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Editorial

En cette 125° année de publication du Bulletin de la Société des
Sciences Médicales, une tentative est faite, a titre d’innovation et afin
d’élargir I'audience, d’une publication conjointe avec «Medical Onco-
logy» de Pergamon Press, Oxford, une des plus grandes maisons
d’édition en sciences naturelles.

A l'occasion d'un séminaire qui s'est tenu & Luxembourg en
Novembre 1987, des articles nous ont été soumis sur la maladie
résiduelle en cancérologie, un des concepts les plus importants
actuellement dans ce domaine.

Sur ce, aprés accord du Conseil d’Administration de la Société
des Sciences Médicales et de notre imprimeur, la proposition d'un
numéro commun avec Pergamon Press a été retenu et divers autres
auteurs ont été contacté afin de pouvoir composer un numeéro
cohérant sur un seul sujet, a paraitre en 1989, «Année de I'Europe

contre le cancer».

Le partenaire étant anglosaxon, il a été indispensable de choisir,
ce qui est un phénoméne en généralisation, I'anglais, langue véhicu-
laire Ia plus répandue et commune en sciences naturelles. Il a été
dans les traditions du Bulletin d'étre trilingue et j'espere que nos

lecteurs ne nous tiendront pas rigueur d’un numéro entiérement en
anglais.

En espérant que cette expérience soit pleine de succes, je vous
en souhaite une lecture instructive et agréable.

M. Dicato
Editeur
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The Monitoring of Minimal Residual Disease in Patients
with Malignant Tumors

Peter Reizenstein

Division of Hematology,

Karolinska Hospital,
S-10401 Stockholm, Sweden

© 1988 Pergamon Press pic

INTRODUCTION

The fact that tumor cells frequently remain after treatment is
best illustrated by frequent relapses of tumors after treatment
with surgery, radiation or cytostatics. One illustration is the
recent finding by Rutqvist of an increased incidence of mammary
carcinoma as late as 40 years after the treatment of the initial
tumor. The present purpose is to discuss some of the possibilit-
ies for diagnosis of the presence of minimal volumes of remain-
ing tumor. Oncofoetal tumor markers wil, however, be dis-
cussed only partially, since there is a separate chapter in this
volume dealing with these markers in lung cancer.

It is important to diagnose minimal residual tumors, both to
avoid unnecessary treatment and to avoid omission of that
which is necessary. (See the section on non-specific methods,
below.) Unnecessary adjuvant chemotherapy, for instance, has
probably been given both to premenopausal breast cancer
patients with negative nodes and to postmenopausal patients
(32). Similarly, unnecessary bone marrow transplants may be
given to the 15% of young patients with acute myeloid leukerma
in complete remission who would be long term survivors even
without the marrow transplant. Since the operation mortality is
30-40%, and the average frequency of allogeneic transplants in
the Western world is about 3 per million inhabitants per year,
around 100 young patients are killed per year in Europe and the
U.S.A. by an operation which could have been avoided if minimal
residual leukemia could be clinically demonstrated.

Similarly, it is also important to diagnose minimal residual dis-
ease to avoid errors of omission. For example, microscopic
residual tumors were found at ‘second-look’ laparotomies in 50
of 246 patients with ovarian cancer. Progressive disease was
found in 12 of these patients after 2 years, despite treatment
(25), butin 38 there was no progress.

Post-operative residual colon carcinoma would also be
important to diagnose, since adjuvant chemo-radiotherapy
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could be shown to delay metastasis (37). In
4/13 Burkitts fymphomas with extramedullary
involvement, B-cell colonies could be shown to
grow in marrow cultures, but not in 54 patients
without such involvement (26).

TUMOR-SPECIFIC ANTIGENS

Numerous attempts to identify tumor-
specific antigens on human tumor cells have
been made. The first, and thus best studied
antigen in man, is the so-called common acute
lymphatic leukemia antigen (CALLA), originally
described by Greaves. it is now well estab-
lished that this antigen is specific neither for
acute lymphatic leukemia, nor for acute leuke-
mia, nor for malignant cells (1,2). It has been
found on cells from patients with non-Hodgkin
lymphoma (NHL) and chronic lymphatic leuke-
mia (CLL), as well as in tonsillary tissue from
patients without any malignant disease (Table
1). In acute lymphatic leukemia in complete
remission, CALLA-expressing cells may be
seen to appear in the bone marrow and to dis-
appear spontaneously without any signs of
relapse (Fig. 1). On the other hand, B-cell cul-
tures from acute lymphatic leukemia blood
show more (2-72%) CALLA-positive cells than
those from normal blood (3).

It has also been shown that CALLA positive
cells from acute lymphatic leukemia patients
differ from CALLA positive cells from patients
without leukemia in terms of their differentiation
capabilities (see chapter by Breard et al., this
volume) and it is thus not known whether the
cells seen in complete remission in acute leuke-
mia displaying the CALLA antigen are derived
from normal or leukemic cells. The possible
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Fig 1. Heterogeneity of HLA-2 expression on
cells from patients with acute myeloid leukemia.

normal origin of CALLA-expressing cells
explains why patients with over 2% CALLA
positive cells during remission have no shorter
remission duration than patients with fewer
CALLA positive cells.

Leukemic cells of non-lymphatic origin can
also display a relatively limited number of
CALLA-molecules on their surface (9). It is thus
improbable that the CALLA antigen can be
used to identify remaining malignant cells. it has
not been demonstrated that other tumor-
specific or associated antigens can find imper-
ceptible tumors. Oncofoetal antigens, as men-
tioned above, may constitute an exception
regarding recurrences of tumors.

TABLE 1. Per cent cells binding two monoclonal antibodies from the J5 and Vil Al hypridomgs
against partially different epitopes on non-malignant lymphatic cells, and cellg from patlients with
non-Hodgkin lymphoma (NHL) chronic (CLL) and acute (ALL) lymphatic leukemia

%J5 % Vil A1
pos. cells pos. cells
Non-malignant tonsils 18.63 9.3 P = 0.0001
i P=0.05
NHLandCLL (n= 1 ] 6.7 =0
n=m 1869 (P = 0.006)
ALL(n = 19) 13.9 11.4 P>05




TISSUE-ASSOCIATED AND
DIFFERENTIATION ANTIGENS

Even if leukemia-specific antigens in man
have not been found, itis possible that differen-
tiation or tissue-specific antigens could be of
help. However, the antigen expression on
tumor cells is very heterogeneous. For
instance, HLA-2, which on myeloid cells is a dif-
ferentiation antigen, can be expressed by any-
thing between all or none of the leukemic cells
(Fig. 1,refs. 5,6,7). Itis therefore probable that
this method offers relatively little hope in the
detection of minimal residual tumors when cell-
bound antigens are analyzed.

