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E d i t o r i a l

En cette 125^ année de publication du Bulletin de ia Société des
Sciences Médicales, une tentative est faite, à titre d'innovation et afin
d'élargir l'audience, d'une pubiication conjointe avec «Medicai 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 à Luxembourg en
Novembre 1987, des articles nous ont été soumis sur la maladie
résiduelle en cancérologie, un des concepts ies pius importants
actuellement dans ce domaine.

Sur ce après accord du Conseii d'Administration de la Société
des Sciences Médicales et de notre Imprimeur, ia proposition d'un
numéro commun avec Pergamon Press a été retenu et divers autres
auteurs ont été contacté afin de pouvoir composer un numéro
cohérant sur un seui sujet, à paraître en 1989, «Année de l'Europe
con t re l e cance r» .

Le partenaire étant angiosaxon, il a été indispensable de ctioisir,
ce qui est un phénomène en généralisation, l'anglais, langue véhicu-
laire ia plus répandue et commune en sciences naturelles, il a ete
dans les traditions du Bulletin d'être trilingue et j'espère "«s
lecteurs ne nous tiendront pas rigueur d'un numéro entièrement en
anglais.

En espérant que cette expérience soit pleine de succès. Je vous
en souhaite une lecture Instructive et agréable.

M . D i c a t o
E d i t e u r
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The Monitoring of Minimal Residual Disease in Patients
with Malignant Tumors

P e t e r R e i z e n e t e i n I N T R O D U C T I O N
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 will, 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 leukemia
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), but in 38 there was no progress.

Division of Hematology, Post-operative residual colon carcinoma would also be
Karollnska Hospital, imoortant to diagnose, since adjuvant chemo-radiotherapy
S-10401 StocKtiolm, Sweaon i>hh

© 1988 Pergamon Press pic
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could be shown to delay metastasis (37). In
4/13 Burkitts lymphomas with extramedullary
involvement. B-cell colonies could be shown to
grow in marrow cultures, but not in 54 patients
without such involvement (26).

TUMOR-SPECIF IC 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
wi thout leukemia in te rms o f the i r d i f fe rent ia t ion

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

1 0 0
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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. Cncofoetal antigens, as men
tioned above, may constitute an exception
regarding recurrences of tumors.

M , M ? M a M l . , M i l
F A B

TABLE 1. Per cent cells binding two monoclonal antibodies from the J5 and Vil A1 hybridomas
against partially different epitopes on non-malignant lymphatic cells, and cells from patients with

non-Hodgkin lymphoma (NHL) chronic (CLL) and acute (ALL) lymphatic leukemia
o / o J 5 % V i l A 1
pos. cells pos. cells

N o n - m a l i g n a n t t o n s i l s 1 8 . 6 3 9 - 3 P = 0 . 0 0 0 1
(n = 16)
N H L a n d C L L ( n = 1 3 ) 1 8 . 6 9 6 . 7 P = 0 . 0 5

(P = 0.006)
A L L ( n = 1 9 ) 1 3 . 9 1 1 . 4 P > 0 . 5
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T I S S U E - A S S O C I AT E D A N D
DIFFERENTIATION ANTIGENS

Even if leukemia-specific antigens in man
have not been found, it is 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). It is 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 (1.1 mg) 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%
in localized colorectal adenocarcinoma to 46%

TABLE 2. Aneuploidy in patients with acute
myeloid leukemia at diagnosis. Flow

fluometry, acridine orange, 11 patients withAML
M e a n * c . v .

Mouse thymocytes 25.9 7.8
N o r m a l h u m a n W B C 6 2 . 8 •
Ac. myel. leukemia cells 74.9 •
Correlation coefficient between aneuploidy
excess and in vitro growth (CFUG). + •
< 0 . 0 5 .

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

patients with various tumors

C A 1 9 - 9
C A 1 2 5

C E A
G R P

G u t - o f f v a l u e

1 3 0 U / m l

3 7 U / m l
6 5 U / m l

2 . 5 n g / m l
2 0 U / m l

8 / 3 8
1 0 / 1 1 1

0 / 2 2

5 / 2 2
7 / 2 2
6 / 3 8

• Arbitrary fluorescence units.

in advanced colorectal or gastric cancer and
up to 79-91% in pancreatic cancer ( 13). It has
not been shown that any serum GA 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 99.1-99.9% (12). However, in
benign liver disease or among smokers, there
are between 14 and 58% 'false* positives.

The concentration of the carcinoembryonic
antigen, GEA, is higher than the 95% confi
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 for 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 (OG125) against a
high molecular weight glycoprotein antigen
(GA125), 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

TABLE3.Ane.ploidvin.hebonemarrowo,pâenU™̂^
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breast cancer but in 82% of patients witti
ovarian carcinoma (48). It Is produced and
released by ovarian carcinoma cells. Increased
values are generally absent in mucinous tumors
of ttie ovary.

Tissue polypeptide antigen (TPA), possibly a
cytokeratln-like peptide, Is described as less
specific in ovarian carcinoma than CA125 (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
130 U/l., rets. 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 sens i t i ve than
CA19-9. However, defini t ions of remiss ion
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
r e s u l t s .

TUMOR MARKERS OTHER THAN
ANTIGENS: TERMINAL TRANSFERASE,
ONCOGEN EXPRESSION,
ANEUPLOIDY, MALIGNANT
C L O N O G E N I C C E L L S

Tumor markers other than antigens could
also be useful In the diagnosis of minimal
residual disease. Terminal deoxynucleotldyl
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 cells (0.12-0.22% in blood).

* By Dr Fischer. Sales and Marketing Manager,
AB Sangtec Medical ( 1985).

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 WT1. Phenotypes con
taining terminal transferase alone were found In
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 aneuploldy 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, Barlogle (21) did not find
any bone marrow cell aneuploldy. It Is. how
ever. possible for flow cytometry to detect as
little as 0.02% of aneuplold cells In blood and
0.005% In effusions (22).

Sometimes malignant clonogenic cells can
be cultured or found. There are over 20 T-cell
cultures per 100 000 blood mononuclear cells
in patients with T-cell lymphomas that will
relapse, but fewer In those not relapsing and
none In B-cell lymphomas (4). A lack of Y-chro-
mosomes Is found In some myeloid leukemia
cells, but In complete remission there may still
be 6-39% Y-negative metaphases.

SENSITIVITY OF THE SAMPLING
T E C H N I Q U E

At the time of diagnosis, the estimated leu
kemic cell number Is 1000 billion, at the time of
complete remission, it Is assumed to be l-io
b i l l i o n .

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

8



M o n t h

Fia 2 Percentage of CALLA-positlve (O) cells and of lymphoblasts (X) in the bone marrow of a girl
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 Bekkurn 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 dound to tumor

cells, or on ploldy, or on oncogen "oosdnptionor amplification can be used only »den ske
of possible metastases Is known, s®D̂les from this site can be obtained and
studied. This, unfortunately,solid tumors, and therefore the present discussion of the non-specific response, which
can be seen even If the tumor 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 Ha. 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
sedimentation rate (41).

Similarly, 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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A b s t r a c t

The lipid-assoclated sialic acid (LASA) level in serum was
increased in 663 out of 794 patients (83.5%) of which 55.1%
were CEA negative. Therê 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
m a r k e r s .

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.

© 1988 Pergamon Press pic
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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 serumUSA levels were compared to ̂ -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 (sialo-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, AAacetyl
neuraminic acid (sialic acid) in transformed
cells. 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 inthe rdenlification, first of a proleo-lipid, later
called a neo-proteo-lipid, and finally of sialo-
gangliosides also found in cell membranes. Forthis reason, attempts to estimate sialic acid in
the serum of patients with malignant disease
were performed. They were successful, and a

correlation was finally established between the
serum concentration of LASA and the tumor
m a s s .

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-
tometryat580nm(18).

The LASA was expressed in mg/dl and
values of more than 17.1 ml/dl were con
sidered above the upper limit of the normal
r a n g e .

PAT I E N T S

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).

R E S U LT S

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.
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Of the 794 clinically perceptible solid tumors,
663 (or 83.5%) were LASA positive, of which no
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 CEA in these latter cases
could have been caused by inflammatory or
other factors apart from the tumor itself, it
seems prudent to regard 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 to be a
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 compared to only 12.5%
CEA positive. This suggests that LASA is a
more sensitive tumor marker than CEA.
Minimal residual 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
and LASA 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
b r e a s t c a n c e r .

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

Malignant lymphoma
The study included 148 patients with malig

nant lymphoma. For both Hodgkin and non-
Hodgkin lymphomas, the serum LASA was
found at pathologic levels in 87% of cases in 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 17.1/<g/ml, which is the
upper normal limit value. In the 116 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.
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Diagnostic and Prognostic Importance of Tumor
Markers in Lung Cancer

E . U I s p e r g e r a n d I N T R O D U C T I O N
K. Karror There is an accumulating body of evidence that patients with

cancer have an increased incidence of elevated levels of factors
in their blood which are associated with tumor disease. We have
long sought to define those,specific sutsstances which can be
used to diagnose or assist in the diagnosis of malignant tumors.

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

These markers are produced or induced by tumor cells and
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 in lung 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
Institute for Epidemiology of antigen (CEA) in 1965, thought to be specific only for colonic
Neoplasms of the University of cancer, was the beginning of modern tumor marker research
Vienna, Borschkegasse 8a, alvcoprotein CEA shows a molecular weight of 180 000
A-1090 Vienna, Austria 1o;. m ic y y
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TABLE 1. Classification of human tumor markers in lung cancer
H o r m o n e s

Adrenocorticotropin (ACTH)
Antidiuretic hormone (ADH)
C a l c i t o n i n

/8-endorphine
Gastr in
Glucagon
Growth hormone
I n s u l i n
Lactate dehydrogenase
Lipotropophic hormone (LPH)
Melanocyte-stimulating hormone (MSN)
Oxytocin
Pa ra tho rmone
Prostaglandin
S e c r t e i n

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

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

P r o t e i n s

«i-acid glycoprotein
B o m b e s i n

/Sg-microglobulin
F e r r i t i n

Pregnancy-associated macroglobulin (PAM)
Immunoglobulines

IgG
IgA
IgM

O t h e r s
Z i n c

and contains a carbohydrate consisting of N-
acetyl glucosamin. mannose, galactose
f ucose 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

(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 va lues (2 .5 ng/ml ) in about 40% of
patients with a lung tumor (7,8).

C E A m e a s u r e m e n t c o r r e l a t e s w i t h t h e
degree of progress and the prognosis, as
highly elevated CEA values are associated with
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TABLE 2. Characteristics of an ideal tumor marker

1. Produced only by the tumor cell.
2. Detectable in bodily fluids (blood, urine).
3. No level in benign diseases or healthy persons.
4. Detectable levels in early diseases for screening.
5. Correlation between marker level and tumor bulk.
6. A present malignant disease, clinically not evident, is indicated by the marker.
7. Correlation between marker level and effect of antineo-plastic treatment.
8. Identification of tumor cell type.

'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 found in his analysis of the
correlation of CEA and Clq-binding activity
(Clq-BA), that patients with an elevation of
CEA and C1 q-BA during the immediate postop
erative period show significantly shorter sur
vival times. It appears that the CEA estimation
has the best predictive value, but the addition of
CI q-BA measurements may provide additional
prognostic information, particularly in patients
who do not have elevated CEA levels (13).

In trying to find a correlation between the his
tological tumor type and CEA measurements,
several investigators have found significantly
elevated CEA levels in adenocarcinoma and
small ceil carcinoma of the lung (14-17).

Severely elevated pretreatrnent levete indi
cate an advanced disease, often 'o
iiver metastases. CEA 'a'"®®'
ng/mi, show falling ievels at response ochemotherapy, and a rise when resistance to

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
lung 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
(Tables) (21-28).

Serum NSE levels change in parallel with the
clinical course during therapy. Using serial NSE
determination, Johnson found in 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,
especially in SCCL.

Johnson found in 30 out of 35 (85%) patients
who relapsed an elevated marker level (>20
ng/ml) and in 15 out of 23 patients a persistent

23



table 3. Percentage of neuron-specific enolase elevation in SCCL
L i m i t e d % E x t e n s i v e % L e v e l Reference

1 5 / 3 8 3 9 4 9 / 6 5 8 7 > 1 2 n g / m l 2 1
2 3 / 3 9 5 9 4 5 / 5 4 8 3 >20 ng/ml 2 2
3 4 / 4 8 7 2 5 4 / 5 5 9 8 >25 ng/ml 2 3
6 / 1 3 4 6 2 4 / 2 7 8 9 > 7 . 5 n g / m l 24 ,25
6 / 1 6 3 8 2 2 / 2 7 7 9 > 1 6 n g / m l 2 6

2 5 / 3 8 6 8 3 4 / 3 9 8 7 > 1 3 n g / m l 2 7

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 a relapse (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 metastases in
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
brain tissue. In SCCL patients it could, however,
come from tumor tissue elsewhere in the body.

H O R I M O N E S

C a l c i t o n i n
Calcitonin as 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 (> 100 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

TABLE 4. Incidence of elevated serum calci-
tonin in untreated patients with SCCL

No. of
% patients Reference
7 0 7 0 3 2
5 1 5 4 3 3
6 4 7 4 3 4
5 6 1 3 5 3 5
7 5 2 8 3 6
2 5 4 0 3 7
7 6 2 4 3 8
2 6 5 0 3 9

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).

A C T H

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, but in 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 calc i tonin 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

S C C L

N o . o f

% patients R e f e r e n c e

2 9 7 5 3 4

1 8 5 0 3 9

3 0 5 0 4 1

2 4 6 3 4 2

2 5 3 2 4 3

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 CMS metastases has been detected
between patients with and without increased
plasma levels of the hormones (15).

A number 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).

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
HOIIgren measured /8-2-microglobulin {fi2-

m) in 467 patients with mainly suspected pul
monary malignancy 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/l. (57).

