The role of tumour markers in ovarian cancer
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Summary: In the present review, the Authors have evaluated the current status of the uti-
lization of the principle tumor markers for ovarian .carcinoma in clinical gynecological practice. The
major difficulty in individualizing a single matke:r is represented by the histological differentiation
of the tumor itself. In fact, whereas for the malignant germ cell tumors, useful markers (AFP,
B-HCG) are already available, for other histological forms, valid markers have been identified only
because of the availability of the monoclonal antibody: CA 125. Even if this marker cannot be
proposed for mass screening, it represents a useful instrument for the diagnosis and monitoring
of ovarian carcinoma. The serum levels are well correlated with the clinical status of the patient and
high concentrations of the marker are strongly indicative of disease progression at the second-look.

Numerous other markers such as NB 70K, IAP, PLAP, CA 15-3 and TAG 72, are actually in
the clinical evaluation phase, for the most part in association with CA 125.
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GENERAL FEATURES

In the last few years biological markers
have taken on an ever more important ro-
le in the diagnosis, prognosis and espe-
cially in the follow-up of ovarian tumours.

Although tumour markers are now used
routinely in clinical practice, it may be
convenient for the purpose of this paper
to mention that markers are defined as
qualitatively and quantitatively detectable
substances having a causal or probabilistic
connection with malignant neoplasms ().

Indirectly, biological markers give si-
gnals indicating the presence and deve-
lopment of a tumour, just as smoke is a
signal of fire even if no fire can be seen,
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but simply because smoke implies fire (%).
Tumour markers are employed in clinical
practice to bring out the differences bet-
ween a normal subject and a patient with
a neoplasm, and often to describe some
differential characteristics of the same
neoplasm as well.

Among the different types of markers
(genetic, cytoplasmatic, metabolic and dif-
ferentiating markers, surface markers),
great interest has been focussed on the
markers circulating in biological fluids.
Such markers can be analyzed in a single
sample and could reveal the existence or
the behaviour of a neoplasm.

Tumour markers have a somewhat
broad definition comprising both a multi-
plicity of substances produced by cancer
cells and a great number of biohumoural
variations secondary to the effects of the
tumour. Moreover, no marker among all
those proposed so far is absolutely speci-
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fic for a given tumour or for a neoplastic
condition in general (1°).

Marker assays yield only a quantitative
determination since their presence can
often be demonstrated even in normal sub-
jects, although at lower levels. Assessing
the efficacy of an assay hinges on the li-
kelihood of categorizing a patient as neo-
plastic according to a discriminating thre-
shold. Since the levels of markers com-
monly observed in the eatly phases of the
disease are low (more extensive forms
actually produce greater amounts of mar-
kers) and there is no perfect correlation
between higher marker levels and the
course of the disease, at present they can-
not be proposed for the eatly diagnosis of
tumours.

This drawback exists even in the case
of gynecological neoplasms where the cli-
nical application of markers has become
remarkably important, particularly for
ovarian tumours. The interest in such tu-
mours can easily be explained considering
that they now have the highest death-rate
among all female genital tumours (}). Fur-
thermore, the treatment of ovarian carci-
noma is a great problem nowadays. Most
of the cases (70%) are diagnosed at an
advanced stage and in spite of the objecti-
ve response obtained in 60-90% of the
cases with the latest chemotherapeutic pro-
tocols, only a very low percentage of pa-
tients reaches a 5-year survival (* 7).

THE FIRST MARKERS

In order to understand the problem of
tumour markers and ovarian tumours, one
should bear in mind that these neoplasms
are widely heterogeneous and that they
differ from one another according to their
histogenesis, epidemiology and natural hi-
story (*).

According to the different histopatholo-
gical entities, ovarian tumours may be di-
vided into (%°):

1) epithelial tumours (92% in all),
which in turn may be serous (42%),
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(179%), endometrioid
(129%) or clear-cell

undifferentiated
(159%), mucinous
forms (6%);
2) germinal tumours (5%);
3) stromal tumours (3%).