There are, however, some differentiation or
carcinoembryonic antigens which are liberated
into the serum. The advent of monoclonal anti-
body RIA tests has made the assays relatively
sensitive. Of CA 19-9, a carbohydrate antigen,
about 1.4 units (1.1mg) per ml can be assayed
with a coefficient of variation of 10%
(8,9,10,11). The sensitivity in gastrointestinal
and pancreatic carcinomas varies between 8%
inlocalized colorectal adenocarcinoma to 46%

TABLE 2. Aneuploidy in patients with acute
myeloid leukemia at diagnosis. Flow '
fluometry, acridine orange, 11 patients with
AM

Mean® C.V.
Mouse thymocytes 259 7.8
Normal human WBC 62.8 7.2

749 14.1

Ac. myel. leukemia cells

Correlation coefficient between aneuploidy
excess and in vitro growth (CFUC): +0.948, P

< 0.05.

* Arbitrary fluorescence units.

TABLE 3. Aneuploidy in the boné marrow of

TABLE 4. Tumor markers (for abbreviations
see text), numbers positive in remission,
patients with various tumors

Cut-off value No.
TPA 130U/m! 8/38
10/111
CA19-9 37U/ml 0/22
CA125 65U/ml 5/22
CEA 2.5ng/ml 7/22
CRP 20U/ml 6/38

in advanced colorectal or gastric cancer and
up to 79-91% in pancreatic cancer (13). It has
not been shown that any serum CA 19-9
increase can be found in asymptomatic, small
tumors (11,13,14).

Only 0.4% of healthy blood donors have
values over 37 units/ml, which has led to claims
of specificity of 89.1-99.9% (12). However, in
benign liver disease or among smokers, there
are between 14 and 58% ‘false’ positives.

The concentration of the carcinoembryonic
antigen, CEA, is higher than the 95% contfi-
dence limit in only 23-68% of pancreatic carci-
noma patients, (11,13), in 38% of patients with
ovarian (15,16) and 39% of gastrointestinal
cancer, but also in 17% of patients with benign
gastrointestinal disease (13).

Alpha-foetoprotein, a marker tor liver carci-
noma (16 of 18 cases), is normal in pancreatic
cancer and in most patients with biliary 34 tract
cancer (13).

A monoclonal antibody (OC125) against a
high molecular weight glycoprotein antigen
(CA125), is over 35 U/ml in only 1% of healthy
and 6% of patients with non-malignant disease,
in 29% of patients with gastrointestinal and

patients with acute leukemia ( 16a) at diagnosis and in

remission
i Lymphatic
Myeloid ati
At diagnosis Y Inremission In remission
27% of patients 0 < 10% of patients




breast cancer but in 82% of patients with
ovarian carcinoma (48). It is produced and
released by ovarian carcinoma cells. Increased
values are generally absent in mucinous tumors
of the ovary.

Tissue polypeptide antigen (TPA), possibly a
cytokeratin-tike peptide, is described as less
specific in ovarian carcinoma than CA 125 (45).
CA125 is low (under 25 U/ml) in all remission
patients, however, (46) whereas TPA is at least
sometimes (10/111 patients) positive (over
130U/1., refs. 45,47), despite the fact that TPA
has been claimed to be present in cells mainly
during the S and mitosis phases. *

Most papers dealing with embryonic anti-
gens strive to demonstrate disease pro-
gression. Here, the purpose is to discuss mini-
mal residual tumors, i.e. those remaining after,
e.g. an operation of ovarian carcinoma. Table
4 suggests that, in this particular respect TPA,
CA125 and CEA are more sensitive than
CA19-9. However, definitions of remission
vary and no proper follow-up has been made of
the patients who did have and those who did
not have elevated values in one of these
results.

TUMOR MARKERS OTHER THAN
ANTIGENS: TERMINAL TRANSFERASE,
ONCOGEN EXPRESSION,
ANEUPLOIDY, MALIGNANT
CLONOGENIC CELLS

Tumor markers other than antigens could
also be useful in the diagnosis of minimal
residual disease. Terminal deoxynucleotidyl
transferase (TdT) has been studied in acute
lymphatic leukemia by Buchanan (17). He
found less than 2% TdT positive cells in normal
bone marrow and between 2 and 4% in the
marrow from leukemia patients in complete
remission. In the peripheral blood, he found
0.04% in healthy subjects. All three patients
with over 0.11% TdT-bearing cells in the blood
relapsed, but none of the eight patients with
less than 0.11%. Hetherington (18) could pre-
dict 4/6 marrow relapses by demonstrating
TdT-positive ceils (0. 12-0.22% in blood).

* By Dr Fischer, Sales and Marketing Manager,
AB Sangtec Medical ( 1985).
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Van Dongen (19) tried to improve the sensi-
tivity of the TdT method to diagnose minimal
residual disease by combining it with a mon-
oclonal antibody called WT 1. Phenotypes con-
taining terminal transferase alone were foundin -
0.5-10% of complete remission marrows from
patients with acute lymphatic leukemia, but in
only 0.01-0.12% of cells in combination with
WT1 antigens (9). This method thus holds
some promise for future diagnoses of minimal
residual disease in acute lymphatic leukemia.

Another interesting approach has also been
tried by van Dongen, who looked for activated
oncogens in the bone marrow from patients
with acute myeloid (AML) and lymphatic (ALL)
leukemia in complete remission. He found c-fes
transcribed RNA in 7% of AML-cells but in no
ALL-cells (19). Similarly, EBV-DNA has been
demonstrated with cloned probes (20).

The aneuploidy of malignant, particularly
highly malignant cells has also been studied. In
acute manifest myeloid leukemia bone marrow,
a higher coefficient of variation of the cellular
DNA content has been found (Table 2), but in
complete remission, Barlogie (21) did not find
any bone marrow cell aneuploidy. It is, how-
ever, possible for flow cytometry to detect as
little as 0.02% of aneuploid cells in blood and
0.005% in effusions (22).

Sometimes malignant clonogenic cells can
be cultured or found. There are over 20 T-ce||
cultures per 100 000 blood mononuclear cells
in patients with T-cell lymphomas that wij
relapse, but fewer in those not relapsing and
none in B-cell ymphomas (4). Alack of Y-chro-
mosomes is found in some myeloid leukemig
cells, but in complete remission there may stil
be 6-39% Y-negative metaphases.

SENSITIVITY OF THE SAMPLING
TECHNIQUE

At the time of diagnosis, the estimated ley-
kemic cell number is 1000 billion, at the time of
complete remission, it is assumed to be 1-10
billion.

Even if we assume that we have a perfect
marker, absent on all non-neoplastic cells and
present on all neoplastic ones, the sensitivity of
a marrow sample in detection of residual tumor
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Fig. 2. Percentage of CALLA-positive (O) cells and of lymphoblasts (X) in the bone marrow ofagirl
in complete remission 5 years after the treatment of acute lymphatic leukemia. Despite abstention
from treatment, there was spontaneous regression and no relapse.

would be very limited. There is a relatively limi-
ted number (according to van Bekkum 50
million) of bone marrow cells in an ordinary
bone marrow biopsy or aspiration. Since one
leukemic cell in a sample of 50 million corre-
sponds to 20 000 leukemic cells in the entire
1000 billion marrow cells, this is the sensitivity
limit or the number of malignant cells which,
even with a perfect marker, would escape
detection (24).