TABLE 6. Peptide hormones in untreated patients with SCCL
% N o . o f p a t i e n t s R e f e r e n c e

Pa ra tho rmone
Pa ra tho rmone
I n s u l i n
Gastr in
Glucagon
Secret in
Growth hormone
a - M S H

/8-Endorphin
Oxytocin
ADH-neurophysin
L P H
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TABLE 7. Incidence of endocrine syndromes in SCCL in %

A C T H N o . o f
s y n d r o m e S I A D H p a t i e n t s R e f e r e n c e

5 1 0 8 4 4 5
3 5 3 9 5 1
2 1 1 1 0 6 5 2

7 2 5 0 5 3
1 1 7 5 5 4
5 2 4 2 5 5

1 1 3 5 0 5 6

Very promising results were published con
cerning /82-m measurement using the 'modify
ing activity' of |32-m. Elevated values of j32-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 j82-m were demonstrated more than 1
month before clinical or radiological evidence
of progression. The estimation of /32-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-m in lung cancer patients were rare
and still within the range of non-malignant dis
eases (17).

P R O S TA G L A N D I N S A N D O T H E R
F A C T O R S

Fiedler proved that prostaglandin Eg (PGEg)
and 13,14-dihydro-15-keto-prostaglandin Fg
(DHK-PGFg) are significantly elevated in lung
tumor patients before surgery. The concen
tration decreased postoperatively. It can be
demonstrated that PGFg and DHK-PGFg are
almost completely normalised within 1 hour
after the last ligature of tumor vessels, in this
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

M a r k e r Histology Reference

L D H S C C L 6 0

Fucosyl transferase SCCL, squamous 6 1

Sialyltransferase SCCL, squamous 6 1
at-1 acid glycoprotein SCCL 6,62
a-2pregn.ass. glycoprot. Bronchus 63 ,64
Ferritin Bronchus 6,17,65
T P A Bronchus 6 6
Z i n c Squamous 6 7
HLA B8 antigen B r o n c h u s 6 8
H T A A Squamous 6 9
B o m b e s i n 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).

M A R K E R PA N E L S

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).

Havemann 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).

C O N C L U S I O N

It is suggested that the use of serial measure
ments of NSE, CEA and calcitonin are useful in
clinical follow-up in SCCL. In most patients elev
ated pretreatment levels decrease with tumor
regression and increase at relapse.

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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Tumor Markers for the Diagnosis, Prognosis,
Treatment and Follow-up of Gynaecological Tumors

E . U l s p e r g e r a n d A b s t r a c t
K. Karrer I t would be of benefit for the cl inical relevance of tumor marker

determination to be demonstrated, as a lot of markers are now in
c l i n i c a l u s e .

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 GEA. The prognostic value and the usefulness
of GEA measurement in screening seem to be poor.

The measurement of GA 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 model in the range of marker application. Only in this dis
ease does the marker HGG reach almost 100% sensitivity and
specificity. The definition of response to chemotherapy and the
appearance of relapse can be based on HGG measurement.

I N T R O D U C T I O N

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

Inetllulo for Epidemiology of v^hich would be useful for the diagnosis, prognosis, follow up.
Neoplasms, of the University of therapy, detection (screening) and management of tumors.
Vienna, Borschegasse 8a, marker should be produced only by the tumor cell and be
A-1090 Vienna, Austria
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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 avai lab le markers can be
defined as Ideal, with the exception of j8-HCG In
trophoblastic malignancy, which has a sensi
tivity and specificity of almost 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, a relapse or a disease progression by
m a r k e r e s t i m a t i o n .

TA B L E 1 .

D e fi n i t i o n s

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 (carclno-
embryonlc antigen), CA 15-3 (cancer antigen)
and TPA (tissue polypeptide antigen); for
ovarian carcinomas: CA 125 and CEA; and for
carcinoma of the uterus: j8-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
(D-

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).

TABLE 2. Sensitivity of markers used In the
clinical follow-up of breast cancer patients In

all stages

G U n c z l e r H o f f m a n n

( 2 ) ( 3 )
C E A 6 6 % 5 0 %
C A 1 5 - 3 7 6 % 7 0 %
T P A - 8 0 %

Carclnoembryonic 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 level of
CEA correlates with the stage of disease
(Table 3) (2,4,7,6).

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-

3 4



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

C u t - o f f
L o c a l i z e d A d v a n c e d n g / m l R e f e r e n c e s

3 0 7 3 2 . 7 7

5 (smokers)
2 7 - 5 5 8 0 2 . 5 8

1 6 . 9 7 0 . 9 9 4

3 2 7 2 5 2

late with disease recurrence. In Mayer's investi
gations of postoperative breast cancer
patients in stage I, II and III only 5% of patients
with normal postoperative values compared to
16% with elevated postoperative CEA levels
developed a relapse (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
I breast cancer, no prognostic use was found
(4,12). However, patients with stage II and III
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 increasing CEA values,
respectively (5). However, there is no doubt

that in a number of patients CEA elevation pre
cedes the clinical signs of recurrent disease
(8,6.11,14,15).

CEA is a marker which permits detection
before other diagnostic means in more than
50% of relapses. But therapeutic conse
quences, without other clinical parameters,
should only be drawn if there is a significant and
persistent rise in the marker level.
C A 1 5 - 3

The glycoprotein cancer antigen 15-3
gained some importance, as its sensitivity as
well as specificity in breast cancer are higher
than those of CEA (3,16). As previously men
tioned, CEA gains a sensitivity of about 65%
and a specificity of 87%. Compared to these
investigations, CA 15-3 shows a sensitivity of
about 76% and a specificity of 93% (2). Tumor
progression is indicated in 70% and remission
in 60% of patients (3).

The advantage of CA 15-3 above CEA was
also demonstrated through the investigations
of GUnzler and Hayes (Fig. 1). This shows the
sensitivity of both markers depending on tumor
stage, subdivided in localized disease and
haematogenic metastasis (2,16).

During follow-up, an increasing CA 15-3 level
indicates the end of the remission. In primarily

G l i n c z l e r e t a l .

H a y e s e t a l

G l i n c z l e r e t a l .

Hayes e t a l .

7 8 ^ 7 6 %

® Localized Haematologic Localized Haematologic
disease metastases d isease metastases

Fig. 1. Sensitivity depending on tumor stage.
Cut-offs: CA 15-3,30U/ml: CEA 5 ng/ml.
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operated patients, CA 15-3 elevations indicate
metastatic disease (3). Ttie combined
measurement of CEA and CA 15-3 enlarges
the sensitivity to 71%, or even to 98%
(2,3,16,17).

TPA can be classified as an oncofoetal anti
gen. In 89% of metastatic breast cancer
patients, the TPA measurements showed con
cordance with clinical results, compared to only
71% in CEA (18). Combining CEA with TPA the
sensitivity was enlarged in patients with meta
static breast cancer; in patients without pro-
gréssion from 39% to 49% and in patients with
progressive disease from 70 to 79% (6).

HGnermannn observed a sensitivity of 96%
and a specificity of 99% in treated patients with
metastatic breast cancer by combined
measurement of CEA and TPA. The sensitivity
for CEA was only 52% and for TPA only 70%. In
patients without metastatic disease the sensi
tivity of combined measurement increased to
62% (19).

The importance of the presence of
oestrogen and/or progesterone hormone
receptors is obvious, as there is a
relapse-free interval in the presence of t ® P
gesterone receptor. This receptor
play a more important role than the oes
receptor (20).

There are discussions about
of several markers like HCG. " soci-
acute phase proteins. ^ antioen
ated glycoprotein, tumor-associa .j. '
lipid-bound sialic acid or, for examp .
prolin excretion in breast cancer.these potential markers is well establ.shed as
y®t (21-25).

In conclusion, it has to be stated
values correlate with the stage of j
They are of limited use for prognosis,
determinations are indicated for patient to
u p .

CA 15-3 has a higher sensitivity ̂ ban CEA
and should be measured as well as TPA in the
follow-up of breast cancer patients. This

increase of sensitivity indicates the combined
use of CEA, CA 15-3 and TPA.

O VA R I A N C A R C I N O M A

Ovarian cancer accounts for more annual
deaths than cancer of the uterine cervix and
corpus together. In early stages It is mostly
asymptomatic and undetectable. Indeed, 70%
of the patients have metastases outside the
pelvis at diagnosis. The natural history also
precludes accurate monitoring of disease
status. Thus, second look laparatomy is advo
cated. although this is an invasive procedure
with an inherent morbidity. The procedure Is not
associated with any survival advantage and the
inability to exclude residual or distant micro-
metastases is illustrated by the relapse rate
among patients with a complete surgical
response (26).

Postoperative chemotherapeutic treatment
of ovarian carcinoma is the °f to

foré cytostatics are administered tor curativeeasonrin ovarian cancer response rates inr e a s o n s , i n , r e a c h e d b y c o m -

ÏÏl nunSter ot patien's «,th advanced dis-
ease can be cured (27,28).

The existence of an effective therapy
emphasizes the need for sensitive tumor mar
kers as. at second look laparatomy. 30-70% of
all patients in complete, clinically diagnosed
remission after chemotherpay show persistent
disease (28).

The detection of recurrent disease with the
indication of further treatment (second look
surqery continuation or change of chemo
therapy) has been, besides the standard clini
cal procedures, facilitated by tumor marker
determination in the past.

C A 1 2 5 ^ ^
nttrinn recent years a large number of anti-During . ^ted in ovarian cancer,

gens have be pQ̂ onal immunoglobulinBast developed a monodô
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ovarian carcinoma cell line. The murine mon
oclonal antibody OC 125 reacts with the anti
gen CA 125 which is expressed by more than
80% of non-mucinous epithelial ovarian can
cers (29). Also, a radioimmunoassay has been
developed to detect CA 125 in serum as a
marker for ovarian carcinoma (30).

The sensitivity, the percentage of correlation
of positive CA 125 values and clinically evident
disease, investigated in nine recent studies in
more than 700 patients is given in Table 4
(26,28,31-36).

The cut-off level of CA 125 serum measure
ment was determined by most investigators
with 35 U/ml, but using serial determinations it
is possible to detect a tumor progression in the
range of even 15-35 U/ml (28).

(over 35 U/ml) are measurable, even up to
96% (35). A difference in the sensitivity of epi
t h e l i a l t u m o r s c a n b e s h o w n c o m p a r i n g
pat ients of al l stages with Fish's and
Cruickshank's preoperative investigations
(26,36,40,41).

The number of patients in the histological
groups other than those with serous carci
nomas is too small to draw meaningful con
clusions from these determinations of CA 125.

With regard to the degree of differentiation,
patients with grade 2 and 3 tumors showed
higher levels than borderline and grade 1
tumors (36). The positive CA 125 levels corre
late with the tumor burden as only 63% of
patients with a tumor burden in excess of 2 cm

B a s t
R i c o l l e a u

C a n n e y
K r e b s

L a h o u s e n
K i v i n e n
C r u i c k s h a n k

Vergote

TABLE 4. Sensitivity of the marker CA 125 in ovarian carcinoma
C u t - o f f N o . o f p a t i e n t s

1 9 8 3 8 2 % 3 5 U m n 1 0 1
1 9 8 4 9 2 % 3 5 U m | - ' 3 8
1 9 8 4 8 3 % 3 5 U m | - ' 5 8
1 9 8 6 9 6 % 2 5 U m l " ' 4 5
1 9 8 6 9 4 % 3 5 U m r ' 8 0
1 9 8 6 9 1 % 3 5 U m l ' 1 1 2
1 9 8 7 7 3 % 3 5 U m l ' 5 2
i Q f t 7 8 6 % 3 5 U m r ' 2 2 7

The specificity of CA 125 for ovarian carci
noma has to be judged poor, as the marker is
also associated with other malignancies.
Therefore this marker is not useful for differen
tial diagnosis of carcinomas of unknown origin
(36).

In a number of benign lesions, such as pelvic
inflammatory disease, endometriosis and
especially in liver cirrhosis, as well as in preg
nancy. elevated CA 125 levels are shown
(31.32.37).

With regard to histology. CA 125 is fre
quently associated with epithelial ovarian cancer (31,38). The marker is elevated "PJo
92% of patients with epithelial tumors. In he
most frequent group of ovarian tumors the
serous adenocarcinomas, enlarged levels

show elevated marker levels, compared to
76% with a bulk between 2 and 10 cm. The
levels of nearly 100% of all patients are elev
ated if the bulk exceeds 10 cm (Table 6).

Low levels of CA 125 are associated with
early clinical stages (small tumor burden), pre
dicting a response to chemotherapy and
usually showing low recurrence rates. High pre
operative marker values indicate advanced
disease with poor response to chemotherapy
(33).

Ser ia l measu remen ts o f CA 125 du r ing
chemotherapy correlate with the clinical course
of disease (Table 7). It can be shown by
this table that an increasing CA 125 level is
always associated with disease progression.
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TABLE 5. Epithelial ovarian carcinomas and elevated CA 125 levels

Vergo te (36) Dhok ia (41) F ish (40) Cru ickshank (26)
O v e r a l l P r e - o p e r a t i v e

Number of patients/number with elevated CA 125

6 8 / 6 1
4 / 3
8 / 6
6 / 3
1 0 / 9

4 / 3
1 2 / 1 1

3 7 / 3 1

5 / 4
1 2 / 7
5 / 5

2 6 / 2 4

4 3 / 2 5

7 / 2
9 / 3
2 / 2
3 / 1
2 2 / 1 6

11 2 / 9 6 ( 8 6 % ) 8 5 / 7 1 ( 8 4 % ) 86/49(57%)

TABLE 6. Percentage of positive CA 125
levels in correlation to tumor burden in ovarian

c a r c i n o m a

T u m o r b u l k N o . o f
patients

< 2 c m 6 3 % 1 6
2 - 2 0 c m 7 6 % 1 7
> 1 0 c m 1 0 0 % 2 4

Canny (1984): cut-off: 35 U/ml

Unchanged marker levels do not indicate a
response to treatment in any case, while
decreasing levels are associated with
response to treatment (31,33,34,36). In
approximately 92% of patients with ovarian
cancer CA 125 estimations are able to monitor
response to therapy or progression
(32-34,36).

The predictive value of CA 125 was evalu
ated by Khoo, with second look surgery. In his
study, he found the presence of tumors in 92%
of carcinoma patients with raising or persist
ently high levels, while declining or negative
values predict the absence of tumor in only
50% of patients. This might indicate that CA
125 lacks sensitivity in detecting small tumor
masses (39). However, a normal CA 125 level
does not exclude the presence of disease (36).
An acute elevation of CA 125 in the first week
following chemotherapy predicts a good
response to treatment (30,40).