Germinal tumours were the first ova-
rian tumours to have effective markers.
In fact, the use of FP (alpha-fetoprotein)
and of HCG (Human Chorionic Gonodo-
tropin subunit) is undoubtedly an extre-
mely effective tool, as with the analogous
testicular forms (¥ ®). Serum assays of
these markers have significantly improved
the staging of tumour development, the-
rapy monitoring and relapse detection (™).

For all the other histopathological ty-
pes, before the advent of monoclonal anti-
bodies, the markers with the best correla-
tion rates were CEA (Carcinoembryonic
Antigen) and TPA (Tissue Polypeptide
Angen). These markers had different fea-
tures according to the different series but
displayed a remarkable and constant lack
of specificity.

CEA is a typical marker for colorectal
carcinoma and was described for the first
time in 1965 by Gold and Freedman (*).
High levels of CEA are present in 30-
50% of ovarian carcinoma cases, especial-
ly in the advanced and mucinous forms
(™). This marker and TPA — a tumour
antigen common to different types of neo-
plasms () — are currently being proposed
for use in association with other markers,
but with no general agreement on the
matter (¥ % ),

CA 125. After Kohler and Milstein (*°)
defined the hybridoma technique in 1975
for the production of monoclonal antibo-
dies, it became easier to detect new mar-
kers in a reproducible way and with no
need to use pure antigens, at least in the
initial phase. Thus, in 1981, Bast (°) iden-
tified CA 125 by using the monoclonal an-
tibody OC 125, obtained by immunizing
BALB/C mice with a human serous cysto-
adenocarcinoma cell line (OVCA 433).



CA 125 is surrently the best marker avai-
lable for epithelial ovarian carcinoma.

The antigenic determinants for CA 125
are associated with mucinlike glycopro-
teines having a molecular weight of >
200 KD expressed by coelomic epithelium
derivatives in the embryo and adult (* ).
Immunofluorescence studies (), using the
OC 125 antibody localized the antigen in
the epithelium of the Fallopian tubes, en-
dometrium, cervix, mesothelial cells such
as pleura, pericardium and peritoneum,
Mullerian epithelium, foetal serosa and in
amniotic fluid.

CA 125 is present on the cell surface of
more than 80% of nonmucinous epithe-
lial ovarian tumours but has not been
found in sections of fetal or adult normal
ovaries (** 7).

Similarly, Bast (7) found serum high le-
vels of CA 125 in about 80% of the pa-
tients with non-mucinous epithelial ova-
rian carcinoma and in only 19 of 888 see-
mingly healthy subjects by using an immu-
noradiometric method (IRMA) and setting
the cut-off at 35 U/ml. CA 125 positi-
vity was also observed in about 6% of
subjects with various benign forms and on
average in 309 of patients with other
non-ovarian neoplasms.

Several other Authors ( have
confirmed these findings and have shown
that the CA 125 levels increase in pre-
gnancy (*), in endometriosis **), acute pan-
creatitis, peritonitis () and in liver cir-
rhosis. In the last group, the increase of
CA 125 is associated not with the liver
disease but with the presence of ascitic
fluid, above all in the cases with infection
of the ascitic fluid (°).

CA 125 levels are correlated to the sta-
ge of ovarian neoplasms with a 50-60%
positivity rate in stages I and II already,
and to the tumour mass.

Canney et al. (') reported elevation of
this marker in 63% of patients with a tu-
mor mass <2 cm, 76% in those between
2-10 cm and 1009% when the mass was
> 10 cm.

1, 27, 46, 74)
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Table 1. — CA 125 serum levels in ovarian can-
cer and percentage of correlation with clinical
course.

CA 125

No.  >330/m Feemameef
Bast (1983) 101 83 (82) 93
Canney (1984) 58 48 (83) 91
Atack (1986) 20 - 88
Kivinen (1986) 166 149 (90) **
Krebs (1986) 45 43 (96) * 95
Landoni (1986) 145 120 (83) 91

Martoni (1986) 49 43 (88) 93
Alvarez (1987) 109 96 (88) 83
Lavin (1987) 31 29 (94) 81
Vergote (1987) 114 98 (86) 92

)

Halila (1988) 365 322 (88 87

(*) = cutoff >25U/ml;
(**) = cut-off >30 U/ml.