The detection limit using the fluorescence-
activated cell sorter (FACS) has been reported
to be about 2%, and that using a fluorescence
microscope to be 0.01% (19). Modern cell sor-
ters seem to have lower threshold and a better

sensitivity, however.

NON-SPECIFIC METHODS

Methods based on markers bound to tumor
cells, or on ploidy, or on oncogen transcriptipn
or amplification can be used only when thg site
of possible metastases is known, sO that tissue
samples from this site can be obtained an_d
studied. This, unfortunately, is rarely the casein
solid tumors, and therefore the present d.IS-
cussion of the non-specific response, which
can be seen evenif the tumnor site is unknown,

may be important.

THE NON-SPECIFIC BIOLOGICAL
RESPONSE TO TUMORS

Signs and symptoms of the biological
response can perhaps become useful if alter-
native causes for increases in acute phase
reactants, or disturbances of nutritional or con-
ventional immunity are excluded (23).

ACUTE PHASE REACTANTS

The erythrocyte sedimentation rate has
been shown by Haybittle to be a statistically sig-
nificant prognostic predictor in Hodgkin's dis-
ease in stages la to lla, in contrast to the much
more traumatic restaging laparotomy (27). The
ESR is not a good prognostic indicator, on the
other hand, in non-Hodgkin lymphoma (30).

The erythrocyte sedimentation rate 1 month
after achieving complete remission in acute
myeloid leukemia is also a significant predictor.
Eleven of 17 patients with less than 40 mm per
hour had a remission lasting over 8 months, in
contrast to none of the 54 patients with a higher
sedimentationrate (41).

Simitarly, patients with cervical carcinoma
which were found 5 years later to have
relapsed had, 1 year after radiotherapy, a
mean erythrocyte sedimentation rate of 31 mm

9




cause a relapse is that between 1 cell and 1
million cells (between 1 pg and 1 mg of tumor
tissue) would suffice. These figures are too low,
since pretransplant cytoreduction probably
does not eliminate all tumor cells, but is
assisted by the graft versus leukemia effect,
and since the doubling time may become
longer as the tumor mass increases. Neverthe-
less, possibilities for detection of such amounts
by direct and specific methods, for instance
with the help of tumor specific monoclonal anti-
bodies or with DNA probes, are here sug-
gested to be less promising than those using
indirect and nonspecific methods reflecting the
biological response to tumors.
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Abstract

The lipid-associated sialic acid (LASA) level in serum was
increased in 663 out of 794 patients (83.5%) of which 55.1%
were CEA negative. Theré were 16.5% LASA (possibly false)
negative, CEA positive patients. There were 24.1% false posi-
tives in 116 patients without malignant tumors. In manifest pros-
tatic carcinoma 94.2% of the LASA values but only 36.5% of the
prostatic acid phosphatase values were increased. Similarly, in
breast and pulmonary carcinoma, LASA was more sensitive
than CEA. In 499 patients with minimal residual disease, 203
(41.5%) were LASA-negative, of which 180 were CEA-negative.

Out of 180 LASA positive patients, 70 have relapsed, as have
70 out of 219 patients with increases in both LASA and CEA.

The sensitivity of LASA (87%) in lymphoma was higher than
that of the erythrocyte sedimentation rate (53.3%), of C-reactive
protein (51.2%), serum copper (64.7%) and of six other
markers.

INTRODUCTION

The use of biological markers in lung cancer and gynecologi-
cal tumors has been described in this volume by Karrer. The car-
cinoembryonic antigen (CEA) is relatively insensitive, positive
only in 49-78% of patients with gastro-intestinal cancer.
Although it is not specific for malignant tumors, it is frequently
used for post-operative monitoring.

Lipid-associated sialic acid (LASA), first described by Kato-
podis and Stock, is found in high concentration in malignant cells
and their membranes. Recent methods used in determining
serum concentrations of LASA have shown increased levels.
Since claims have been made for in some tumors of a sensitivity
approaching 99% and as specificity approaching 94%, the pre-
sent study was performed in an attempt to study the sensitivity
and the specificity of this test.
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This study compares the serum LASA values
to the CEA for carcinomas of the breast, lung,
head and neck, as well as for soft tissue sar-
comas and melanoma. The results in prostatic
carcinoma were compared to CEA and to the
serum level of the prostatic acid phosphatases
(PAP). In malignant lymphomas, the serum
LASA levels were comparedto 8-2 microglobu-
lin, the erythrocyte sedimentation rate, ferritin,
serum copper, fibrinogen, LDH, coeruloplas-
min, alkaline phosphatase and C-reactive pro-
tein(1,2).

The biochemical alterations of plasma mem-
brane gangliosides ( siaIo-glyco-sphingo-lipids)
in tumors have been well documented. Striking
modifications of the molecular composition of
these acidic glycolipids occur during transform-
ation of mammalian cells in culture by oncog-
enic DNA viruses (3), by chemical carcinogens
or by radiation (4). It has also been shown that
gangliosides are involved in cellular interac-
tions (5) and in tumorigenesis (6-8). Along with
other glycolipids and glycoproteins, they have
been implicated as specific membrane recep-
tors (9). It has also been suggested that cell
surface sialic acid may be correlated with tumor
metastasis (10).

Special attention has been focussed on the
changes of ganglioside composition and the
level of their common building block, N-acetyl
neuraminic acid (sialic acid) in transformed
celis. Thus, gangliosides, shed along with other
membrane components, emerge as potential
tumor markers. The levels of ganglioside-
bound sialic acid have been studied extensively
in tumor-bearing animals (11-15) as well as in
humans (16,17).

Gangliosides and cancer

High density lipoproteins (HDL) are
increased in tumor patients and normalised
after surgical treatment. Relatively intensive
attempts at characterisation have resulted in
the identification, first of a proteo-lipid, later
called a neo-proteo-lipid, and finally of sialo-
gangliosides also found in cell membranes. For
this reason, attempts to estimate sialic acid in
the serum of patients with malignant disease
were performed, They were successful, and a
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correlation was finaily established between the
Serum concentration of LASA and the tumor
mass.

MATERIALS AND METHODS

The malignant cell membranes contain
mono- and disialogangliosides, which may
sometimes include abnormal gangliosides or
non-ganglioside glycolipids.

The LASA determination

Initial  determination methods, including
extraction, dialysis, thin layer chromatography
and regular chromatography, were too labori-
ous for clinical use. These early methods were
simplified by measuring the total gangliosides.
In this way the volume of the serum sample
could be reduced and a rapid test was
developed. A number of studies have con-
firmed the value of this rapid test as a biological
marker of malignancy.