A new method using a panel of the mon
oclonal antibodies HMFG1 and HMFG2 in com
bination with CA 125, seems to lead to an
increase in sensitivity of 95% without loss of
specificity (41). The assay of CA 125 seems to
be a reliable non-invasive method for monitor
ing ovarian cancer patients.
C E A

The value of plasma CEA determination in
ovarian carcinoma is limited, as the sensitivity is
low and the rate of false negative values is high
Serial determinations might be helpful, predict
ing relapse only in patients with mucinous
tumors (42,43).

OTHER MARKERS
In several studies, cancer antigens, CA ig.g

and CA 50, dehydroepiandosterone sulfate
galactosyltransferase, tissue polypeptide anti
gen and ferritin have been investigated. There
are some indications to use these mar
kers for ovarian cancer, but further studies
are necessary to define their benefit
(28,32,44-47).

Spona found in a study for adjuvant chemo
therapy in ovarian cancer, measuring the
oestrogen and progesterone receptors, that
receptor assays may provide a prognostic
index The survival rate of patients with ovarian
carcinoma is greater in patients with both
receptors positive than in those who lack
receptors. The prognostic importance seems
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TABLE 7. Correlation of disease status and OA 125 levels in ovarian carcinoma in response to
chemotlierapy (no. of patients)

OA 125 levels

Decreasing

No change

Increasing

Clinical status
Response S t a t i c

2 0 1

1 2 3

2 1 0

4 4 3

0 5

0 1

0 2

0 1 3

0 0

0 0

0 0

0 0

Progress ion

Bast (31)
Canney (33)
K r e b s ( 3 4 )
Vergote (36)

Bast (31)
Canney (33)
Krebs(34)
Vergote (36)

Bast (31)
Canney (33)
Krebs(34)
Vergote (36)

to be equal for ovarian and breast cancer
patients concerning survival and risk of recur
rence (48).

CERVICAL AND ENDOMETRIAL
C A N C E R

In the management of the most common
malignant diseases of the uterus, no tumor
marker is established monitoring these dis
eases. Only little value indicates /3-2 micro
globulin measurement in these tumors (49).

GESTATIONAL TROPHOBLASTIC
DISEASE (GTN)

GIN is a rare tumor of the placenta with an
incidence from 1 in 600 to 1
ies. The characteristics of GTN, on the one
hand its occurrence in young
propensity for early metastasis, on the other
hand its rapid response to chemotherapy com
bined with an excellent monitoring makes it
interesting for marker investigations (

Laurin's results of chemotherapeutic treat
ment and adjuvant surgery of choriocarcinoma
and invasive mole in 359 patients are givenTn Tabte 8 For nonmetastatic disease cure
rates of 100% and for
cure rates of 83% are shown m Table 8 (51).

TABLE 8. Treatment results of
choriocarcinoma and invasive mole

Diagnos is patients rates (%)

C h o r i o c a r c i n o m a 1 5 9 1 2 9 ( 8 1 )
M e t a s t a t i c 105 75(71)
N o n m e t a s t a t i c 5 4 54(100)

I n v a s i v e m o l e 2 0 0 200(100)
M e t a s t a t i c 6 9 6 9

N o n m e t a s t a t i c 1 3 1 1 3 1

T o t a l 3 5 9 3 2 9 ( 9 2 )
M e t a s t a t i c 1 7 4 1 4 4 ( 8 3 )
N o n m e t a s t a t i c 1 8 5 185(100)

Source: Laurin ( 1982), modified.

HCG is elevated in all trophoblastic tumors,
and reaches almost 100% sensitivity and
specificity (52,53).

The glycoprotein HCG consists of the a- and
j8-chain. The a-chain is also found in hypophy
seal glycoproteins like the human luteinizing
hormone. The /S-chain is measurable by a
radioimmunoassay specific for HOG. Healthy
and non-pregnant women have a serum /8-HCG
value below 1 ng/ml (equivalent to 5 mlU/ml)
(54).
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The jS-HCG levels are used to define
response to chemotherapy and a stop of
chemotherapy Is indicated when a zero HCG
titer remains during measurements for 3 weeks
(55). Treatment has to be continued for several
cycles after the first normal marker value, as an
enlarged tumor burden of more than 10^ tro
phoblastic cells is able to produce measurable
/8-HCG levels. The aim of the chemotherapy is
the complete destruction of all malignant cells
(56). Relapses are first detected by a rise in the
HOG titer (51).

Poor prognosis has to be expected in
patients with a serum jS-HOG value greater than
42 000 mlU/ml or an urinary value in excess of
100 000IU/I.(50).

The excellent monitoring and effective
chemotherapeutic treatments available for this
disease correlates with overall cure rates of
about 90%. This indicates the surgical removal
of resistant tumor masses only for cases with
resistance to cytostatic treatment or compli
cations like extensive haemorrhage (57).

It is therefore possible to avoid surgery, if the
marker values go down in parallel with the
effective chemotherapy. This is important for
young women who still want to have children
after treatment.
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Jf e choix des uliments, une réalité
Lbiologiquc aujourd'hui mieux connue.

La pulsion, l'attirance impérieuse vers la nourriture, et
plus pariieulièrcment les aliments glucidiques (aliments
sucres, féculents...), est restée jusqu'à ces dernières années
un phénomène mystérieux.

Nous savons aujourd'hui que la prise de glucides induit
au niveau du système nerveux central une activation séro-
toninergique très spécifique, dont dépend, entre autres, le
choix des aliments lors du repas suivant.

Dans la surcharge pondérale
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santé possible.
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les pulsions alimentaires glucido-dépendantes.
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Abnormal in vitro Differentiation of Clonogenic B-celis
in Common Acute Lymphoblastic Leukemia in
Complete Remission. A Marker for Minimal Residual
Disease?

J. Brôard, G.Mathôand
R . C o n s o l i n i

SMST and ICIG (CNRS UA
0 4 11 6 3 )
Hôpital Paul-Brousse,
94800 Vlllojulf, Franco

A b s t r a c t
An in vitro B-cell colony assay system was used to evaluate B-

cell differentiation from peripheral blood precursors in common
acute lymphoblastic leukemia (cALL) patients in remission as
compared to normal controls. Significant differences in the mor
phologic and phenotypic features of pooled colony cells were
found between the two groups. The morphology and surface
markers of control-cultured cells were those of young plasmo-
cytes. In contrast, patients' cells had predominantly a lympho-
blastoid appearance and a mean of 18% (2-72%) of the cells
expressed the cALL (CALLA) antigen. This marker, known to be
present on normal pre-B-cells and malignant cALL cells, was not
found on control colony cells. Cytogenetic studies performed in
four cases showed that a fraction of the patients' colony cells
had karyotypic abnormalities similar to that of the original lym-
phoblasts. These data suggest that the cells with immature fea
tures persisting in the colonies of cALL patients are the progeny
of residual circulating cells linked to the malignant clone which
cannot be detected in the fresh sample and are clonally
expanded during the culture.
INTRODUCTION

The CALLA antigen, originally described by Greaves (1) on
the surface of cALL lymphoblasts is not leukemia specific since it
can be found on a variable fraction of normal bone marrow cells
(2,3) and on some non-lymphoid cells (4,5). Within the hemato
poietic lineage, CALLA is considered to be a normal differen
tiation antigen, and its expression by early B-cells, both normal
and malignant, correlates with the recent evidence that most
cALL blasts belong to the B-lineage (6-10).

The present study was initiated by our finding that a small per
centage of cells expressing the CALLA antigen could be
detected in the peripheral blood of some cALL patients in
remission receiving maintenance chemotherapy (11). As
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CALLA+ cells are usually not detectable in the
blood of healthy subjects, we wondered
whether we were detecting residual leukemic
cells or normal immature cells released inap
propriately in the patients' blood. As the very
low number of such cells precluded the deter
mination of their nature, we used a recently
described technique that permits the gener
ation of B-cell colonies from both normal and
malignant progenitors (12). Our aim was thus to
induce in vitro the clonal expansion and differ
entiation of B-lineage cells in these patients and
to study the features of the colony cells at the
end of the culture. The results of this study have
been recently published in detail (11) and will be
summarised here.

PATIENTS AND METHODS
A total of 20 cALL and five T-ALL patients in

remission submitted to a similar maintenance
chemotherapy protocol, two acute myloid leu
kemia patients and seven normal donors were
studied. Complete remission was checked in all
cases by standard clinical and hematologic cri
teria. The B-cell colony assay was directly
adapted from that described by Izaguirre et al.
( 12) and applied to the E rosette negative frac
tion of peripheral blood mononuclear cells. At
the end of the culture, the morphology and the
surface markers of the colony cells were exam
ined. the latter being performed by indirect
immunofluorescence us ing monoc lona l an t i
bodies directed against the GALLA antigen
(J5). the B-cell antigen B1 and the la antigen.
Chromosome analysis was performed for the
colony cells of four patients for whom chromo
somal abnormalities had been detected in the
original lymphoblasts. using the GTG banding
technique (13).

BONE MARROW AND PERIPHERAL
B L O O D C A L L A + C E L L S

The percentage of CALLA+ cells in fresh
bone marrow and peripheral blood samples
was studied for the 20 cALL patients. In the
bone marrow, this percentage ranged from 0 to
12% and was above 5% in four patients. Bone
marrow cellularity was normal in these cases,
with no evidence of lymphocytosis. The pro
portion of CALLA+ cells in the peripheral blood

of these 20 pa t ien ts was 0 -3% and reached
15% in only one case. Peripheral blood cells
from the five T-ALL. the two AML and the seven
healthy volunteers were CALLA negative,
except for one T-ALL patient who had 2%
circulating CALLA+ cells.
CALLA+ CELLS IN cALL PATIENTS'
B - C E L L C O L O N I E S

P e r i p h e r a l b l o o d m o n o n u c l e a r c e l l s w e r e
depleted of T-lymphocytes by E rosette forma
tion and the non-T-cell fraction was cultured in
methyl cellulose, under conditions which induce
the growth of B-cells colonies. At the end of the
6 days culture, the colonies were counted, the
cells were pooled, and the morphology and
surface markers of pooled cells was studied.
The results are summarised in Table 1. As can
be seen, control-cultured cells had no receptor
for SRBC. most were lg+ and 25% bore the la
antigen. Moreover, in both subjects which were
also tested with the monoclonal antibody anti-
B1, 40% and 58%. respectively, of the colony
cells were found to express this B-cell-specific
antigen (not shown). The morphological fea
tures of the colony cells, studied after Wright-
Giemsa staining, were those of plasmacytoid
cel ls . These resu l ts demonst ra te that the cu l
ture system used here induces the specific
growth of B-lineage cells.

The assay was technically satisfactory for 15
of the 20 CALL patients, and the presence of
surface Ig and B1 antigen (two cases studied,
not shown) confirmed the B-cell nature of most
of the patients colony cells. A major difference
with normal subjects, however, was that a
mean of 18% (range 2%-72%) expressed the
CALLA antigen. Moreover, a fraction of the
patients' cultured cells had a plasmacytoid
appearance. Both criteria therefore seemed to
indicate that the colony cells were less differen
tiated in the pat ients cul tures than in the con
trols. The mature phenotype of the T-ALL and
AML cases colony cells made it unlikely that the
chemotherapeutic regimen was affecting the
differentiation of B-cells in cALL patients. It
appeared therefore that, for these patients,
some of the circulating B-cells were unable to
mature in vitro beyond the differentiation stage
corresponding to that of the original tumor.
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TABLE 1. Phenotypic characterisation of pooled colony cells in controls and in cALL and T-ALL
patients

Cell fract ion

Colon ies /105 ce l ls

C o n t r o l s c A L L p a t i e n t s i - a l l p a n t
E - E - J 5 - E - E - J 5 - E -
( n = 7 ) ( n = 7 ) ( n = 1 5 ) ( n = 11 ) ( n = 5 )
354 ± 260 268 ± 145 628 ± 526 858 ± 891 357 ± 115

T-ALL pat ients
E -

( n = 5 )

% Positive cells for:
E r o s e t t e s
Surface Ig
la antigen
J5 antigen

4 ± 2 6 ± 2
6 7 ± 6 6 5 ± 9
2 5 ± 8 2 2 ± 6

0.2 ± 0.4 0.3 ± 0.5

After obtention of these results, we won
dered whether the cALL+ colony cells were the
progeny of the few circulating CALLA+ cells
occasionally found in the fresh blood samples.
The E rosette negative cells were therefore
incubated with the J5 antibody in the presence
of rabbit complement prior to the culture. As
can be seen in Table 1. prior lysis of J5+ cells
did not alter significantly either the plating
efficiency or the phenotype of the cultured cells
suggesting that CALLA+ cells can be gener
ated in vitro from CALLA- progenitors.

As was the case for circulating CALLA+
cells. we wondered whether we were detecting
a lack of differentiation of normal B-cells or the
presence of malignant cells in the patients col
onies. We tried to answer this question Per
forming two types of experiments: the study othe self-renewal capacity, and of the karyotype
of the colony cells.

properties of b-colony cells of
C A L L P A T I E N T S

The clonogenic capacity of ggj®from CALL patients and controls was invest
gated by pooling and replating jg^cv
onies. A significant secondary plating
was observed in four of four «ornoar-and the proportion of J5+ cells ̂  ̂
able to that found in the
Shown). In contrast.
efficiency in controls was very ^Thus, some of the patients' colony cells are

6 ± 4 8 ± 3 4 ± 1
5 7 ± 6 5 7 ± 3 6 5 ± 3
4 3 ± 1 1 3 4 ± 1 3 2 8 ± 9
1 8 ± 1 9 1 7 ± 1 8 0 . 5 ± 0 . 3

capable of self-renewal, a property usually
associated with stem cells and malignant cells.

The karyotype of the cultured cells was stud
ied in four patients for whom chromosomal
abnormalities had been found in the original
lymphoblasts. In all four cases, a fraction of the
cu l tu red ce l l s p resen ted ch romosomal aber
rations identical to that found in the initial corre
sponding lymphoblasts. It thus appeared that,
despite complete hematologic remission,
these patients had in their peripheral blood
residual cells belonging to the malignant clone.
The expansion of these circulating precursors
during culture allowed the detection of their
abnormal progeny by classic cytogenetic
methods. Since chromosome examination and
study of surface markers could not be perfor
med on the same cells, we do not know the
phenotypic features of the colony cells with
chromosomic aberrations. It should, however,
be noted that in all cases the percentage of
J5+ cells and the number of abnormal meta-
phases in the colonies were comparable. How
ever, further work is needed to establish
whether the abnormal clonal cells express the
J5 determinant.