Large discrepances exist between the
different Authors (** - 2: ™) about the re-
lationship of CA 125 serum levels and hi-
stology. Generally mucinous carcinoma
() exhibits the lowest levels of the tu-
mour marker, and in this histological ty-
pe it would also be possible to use other
tumour markers such as CA 19-9 or CEA.

Furthermore, as indicated in Table 1
(24349 the values are also very
well correlated (80-1009 of the cases)
with the clinical course of the disease, and
in various cases, CA 125 was able to pre-
dict relapses with a average of 3-5 months
before the clinical finding (! 1 55 %),
Thus, it is a valid tool for the follow-up
of ovarian carcinoma and monitoring the-
rapy too (%% &) while it cannot be
used for mass screening (°).

CA 125 assays have two other impor-
tant clinical applications: in the preope-
rative diagnosis of pelvic masses and be-
fore a surgical second look.

Einhorn (*) reported a 93% positive
predictive value for CA 125 in preopera-
tive diagnoses for malignant forms (cut-
off: 65 U/ml and a 95% negative pre-
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Table 2. — Predictive value (%) of elevated
(>35U/ml) and normal (<35U/ml) CA125
for a positive and negative second look respecti-
vely.

CA 125

No.pts. — (>35 (<35

U/ml) U/ml)
Atack (1986) 17 100 57
Berek (1986) 55 100 56

Krebs (1986) 13 - 54 *
Niloff (1986) 50 94 88
Alvarez (1987) 26 100 50
Lavin (1987) 29 100 59
Zanaboni (1987) 36 94 62
Mogensen (1988) 81 100 64
Podczaski (1989) 45 100 50
Potter (1989) 45 100 54

(*) cut-off = 25 U/ml.

dictive value (cut-off: 35 U/ml). Other
Authors (* 3 # 1) also obtained similar
results by limiting assays to postmenopau-
sal women to avoid false positive results
due to endometriosis, and by performing
both clinical and ultrasonographic exami-
nations as well. It is however, important
to bear always in mind that there exists
a “ grey zone ” ranging between 35 and
65 U/ml, while making a diagnosis of ova-
rian carcinoma.

Therefore, CA 125 serum levels may be
useful as an aid in this case, but it is
necessaty to be cautions in the applica-
tion of this marker for diagnostic purpo-
ses.

With regard to the predictive value of
CA 125 for surgical second looks (Table
2), several Authors (15! % 63 64 78) haye
observed that high CA 125 values ~ espe-
cially above a certain level — are a major
indication for a positive second look; so
much so that they have suggested post-
poning second looks and having patients
undergo chemotherapy directly.

Recently, the Food and Drug Admini-
stration (FDA) has approved the use of
CA 125 as a marker capable of identifying
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neoplastic residua before a second opera-
tion.

However, normal CA 125 values, on the
other hand, should not exclude a positive
second look, especially in cases with small-
size residual masses. In fact, Rubin ef al.
() reported that there was a correlation
between the maximum diameter of the
largest residual tumour mass and the ac-
curacy of the CA 125 level.

OTHER MARKERS

To complete this review on ovarian tu-
mour markers, brief mention must be ma-
de of some other biological markers which

. may be of some clinical use among the

numerous suggested markers (Table 3).

Nowadays they are assayed in combina-
tion with CA 125 to enhance its sensi-
tivity and specificity (> #).

NB/70K is a 70 KD glycoprotein frac-
tion associated with ovarian tumours and
was obtained from the OCA (Ovarian
Cancer Antigen) by Knauf and Urbach (*).
The first findings from a radioimmunoas-
say method with one monoclonal antibo-
dy (NB 12123) seem to show that NB/
70k is an antigen which is not correlated
to CA 125 but quite useful when used in
association with it, both to enhance its

Table 3. — Main tumor markers in ovarian
cancer.
Epithelial ovarian cancer
CA 125 PLAP IAP
TAG 72 PDH TATI
CA 15-3 OCAA LASA
CA 199 OCA Ferritin
CA 50 NB/70K Fibronectin
CEA MOV 2-MOV38 CIC
TPA DUPAN 2 Polyamines
Germ cell ovarian cancer Stromal ovarian cancer
Beta HCG Estrogens
AFP 17-Ketosteroids
SP1




specificity and to monitor some cases with
normal CA 125 levels (¥).

