resection of tumour. Median survival
time after non-curative resection (R, or R.) has been
reviewed” and ranges from 7 to 11 months; after
cxplorative laparotomy or palliative gastrocnterostomy i1
[s 3-5 months. In contrast, median survival time ofter
curative resection ranges from 35 to 75 months, A
curative tumour resection must still be recognized as the
most powerful prognostic variable,

In addition, there is consensus that the quality of the
resection is rtelevantl to survival, Several studies have
demonstrated  especially  that extended lymph  node
resection, including compartments' | and 11, performed
without increased risk of perioperative morbidity, is
associated with better long-term survival™" 90 Sjewert
et @l have demonstrated that radical lymph node
dissection, defined as removal of 26 or mare nodes, is an
independent prognostic factor in patients with stuge 11
and 1A disease. There is also evidence that the hospital
is an independent prognostic factor'™, with a higher
prabability of survival for patients operated in centres
with a broad experience in oncological surgery

Perioperative  allogencic  blood  transfusion  hus  an
adverse effect on the immune response, inducing a higher
risk of postoperative infection” and, potentially, suppart-
ing the establishment of minimal residoal  tumour
disease®™; an association with poorer survival in gastric
cancer has been reported™, but the independent
influence of allogeneic blood on survival still remains to
b shown.

No advantage could be shown for adjuvani
chemotherapy after curative tumour resection in lerms of
longer disease-free or overall survival time™ . This can
also be stated for a combination of chemotherapy
(5-flucrouracil (5-FU) Auorouracil adriamycin metiotrexate
(FAM)) and radiation therapy, adjuvant radiation therapy
or intraoperative  radiation  therapy'" ", Randomized
trials evaluating the prognestic value of defining patient
subgroups profiting from neoadjuvant chemotherapy have
to be performed™. Neoadjuvant chemotherapy may
potentially increase survival mainly by increasing the
chance of curative resection in advanced stages of gastric
cancer. Indeed, there have been studies'®* in which
resection rates between 62 and 93 per cent, including
71-100 per cent R, resections, could be -achieved.
However, the results of such studies are difficult to
interpret as they were non-randomized and the criteria for
non-resectability of treated cancers were not standardized.

There is still controversy regarding chemotherapy for
nop-rescctable advanced gastric cancer. However, in
recent years new combinations of chemotherapeutic
apents with acceptable monoactivity in gastric cancer
(which means objective remission rates of about 20 per
cent) have been developed, such as methotrexate, 5-FU
and adriamycin (FAMTX); adriamycin, cisplatin and
ctoposide; leucovoring 5-FU and ctoposide; levcovoring
and 5-FU™™, Such therapy may reach 40-50 per cent
objective remissions, including 10 per cent complete
remissions. A randomized study comparing FAM and
FAMTX revealed significantly higher remission rates and
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significantly longer median survival in patients treated
with FAMTX®. Modern chemotherapy of non-resectable
advanced gastric cancer must therefore be assumed as
influencing prognosis.

Established tumour-related factors

vessels to enable the systemic circulation to be reached.
Evidence has accumulated that this is achieved by a series
of tumour-associated serine, aspartic, cysteine and
threonine proteases, and metalloproteinases®!0-1381-83,
The proteolytic factors and specifically corresponding
inhibitors employed by tumour cells, either by secretion or

RPN I}
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Fig, 1 Overall survival of 189 paticnts with gastric cancer
wecording 1o immunchistoechemical detection of plusminogen
activator inhibitor | in tumour eells (semiquantitative score
0=39*" Seore U ( 1D eight patients, wo events, moan
(METY 44-3 months. Score | I; 46 patients, 14
events, MST 427 manths. Score 2 (=<} 74 patients, 38 events,
MET 315 months. Score 3 (—-—-—1)1 6l patients, 39 events,
MET 26000 rnomths, P= 00019 {Mantel-Cox test)