LASA was determined in EDTA vacutainer
tubes after centrifugation, dilution at 0° C, meth-
anol and chloroform extraction, centrifugation,
phosphotungstic acid precipitation, centrifug-
ation, colouring with resorcinol and spectopho-
tometry at 580nm ( 18).

The LASA was expressed in mg/dl and
values of more than 17.1mi/dl were con-
sidered above the upper limit of the normal
range.

PATIENTS

The study included 1547 patients, of which
1283 had solid tumors, 148 malignant lym-
phomas and 116 control patients without
malignant tumors.

The histologic type, anatomical origin, sub-
groups of the tumors and the clinical condition
of the patients has been described elsewhere
(1,2).

RESULTS

Of the 1283 patients having solid tumors,
794 were studied in the clinically perceptible
phase of their disease and 489 were studied in
the stage of minimal residual disease.



Of the 794 clinicaily perceptible solid tumors,
663 (or 83.5%) were LASA positive, of whichno
less than 438 (or 55.1%) were CEA negative.
On the other hand, of 131 (or 16.5%) LASA
negative patients 62 (or 87.3%) were CEA
positive. Although the CEAinthese latter cases
could have been caused by inflammatory or
other factors apart from the tumor itself, it
seems prudent toregard the 62 cases as false-
negative.

it has to be emphasized that while the sensi-
tivity of the LASA test in the entire case-mix of
clinically perceptible solid tumors was 83.5%, it
achieved 94.2% in prostatic carcinoma and
89% in patients bearing squamous cell carci-
nomas of different origin such as lung, cervix,
vagina, skin, oesophagus or larynx.

In prostatic carcinoma the serum levels of
LASA, CEA and PAP (prostatic acid phospha-
tase) were studied. Fifty-two studies were per-
formed using 23 patients; 25% of the CEA-
tests, 36.5% of PAP and 94.2% of LASA were
positive. The LASA serum level seems tobea
good tool for monitoring the treatment of these
patients.

In 306 patients with breast carcinoma,
84.8% of the LASA tests were positive as com-
pared to 44.7% for CEA. When both tests were
considered simultaneously, 88.8% of the
patients had one of the two positive. Of the pri-
mary tumors, prior to operation 65.3% were
LASA positive, as compared to 16.4% CEA
positive.

In patients with pulmonary metastases, in
contrast, 85.7% were LASA positive and only
14.3% CEA positive, and in patients with
cutaneous or lymph node metastases, 87%
were LASA positive as comparedto only 12.5%
CEA positive. This suggests that LASA is a
more sensitive tumor marker than CEA.

Minimal resldual tumors

Of 489 minimal residual imperceptible
tumors, 286 (or 58.5%) were LASA negative, of
which 270 were at the same time CEA negative
and 16 CEA positive.

Altogether 203 (or 41.5%) of these tumors
were LASA positive, of which 180 were CEA
negative and 23 CEA positive.

Among the 23 cases having both the CEA
andLASA positive, 14 have already relapsed or
metastasized and among the 16 LASA nega-
tive but CEA positive cases, 5 have also
relapsed or metastasized.

Among the 180 LASA positive but CEA nega-
tive cases, 51 (or 28.3%) have relapsed or
metastasized. Most of these patients have
breast cancer.

This suggests that among the 219 patients
having only one of the two markers at a patho-
logical level (203 LASA + CEA and 16 CEA +
LASA) 70 presented early relapses or
metastases.

Malignant iymphoma

The study included 148 patients with malig-
nant lymphoma. For both Hodgkin and non-
Hodgkin lymphomas, the serum LASA was
found at pathologic levelsin 87% of casesin the
perceptible phase of the disease.

The value of LASA as a biological tumor
marker was compared to that of 10 others: B-2
microglobulin, erythrocyte sedimentation rate,
fibrinogen, ferritin, haptoglobin, C-reactive pro-
tein, serum copper, alkaline phosphatases,
coeruloplasmin and LDH.

For LASA, 87% of samples were positive, as
compared to 53.3% of sedimentation rates,
51.2% of C-reactive proteins and 64.7% of the
serum coppers. These four were the most sen-
sitive of the ten mentioned above.

Patients without malignant tumors

The study includes 116 patients without
malignant disease (control patients). In this
group, 88 patients out of 116 (75.9%) had a
serum level less than 17.14g/mi, which is the
upper normal limit value. In the 1 16 patients, we
found 28 (24. 1%) false positives.

Among 85 patients with apparently benign
fibrocystic disease of the breast, 21.2% (18/
45 cases) were LASA positive. In two of these
patients breast cancer was discovered about 1
year later.

REFERENCES

1. GINSBOURGM., MUSSET M., MISSET J.L.
and MATHE G.. Relationship between

19



proliferative activity of bone marrow mic-
rometastasis and plasmatic level of a new
cancer marker: lipid associated sialic acid
(LASA) in human breast cancer. Biomed.
Pharmacother. 40, 388-391, 1986.

2. MUSSET M.: Paper given to International
Congress Tumor Markers, Naples, Sep-
tember 1987.

3. BRADY R.O. and FISHMAN P.H.: Mem-
branes of transformed mammalian cells,
in FOX C.F. (ed.): Biochemistry of Cell
Walls and Membranes, vo!. 2, pp. 61-96.
MTP Int. Rev. Sci. Biochem. Serie 1, Lon-
don, University Park Press; Baltimore, But-
terworth, 1975.

4. COLEMAN P.L., FISHMAN P.H., BRADY
R.O. and TODARO G.J.: Altered gangiio-
side biosynthesis in mouse cell cultures
following transformation with chemical
carcinogens and X-irradiation. J. biol.
Chem. 250, 55-60, 1975.

5. ROSEMAN S.: Synthesis of complex
carbohydrates by multiglycosyl transfer-
ase systems and their potential functionin
intercellular adhesion. Chem., Phys. Lipids
5,270-297, 1970.

6. BRADYR.O.,MORAP.T., KOLODNY E.H.
and BOREK C.: Ganglioside metabolismin
virally  transformed and chemically
induced hepatoma cell lines. Fedn, Proc.
Fedn Am. Soc. exp. Biol. 29, 410-417,
1970.

7. CUMAR F.A., BRADY R.O., KOLODNY
E.H., MCFARLAND V.W. and MORAP.T.
Enzymic block in the synthesis of gan-
gliosides in DNA virus transformed tumo-
rogenic mouse cell lines. Proc. natn.
Acad. Sci.US.A. 67, 757-764, 1970.

8. HAKOMOR! S.I. and MUROKAMI W.T.:
Glycolipids ot namster fibroblasts and
derived malignant-transformed cell fines.
Proc. natn. Acad. Sci. U.S A, 59, 254-261,
1968.

9. CUATRECASESP.: Membrane receptors.
Ann. Rev. Biochem. 43, 169-214, 1947.

20

10.

11.

12.

13.

14,

15.

17.

18.