Several substances with immunosup-
pressive activity have been found in the
sera of tumour patients (¥), like the IAP
(Immunosuppressive Acidic Protein). IAP
inhibits in vitro lymphocyte blastation in-
duced by phytohemoagglutinin (PHA).

This glycoprotein can be assayed by
means of radial immunodiffusion and is
an aspecific marker for tumour activity in
general (®). It present high levels in co-
lorectal, ovarian and pancreatic carcino-
mas and is produced by the macrophages
of patients with ovarian and colorectal
carcinomas. When associated with CA
125 it seems to enhance the diagnostic
accuracy of this marker, thanks to its
high sensitivity even in the first stages of
the disease (**).

The Placental Alkaline Phosphatase
(PLAP) is expressed by the syncytiotro-
phoblast of the placenta from the 12th
week of pregnancy. PLAP was one of the
first proteins found to be ectopically pro-
duced by cancer cells and is now esta-
blished as a useful marker for some ge-
nital tumours (i.e. seminomas) (¥).

Almost 509% of the patients with se-
rous adenocarcinomas had elevated circu-
lating levels of PLAP, whereas mucinous
adenocarcinomas had less than 10% ele-
vated serum levels.

Finally, many new markers have been
identified by means of monoclonal antibo-
dies, like CA 15.3, CA 19.9, CA 50, TAG
72, and CA 125 itself. They are merely
epitopes of a carbohydrate nature carried
by big glycoproteic molecules of the mu-
cin family (**).

At first, they were thought to be spe-
cific for a certain type of tumour but were
subsequently found in several other neo-
plasms as well.

Indeed, many finding suggest that the
same mucin may transport many epitopes,
or that several mucins carrying various
epitopes may become aggregated and form
complexes of a greater molecular weight.

The role of tumour markers in ovarian cancer

On-going investigations are assessing
whether the simultaneous rise in two mar-
kers of this type may provide a more spe-
cific test for ovarian cancer than one mar-
ker alone. The most studied markers in
association with CA 125 are TAG 72 and
CA 15.3, for the time being.

TAG 72 (Tumour Associated Glyco-
protein 72) is an antigenic determinant
expressed by a glycoprotein of high mole-
cular weight. It was first described by
Schlom et al. () and can be measured
with a radioimmunoassay using two mo-
noclonal antibodies (cc 49 and B 72.3 (*Y).
It is elevated in ovarian tumours as well
as in tumours of the gastroenteric appa-
ratus and of the lung (?).

CA 15.3 is also assayed by means of a
RIA method with two monoclonal anti-
bodies (115D 8 and DF3)(®* %). It is
currently considered to be the most spe-
cific marker for carcinomas of the breast
but it is also present in patients with car-
cinomas of the ovaries and lungs (* 7).

The use of TAG72 and CA 15.3 in
combination with CA 125 seems to be use-
ful especially in improving CA 125 speci-
ficity, which, according to some prelimi-
nary results, ranges from 84% to 90%
and to 98% (* ™).

CONCLUSION

At present there is not an ideal humo-
ral marker for epithelial ovarian carcino-
ma, although CA 125 represents a useful
tumor matker in the management of the-
se patients. It could be used as an aid to
the diagnosis, as a prognostic factor, in
the follow up and monitoring of therapy,
in the early diagnosis of relapse and in
the evaluation of the need for second-
look surgery. Serial determination of se-
rum CA 125 is a non-aggressive, easy and
inexpensive method for the monitoring of
this disease.

Furthermore CA 125 could be suitable
for other applications: measurement on
ascites, immunohistochemistry on cell
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smears,

administration of radiolabelled

antibody for immunoscintigraphy (*) and
immunotherapy.
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