survival

(TIMPs), TIMP-1. TIMP-2 and TIMP-3"", Large
prognostic studies on MMPs and TIMPs in gastric cancer
have ot yet been performed, with the exception of MMP-
2, the 72-kDa form of collagenase IV, MMP-2 is capable
ol degrading  the  basement membrane  component,
collagen 1V (besides collagen V., laminin and  fibro-
necting™ and may be activited by uPAYS In conteast to
the Y2-KDa form of collngenase TV, MMP-9, it was
postulated as a characteristic for the malignant phenotype
in o pastric  tissue by Schwarte ¢ al™, bhas  been
preferentially detected in advanced gastric cancers and
correlates with vascular invasion™ . Thos, an association
with - prognosis  has  been moosted, The authors have
studicd MMP-2 in u sernies of 203 |'|.J[E-.'I'|[~'-. but only
endential - univarite  correlation  with  survival — was
detected and it failed o5 an independent parameter of
prognosis {unpublished resulis). An association of MMP-2
with prognosis was poted in the subgroup of patients with
high expression of uPA receptor. This probably indicates
that MMP-2 is only of prognostic relevance il its
activiing  proteases are  overexpressed. A study by
Civiglond et o', moreover, indicates that the balance
between MMP-2 and its inhihitor TIMP-2 could be ol
relevance. I summary, further prognostic studies on
MMP-2, also considering  co-expression of  activating
engymes  (eg. membrane-type MMP) and  inhibitars
(TIMEP-2) are necessary.,

Another  cluss  of  proteolytic  enzvmes  located
preferentially in Ivsosomes is the cathepsins, In particular,
the ocstrogen-inducible  cathepsin D™ has  been
investigated in hreast cuncer and there s consensus thal
rafsed  tissue cathepsin D §s o significant  progoostic
indicator of discase recurrence”’. Cathepsin D is @
lysosomal scavenger which plays an important role in
intracellular praotein metabolism, and in conversion of
procnzymes and prohormones. The sccreted enzyme s
activated imo o 34-kDa and 14-kDa dimer", and can
degrade  extracellular  matrix  components  such  as
proteoglyeans™. It further activates cathepsin B, which in
turn activates uPA=" Maoreover, o mitogenic activity has
been mooted for cathepsin D' In gastric cancer, strong

immunohistochemical eathepsin D staining ot advancing
tumoeur marging has been reported™”, and it may have o
role as a poor prognostic marker, However, an immuno-
histochemical study from Greece on 62 patients with
gastric cancer (polvclonal antibody, chemotherapy in
advanced stages) indicated un association with favourable
prognosis'". The authors' group performed a prognostic
study in a series of 203 paticnts using immuno-
histochemistry  and a  monoclonal  antibody  against
athepsin D. A significant association of cathepsin D in
twmour cells was found with poorer disease-free and
overall survival of patients who had  corative resection
(unpublished results). For disease-free survival, cathepsin
D was an independent risk factor on multivariate analysis.
As for MMP-2, there was o special prognostic relevance
of cathepsin I in paticots with parallel high expression of
uPA-R, indieating that the aggressive potential of
malignant tumours may derive from the concerted action
of interacting proteolytic systems., With respect (o other
cathepsing (B, E. G), cathepsin B is also hypothesized to
correlate with  poor  prognosis  in gastroinlestingl
cincers ™", However, no definitive large prognostic stucly
on this factor in gastric cancer is available.

Observations that the prognostic relevance of MMP-2
and cathepsin 3 15 improved when parallel  high
expression of the uPA system s taken into account
prompt one to speculate on other protease systems that
intcract with this system. The uPA system 15 subject to
several imteractions (Fig 2), of which activation of
plasminogen and MMP-2 by the uPA system and
activation of uPA by cathepsins: have: already been dis-
cussed. Furthermore, s-antiplasmin and z-macroglobulin
arc inhibitors of active plasmin™. Besides its inhibitory
function, z-macroglobulin may enhance  transcellular
circulation of uPA-R, mediated by a specific low density
lipoprotein  receptor-related  protein/z,-macroglobulin
recepior'’ his receplor is. potentially necessary for
mternalization of uPA-RuPAPAL complexes and, in
combintion with PAL-1, for uPA-R recirculation!! 10

Trypsin is a proteolytic activator of pro-uPA™ and is
inhibited by z-antitrvpsin'™, In contrast, chymotrypsin
inactivaies uPA-R by cleavage of one of the three uPA-R
protein  domaing™. Thus, the chymotrypsin inhibitor
a-aichymotrypsin is potentinlly protective 1o the uPA-R,
Thrombin may proteolytically cleave uPA to an inactive
enzyme form™. It is antagonized by antithrombin 3
However, antithrombin 3 is also able to inactivate uPA
The tissue-type plasminogen actividor (1PA) in analogy (o
uPA- can activate plisminogen™. In contrast o uPA,
overcxpression or prognostic impact has not vet been
shown for tPA™1=