YOGEESWARAM G. and SALK P.L:
Metastatic potential is positively corre-
lated with cell surface syalization of cul-
tured murine tumor cell lines. Science 21 2,
1514-1516, 1981,

KLOPPEL T.M., FRANZ C.P. and MORRE
D.J.: Serum sialic acid levels increased in
tumor bearing dogs. Am. J. Vet. Res. 39,
1377-1380, 1978,

KLOPPEL TM.,, RICHARDSON R.C.,
TRAVERD.S. and MORRE D.J.: Serum lip-
id-associated sialic acid values of horses
with neoplasm. Am. J. Vet. Res. 42, 1829-
1830, 1981.

LENGLE E.E.: Increased levels of lipid-
bound sialic acid in thymic lymphocytes
and plasma from leukemic AkR/J mice. J.
natn. Cancer Inst. 62, 1565-1567, 1979.

MORRE D.J., KLOPPEL TM., MERRITT
W.D. and KEENAN T.W.: Glycolipids as
indicators of tumorigenesis. J. Supramol.
Struc. 9, 157-177, 1978.

SKIPSKI V.P., KATOPODIS N., PRENDER-
GAST J.S. and STOCK C.C.: Gangliosides
in blood serum of normal rats and Morris
hepatoma 5123 fc-bearing rats. Biochem.
biophys. Res. Commun. 67, 1122-1127,
1975.

DMISTRIAN AM., SCHWARTZ MK,
KATOPODIS N., FRACCHIA AA. and
STOCK C.C.: Serum lipid-bound sialic
acid as a marker in breast cancer. Cancer
50, 1815-1819, 1982.

PORTOUKALIAN J., ZWINGLESTEIN G,
ABDUL-MALAK N. and DORE J.F.: Alter-
ations of gangliosides in plasma and red
cells of human bearing melanoma tumors,
Biochem. biophys. Res. Commun. 85,
916-920, 1978.

KATOPODIS N., HIRSHAUT Y., GELLER
N.L. and STOCK C.C.: Lipid associated
sialic and test for the detection of human
cancer. Cancer Res. 52, 5270, 1982.



N

)
b3
<
w
>
@
w
Q
<
b3

SYSTEMES MEDICAUX

Avant de vouloir aider quelqu’un, il
faut étre sor de ne pas lui nuire.

Si, & qualité égale, vous pouvez
visualiser I'intérieur du corps humain
en limitant I’emploi des rayons X, cela
vaut mieux pour la santé du patient.

Tout en améliorant continuellement les
appareils a rayons X, Philips pousse le
développement d’alternatives. Le
diagnostic & ultrasons a été un premier
pas, l’imagerie par résonance
magnétique le pas suivant dans le
développement de techniques de
diagnostic encore plus sires pour
le patient.

PROFESSIONAL SYSTEMS
4, rue des Joncs Z.1. Howald - Tél: 49 61 11

PHILIPS

PHILIPS




Zusammensetzung: Gel10g(1Beu 8

; gl tg‘,{fré':r?:e{" BU“”O"”PhOSphOIO,OOQ g, Aluminiumhydroxid-Gel(12,5%, berechnet als Al203) 3,48 g, Calciumcark,
0,3 g. Indikationen: Krampf- und SdUr-eschmo mphosphot 0,002 g, Aluminiumhydroxid-Trockengel (50%, berechnet als Al203) 0,2 g, CO'Ciumcorboh:
durch Digtfehler und Medikamente. Kontrqj ec;.zkenAbel Gastritis, Duodenitis, Ulcus ventriculi et duodeni, Vsllegefihl, Sodbrennen, MOQEHbeschwerde
des Magen-Darm-Kanals, Tochyarrth"’“em Engwinkelglaukom, Prostataadenom mit Restharnbildung, mechanische Stenosen im Berei
Akkomodationsstérungen, Glaukomouslase' egacolon, Nebenwirkungen: Mundtrockenheit, Abnahme der SchweuBfi‘rusensekrerion, Hautrétun,
Chinidin oder trizyklischen Antidepressivg lt:ng, Tthyk.ord"e: Miktionsbeschwerden. Wechselwirkungen: Bei gleichzeitiger Gobe_ von Amontadj,
Nohrungsbestandteilen und Arzneimitteln (Of?n die erkUng von Butinolinphosphat verstarkt sein. Das Praparat kann die Re_sorpl_lon von wichtig e
Nierenfunktionsstorungenist eine hochdosiert ISDen-hqlnge; Tetrazykline: Chenodesoxycholséure-haltige) beeintréachtigen. H'LEIS?: Bei schwerg
bei bestimmungsgemdfiem Gebrauch das Rer i', auveranwendung, iber 6 Beutel bzw. 12 Tabletten proTag, zu vermeiden. Dieses Arzneimitte| kannau
Bedienen von Maschinen beeintréchtigt wi,-dODlonSYeljmc'igen soweit veréndern, daf3 die Fahigkeit zur aktivenTeilnahme am StraBenverkehr oder zy,..
Séure- undd Mﬁ\genbischv}v‘erden 3mal ’dglic.h ]'825 %;lf |r;verst6rktem MaBe im Zusammenwirken mit Alkohol. Dosierung und Art der.AﬂWendung‘: Be

ftretenden Magenbeschwer ’ unden ; —r

> : den den Inhalh eines Einzelbeutels einnehmen bzw. 1-2 Tabletten zerkauen und mit o

Darreichungsformen und Packungsgréfien. .
grofien: Packung mit 20 Einzelbeuteln Gel, Packung mit 50 Einzelbeuteln Gel,

Packung mit 20 Tabletten, Packung mit 50 T,
HEUMANN PHARMA GMBH & CO'" b.g560 ':3%%%5?.%2‘;“"9 mit 100 Tabletten.

Litterature et échantillons: Comptoir Pharmaceut;
utique Luxembo, i
urgeois S.A., Luxembourg

Stand: Januar 1986

HEUMAN
PHARMAN




Diagnostic and Prognostic Importance of Tumor

Markersin Lung Cancer
E. Ulsperger and INTRODUCTION
K.Karrer

Institute for Epidemliology of
Neoplasms of the University of
Vienna, Borschkegasse 8a,
A-1090 Vienna, Austria

© 1988 Pergamon Press pic

There is an accumulating body of evidence that patients wity
cancer have anincreased incidence of elevated levels of factorg
in their blood which are associated with tumor disease. We have
long sought to define those specific substances which can be
used to diagnose or assistin the diagnosis of malignant tumors.

‘“Tumor markers' refers to substances found in blood or i
other bodily fluids (urine, ascites, pleura, cerebrospinal fluig
etc.), as well as on the surface of malignant cells. They can bé
classified as Table 1and characterized asin Table 2 (1).

These markers are produced or induced by tumor cells ang
they are associated with malignant tumors more than any other
laboratory measurements.

Many investigations into this subject have made available a
great number of tumor-derived products inlung cancer patients,
but the ideal tumor marker, defined by the characteristics given
in Table 2, has not yet been found.