CLINICAL OBSERVATIONS
The clinical course of the patients will also be

important in understanding the significance of
these findings, by indicating whether a corre
lation between percentage of CALLA-I- cells
and an eventual relapse can be established.
During this study, three patients relapsed 1. 5
and 2 months after being studied. The pro-
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portion of J5+ cells in the colonies was 50%,
72% and 13%, respectively. The first and the
third patient had virtually no CALLA+ cells in
their blood or bone marrow at the time of study.
Moreover, no patient in the group of less than
5% CALLA+ colony cells has relapsed thus far.

C O N C L U S I O N

We have shown that some circulating B-
clonogenic cells of C-ALL patients in remission
do not differentiate in vitro under experimental
conditions that allow the maturation of normal
B-cells. The self-renewal capacity of some of
these cells, the presence of an identical kary-
otypic abnormality in some cultured cells and in
the original lymphoblasts, and the subsequent
relapse of three patients who had a relatively
high proportion of J5+ colony cells seems to
indicate that this culture system permits the
clonal expansion of residual circulating cells
linked to the malignant clone. This observation
might be of biologic as well as clinical import
ance, s ince these res idua l ce l ls cannot be
detected by classic hematologic, cytologic or
even immunologic methods.
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Identification of Mammary Metastatic Cells in the
Bone Marrow as a Marker of a Minimal Residual
Disease and of their Proliferative Index as a Factor of
Prognosis—an Immunocytologic Study with
Monoclonal Antibodies

M . G I n s b o u r g , A b s t r a c t
M. Musset, J. L. MIsset, A study of 200 patients with breast cancer at different stages
O. Genty and G. Mathô carried out. Proliferating mammary cells in bone marrow

were detected using a double-staining method with monoclonal
antibodies. Mammary cells were visualized with antibodies
raised against human breast tissue or carcinoma. DNA-
synthetising cells (S-phase) were detected on the same slide,
using the monoclonal antibody antibromodeoxyuridine (BrdU).
after cell incubation with BrdU.

Mammary cells could be detected in the bone marrow of 60%
of the studied cases. In 50% of the samples with such
'micrometastasis'. a high labelling index of the carcinoma cells
was found. The correlation between the presence of
micrometastasis and the general prognosis at the stage of
residual disease is discussed.

INTRODUCTION
Bone marrow is a site for metastasis of many epithelial

carcinomas. Morphologic studies of Romanowsky-stained bone
marrow smears allow identification of metastatic cells in
advanced disease. More often, however, bone marrow
infiltration with a few cells is undetected with routine studies ( 1 ).

Recent techniques in tumor immunology and hybridoma
technology have provided a new tool in the study of carcinomas.
Monoclonal antibodies permit the specific demonstration of cell
and tissue antigens. Micrometastases containing only a few
tumor cells are detected in one-third of bone marrow smears
obtained from early disease (2).

The present study describes the findings of a double-labelling
procedure of isolated bone marrow cells for the simultaneous
detection of breast carcinoma-associated antigen and DNAService dee Maladies svnthesis after culture with a precursor visualised by a
monoclonal antibody (3). Detection of DNA-synthetisIng tumor

04-1163), Hôpital Paul- cells in patients with no detectable metastasis will be correlated
Brousse, 948<)0-VIIIeJuif, prognosis in a follow up study.
F r a n c e
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M A T E R I A L A N D M E T H O D S

B o n e m a r r o w s a m p l e s
Bone marrow samples were obtained from

patients with breast cancer at presentation (20
cases), after surgery (160 cases), and from
patients with breast cancer metastasis (20
cases) .

Contro l samples were obta ined f rom
patients with leukemia in remission (ten cases),
with plasmocytoma (two cases), and with
ovarian or colon carcinoma (four cases).

R e a g e n t s
RPMI 1640 cu l ture medium was obta ined

from Gibco (U.S.A.) and foetal calf serum from
Biopro (France). Bromodeoxyuridine was pur
chased from Sigma (U.S.A.). Anti-BrdU mon
oclonal antibody was obtained from Becton-
Dickinson (U.S.A.) and anti-breast tissue mon
oclonal antibody was obtained from Australian
Monoclonal Development (Australia) and from
Biogenex (U.S.A.). Monoclonal antibody raised
against milk fat globule membrane was kindly
supplied by Dr Munro- Neville (Ludwig Institute.
England) (Table 1).

C e l l i s o l a t i o n

Heparinised bone marrow aspirates were
processed for cell separation by Ficoll-
Hypaque® gradient separation. After washing,
mononuclear cells together with the super
natant were collected and eluted to 1 X 10®
cells per ml.

Cell culture for kinetic study
BrdU, an analogue of thymidine, is incorpor

ated only in DNA of cells undergoing DNA

synthesis. 1-5 X 10® cells resuspended in one
milliliter RPMI 1640 medium supplemented with
10% fetal calf serum and antibodies, were
incubated with BrdU, 10 ^ M for 30 minutes, in a
CO2 incubator at 37°C. the incubation was
stopped in an ice bath.

Cytocentrifuged slides of the labelled cells
were stored at room temperature for a few
days, or at —20°C if staining was to be
de layed .

immunofluorescence staining
Staining was performed with two monoclonal

an t i bod ies l abe l l ed w i t h d i f f e ren t fluo ro -
chromes to localise both antigens simulta
neously in one cell.

Indirect immunofluorescence staining was
first performed for detection of breast tissue-
associated ant igen wi th 1/10 di luted mon
oclonal antibody, at room temperature, for 30
minutes, in a humidified chamber. After wash
ing, sheep antimouse Ig-TRITC conjugate was
used as a second step antibody. Incubation
was performed at room temperature for 20
minutes. After washing, direct immunofluoresc
ence was performed using anti-BrdU fluoresc-
eine-conjugate monoclonal antibody for DNA-
synthesising cell detection.

After washing and mounting, fluorescence
was observed by fluorescence microscopy
wi th adapted fi l ters .

Cells reacting with the antibody against
breast tissue present a red fluorescence
located on the cell surface or in the total or par
tial cytoplasmic area. DNA-synthesising cells
present green spots located in the nuclear

TABLE 1. Monoclonal antibodies used for immunofluorescence staining of isolated bone marrow cells

A n t i b o d y R e f e r e n c e A n t i g e n T i s s u e o r c e l l d i s t r i b u t i o n
Licrlon M8

H u T u M I

M A 0 5 — 5 0

A n t i b r d U

Foster et al. (6) Human milk fat
globule membrane

Thompson at al. (10) Epithelial membrane
a n t i g e n

Histogen® Tumor associated
cell surface antigen

Subsets of luminal epithelial cells

Gratzner{3)

Spec ific fo r b reas t t i ssue : b reas t
c a r c i n o m a a n d n o r m a l b r e a s t

Breast carcinoma. This antibody
reacts with many epithelial tumors but is
u n r e a c t i v e w i t h n o r m a l c e l l s

Bromodeoxyuridine DNA-synthesising cells
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area. The anti-breast antibody staining pattern
was identical for the three antibodies used
(anti-breast Australia and Biogenex, anti-milk
fat globule).

Non-specific staining of granulocytic cells
was eliminated by preincubation at 37®C and
by use of Fab-lg fragment as second antibody.
Non-specific staining of eosinophilic granulo
cytes was prevented by pretreatment with
diaminobenzidine and HjOj (4).

R E S U L T S

Details of the immunofluorescence labelling
data are shown in Table 2. Of 16 samples
obtained from patients without known breast
carcinoma, immunofluorescence staining only
was seen in one case with plasmacytoma.
Further examination of this case and additional
Romanowsky staining could demonstrate typi
cal plasma cell morphology.

Of 20 samples obtained from patients with
early stages of breast carcinoma, breast
tissue-associated antigen was detected in
12 samples and DNA-synthesising tumor cells
were seen in 50% of these positive cells.

Of 20 samples with known, radiologically
verified metastases, the same percentage of
mammary cells and of DNA-synthesising tumor
cells was found.

Of 160 samples after surgery, 90 samples
presented cells reacting with anti-breast tissue
monoclonal antibodies. The same cells
showed DNA incorporation with anti-BrdU

monoclonal antibody in 45 of the 90 bone mar
row samples.

D i s t r i b u t i o n o f I m m u n o fl u o r e s c e n c e
positive ceils

In 95% of the bone marrow samples with
neoplastic cells, less than 0.5% of positive cells
could be demonstrated. Solitary cells as well as
clusters were labelled with the monoclonal anti
bodies. In the remaining 5% of positive
samples, a higher proportion of labelled cells
was seen. The majority of the labelled cells
were dispersed throughout the cytocentrifuged
s l i de .

D I S C U S S I O N

Since 1981, it has been shown that there is
usually no difference in monoclonal antibody
reactivity between primary breast carcinoma
and metastases (5,6,7,8). These antibodies
are not specific for cancer but can react with a
small percentage of benign lesions (8) or nor
mal epithelial cells (9).

In the present study, however, breast tissue
was demonstrated in the bone marrow. Hem
atopoietic cells were unreactive with anti-bre
ast tissue antibodies, although non-specific
staining could be seen in plasma cells. How
ever, the morphology of plasma cells in phase
contrast and the diffuse and weak fluoresc
ence of these cells allowed relatively easy
identification.

A few cells reactive with anti-breast tissue
monoclonal antibodies have thus been found in

TABLE 2. immunocytologio labelling reactions of
patients with breast tissue-associated synthefsing

1. Percentage of
ising tumor cells

Clinical data

C o n t r o l s
(n= 16)

Breast carcinoma
Breast cancer early stage (n - 20)
Patients after surgery (n = 160)
Known metastases (n = 20)

N o . o f B TA A
positive samples

+ (plasmacytoma)

1 2 / 2 0

9 0 / 1 6 0
1 3 / 2 0

N o . o f D S T C

positive samples

• NT : not tested.
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60% of all samples studied. A simultaneous
study of DNA synthesis revealed the presence
of 'proliferative' tumor cells in 50% of these
c a s e s .

The implications of these findings are not
known. In a very small percentage of patients,
macrometastases were detected in the weeks
following. In most of the studied cases, the fol
low-up period does not exceed 6 months after
our test and no conclusion can be drawn con
cerning the prognosis of patients with and with
out micrometastasis and the significance of
proliferative mammary cells in the bone marrow
in these patients with 'minimal residual dis
ease'. Repeated immunofluorescence studies
and statistical data are necessary to correlate
immunologic and clinical data.
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Adjuvant Chemotherapy and the Kinetic
Refractoriness of Minimal Residual Tumors

P. Re lzens te in and G. Mathô

Division of Hematology,
Karollnska Hospital,
S-10401 Stockholm, Sweden
Institut de Cancérologie et
d'immunogônétique (Université
Paris-Sud, CNRS VA 04-1163),
Hôpital Paul-Brousse, 94800-
Vi l le jul f , France

A b s t r a c t

If Skipper's exponential growth and 'log-kill' hypothesis is
replaced by one assuming an S-shaped growth curve and a
growth inhibition proportional to the product of the growth frac-
«on and the tumor volume, little growth inhibition can be ach
ieved in minimal tumors. This 'kinetic refractoriness' may explain
why minimal residual tumors cannot be eradicated by adjuvant
chemotherapy.

INTRODUCTION
At the present time, adjuvant or maintenance chemotherapy

appears to be unable to prevent relapses in the majority of
natients with tumors. In postmenopausal and even premeno-
nausal breast cancer, surgically removed colorectal carcinoma,
qmall cell lung cancer, low grade malignancy and possibly also
hiah qrade malignancy Hodgkin and non-Hodgkin lymphoma,
malignant melanoma, myeloma and acute non-lymphatic leuke
mia, the effect of adjuvant or non-intensive maintenance chemo
therapy is at least controversial ( 1.2).
remission INDUCTION

it is true that chemotherapy has little effect in many common
solid tumors (3). but there are approximately 11 relatively rare
tumors where a majority of the patients can be shown to be long
Trm survivors or to be cured. In both adult patients and children
h s is true for germ cell tumors and in children for acute lym-
pt̂atic leukemia. Good effects can also be obtained in some lyrn-
nhomas Most of these patients receive at least some consoli-
da«on intensification or maintenance treatment, but whether
the cure is due to this treatment or to the original induction
therapy is not known.
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GROWTH RATE AND CELL KILL
F U N C T I O N

For exponentially growing experimental
tumors, such as the L1210 leukemia, Harold
Skipper's 'log-kill' hypothesis Is valid (4). For
every dose level of a cytostatic drug, a con
stant percentage of tumor cells is killed.

For human tumors, on the other hand, it has
been suggested that the exponential growth
theory is not applicable, since, together with the
'log-kill' theory, this would imply that both the
growth rate and the treatment response would
be greater for large than for small tumors (5).
This is contrary to clinical experience.

Norton (5) has therefore suggested an S-
shaped so-called 'Gompertzlan' growth curve
with a late lag-phase, which of course agrees
with the empirical finding of contact-Inhibition,
decreased vascular lsat ion and other reasons
for decreased growth rates for large tumors.

If Skipper's 'log-kill' hypothesis is applied to
the Gompertzian growth curve, however, this
would imply that the largest tumors with a Gom
pertzian growth curve would be more chemo
therapy sensitive than similar smaller tumors,
and suboptimally treated tumors should grow
only until the plateau is reached where the
chemotherapy dose balances the tumor vol
ume (5). This also is not borne out by clinical
experience. Norton therefore suggests replac
ing the 'log-kiir hypothesis with one where the
growth inhibition Is proportional to the growth
rate or to the growth fraction multiplied by the
tumor volume in the untreated tumor. Support
for this suggestion has been found in some in
vitro studies of cytostatic concentration and
the cell kill (6), in a number of rat and mouse
tumors and in the clinical situation, where a
suboptimally treated tumor Is, after all, slowly
reaching Its maximal size.
WHY IS IT DIFFICULT TO ERADICATE
MINIMAL RESIDUAL TUMORS?

Usually small tumors initially have a rapid
growth rate and thus they may have a reason
ably large product of growth rate and tumor vol
ume and therefore acceptable chemotherapy
sensitivity.