Conpsideration of these interactive protease systems'™
has revealed an additional univariate prognostic impacl of
#-antitrypsin, a-antichymotrypsin: and  z-macroglobulin
in the authors’ serics of 203 patients with gastric cancer
and identificd the combination of high expression of uFA-
R, PAIl-1, antichymotrypsin and x,-macroglobulin as: a
high-risk  protease pattern  (unpublished resulis).  As
indicated above, all of the last three vanables are essential
for transcellular recyeling of the uPA-R. From this it may
be concloded that wPA-R  recveling is of decisive
importance for tumour cefl aggression and prognosis in
individual gastric carciomils

In summary, there is no doubt that tumour-associated
proteases and inhibitors, and especially the uPA system,
should be considered when predicting the prognosis of
patients  with  pastric caneer. For the uPA  system,

1 1997 Bluckwell Science Lid, Brish Jovrnal of Swrgery 1997, 84, 1651- 1604
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C D1-- splice vanants have also been detected in gastric
cancer' ™" and, from observation of  different
expression patterns of C44 isoforms in Laurén diffuse
and intestinal types, it has been speculated that these
gustric  cancer  types  may  have  different  genetic
pathways'™. An  immunohistochemical  study'™  has
indicated that CD44 is an independent prognostic factor
in gastric cancer. However, this preliminary study showing
univariate and multivariate  prognostic significance  of
CD4 and s soform CD44 v was performed on 31
1‘!.1Ii|:|'|la who had curative resection, with a mean follow-
up time of 17 months, Investigations on the dsoform
CD4 9y were restricted to 22 of those patients and so
further studies involving larger patiemt nombers are
weedidd

Invalvement in tumour progression has been reported
for adhesion molecules of the immunoglobulin super-
fumily  (with  architecture  similar o that  of
immunoglobuling)™. A circulating form of ICAM-1 has
been found at increased levels in those with cancer'™, For
the mtegrin Family. very late antigen (VLAY 4, a molecule
which. 15 involved also in normal lewcocyte traffic, is
hypothesized to be wused by tumour cells for
haematogenous dissemination”. OF the selectin family, E-
selectin has been shown to mediate carcinoma cell binding
to endothelivm™ and thus could play o role in metastasis,
However, there 15 no evidence so far that any of these
factors may have an impact as prognostic variables in
ZISTIC CONCeT,

In conclusion, of e complex array of adhesion
molecules no factor has vet been established as a definite
new prognostic varable imogastric carcinoma.

Maolecilar varinhles

Fhe rapid progress in molecular iology has given increas-
ing evidence that transformation from a normal epithelial
cell to a malignant cell is a multistep process and results
from accumulation of multiple gene abpormalities? -1
Potentally, the patterns of overespressed or down-
regulated factors and enzymes described in the last wo
sections must he seen as the ‘symptoms’ of these genetic
wlierations, For gastric cancer, multiple gene alterntions
have been described, including oncogenes coding for
tyrosine kinase receptors (including c-met and c-erb3-2),
genes  encoding  growth  factors  and - growth  factor
receplors  (epidermal  prowth  factor (EGF)  receptar,
cripto), genes involved in intracellular signal transduction
{the ray Ffamily). regulators of the cell cycle, tumour
suppressor genes {including p33, APC), genes preventing
apoptosis  (bef-2) and  genetic instability™.  Alierations
within these groups seem to occur in different patterns in
well and poorly differentiated  gastric  carcinomas, 5o

different genetic pathways are  postulated for these
differently differentinted stomach cancers
OF the proto-oncogenes encoding. tyrosine  Kinase

receptors, the c-mer gene encoding hepatocyte growth
fuctor receptor has been shown to be frequently amplified
in advanced gastric cancers™ ™Y Kuniyvasu er el
demonstrated significant correlation of expression of an
aherrant transeript of c-med with twmour stage, lymph
node metastasis and  depth of wmour imvasion. A
prognostic value, however, has not vet been determined
for this profo-oncogene