At present, only surgery is of major prognostic importance in
the treatment of non-small cell lung cancer and—according to
the Viennese Medical School—also for small cell lung cancer at
the early stages (2). Accordingly, the main role of markers in
these patients would be to distinguish between operable and
inoperable patients and to detect and predict residual disease
postoperatively, as well as relapsing tumor or metastases.

Conversely, patients with advanced small cell lung cancer are
more often treated primarily with chemotherapy. In these
patients it would be of considerable interest to have markers
indicating the tumor load and response to treatment.

THE ONCOFOETAL ANTIGEN CEA

Gold and Freedmans' description of the carcinoembryonic
antigen (CEA) in 1965, thought to be specific only for colonic
cancer, was the beginning of modern tumor marker research
(3). The glycoprotein CEA shows a molecular weight of 180 000
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TABLE 1. Classification of human tumor markers in lung cancer

Hormones
Adrenocorticotropin (ACTH)
Antidiuretic hormone (ADH)
Calcitonin
B-endorphine
Gastrin
Glucagon
Growth hormone
Insulin
Lactate dehydrogenase
Lipotropophic hormone (LPH)
Melanocyte-stimulating hormone (MSH)
Oxytocin
Parathormone
Prostaglandin
Secrtein

Oncofoetal antigens
Carcinoembryonic antigen (CEA)
Tissue polypeptide antigen (TPA)

Enzymes
Fucosyl transferase
Lactic dehydrogenase
Neuron specific enolase (NSE)
Sialyl transferase

Proteins
a,-acid glycoprotein
Bombesin
B,-microglobulin
Ferritin
Pregnancy-associated macroglobulin (PAM)

Immunoglobulines
IgG
IgA
IgM

Others
Zinc

and contains a carbohydrate consisting of N-
acetyl glucosamin, mannose, galactose,
fucose and siliac acid (4).

Following its description by Lo Gerfo, who
first detected CEA in the sera of lung cancer
patients, CEA is now clinically applied, but its
use is equivocal and it has been found that this
marker is associated with many different neo-
plasms as well as non-neoplastic disease
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(5.6). For example, patients with chronic bron-
chitis, cor pulmonale, pulmonary tuberculosis
and heavy smokers show elevated levels,
while, on the other hand, a trial detected normal
CEA values (2.5 ng/ml) in about 40% of
patients with a lung tumor (7,8).

CEA measurement correlates with the
degree of progress and the prognosis, as
highly elevated CEA values are associated with



TABLE 2. Characteristics of an ideal tumor marker

Produced only by the tumor cell.
Detectable in bodily fluids (blood, urine).

®NO O s®N

Identification of tumor cell type.

No level in benign diseases or healthy persons.

Detactable levels in early diseases for screening.

Correlation between marker level and tumor bulk.

A present malignant disease, clinically not evident, is indicated by the marker.
Correlation between marker level and effect of antineo-plastic treatment.

‘bad’ prognosis and can be of clinical import-
ance as an additional clinical estimation to
determine survival, particularly for patients with
extrathoracic disease. It was found by investi-
gators that patients with preoperative CEA
levels of 6 ng/ml or less survived longer—
more than 3 years—than patients with levels in
excess of 6 ng/ml. Also the double CEA deter-
mination measuring bronchial and serum CEA
levels, offers a discriminative value between
the primary or metastatic nature of malignant
disease. Laurence even showed that CEA
levels related to the stage of the tumor (9- 12).

A number of authors have tried to make CEA
investigations more attractive by combined
determinations. Dent foundin his analysis of the
correlation of CEA and C1lg-binding activity
(C1g-BA), that patients with an elevation of
CEA and C1q-BA during theimmediate postop-
erative period show significantly shorter sur-
vival times. It appears that the CEA estimation
has the best predictive value, but the addition of
C19-BA measurements may provide additional
prognostic information, particularly in patients
who do not have elevated CEA levels (13).

orrelation between the his-
tological tumor type and CEA measurg(nentS,
several investigators have found significantly
elevated CEA levels in adenocarcinoma and
small cell carcinoma of the lung (14-17).

etreatment levels indi-
e, often referring to
lues, greater than 5
s at response to
when resistance to

Intryingtofindac

Severely elevated pr
cate an advanced diseas
liver metastases. CEA va
ng/ml, show falling Igve
chemotherapy, and a risé

chemotherapy develops. This good correlation
of marker value and treatment is not percep-
tible in patients with pretreatment levels below
5 ng/ml. But the prognosis for these patients is
much better. In some cases CEA measurement
is able to predict a relapse (3,18,19).

THE ENZYME NSE

Neuron-specific enolase (NSE) is the
neuronal form of interzytoplasmatic glycolytic
enzyme enolase which was first found in
extracts of brain tissue and later in neuroendo-
crine cells and neuroendocrine tumors includ-
ing SCCL. In contrast, NSE has not been dem-
onstrated in non-endocrine tumors (20).

It is thought that small cell carcinoma of the
tung is of neuroendocrinic origin. NSE is elev-
ated on average in only 14% of patients with
non-SCCL (5,6) Conversely, NSE has been
found to be elevated in 65% of SCCL patients
(Table 3) (21-28).

Serum NSE levels change in parallel with the
clinical course during therapy. Using serial NSE
determination, Johnson foundin 80% (40 out of
50 patients) that NSE levels fell on the patients®
response to treatment, and increased in five
out of seven with the progression of the dis-
ease, and increased in 30 out of 35 (85%) of
patients who relapsed. It is suggested that the
serum NSE may be a useful marker for monitor-
ing the clinical course in lung tumor patients
especiallyin SCCL. !

Johnson found in 30 out ot 35 (85%) patients
who relapsed an elevated marker level (>2q
ng/ml) and in 15 out of 23 patients a persistent
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TABLE 3. Percentage of neuron-specific enolase elevationin SCCL

Limited % Extensive % Level Reference
15/38 39 49/65 87 >12ng/ml 21
23/39 59 42/54 83 >20ng/ml 22
34/48 72 54/55 98 >25ng/ml 23
6/13 46 24/97 89 >7.5ng/ml 24,25
6/16 38 22/97 79 >16ng/ml 26
25/38 68 34/39 87 >13ng/ml 27

use occurred as many as 12 weeks before the
clinically detectable reaction (22).

There is good reason to start retreatment if
rising values of serial NSE measurements indi-
cate arelapse (22,29).

NSE seems to be related both to the pres-
ence of parenchymal metastases and menin-
geal metastases. Plasma NSE has in one series
been found to be related to CNS metastasesin
patients also suffering from other types of lung
cancer (30). This could point to the possible
use of NSE in the management of intracranial
metastases in patients with histological types
other than SCCL. In non-SCCL the tumor does
not produce NSE, and an elevated plasma NSE
concentration must be due to NSE coming from
braintissue. In SCCL patientsit could, however,
come from tumor tissue elsewhere in the body.