However, there Is a kinetic 'refractoriness' in
small tumors even without any enzyme induc
tion, cell membrane changes or tumor pro

gression. This Is true both if the tumor follows
an exponential and if it follows a Gompertzlan
or any other S-shaped growth curve, since the
growth inhibition in all these cases is small If the
tumor I s sma l l .

This kinetic refractoriness is quite distinct
from refractoriness developing during continu
ing chemotherapy. Ninety per cent of myeloma
patients who relapse despite continuing
chemotherapy do not respond to reapplication
of the original treatment. In these patients, the
minimal residual tumor has acquired biochemi
cal refractoriness, which probably potentiates
the effect of kinetic refractoriness.

Residual small tumors, on the other hand,
may have a relatively low chemotherapy
response to a given dose level, since the prod
uct of growth fraction and tumor volume is
small, particularly if the growth fraction Is
reduced because of tumor progression.
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Can Neo-adjuvant Chemotherapy Prevent Residual
T u m o r s ?

C. Bourut, E. Chenu and G.
M a t h 6

Institut de Cancérologie et
d'immunogénétique (Université
Paris-Sud, CNRS UA04-1163),
Hôpital Paul-Brousse,
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A b s t r a c t
MA 16/C is a spontaneous mouse mammary

adenocarcinoma. It is hormone-dependent and was injected
s 0 into C3H/ He female mice on day 0. Tumors were excised on
day 15. Neo-adjuvant treatments were applied from day 1 to day
21 for hormonotherapy and immunotherapy and on days 1, 5
and 9 for chemotherapy. Adjuvant treatments were applied from
day 21 to day 42 for hormonotherapy and immunotherapy, and
on days 21. 25 and 29 for chemotherapy. Mixed (neo-adjuvant
and adjuvant) treatments combined the two patterns.
Chemotherapy consisted of an oxalato-platinum complex of
trans-l-dach (l-OHP) at a dose of 5 mg/kg i.p. Hormonotherapy
consisted of the LH-RH agonist (D-Trp6) LH-RH, at a dose of
lOOuQ/kg i p. Zinc gluconate (6mg/kg per os) and bestatin
f6mq/kg per os) were administered as immunoregulators.
Under present experimental conditions, surgery alone did not
increase the life span. Both neo-adjuvant and adjuvant
chemotherapy and neo-adjuvant hormonotherapy,
however, when added to surgery, increased survival significantly
(p<0.02-p<0.03).

INTRODUCTION
In experimental chloromas (1) and Lewis lung tumors (2)

preoperative or 'neo-adjuvanf chemotherapy led to more cures
than postoperative treatment. Distant metastases of humanbrïïst cancer in stages 1 and 2 have been prevented by
cvdophosphamide from the day of surgery (3.4). In one study
neo adiuvant chemotherapy plus radiotherapy even replacedêuroery with 7.3% relapses alter 17 months (5). In cnflammatory
breast cancer, the etiects of chemotherapy are, ot course, well
""ihe present purpose was, in an experimental system, to see
whether neo-adjuvant and/or adjuvant chemotherapy,
lîormonotherapy or immunotherapy can prevent residual tumors
after surgical excision.
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MATERIALS AND METHODS
Ten groups of 16 C3H/He female mice with

subcutaneous Implants of carcinoma on day 0
were excised on day 15. In addition, two
groups, CT, were given neo-adjuvant
ctiemotherapy days 1, 5 and 9 (NACT) or
adjuvant CT days 21, 25 and 29 (ACT) with an
oxaleto-platinum complex of trans-l-dach (1-
CHP, 5mg/kg body weight intraperitoneally,
i.p.). Another two groups, IT, were given neo
adjuvant, T-cell immunoregulation treatment
(NAIT) with zinc gluconate (6mg/kg orally,
daily) and bestatin (6mg/kg, every second
day, orally) on days 1-21 or adjuvant IT (AIT)
on days 21-42. The last two groups, HT, were

given neo-adjuvant hormonotherapy (NAHT)
with the LH-RH agonist D-Trp6-LH-RH
(lOO^g/kg i.p.) on days 1-21, or adjuvant NT
(AHT) on days 21-42. The end-point was
m o u s e s u r v i v a l .

R E S U L T S

Surgery alone
None of the mice survived 60 days. Nor did

any of the untreated control mice survive.
Survival was not significantly longer than for
untreated mice.

Adjuvant CT
Mice given neo-adjuvant CT without surgery

did not survive significantly longer than those

S u r g e r y

Chemotherapy

IChemotherapy s(p=o,02)
a n d

S u r g e r y

Surge ry
a n d

l a t e S ( p = o

Chemotherapy

S u r g e r y
a n d

Chemotherapy ®
(early and late)I

8 0 D a y s
♦ HAlti C : I UMOH MDMOUh NA I F I MPI AN I t D ti . C Ut

% Surgery ; t xc r • : ( d s . t : tumor on day IS
T C h e m o t h e r a p y : i l l i i l ' S m g / k o / i n j e c : r i o n i . p

I T R E AT ! U M l I J I A N i i U H V I V ^ ] Q ( J
C O N T R O I m i n i a n " i U R V I V A l

Non ;■ I i;n 11 icani pomi'ar i gong are no i shown

UN C.5II/HE y ( day 0)

Fig. 1. Effect of surgery with or without
chemotherapy on mammary carcinoma.
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TABLE 1 ■ Percent cured animals after CI. HT. IT and surgery alone

Surgery with treatment

T r e a t m e n t E a r l y L a t e E a r l y + l a t e
a l o n e

I - O H P 3 0 5 0 3 3 2 8

D-Trp6-LH-RH 0 3 3 4 0 3 7

Zn gluconate
2 1+ b e s t a t i n e 0 0 6

Surgery 0

Surgery with or without chemotherapy, hormonotherapy or immunotherapy on mammary carcinoma
(MA 16-C). Results are expressed as percentage of lifespan.

M A

M A 1 6 C

C o n t r o l

S u r g e r y

X

'

I

1 m m u n o t h e r a p y

ear ly and la te
9 « ? ? w s w ^? Wf. AVrt «W '"U

E a r l y
1 m m u n o t h e r a p y ' — ^

S u r g e r y
a n d

L a t e
I m m u n o t h e r a p y X W i W W f fi W

S u r g e r y
a n d

I m m u n o t h e r a p y

e a r l y a n d l a t e ) m . j s S L j m j s L
6 0 D a y s

♦ HA: MA16-C tumor HOHOGENATe implanted s c on C3H/He o (day 0)
^ E x c i s e d s c t u m o r o n d a y 1 5 c > , „ n ^ v
Î Zn gluconate 6 MG/KG EVERY DAY ♦ Bestatin 6 mg/kg every two day

Fig. 2. Effect of surgery with or without
immunotherapy on mammary carcinoma.
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Monitoring and Treatment of Minimal Residual Cancer
of the Prostate
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M. L. Vovan,
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G . P r e v o t

S e r v i c e d e e M a l a d i e s
Sanguines et Tumorales & ICIG
(Université Paris-Sud, CNRS UA
04-1163), Hôpital Paul-
Brousse. 94800-Vl l leJulf ,
France, and Veterans
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In manifest prostatic carcinoma, partial and complete
remissions are obtained in 14-44% of patients as judged by dif
ferent sets of criteria, but in up to 61% as judged by a decrease
in prostatic acid phosphatase. Moreover, this decrease is poorly
correlated to that of prostatic size. Prostatic acid phosphatase
is therefore considered to be a relatively non-specific tumor
m a r k e r .

A complete remission, i.e. a stage of minimal residual disease,
is obtained in about 25% of the patients. Continued endocrine
treatment involves the risk of a flare-up of the disease, which is
probably small. Additionally, in minimal residual disease, pro
longed maintenance treatment requires minimization of side
effects. D-Trp-6-LH-RH appears to lead to less gynecomastia
and thromboembolism than some other forms of adjuvant
t h e r a p y.

RESPONSE TO TREATMENT OF CLINICALLY
manifest TUMORS

For clinically manifest prostatic adenocarcinoma, the
response parameters used in the early 1940s were not quite
obiective. Improvements have therefore been recommended by
the UlCC (1) and further improvements by the WHO and the
national prostatic cancer program (2). According to these dif
ferent criteria, partial and complete remissions are seen after
different forms of endocrine manipulation in 14% (3) to 50% (15)
of patients (2-10).

A reduction of prostatic acid phosphatase levels is one of the
mnst sensitive generally recognized parameters and has shownmorl reqtnt?esponses than any other critenon (4| The nor
ma value of prostatic acid phosphatase is defined as being
Tder 3 2 ng/ml in the present study. In addition to ttie 60% ot
oafients Whose acid phosphatase is normalized, there are 11%^ which it was reduced by more than half. However, .t is possible
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that lipid-associated sialic acid (LASA) is even
more sensitive (Section 1, this volume).

The LH-RH analog. D-Trp-6-LH-RH (Fig. 1)
has been shown to cause desensitization of the
pituitary 'down-regulation' of receptors and
suppression of Leydig cell function in animals
and in man (11,12). Administration of D-Trp-6-
LH-RH suppressed plasma LH and testoster
one levels substantially (Figs 2 and 3). This
drug can induce a regression of more than 50%
in tumor volume in at least 37% of patients after
3 months of therapy (13-15). The reduction of

t u m o r v o l u m e w a s e v a l u a t e d b y
rectal examination of the prostate and transab
dominal ultrasonography (the results of these
are In good agreement. Fig. 4) ( 16.17). and by
computerized tomography. Only a small
reduction (12.5%) in the size of bone lesions,
determined by isotope scanning, was noted.

In addition, an early improvement was seen
in symptoms of urinary outflow obstruction
(prostatism. Fig. 5). After 90 days. 52 patients
showed complete relief of prostatism and 21
had only mild signs and symptoms. Similarly, a

LHRH pGlu)-{ His )-( Trp )-4 Ser )-{ Tyr )-( Gly )-( Leu Arg W Pro W GlyO-NH,

D-Trp6.LH.RH- (pGIu W His )-( Trp W Ser )-( Tyr )-{|>.Ti»W Leu )-( Arg Uf Pro Y/GlyA-NH

Fig. 1. Structure of D-Trp-6-LH-RH.

PLASMATIC LH LEVEL

4 2 4 3

5 - ^ :

i J ! •

Fig. 2. Plasma LH level before the first injection of D-Trp-6-LH-RH and after 15. 30.60 and 90 days.
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PLASMATIC TESTOSTERONE LEVEL

Fig. 3. Plasma testosterone level before the first injection of D-Trp-6-LH-RH and after 15.30. 60 and
90 days.

P R O S T A T I C

T R A N S A B D O M I N A L

U L T R A S O N O G R A P H Y

Progression!

NUMBER OF EVALUABLE PATIENTS = 38

No change

• • • • •
• • • • •
• • • • •

P a r t i a l
r e m i s s i o n

Complete
r e m i s s i o n

C o ^ p l e l e P ™ < , r e « l o n
r e m i s s i o n r e m i s s i o n

X *• as evaluated by rectal and ultrasonographicFig. 4. Correlation between prostatic volume as
examinations.
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P ^ Y S 0 w A l l t h e p o p u l a t i o n

Fig. 5. Prostatism: evaluation at 3 months of therapy. Intensity 0 to +++.
decrease in bone pain was seen after a few the results are not correlated with the esti-
days or a week of therapy. After 90 days, 70 mation of the prostate size (17) (Fig. 7). On the
patients were free of bone pain and an basis of prostatic acid phosphatase levels, the
additional 6 had only mild pain (Fig. 6). total incidence of regression was 66.7%, ofwhich 41% was complete and 25% only partial.

When the response is based on the a result which shows a positive bias. The
decrease in prostatic acid phosphatase levels, reason for the overestimation of response with

D a y s » " A l l t h e p o p u l a t i o n

Fig. 6. Bone pain: evaluation at 3 months of therapy. Intensity 0 to +++: 0 none, + mild, ++ moder
a t e , + + + s e v e r e .
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P R O S T A T I C

T R A N S A B D O M I N A L
U L T R A S O N O G R A P H Y

Progression f

NUMBER OF EVALUABLE PATIENTS : 37

N o c h a n g e , ,

P a r t i a l
r e m i s s i o n

Complete
r e m i s s i o n

Complete No change Progression P R O S T A T I C A C I D

PHOSPHATASES

Fig. 7. Absence of correlation between transabdominal ultrasonography and prostatic acid phospha-
tase levels.

acid phosphatase may be that this test
measures only the differentiated cell volume.

In conclusion, the best parameter to
establish the response of manifest prostatic
carcinoma is the reduction in size of the pros
tate estimated by transabdominal ultrasonog
raphy or rectal examination ( 17). The incidence
of regression based on these parameters is
smaller than that based on prostatic acid phos
phatase levels (Table 1 ), and there is no corre
lation between them (Fig. 7).

POSSIBIL ITIES FOR TREATMENT OF
MINIMAL RESIDUAL PROSTATIC
C A N C E R

A complete remission, i.e. a stage of minimal
residual disease can be achieved in between
1 / 3 and 1 / 4 of the patients (Tables 2 and 3).

Continued treatment with D-Trp-6-LH-RH in
the minimal residual stage of prostatic cancer
has been reported to lead to a flare-up of the
disease (18). This has not been observed,
however, in any of our patients subjected to

TABLE 1. Evaluation ofprostaticacidphocphafaseŝ
D-TRP-6-LH-RH in 28 patients with prostate cancer

No. of patients

Response rate (%)

Nochange Progression
^ ^ 8 2

• Regression > 50% compared with the initial value,
t Regression < 50% compared with the initial value.



TABLE 2. Patients with prostate cancer:
stages of disease and stage D localization;

previous therapy
No. of patients

S t a g e B 8

S t a g e C 9

Stage D
B o n e m e t a s t a s e s o n l y 4 8
B o n e + l u n g m e t a s t a s e s 5
B o n e + l y m p h n o d e m e t a s t a s e s 5
Bone + lymph node + lung metastases 1
B o n e + b o n e m a r r o w m e t a s t a s e s 2

L y m p h n o d e m e t a s t a s e s o n l y 3
T o t a l 6 4

P r e v i o u s l y u n t r e a t e d 2 4

P r e v i o u s h o r m o n a l t h e r a p y 4 0

P r e v i o u s s u r g e r y 1 1

P r e v i o u s c h e m o t h e r a p y 0

P r e v i o u s r a d i o t h e r a p y 6

hormonal treatment for 3 month periods. If
treatment of minimal residual prostatic cancer
Is considered, D-Trp-6-LH-RH is more effective
than estrogens (2) which suppress testost
erone secretion by inhibiting gonodadotropin
release (12). A major advantage of D-Trp-6-
LH-RH over estrogens is that it does not have
any secondary metabolic effects. Estrogens
raise plasma prolactin, which increase andro
gen transport into the cells.