In contrast, there s evidence that c-erbB-2 may be of
significant  prognostic value in gastric cancer; c-erbB-2

encodes @ 185-kDa transmembrane  glycoprotein with

W. 5CHILDBERG

tyrosine  kinase  activity  (pl85), suggesting that this
product is a potential growth factor receptor for an
unidentified ligand™'", One study even suggests that o
ertB3-2 mediates tumour progression and metastasis by
inhibiting expression of E-cadherin®™, Amplification of ¢-
erhB-2  has  been  observed  preferentially m o well
differentinted gastric cancers™ " Some clinical studies
provide evidence of a role for this marker in survival
analysis. - An  immunohistochemical  study using  a
polyclonal antibody on 2600 gastric cancers'™  found
correlation with histological type. pN and serosal tumour
invasion, and revealed significant univariate association ol
pl83-positive tumours with poorer survival. This was also
copfirmed in a study by Uchino e ol invelving 108
paticnts which also uwsed a polyclonal antibody  and
immunohistochemistry, Ten vear survival of patients with
pl83-positive lesions of 37 per cent was significantly lower
than the Y1 per cent survival of those with plBS-nepative
tumours;, Yonmemura of al.™" and Jachne e al™ found
independent prognostic relevance of c-erbB-2 in serics of
189 and 58 patients respectively. In the present authors'
series of 203 patients, high expression of pl85 protein was
of independent prognostic impact (unpublished data). On
the other hand, another immunohistochemical study'™ did
not show pl83 as a prognostic variable, In spite of this,
there is overall strong evidence that c-erbB-2 might serve
as 4 prognostic indicator in gastric cancer,

Of the growth factor and growth factor receptor pene
family, it has been shown that overexpression of EGF
receptors  and  EGF/transforming  growth  factor o
receptors correlates with biological malignancy'™-"™. For
gastric  cancer, an  autocrine  stimulating  pathway
promoting tumour growth, cell division and even uPA/
uPA-R expression has been sugeested for EGE™ '™, In
particular, expression of crpro, a recently identified
member aof the EGEF family, has been described as
associated with gostriec cancer'™ Regarding prognostic
relevance, there have been a few studies indicating that
synchronows expression of EGF and EGF nu:JJIur in
gastric cancer correlites with poor prognosis™=" for
expression of cripte an association with tumour stage and
progoosss has been reported™. However, larger studies
assessing the independent prognostic impact of these
factors in multivarate analysis stll remain to be done.

In intracellular signal transduction, the ras penes (N-ras,
K-ras, H-ras) are assumed to play central roles, 1|1u;iu
also influencing cell proliferation and cell differentiation’
They encade proteins located 1o the inner layer of :cEI
membranes, preferentially mediating signals of tyrosine
Kimage receptors by controlled  guanosine  3'-triphos-
phatase (GTPase) activity”. Mutations of c-ras sites can
eliminate the GTPase potential, leading 1o a permanent
state of activation of the encoded RAS protein”. In
gnstric cancer, ras mutoations have been detected®V 17
and a potential role in prognosis hus been implicated™
However, this remains to be shown in large prognostic
studies.

Of the group of cell-cvele regulators, picl (p33-
regulated inhibitor of cyclin-dependent kinases (CDKs))
and MTS! (encoding pl6 protein) have been shown 1o be
directly involved in cancer genesis™; pic! can be induced
by the wild type of the tumour suppressor gene p53, bul
not by its mutants'™, and leads to direct inhibition of
DNA replication, thereby preventing cells from entering
the 5§ phase'™ Moreover, from experiments on gastric
cancer cell lines pic/ is hypothesized to suppress edk2 and
Gl cyelins™, Thus, mutation of p33 or pic! con lead 10

O 1997 Blackwell Science Ltd, Bratish Journe! of Swgery 1997, 84, 1651 -1664
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Conclusion

Current results strongly sugeest that tumour elassification
in gastric cancer will be extended by variables describing
tumour biology, From the persuasive studies on the uPA
system, pedformed not only in gastric cancer but also on
several other cancer types™™, which all vield similar
results, it can be stated that this tumour-associated
protease sysiem (and especially PAI-1) should be con-
sidered as an established new and independent prognostic
factor in gostric cancer. Tt should therefore be considered

in addition 1o established wmour classifications (defined

sCHILDBERG

by R category, pTNM, wmour localization, quality of
tumour resection and hospital experience ). Moreover. the
authors believe that intensifying attempts to characterize
protease patterns may lead o a more mdividuahized
characterization of the invasive potential of a tumour,