HORMONES

Calcitonin

Calcitoninas a marker for bronchogenic car-
cinoma was described by Gropp. In 45% of
patients with SCCL and 17% of squamous cell
carcinoma significantly elevated calcitonin
levels (>180 pg/ml) were found. They could
not detect any correlation between the calci-
tonin level and the degree of spread of the dis-
ease, but, during cytostatic treatment, a corre-
lation between hormonal levels and the clinical
course of the disease was observed.
Response to therapy led to an equivalent fall in
serum calcitonin for 1-2 months (31).

The frequency of elevated serum calcitonin
before treatment has been determined in sev-
eral studies (32-39).

The concentration of serum calcitonin was
found to be elevated in around 60% of 475
patients. The incidence varies from 25% to
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TABLE 4. Incidence of elevated serum calci-
toninin untreated patients with SCCL

No. of
% patients Reference
70 70 32
51 54 33
64 74 34
56 135 35
75 28 36
25 40 37
76 24 38
26 50 39

76%, which may be explained by random error,
patient selection and the assays used (Table
4). Elevated concentrations of calcitonin are
rare in other types of lung cancer (35,36).

ACTH

Compared to calcitonin, adrenocortic-
otrophic hormone (ACTH) concentrations
were elevated on average in only 27% of 252
patients with SCCL. The majority of cases,
shown in Table 5, had only slightly elevated
values, butin the other histological types of lung
carcinoma no elevated concentrations were
found (34,40-44).

In a further investigation, 18 hormonal poly-
peptides and  amino-metabolites ~ were
measured in SCCL. In 65% of all patients, elev-
ated serum calcitonin and in 29% elevated
plasma ACTH were found. Serial measure-
ments of ACTH and calcitonin showed that
these hormones might additionally be useful in
monitoring therapy in bronchogenic carcinoma
patients. No relation between hormone levels
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TABLE 5. Incidence of elevated plasma con-
centrations of ACTH in untreated patients with

SCCL
No. of
% patients Reference
29 75 34
18 50 39
30 50 41
24 63 42
25 32 43

and the clinical stage of the disease could be
proved (34,41).

It has been proposed that SCCL patients
with ectopic hormone production were more
inclined to develop metastases (45). This
hypothesis was examined in 104 patients,
measuring plasma ACTH, and in 86 patients
measuring (inappropriate) ADH secretion for
SIADH diagnosis. After 5 years observation no
significant difference in the propensity to
develop CNS metastases has been detected
between patients with and without increased
plasma levels of the hormones (15).

Anumber of other peptides have been inves-
tigated. None of these appear to contribute sig-
nificantly to the clinical value of hormones in
patients with SCCL (34,46-48).

ADH

About 20 years ago an association between
endocrine syndrome and SCCL was docu-
mented. This tumor is able to produce ACTH as
well as anti-diuretic hormone (ADH). Ectopic
ADH secretion may be clinically manifested as
inappropriate ADH secretion (SIADH). It can be
demonstrated in about 8% of patients with
SCCL (49,50).

The relation between ACTH syndrome and
SIADH to SCCL is worth discussing, but the fre-
quency is low in a series of patients (Table 7)
(45,51-56).

The interpretation of the results for individual
patients is difficult, and it should be mentioned
that SIADH may occur in several non-malignant
disorders, some of which may be secondary to
the malignant disease.

Therefore, ACTH and ADH seem not to be
useful parameters in monitoring therapy or pre-
dicting relapse.

THE PROTEIN 8-2-MICROGLOBULIN

Hsligren measured B-2-microglobulin (82-
m) in 467 patients with mainly suspected pul-
monary matignancy and found that patients
who had low circulating levels of 82-m at
remission (less than 1.5 mg/l) had a ‘better
prognosis’ than those with serum levels greater
than 3.0 mg/I. (57).

TABLE 6. Peptide hormones in untreated patients with SCCL

% No. of patients Reference

Parathormone 33 57 34
Parathormone 27 43 46
Insutin 5 65 34
Gastrin 20 69 34
Glucagon 1 46 34
Secretin 0 46 34
Growth hormone 9 46 34
a-MSH 19 43 46
B-Endorphin gg g? 3(75
Oxytocin 65 108 pi
ADH-neurophysin

LPH 54 24 48
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TABLE 7. Incidence of endocrine syndromes in SCCL in %

ACTH No. of
syndrome SIADH patients Reference
5 10 84 45
3 5 39 51
2 1 106 52
- 7 250 53
1 1 75 54
5 2 42 55
- 11 350 56

Very promising results were published con-
cerning 82-m measurement using the ‘modify-
ing activity' of 82-m. Elevated values of §2-m
(greater than 0.30 arbitary units) have been
demonstrated in 49 of 54 patients with SCCL.
Relapse was accompanied by rising values in
11 of 15 patients monitored during chemo-
therapy. In 9 of these patients abnormally high
values of 32-m were demonstrated more than 1
month before clinical or radiological evidence
of progression. The estimation of 82-m modify-
ing reactivity provides relevant clinical infor-
mation, but it is too laborious for routine clinical
application (58).

In contrast, other findings show that high
levels of 82-min lung cancer patients wererare
and still within the range of non-malignant dis-
eases(17).

PROSTAGLANDINS AND OTHER
FACTORS

Fiedler proved that prostaglandin E, (PGE;)
and 13,14-dihydro-15-keto-prostaglandin F,
(DHK-PGF,) are significantly elevated in lung
tumor patients before surgery. The concen-
tration decreased postoperatively. It can be
demonstrated that PGF, and DHK-PGF, are
almost completely normalised within 1 hoyr
after the last ligature of tumor vessels. In thig
interesting new field, clinical consequences
can be established after lengthy follow-up (59).

Many investigations are trying to find new
markers for lung cancer—the following survey
is given (Table 8). Tumor markers which have
been found in the literature and which show
some elevated serum concentrations in lung

TABLE 8. Tumor markers indicating some usefulness in lung cancer patients

——

Marker Histology Reference
LDH SCCL 60
Fucosyl transferase SCCL, squamous 61
Sialyltransferase SCCL, squamous 61

a-1 acid glycoprotein SCCL 6,62
«a-2 pregn.ass. glycoprot. Bronchus 63,64
Ferritin Bronchus 6,17.65
TPA Bronchus 66

Zinc Squamous 67

HLA B8 antigen Bronchus 68
HTAA Squamous 69
Bombesin SCCL 70,71
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cancer patients, and those giving any indication
of possible effective use in the future are
included. The clinical usefulness of these
observations either prognostically or diagnosti-
cally can be judged only after further investi-
gations and studies.

IMMUNOGLOBULINS

It has to be stated that the measurement of
serum immunoglobulins (IgG, IgM, IgA) is not
helpful in the follow-up of lung cancer patients
(72).

MARKER PANELS

As no single marker is significantly elevated
in the majority of patients with SCCL, the use of
marker panels has been examined by several
investigators. In this way the incidence of elev-
ated markers is about 20% higher than with a
single marker (15,37,41 ,54,73).