Prolonged maintenance treatment of non-
symptomatic minimal residual disease is diffi
cult if side effects are pronounced.

Table 4 lists the comparative side effects of
the different endocrine treatments of prostatic
carcinoma, according to Geller and Albert (8).
It is difficult to compare the incidence of side-
effects of D-Trp-6-LH-RH with other hormonal

treatments of prostatic carcinoma, because of
dose differences. Other investigators regis
tered 38% adverse cardiovascular effects with
DES, 14% with CPA and 20% with MPA (7). It is
possible that equally beneficial results might
have been obtained with lower doses of these
hormones, with fewer side-effects. In addition,
the duration of treatment varied. It should be
mentioned that painful gynecomastia appears
in 40% of patients treated with DES (6), but in
only 6% of those receiving CPA and MPA (7).
This complication was not observed in a single
patient in our study.

The side-effects and mechanisms of action
discussed above must be considered in reach
ing a decision on the indications for treatment
with D-Trp-6-LH-RH, given alone or in combi
nation. Because of the two cases of apparent
disease flare-up at the onset of the treatment
with D-Trp-6-LH-RH (18), an initial combination
with an antiandrogen was suggested. Labrie et
al. (19) claimed a high incidence of beneficial
results obtained by the combination of buser-
elin with the antiandrogens, anadron or fluta-
mide. Unfortunately, an accurate oncologic
evaluation of their results is difficult (20). More
ove r, t he au tho rs ( 19 ) men t i oned t he
regression of pain (which is a subjective mani
festation), in nine out of ten patients and a fall in
serum acid phosphatases (a test which may
not be valid) in three out of four patients, as well
as a reduction in alkaline phosphatases in five
out of six patients. However, neither ultrasono
graphic changes, nor changes of LASA levels
were reported (19). It is not known at present
whether these combinations have significant
advantages over the LH-RH agonists alone and
whether such a possible advantage would be
nullified by toxic side-effects of the antiandro
gens, especially on the liver.

An important point in selecting hormonal
therapy for prostate cancer is the finding that D-
Trp-6-LH-RH is more effective than castration
(Table 4), at least over a short time period. The
psychological and social complications of cas
tration are sometimes severe. Impotence is a
complication of both types of treatment, but it is
permanent after castration and reversible after
LH-RH agonists.
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TABLE 3. Prostatic volume at rectal examination and transabdominal ultrasonograptiy after 3
months of treatment with d-TRP-6-LH-RH

Minor remission
objective, R <
5 0 % t

Complete Partial remission with major life
remission objective, R > quality

No. of patients

— n o r m a l i z a t i o n 5 0 % t

Response rate 26.4%

improvement No change Progression

No. of évaluable patients = 34.• In which the ultrasonography image was initially abnormal,
t Regression ̂  50%: with three-dimensional evaluation.
t Regression < 50%, proven or not proven with three-dimensional evaluation.

TABLE 4. Comparative side effects of various therapies for prostate carcinoma
Megestrol

D-Trp-6-LH-RH

Gynecomast ia * —

L o s s o f l i b i d o Y e s

S a l t r e t e n t i o n N o

T h r o m b o e m b o l i s m N o

C o n v e n i e n c e Y e s

• Intensity: 0 to -t-t-H-f.

Castration DES

cost only

plus low
dose of DES
or estradiol F l u t a m i d e

L H R H

agonist plus
antiandrogen

+ + + ?

Y e s N o Y e s

N o N o N o

N o N o ?

Y e s Y e s N o

$60/Month ? ?

High

It appears that D-Trp-6-LH-RH and other
agonists can advantageously replace estro
gens because the agonists may be more effec
tive in the same kind of tumors and are without
the short-term complications such as gynec
omastia. It seems that D-Trp-6-LH-RH, unlike
estrogens (21), will not cause thromboembolic

complications, but additional, careful, long-
term studies will be needed to demonstate this
with certainty.

One of the most pressing questions con
cerns the advisability of combining LH-RH
agonist with an antiandrogen, the choice of the

7 1



latter and especially ttie optimal timing of com- At the stage of minimal residual tumor, a
bination therapy. As complete remissions are combined therapy (hormonal, immunorestor-
obtained with D-Trp-6-LH-RH alone, we think ative and cell differentiating) is applied as well,
that it is more rational for patients with prostate The hormonal treatment consists of an intermit-
cancer to be treated first only with an LH-RH tent application of D-Trp-6-LH-RH; the differen-
agonist. In case of failure, or appearance of tiating agents employed are bestatin and zinc
resistance, antiandrogens can be tried. It is not gluconate (29). It is also known that D-Trp-6-
advantageous or rational to use a therapeuti- LH-RH exerts an immunorestorative action
cally inert drug in a combination. Other hor- (30). In addition, we have been able to demon-
monal treatments cannot be expected to work strate a significant protective effect on the
when a LH-RH agonist and an antiandrogen are bone marrow stem cells by D-Trp-6-LH-RH
not effective. Unresponsiveness to these both in vivo and in vitro (31). The results of this
agents would imply that the tumor is hormone- combined approach will be reported after a
insensitive, which is an indication for complete evaluation is made. In a few cases,
c h e m o t h e r a p y . w e h a v e b e e n t e m p t e d , f a c i n g t h e a p p a r e n t l y

, . ^ c o m p l e t e t u m o r v o l u m e r e g r e s s i o n , t o s u b j e c tInstead of combining both hormonal and thg patients to prostatectomy. This operation,
cytostatic treatments at random, we have using the technique established by Walsh (32).
chosen our present approach on the basis of <joes not induce impotence, in contrast to
some theoretical considerations and findings. It radiotherapy, which is also complicated by cys-
is known that in hormone-dependent tumors |jtjg_ rectitis and iliac bone metastasis enhance-
there are cell clones which do not carry recep- ̂ 33j jg possible that controlled studies
tors for hormones or in which the receptors are on the effect of intermittent or alternating treat-
not activated, but these clones are sensitive to ment of prostatic carcinoma in complete
cytostatics. We have shown in castrated ani- remission with hormone-cytostatic combi-
mals (22) that hormonal treatment which stimu- nations are indicated. perhaps even after pros-
lates cell division recruits the ceils into the tatectomy, in an etiort to study the effect ot
cycle, partially synchronizes the cycle phase of treatment on remission, duration of sur-ceii yô h and significantly enhances their ̂ v̂al and incidence of possible cure,
sensitivity to cytostatics. Consequently, we
decided to start the combined treatment with D-
Trp-6-LH-RH and apply chemotherapy 10 Acknowledgements
hours later at the time of the transitory peak of We are grateful to Dr William Locke, Ochsner
androgen. On the basis of OR and PR, the most Clinic, and Dr Ray Randal, Mayo Clinic, for valu-
efficacious cytostatic agents on prostate carci- able suggestions and generous advice in the
noma are platinum complexes (31.6%). anthra- preparation of this manuscript.
cyclines (25%). 5-fluorouracil (12%) (10) and This study was supported in part by Debi-
b l e o m y c i n ( 2 3 , 2 4 ) . o p h a r m . L a u s a n n e , S w i t z e r l a n d .

Thus, we are currently using in prostatic car
cinoma patients D-Trp-6-LH-RH alone for a few
hours until LH and testosterone levels increase. RpcBRBMrPC
We then start chemotherapy combining, in HcPERENCtS
cycles. 5-fluorouracil modulated by folinic acid "I- COFFEY D. S. and ISAACS J. T.; Prostatic
(24). the new platinum complex 1-OHP (25,26) Cancer, UlCCTechn. Rep. Series 48,229-
and a new anthracyclin, THP-adriamycin (27). 241,1979.
which has no cardiac toxicity (28): pepleomycin 2. HORTON J.: Cancer of the prostate,
is also given midway in the treatment cycles of Methods of evaluating new therapeutic
2-3 weeks (23). Hormonal therapy and chemo- modalities: recent results of the NPCP.
therapy are continued until maximal regression Prostate Cancer. UlCC Techn. Rep.
i s a t t a i n e d . S e r i e s 4 8 , 2 6 4 - 2 8 9 , 1 9 7 9 .
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A b s t r a c t
Adjuvant chemotherapy. The frequent 6 month complete

remission induction chemotherapy is not discussed here. What
is under debate at present is the prolonged maintenance or
adjuvant chemotherapy, which in comparative trials with 5 year
follow-up does not appear to improve survival prognosis
in leukemia, myeloma, non-Hodgkin lymphoma or post
menopausal breast cancer. However, it may prolong the
duration of the first remission.

It is suggested that the sensitivity to chemotherapy might
depend on cells being induced into the or M phases by growth
arowth promotor(s). such as estrogens in breast carcinoma.
Their presence before the menopause could explain why this
neoplasia in this condition is one of the few tumoral diseases
transitorily sensitive to adjuvant chemotherapy.

Adjuvant immunotherapy is also under debate. Immuno
therapy has been reported to give a significant improvement in
remission duration and/or overall survival and/or survival after
rPlaose in several tumors and in several trials. However, for
almost every trial reporting a statistically significant effect there
is one (or more) which shows no significant effect.

Theoretically, immunotherapy has several advantages over
chemotherapy. It may be effective in minimal residual disease if

cells are in the GO phase. So-called kinetic refractoriness
see separate chapter in this volume) may not apply to
mmunotherapy. Finally, tumor cells appear to be more sensitivehaTnormal cells to some cytotoxic mechanisms which form a
part of the biological response to tumors.

TUMOR PROMOTION
I fit us call cancer cells, cells which have undergone malignant

transformation (1). probably along several steps, one of the

© 1988 Pergamon Press pic
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most important being the modification of a nor
mal gene into an activated 'oncogene' (2). This
can be the consequence of several possible,
especially viral (3), chromosomal (4) or chemi
cal accidents (5). These cells may for a time
behave like saprophytic, pathogenic microbes
(6), as a result of an equilibrium between their
tendency to proliferate and the immunosurveil-
lance of the host (7,8).

This equilibrium is disturbed if there is a pro
liferation promotion and/or an immunological
control defect. Cancer cells may thus escape
because of a proliferative 'promotion' event
(9,10) in the two step oncogenesis scheme
( 11-13), or possibly because of differentiation
04) or disturbances in the cell communication
( 15) mechanism (17,18).

T U M O R R E M I S S I O N

Tumors can disappear after surgical and/or
radiological or chemotherapeutic interven
tions-so-called complete remissions. How
ever, usually some cancer cells persist and
constitute a residual, minimal imperceptible
tumor (19,20).

The present purpose is not to discuss the cell
heterogeneity (21), anatomical sanctuaries
(22), chemotherapy (24) resistance, or any
other reasons for escape from the primary
treatment, but to discuss the residual tumors.

M I N I M A L R E S I D U A L T U M O R S A N D
A D J U V A N T T R E A T M E N T

That residual imperceptible disease occurs
is shown by the high incidence of relapses and
by the fact that relapses may or may not be
caused by cells which carry the initial pheno-
type(25).

Tumor relapses are frequently seen after
local surgery in the case of breast carcinoma
(26,27) and that of other solid tumors such as
cancers of the stomach, colon, rectum, pan
creas, liver and lung. They are also frequent
after radiotherapy of gliomas, head and neck
and lung tumors (28).

Adjuvant radiotherapy
Generally, the incidence of metastases is not

reduced by adjuvant radiotherapy (29,30),
which can somet imes cause adverse effects
(31,32). Nor does adjuvant radiotherapy
increase the number of cures of stage III Hodg-
kin's disease (33). It does, however, prevent
the incidence of local metastases after surgery
of mammary carcinoma.

Adjuvant surgery
Adjuvant or 'second look' surgery is efficient

in ovarian carcinoma (35,36).

In tens ificat ion chemotherapy
Relapses occur almost invariably in chronic

myeloid (39) or lymphatic leukemias (39),
myeloma (39) and small cell non-Hodgkin's
lymphoma (39).

The relapse incidence can be reduced by the
intensity of remission induction chemotherapy
in acute or rapidly growing neoplasias, for
example embryonic tumors such as placental
(41 ) and testis choriocarcinomas (42) in adults,
or in acute lymphatic leukemia (ALL) (40) in
children and in acute myeloid leukemia in man.

It is conceivable that the large number of
cells in the DMA synthesis phase in these acute
neoplasias allows more cells to be killed by the
cytostatics, known to be active on cells in cycle
(43,44).

Adjuvant chemotherapy
In contrast to induction chemotherapy, main

tenance treatment has weak effects. It is true
that pre- and post-surgical radiochemotherapy
is efifective in Ewing's tumor. Prolonged adju
vant chemotherapy (54) appears to play no
beneficial role, however, in chronic or slowly
growing tumors. Maintenance longer than 6
months is of uncertain benefit in ALL (45),
Hodgkins disease (55-57), AML (46-53) and
placental (41) and testis carcinomas (42). In
large-cell non-Hodgkin lymphoma (NHL), a 1
year duration of maintenance chemotherapy
may even be worse than only 6 months of
chemotherapy (58-60).

Maintenance chemotherapy is also of uncer
tain benefit in chronic lymphatic leukemia (39),
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myeloma (61,62), small cell non-Hodgkin lym
phoma (NHL) (39,58) and chronic myelocytic
leukemia (39,63). In ovarian carcinoma, the
usually etficient chemotherapy (36,78) does
not lead to complete remission. Adjuvant
chemotherapy has not been shown, by a valid
comparative trial (88), to be efficient in
o s t e o s a r c o m a .

In polycythemia vera, continuous treatment
does much less well (64) than the discontinu
ous remission induction (65). Nor has the use
fulness of maintenance chemotherapy been
demonstrated in soft tissue sarcomas (66),
melanoma (67), glioma (68), head and neck
tumors (69), lung cancers (70) including the
small cell type (71), stomach (72) and colon
(73-75) carcinomas, prostate (76), uterus (77)
and breast carcinoma in post-menopausal
(79-82) and, in some trials, also in pre-meno-
pausal patients as far as survival is concerned
(82).