Of the genetic parameters, there is a high probabilicy
that c-erB-2 will become a further new prognostic factor
in gastric cancer. There is also evidence that the growth
factor receptor crpte and the tumour suppressor pS3 may
be shown as new prognostic factors in future studies. Of
the tumour-associated proteases besides the uPA system,
evidence has accumulated for cathepsin D 25 a probable

Fable 2 Ststos of current variables as prognostic factors in gastrie cancer

High (or good)

Established probability of

No relevance

Fotentinl relevance, yvel to or low probability of

rizk factor

becoming relev:

be tested

becoming relevint

Established prognostic
variohles
Patient-relsted Age

Sex

Puttern/duration of symptoms
miorbidity

2 loss, o
ITHLTE S1alis

Adjuvant chemotheripy
[3-FLT, FAM)

Adjuvant radiation therapy
Intraoperatve radiation
thermpy

Treatment-relited Allogeneic or sutologous blood
transfusion

Adjuvant chemotherapy
(FAMTX, EAP)

Meoudjuviant chemothe rmpy

Chemotherapy tn non-rescetable
cancers (FAMTX, EAP, ELF)

Cirading ()

Lymphangiosis corcinomatosa

Blood vessel mfiltration

CEA, CA 19-9, CA 724

CA 125, Stalyl ' Tn antigen

ST-430, AFP

Surgical curabiliy

Chaality of curistive
resection

Huospital level

pTHM
Tumour localization

Lawrén, Ming
WHO classification
Borrmann

Tumour-related

Combination of CA 72+
and CEA

Tumouer markers in serum

Mew functionl
biological varinbles

Tumour-pssocisted uPA sysiem (Cathepsin 1)) MMPs, MT-MMP 2.-Antiplasmin

profeasesiprolsiase (PAd-1) TIMPs Plasminogen
inhikitors Cathepsins B, E, G Angithrombin 111
(MMP-2 in combination with  2.-Macroglobalin 1P

activating lactors or in balance '.'_.-?'LI;1-."!||!'_||r|'I|I|iI'I receplor
with TIMP-2) s-Antichymolrypsin
2-Anlitrypsin, profeass pattems
Onher proteases ke interleukin-
1 enmverting enzyvme )"
{mot discussed in this review)
(CRH4CTS splice varnianis) ICAM, VLA, E-selectin
(E-cadberin)
e B-2ip 1 B3

Adbesion molecules

c-naet {MGEF receplor)

(AL

EGEF and EGFTGE-2 receptor

mel, MTS! | plb)

(Gl ond G2 eyeling

Cyclin-dependent kinases

23, AP

thed-2

Crenetic instabality

Further phenotypic characteristics
of disseminated tumour cells
Perioperative evidence of
diesserinted temour cells in
b murrow

Maolceular parameters

{p33)

Lot}

Minimal residual discase Follow-up course of
disseminated tumour cells
in hone mormow
{CK1IB positive), uPA-R
expression of dissominated
tumour cells

5-FFU, A-fluormouracil; FAM, fuorourncil adriamycin methotrexnte; FAMTX, methotrexate, 5-FU and adramycin; EAP. adriamycin, cisplatin and
etoposide; ELF, etoposide, levcoviarin and 5-FU:; THM, wmour node metastusis; WHO, World Health ﬁr}_!i&l!i:r'.llil.'lrl, CEA, carcinoembryonic
antigen; AFD, a-fetoprotein: wPA, urckinase-type plisminogen activitor; PAL plasminogen activator inhibitor; MMP, matrix metalloproteinase;
MT-MMP, membrune-type matris metalloproteinase; TIMP, tissue inhibitor of metalloproteinases; tPA, tissue-type plasminogen activator
ICAM. intercellular adhesion molecule; VLA, very late antigen; HGF, hepatocyte growth fector; EGE epidermal growth factor; TGF,
transforming growth factor; CRK, evtokernting uPA-R. urokinage-type plisminogen activalor receplor

o 1997
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