Havernann measured calcitonin, ACTH and
CEA monthly before and during treatment in
250 patients with SCCL. In 80% of the patients
a correlation between calcitonin plus CEA and
X-rays was found. The examinations were dis-
appointing with regard to detection of early
relapses (74).

CONCLUSION

Itis suggested thatthe use of serial measure-
ments of NSE, CEA and calcitonin are useful in
clinical follow-up in SCCL. Inmost patients elev-
ated pretreatment levels decrease with tumor
regression and increase atrelapse.

in adenocarcinomas CEA seems to. be of
some interest for diagnosis and prognosis.

A correlation between fucosyl- and sialyl-
transferase and sqamous cell carcinoma was
seen, but further investigations are necessary
to confirm these results.
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de I'hypertension arterielle
lorsque les vaisseaux sanguins ne sont plys
de la premiére jeunesse

Cela ne va pas de soi, car une baisse de la tension s'accompagne
malheureusement souvent d'une baisse de rrigation...

Ce qui n'est pas une bonne chose.

Surtout lorsque les vaisseaux sanguins ont un certain age.

Désormais, il existe une solution:lle _blocage de la sérotoning 2
ou simplement blocage S,. L'excitation par la sérotonine des r
périphériques augmente la résistance périphérique et favorise

la résistance périphérique et arréte 'agrégation plaquettaire.
La baisse de tension ne s'accompagnera donc plus d'une baisse
laquelle sera au contraire intensifiée.

Et c'est une bonne chose. .
Surtout pour des vaisseaux qui ne sont plus tout jeunes.
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Abstract

It would be of benefit for the clinical relevance of tumor marker
determination to be demonstrated, as alot of markers are nowin
clinical use.

Increased levels of carcinoembryonic antigen correlate
with the stage of breast carcinoma. CA 15-3 should also
be measured during follow-up of patients with this disease. The
latest findings suggest a higher sensitivity and specificity of
CA 15-3 than of CEA. The prognostic value and the usefulness
of CEA measurement in screening seem to be poor.

The measurement of CA 125 seems to be a reliable method
for monitoring the presence and clinical behavior of ovarian can-
cer. It is suggested that invasive diagnostic procedures are not
required in patients with normal marker levels.

The management of chorion carcinoma can be determined as
an ideal modelin the range of marker application. Only in this dis-
ease does the marker HCG reach aimost 100% sensitivity and
specificity. The definition of response to chemotherapy and the
appearance of relapse can be based on HCG measurement.

INTRODUCTION

Significant advances in the treatment of gynaecological
tumors have been paralleled by the identification of various
tumor markers. Many markers have been used indiscriminately.
In general the clinical relevance of marker determination in
specific carcinomas has to be proven. A survey of markers used
for management of gynaecological neoplasms, including breast
cancer, is given here.

During the last decades various researchers have tried to find,
besides the clinical investigations such as scanning, computer
tomography, X-ray and sonography, a reliable serum parameter
which would be useful for the diagnosis, prognosis, follow up,
therapy, detection (screening) and management of tumors.
Such a marker should be produced only by the tumor cell and be
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detectable in body fluids. No measurable level
should occur in benign diseases or healthy per-
sons. A correlation between the level and the
tumor bulk, as well as the effect of antineoplas-
tic treatment, should also exist. No reliable
marker has so far been detected.

None of the available markers can be
defined as ideal, with the exception of 8-HCGin
trophoblastic malignancy, which has a sensi-
tivity and specificity of atmost 100% (Table 1).

If the therapy for a given malignancy is inad-
equate, it is of little clinical use and of no advan-
tage for the patient to demonstrate an occult
disease, arelapse or a disease progression by
marker estimation.

TABLE 1.

Definitions

Sensitivity: percentage of patients with a malig-
nant disease showing elevated marker
levels—true positive values.

Specificity: percentage of patients without a
malignant disease who have normal
marker levels—true negative values.

The most commonly used tumor markers in
gynaecological oncology which will be dis-
cussed are: for breast cancer: CEA (carcino-
embryonic antigen), CA 15-3 (cancer antigen)
and TPA (tissue polypeptide antigen); for
ovarian carcinomas: CA 125 and CEA; and for
carcinoma of the uterus: §-HCG (human chori-
onic gonadotropin).

BREAST CANCER

It is well known that the improved postoper-
ative therapeutic management of breast can-
cer, including hormone-, chemo- and radio-
therapy, has led to a better prognosis. These
treatments are more effective when diagnosis
is made as early as possible in case of relapse
(1.

The *sensitivity' of the most frequently used
and most often discussed markers in the man-
agement of mammary carcinoma is given in
Table 2 (2,3).
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'['ABLE 2. Sensitivity of markers used in the
clinical follow-up of breast cancer patients in

all stages
Glinczler Hoffmann
(2) (3)
CEA 66% 50%
CA15-3 76% 70%
TPA - 80%

CEA

Carcinoembryonic antigen is a nonspecific
marker which has been commonly used to
monitor various malignant disorders. In current
clinical practice, the CEA levels are used pri-
marily to monitor the effect of treatment. CEA is
the most frequently used and best documented
marker for female breast cancer studies (4).

As there is only a certain percentage of
malignant cells in any tumor which are able to
express the marker, the pathological values
are concordant with a greater tumor mass.

Patients may show a discordant behavior in
marker levels and clinical findings during follow-
up; raised or elevated marker levels might indi-
cate an effective treatment and remission
(5,6).

In breast cancer the incidence and leve| of
CEA correlates with the stage of disease
(Table 3)(2,4,7,8).

Several findings show that CEA levels are
elevated more often and reach the highest
levels in cases of liver and bone metastases,
whereas they remain normal in most cases of
local recurrence (2,9-11). In disease-free
breast cancer patients, CEA determinations
are useful only in lymph node positive patients.
CEA is unable to predict a recurrence in lymph
node negative patients (7,12).

The findings of Veronesi (12) indicate that
gradually increasing elevations predict a
relapse. Only highly elevated (greater than 20
ng/ml) and gradually increasing values could
predict recurrence, with a median of 8 months
(12,13).

Postoperative elevations and also, in some
studies, preoperative elevations of CEA, corre-



TABLE 3. Comparison of sensitivity of CEAin
localized and advanced breast cancer (%)

Cut-off
Localized Advanced ng/ml References
30 73 2.7 7
5 (smokers)
27-55 80 2.5 8
16.9 70.9 9 4
32 72 5 2

late with disease recurrence. In Mayer's investi-
gations of postoperative breast cancer
patients in stage |, Il and lll only 5% of patients
with normal postoperative values compared to
16% with elevated postoperative CEA levels
developed arelapse (7).

Using a cut-off level of 4 ng/ml for postoper-
atively elevated CEA levels concerning the risk
of developing metastases in patients with stage
| breast cancer, no prognostic use was found
(4,12). However, patients with stage Il and Il
disease, with elevated postoperative values,
are associated with an increased risk of devel-
opment of recurrent disease (7).

Response to therapy and disease pro-
gression concorded in 63% of cases with
decreasing and incre