Pre-menopausal breast cancer
In addition to Ewing's tumor, pre-meno

pausal breast cancer may be the exception to
the rule (90-92). Here, maintenance chemo
therapy may in fact increase the disease-free
survival (DPS) and, in some trials, the life
expectancy. This has been shown by Nissen-
Meyer (83), Donegan (84) and Fisher (85) with
one cytostatic, and by Rossi (79) with the com
bination of cyclophosphamide, methotrexate
and 5-fluoro-uracil (CMP). An oncofrance
study (80,81) obtained a still better DPS with
the combination adriamycine, vincristine,
cyclophosphamide and 5-fluoro-uracil (AVCP),
but no increased survival at 5 years (81). In the
pre-menopausal patients, a 1 year duration of
CMP does not seem to work better than a 6
month treatment (89). In fact. 1 year of CMP
even seems to give a non-significantly less
good result than a 6 month treatment (89). It
therefore is not impossible that prolonged adju
vant chemotherapy may in fact be harmful, as
has been suggested in non-Hodgkin lymphoma
(58).

Post-menopausal breast cancer
Maintenance chemotherapy appears to be

inefficient after the menopause. Bonadonna

(86) has suggested that a reduction of CMP
doses after the menopause could explain the
absence of a chemotherapy effect. However,
we found the same absence of an effect at the
same age, although we applied the same AVCP
doses as before the menopause (80,81). Simi
larly, no dose decrease in post-menopausal
adjuvant chemotherapy was found either by the
Ludwig Group (87) or by Howell et al. (82).
Howell et al. (82) and Goldstein and Wabb (93)
have, in fact, criticised the use of adjuvant
chemotherapy in all forms of breast cancer.

It is possible that the absence of estrogen
promotion of growth could explain the failure
after the menopause. For instance, a relation
between the effect of CMP on the DPS before
menopause and the incidence of progesterone
receptors has been found on tumor cells. There
was a correlation between the DPS and the
amenorrhea during chemotherapy (82). AVCP,
which is superior to CMP for DPS in pre-meno
pausal patients, induced amenorrhea in all
patients (81).

Acuto leukemia
Early trials in 1961-63 showed, for example

in ALL, that maintenance treatment with 6-mer-
captopurine (6-MP) (94) or 6-MP combined
with methotrexate (95) increased the length of
the disease-free survival (DPS). This was at a
time when there was no cure of ALL; remission
induction therapy was poor. Today, when we
have efficient induction chemotherapy, main
tenance chemotherapy may not increase the
cure rate (96). It does not seem to increase that
of any of the three subgroups of patients with
low intermediate and high risks (96). It even
reduces the cure rate in the standard risk group
in our experience (97). Similarly, central ner
vous system radiotherapy (100) does not
appear to be beneficial any longer in ALL (98).
In contrast, radiotherapy may do neurological
harm (99). Similarly, adjuvant chemotherapy in
small cell lung carcinoma (102) and lung
irradiation in osteosarcoma (88) no longer
seems eHicient. Again, these recent results
contradict initial evaluations ( 101, 103).

One of several possible explanations of
these findings is that maintenance or adjuvant
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chemotherapy might, in the earlier studies have
been working only on the most sensitive cells
(43,44), leaving relatively insensitive cells to
r e s p o n d t o m a i n t e n a n c e t r e a t m e n t . T h e
residual tumor cells remaining after today's
efficient induction treatment, on the other hand,
also seem to be insensitive to maintenance
t r e a t m e n t .

Non-Hodgkin lymphoma (NHL)
Maintenance treatment in large cell NHL

does not improve the final prognosis (58), sug
gesting that the persisting cells survive
because they are resistant. Cytostatics nor
mally effective for induction treatment of stage I
or stage II Hodgkin's disease are also effective
as re-induction of patients who relapse after
radiotherapy, if radiation was initially applied
alone (117). The chemotherapy re-induction
result is less efficient if chemotherapy is given
even in the initial stage. Similarly, in AML, aclaci-
nomycin gives a high incidence of second
remissions when the first remission was
induced without aclacinomycin (129,130).
Similarly, almost 100% second responses are
seen if myeloma patients without maintenance
treatment are reinduced, but only 18% are seen
in patients who had maintenance treatment,
even if re-induction is performed with cytostat
ics not previously used (130a). A similar
phenomenon Is also seen in testis carcinoma
(42).

C o n c l u s i o n a b o u t m a i n t e n a n c e
c h e m o t h e r a p y

A reduction in the number of side effects and
secondary leukemias (118) and other second
ary malignancies (119,120), of chromosomal
abnormality ( 121,122), as well as of patient dis
comfort (123) and sterility may be achieved
( 124,125) if maintenance chemotherapy is not
routinely given.

M i n i m a l r e s i d u a l t u m o r s a n d
immuno the rapy

Acute lymphatic leukemia. When pro
posing active immunotherapy in 1968 (19,137)
we have shown, in animal experiments, that
cells in the Gq or G, phases ( 138) are the most
sensitive. In fact, the neoplastic cells of minimal
residual disease may well be in Gq, since it has

been shown that hematological malignancies
may have prolonged average generation time
(138a). However, immunotherapy provoked
controversy for many reasons.

First, the tumor-associated antigens (TAA),
demonstrated in experimental tumors by Foley
(139) and Prehn (140), could be found in
human tumors neither by Hewitt (141) nor by
Baldwin (142).

The availability of monoclonal antibodies
today has resulted in many reports about TAA,
usually related to cell differentiation and poss
ibly to oncogene activation (146), in both ani
mal and human tumors (143). However, tumor
cell heterogeneity (143a), maturation asynch-
rony ( 143b) and lineage infidelity (143c) render
tumor-associated antigens ineffective in tumor
surveillance. Moreover, such antigens may not
be required for the cytotoxic activity of NK-cells
(144), macrophages (8), or other cytotoxic
cells (145).

Second, several clinical immunotherapy
results have been controversial. Nevertheless,
there are suggestions that even the primitive
first generation immunotherapy can improve
DFS and survival in ALL (152,153). In 1969
(152), no ALL-patients had been cured. Seven
cures out of 20 patients was at that time signifi
cant. A genetic selection of the patients
occurred with immunotherapy (154,155). A
comparative trial with historical controls (45)
and one randomized study (156) seemed to
confirm the first results, but there are several
negative trials as well. Stratification (157),
multicentricity (157,159) and inequal patient
numbers in the treatment (158) are discussed
elsewhere (20). One trial had 27 participating
centers for 300 patients and five treatment
arms. In three of these arms there were 153
patients, which means 1.88 patients per arm
per center (157). Another trial had 18, 52 and
52 patients in three treatment arms.

Chronic leukemia and lymphoma. In
chronic lymphatic leukemia, Binet et al. (160)
have recently published data which record a
significant improvement after levamisole treat
ment. Salmon (161) has reported the same in
myeloma.
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In large cell non-Hodgkin's lymphoma.
Hoerni (162) and Jones (163,164) still report
significant benefits of BCG treatment with sev
eral years of follow-up, but here also other
negative results exist. In AML (165,166), BCG
initially prolonged remission duration and sur
vival, and so did bestatine (167).

In CML (168) and melanoma (169,170) ben
efits have also been reported, but, again, many
negative reports exist.

C a r c i n o m a s
In bronchial carcinoma, benefits were found

by Maver et al. with intrapleural BCG (175), by
Yasumoto and Yamamura with a cell wall
substance (N.CWS,176), by Stewart et al. with
an antigenic preparation ( 177) and by Focan et
al. ( 178) with levamisole.

In gastric cancer, Ochial (179) found a sig
nificant benefit with N.CWS which is associ
ated, as was the one we observed in our first
ALL study (154,155), with a genetic selection
(179).

In colon cancer, Robinson (180) obtained a
benefit with a methanol residue (MER) of a BCG
extract. In bladder cancer, local immunother
apy has been effective in several phase II trials
(181).

In ovarian carcinoma, Albert (182) found
favorable results after immunotherapy. In cer
vical carcinoma, Okamura (77) has registered
a significant benefit, in breast carcinoma,
Lacour ( 183,184), and in prostatic carcinoma,
E d s m y r ( 1 5 1 ) .

Second generation Immunotherapy
Experimentally, minimal residual tumor cells

seem to be sensitive to adoptive immuno
therapy (188) as well as to ceils mediating the
graft versus leukemia reaction (189) or pos
sibly the graft versus leukemogenic virus (190)
reaction. The results ofWeiden et al. (191) and
other groups ( 192) tend to confirm this in man,
as do the recent results with NK-like cells and
lymphokine-activated killer (LAK) cells.

The possible role of hormones
Minimal residual tumors have been shown by

Fisher ( 193) to be sensitive to hormonotherapy

with anti-estrogens, but only in post-meno-
pausal breast cancer with female hormone
receptors. In contrast, estrogens reduce the
survival of patients with prostatic carcinoma
because of vascular complications (127).

C O N C L U S I O N
It is not self-evident at present that mainten

ance chemotherapy is more effective in con
taining or eradicating minimal residual tumors
than are the various attempts to use or activate
the biological response to the tumor. There are
indications that this latter response is mediated
by antigen-independent cytotoxic cells. This
cell population may include the cells respon
sible for the graft versus leukemia reaction.
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le bronchodi latateur à double act ion

C o m p o s i t i o n
Une boulfèe contjeni 0.1 mg de btomhydrate de fenoterol et 0.04 mg de
b r o m u r e d ' i p r a i r o p i u m

P r o p r i é t é s
Le fenoterol est un bronctiospasmolytique puissant stimulant les récepteurs
bêta-2 adrénergiques II agit sélectivement au niveau de la musculature bron-
cfiique et utérine Ses effets cardio vasculaires sont faibles De plus, te feno
terol stimule le transport mucocifiaire et exerce un effet anfi aflergique En
inhalation par aérosol-doseur (Berotec'). la dose unitaire recommandée est
de 0.2 mg (c'est-à-dire une bouffée)
L ipratropium est un bronchospasmolytique à effet parasympathicolytique qui
i n h i b e l a b r o n c h o c o n s t r i c f i o n r é f l e x e i n d u i t e p a r l e v a g u e . c o n t r a i r e m e n t à
I atropine. l'ipratropium n agit pas au niveau du système nerveux central, du
fait de la présence dans sa structure chimique d'un groupement ammonium
quaternaire Par inhalation, une très faible dose suffit pour relâcher fa muscula
ture bronchique (la dose unitaire délivrée par l'aérosol-doseur d'Atrovent' est
de 0.02 mg et la dose recommandée (en l fois) est de 0.04 mg). une telle
dose n'induit pas d'effets secondaires systémiques de type anticholinergique
tels que sécheresse buccale ou troubles de l'accommodation visuelle . par
ailleurs, elle est sans influence sur la sécrétion bronchique et fa fonction
mucociliaire D'autre part, lorsqu on en accroît les doses, l'ipratropium dispose
encore d'une marge de sécurité particulièrement étendue
L e D u o v e n t a s s o c i e l e f e n o t e r o l e t l ' i p r a t r o p i u m
G r â c e a l e u r m o d e d ' a c t i o n d i f f é r e n t , c h a c u n d e s c o m p o s a n t s e x e r c e u n e f f e t
c o m p l é m e n t a i r e
En pathologie bronchique, il en resuite un élargissement du spectre thérapeu
tique de la médication et une diminution du taux de non-repondeurs a
chacune des composantes En effet, le bronchospasme peut être influencé
quel qu'en soif le mécanisme sympathique ou para sympathique, allergique
o u n o n ,

La présence de fenoterol se traduit par une entree en action immédiate de
l'effet bronchodifatateur. qui apparaîtrait plus lentement sous ipratropium seul
La durée de I effet thérapeutique varie entre 4 et 8 heures, en fonction du
degré de sévérité des bronchospasmes
Des etudes de pharmacologie animale ont montré que le rapport optimal
des 2 drogues dans l association est de 2.5 pour le fenoterol et de I pour
( ' i p r a t r o p i u m
L aerosol doseur de Duovent délivré par bouffée 0.100 mg de fenoterol et
0 0 4 0 m g d i p r a t r o p i u m
Ainsi I ad)onction d ipratropium au fenoterol permet une réduction de moitié
du dosage du fenoterol habituellemeni admis, tout en garantissant le maintien
d un effet thérapeutique au moms equivalent
II en résulté aussi une diminution de la fréquence et de l'intensité des effets
s e c o n d a i r e s d u f e n o t e r o l

I n d i c a t i o n s
- Traitement ou prévention du bronchospasme dans les bronchopneumopa-

thies obstructives telles que Tasthme bronchique, la bronchite chronique,
l emphyseme pulmonaire, les pneumoconioses

- Pre traitement (ouverture des voies respiratoires) avant Tmhalation d'aéro
sols d'antibiotiques, rte mucolyliques. de corticostéroides. de cromogly-
cate disodique ou de dérivés de la theophylline

C o n t r e - i n d i c a t i o n s
Thyreotoxicose
Stenose hypertrophique idiopathique subaortique
Hypertr0(3hie prostatique

Précau t i ons pa r t i cu l i è res
On utilisera le Duovent avec prudence dans les affections cardiaques accom
pagnées de tachycardie ou de tachyarythmies On évitera la prescription
simultanée d autres substances sympathicomimétiques

Uti l isation au cours de ia grossesse
Bien qu aucun effet rteletere ne soit apparu chez l'animal, on évitera par prin
f ipe d administrer le Duovent durant les trois premiers mois de la grossesse
Au cours de la période précédant irnmediafemenl l'accouchement, il convient
de tenir compte du lait que le fenoterol exerce egalemeni un effet tocolytique

Effets secondai res
Au dosage recommandé, on ne constate qu eice()fionnellement des «rtfets
secondaires de type sympathicomimefique el prat iquement aucun effet
secondaire de nature anticholmergique
A dose elevée. ou chez des patients présentant une sensibilité particulière
aux sympathicomiméliques. on pourra observer des tremblements digitaux
des palpitations ou de l'agitation
Rarement, on voit survenir, a titre de reaction locate, une secheresse buccale
ou, en cas de projection dans les yeux, des troubles modérés et réversibles rte
l ' a c c o m m o d a t i o n v i s u e l l e

Surdosage et ant idote
En cas d'intoxication par une dose massive, les symptômes principaux de sur
dosage sont essentiellement de caractère sympafhicomimetique On adrni
nisirera dés lors en tant qu'antidote spécifique une substance bêla lyfique
Dans ce cas. if faut toutefois prendre en consideration Teventualite d une
aggravation de l'obstruclion bronchique chez des patients souffrant d une
affection bronchospastique

Poso log ie
Adultes et enfants au dessus de 6 ans l boulfee a repeler éventuellement
après 5 minutes L'inhalation d'une telle dose peut être pratiquée .i intervalles
de 4 a 6 heures en moyenne . f on ne dépassera pas une dose totale de
6 doubles bouffées réparties sur 24 heures Commr; dose d enirelien
moyenne, on administrera 1 ou 2 bouffees 3 a 4 fois par jour
L administration aux enfants se fera sous la surveillance dun adulte

Mode d'empioi
1 Enlever le capuchon de protection de TerntJout plastique
2 Agiter Tappareil (voir schéma) avant chaque emploi
3 Prendre l'appareil entre deux doigts l'index sur le fond de la r artouche en

aluminium et le pouce sur l'embout La flèche de I eliquefte est ainsi dirigée
v e r s l e h a u t

4 Expirer a fond
5 Serrer l'embout plastique avec les lèvres ivoir schema)
6 Inspirer par la bouche le plus profondément possible tout en exerçant une

pression sur le fond en aluminium de Tappareil il y a litieration d une
bouffée d'aérosof Retenir la respiration quelques secondes

^ Retirer l'embout de la bouche, puis expirer lentement
B Remettre le capuchon de protection

L'opacife du flacon ne permet pas de contrôler le niveau du liipnde Aussi lauIl l'agiter pour en verifier la présence Dès quTi parait vide la soupaiie pei
encore fonctionner efficacement une dizaine de fois
L embout buccal doit être conservé dans un parfait état de propreté il peut etr
nettoyé facilement a l'eau chaude savonneuse et rince a 1 eau claire
L'aérosol-doseur de Duovent est sous pression tl ne peut etre ouvert ave
violence ni exposé a des temperatures supérieures a 50 C
P r é s e n t a t i o n
Aérosol-doseur cartouche avec embout buccal contenant 30 rng d,. lonotercet 12 mg de bromure d ipratropium (300 dosesi

F o r m u i e(8r) 3(,-hydroxy 8-isopropyl t<,H 5«H tropamumbrornid m Iropasmono
hydras 0.012 g 1 (3 5-dihydroxyphenyl) 2 ||1 (4 bydroxybenzyl) aefhyl)
aminol-aethanol hydrobtomid 0.03 g-Sorbifan tnoleas Monotluorolnchloro
methan-Difluorodichloromethan Tefrafluorodicnloroaefhan qs pro 15 mi
(— 300 bouffées dosées)

n.v. Boehringer Ingelheim s.a.
rue du Collège St-Michel 17
1150 Bruxelles - Tél. 02/762 56 55
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K o m p e t e n t
fur d ie k l in lsche Ernàhrung

«
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Das moderne Konzept fur die
parenterale Versorgung ihrer
P a t i e n t e n

• Praxisgerechte
Ernahrungsreglme
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L'inhibition de la sécrétion acide est en relation avec la surface sous
la courbe, mais non avec la concentration plasmatique présente é un
m o m e n t d o n n é .
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P r é c a u t i o n s p a r t i c u t i è r a s
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donc recommandé de surveiller les patients qui reçoivent de la phé
nytoine, une réduction de la dose de phénytoine pouvant être néces
saire. On n'a pas trouvé d'interaction avec la theophylline, mais 9
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lisés par l'Intermédiaire du système enzymatique du cytochromt
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On n'a pas trouvé d'interaction avec les ontacides administrés con
j o i n t e m e n t .

On ne dispose pas d'information sur les effets d'un surdosage chat
l'homme et il n'est donc pas possible de donner des recommanda
tions spéc i f iques pour un t ra i tement .
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A b s t r a c t

Two mathematical models can approximate the survival
curves for malignant diseases. The models identify the seg
ments of the survival curve. Also, the hazard function of the
curve and the confidence intervals of the curve could be
calculated.

First, we studied the survival-after-relapse curve of malignant
melanoma. The curve of chemo-immunotherapy showed three
segments and that for immunotherapy had two segments. The
immunotherapy showed its effect in the early period of
treatment.

Second, the disease-free survival curves for adjuvant therap
ies of breast cancer were compared. In the Oncofrance trial, a
combination of adriamycine. vincristine, cyclophosphamide (C)
and 5-fluoro-uracil (F) (AVCF) was superior to a combination of
C methotrexate and F (CMF) in all the periods of the therapy. In
Lacour's trial poly A-poly U was more effective than the no
treatment in the middle and late period. In Bonadonna's trial.
CMF was superior to no treatment in the early period.

Third the survival curves for immunotherapy versus non-
immuno'therapy of stomach cancer were analysed. Comparison
of the confidence intervals of each curve clarified that no signifi
cant difference could be found between them.

i n t r o d u c t i o n
There are three kinds of survival curves: those describing the

duration of remission or of disease-free survival (DFS). those
describing overall survival and those describing survival after
relaose These curves have several segments or sub-popu
lations Morton (9) has described the survival curve of patients
with malignant melanoma as having three sub-populations:
7hose who relapse or die soon, those who relapse or die late and
those who neither relapse nor die. and who may be considered
as cured.

© 1988 Pergamon Press pic



Theoretical models suggest two types of
survival curves, a convex-concave curve and a
concave curve (Fig. 1) (11), To describe these
curves, the Weibull, log-normal and exponen
tial distributions have been used (1,3,12).

The theoretical models proposed here can
be used to identify slopes of curve segments
and to calculate the hazard function (3) and the
confidence intervals of the curve. The results of
adjuvant therapies for malignant melanoma,
b r e a s t c a n c e r a n d s t o m a c h c a n c e r a r e t h u s

analysed.

M A T E R I A L S A N D M E T H O D S

S(t) was defined as the probability of survival
at time t. Figure 1 shows the equation for the
concave and the convex-concave curves,
respectively. Observed data were used to
obtain the equation by the least squares
method. Among the several equations which
could be obtained for one given curve, the one
having the smallest residual variance was
selected. It was possible to identify several

segments in the curve (Fig. 2), the number of
observations or patients, and the slope or mor
tality or relapse rate of each segment. If the
curve was composed of three segments, these
segments were assumed to reflect, respect
ively, the high risk, intermediate risk and low
risk groups.

Linearity is necessary for obtaining the con
stant death rate or relapse rate of the
segments.

Relapse rates could not be compared in all
trials because the curves of some segments
were not linear on a semi-log scale. Therefore
the hazard functions were compared. The haz
ard function, which is correlated with the slope
of the curve and its confidence intervals, was
then calculated.

The Oncofrance trial of adjuvant therapy for
melanoma (6), in which the survival-after-
relapse curve of the immunotherapy group was
compared to that o f chemo- immunotherapy,
was analysed with this method.

© 0

t i m e t i m e

Fig. 1. Two theoretical models of survival curve on a semi-log scale. Equation (A): the probability of the
survival stands for a concave curve and equation (B); the probability of the survival for a convex-

concave curve. The tangential line of the curve represents the slope of curve.

3

Equation (A): P(t) = 2 Exp (-Xit + Ni).

i = 1

2 4

Equation (B): P(t) = 2 Exp (-Xit + Ni) -I- Exp [2 -Xit2(i-2) + N̂ .
i = 3

9 4
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Fig. 2. A hypothetical concave survival curve
on semi-log scale. The original curve is the
addition of three curves (in dotted lines) which
are suggested to represent the high risk, inter
mediate risk and low.risk groups, respectively.

In addition, three trials of adjuvant therapy
for breast cancer, the Oncofrance trial (7).
Lacour's trial (4) and Bonadonna's trial (10)
were studied. The Oncofrance trial compared a
combination of cyclophosphamide, methotrex
ate and 5-fluoro-uracil (CMP) with a combina
tion of adriamycin, vincristine, cyclo
phosphamide and 5-fluoro-uracil (AVCF). The
disease-free survival curve for pre-meno-
pausal patients with positive nodes (N-I-) was
analysed both in the Oncofrance and in
Lacour's trials, where poly A-poly U treatment
was compared to no treatment. In Bonadon
na's trial, cyclophosphamide, methotrexate
and 5-fluoro-uracil (CMF) was compared to no
treatment, and the disease-free survival curvefor pre-menopausal patients was analysed.
Finally, Fujii's trial (2,8) of adjuvant immuno
therapy for stomach cancer was analysed.

R E S U L T S

M e l a n o m a
Figure 3 shows the analysed curves of mela

noma. The equations of the curves were as fol
l o w s ; c h e m o - i m m u n o t h e r a p y : 7
exp(-3.246t + 3.813) + exp(-1 173t +

Fig. 3. Observed survival curve after relapse in
melanoma according to adjuvant treatment:
chemo-immunotherapy (solid line). It is com

posed of three segments (dotted lines).

3.706) + exp(Ot + 2.639). Three segments
could thus be identified. Immunotherapy: S(t) =
exp(-1.196t + 4.435) + exp(-0.035t +
3.150). Two segments were identified. It is sug
gested here that immunotherapy 'shifts' the
high risk group of chemo-immunotherapy into
the intermediate risk group.

B r e a s t c a n c e r
The following equation was formed for bre

ast cancer treated with CMF in the Oncofrance
trial: S(t) = exp(-0.205t2 o.0007t̂  -I- 3.929) -I-
exp(®t + 3.911), i.e. two segments. AVCF in
the Oncofrance trial: S(t) = exp(-0.064t2
-0.040t'' + 2.870) -I- exp(Ot + 4.414), also two
segments. It is suggested here that 30% of the
patients were "shifted' by AVCF from the high
risk group of CMF to the low risk group.

Lacour's controls: S(t) = exp(-0.1982t -1-
4 224) -I- exp(-0.082t + 3.474), again two
segments. Poly A-poly U of Lacour's trial: S(t)= exp(-0.372t2 + 2.818) + exp(-0.036t +
4.428), two segments. Half of the controls at
high risk seem to have been 'shifted' to the low
risk group by poly A-poly U.
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The controls in Bonadonna's trial (Fig. 4):
S(t) = (-0.883t + 3.473) + exp(-0.511t +
3.322) + exp(Ot + 3.689), i.e. three segments.

C M F i n B o n a d o n n a ' s t r i a l : S ( t ) =
e x p ( - 0 . 3 4 7 t 2 + 2 . 7 1 5 ) + e x p ( - 0 . 0 5 4 t +
4.437), two segments. The CMF treatment
seems to have 'shifted' half of the controls in
the high risk group and all in the intermediate
risk group.

®/f o

y e a r s 1 2 3 4 5

Fig. 4. Observed disease-free survival curve of
the control group in adjuvant therapy of breast
cancer (premenopausal) in Milan (solid line). It

has three segments (dotted lines).

The haza rd f unc t i on o f t he Onco f rance
AVCF suggests that AVOF is better than the
Oncofrance CMF in all the periods.

The result of Lacour's poly A-poly U treat
ment was superior only in the middle
and late periods. In contrast, the result of Bon
adonna's CMF treatment was superior in the
early period.

Figures 5 and 6 show the analysis of the sur
vival curves of stomach cancer in di fferent
stages. The equation for patients given immu
notherapy was: S(t) = exp(—0.324t2 + 3.088)
-I- exp(-0.024t + 4.366). That for no immuno-

y e o r s 1 2 3 4 5

Fig. 5. Observed survival curves of patients with
gastric cancer in Japan according to stage.

®/
' o

1 0 0

I 75
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?~ 5 0
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0

y e a r s 1 2 3 4 5

Fig. 6. Slopes of survival curves of patients with
gastric cancer in Japan according to stage.

therapy was: S(t) = exp(-0.624t2 + 3.207) +
exp(-0.008t + 4.282). Each curve has two
segments. The 95% confidence intervals of the
curves show that results of immunotherapy are
superior only in the short early period.

DISCUSSION
A comparison of the hazard functions, which

can be calculated from the equation of each
curve, can indicate during which period the
adjuvant treatment is effective.

Mathé (5) has suggested that adjuvant
chemotherapy works on the first segment

9 6



assumed to represent the high risk group and
adjuvant immunotherapy on the second seg
ment. the intermediate risk group. This could
suggest that chemotherapy affects many
tumor cells in cycle and that immunotherapy
affects tumor cells in Gq.
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Ethical Problems in Clinical Trials Concerning Minimal
Residual Tumors*

S o p h i e D i o n a n d I N T R O D U C T I O N
Peter Relzenstein The treatment effectiveness of imperceptible tumors is

judged by the duration of remission and/or survival. Since these
patients are usually apparently healthy and free from symptoms,
and may in fact even be cured already, particular care is required
from an ethical and legal stand-point.

PHASE II TRIALS
Relatively few basic ethical problems present themselves in

the comparative or prolonged phase II trials. It is an ethical
advantage if the oriented phase II trial according to Gehan's
rigorous statistical design is used which requires only 25 patients
to detect a 20% difference in treatment effect with a p<0.05
(12) In this way, the need of a very large patient population to
obtain statistical significance and the inclusion of too many
subjects might be avoided.

If there is a heterogeneous distribution of patients within the
orouDS a requirement of 3000 patients in order to detect a 20%
difference has been considered necessary (15). Even larger
numbers of patients are sometimes subjected to trials m order to
a« rm that smaller differences are statistically significant. Such
fiaures are both ethically and pragmatically questionable. It is
important to balance the risk against the importance of
calculating the significance of a small difference.
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PAT IENTS AT R ISK

Every patient in a clinical trial is at risk and ttie
ptiysician is responsible. In the U.S., every
death during a clinical trial involving new drugs
m u s t b e r e p o r t e d w i t h i n 2 4 h o u r s t o t h e
authorities, even if death was not related to the
trial. Every protocol thus includes a risk, related
to the rigidity of the protocol and to the fact that,
for instance, dose correct ions for individual
variations of pharmacokinetics are not always
a n t i c i p a t e d a n d a r e s o m e t i m e s e v e n
prohibited. In a trial in Memphis (3), nine
children developed leuco-encephalopathy,
and in the polycythemia vera study group, a
large number of acute leukemias were induced
before the treatment was stopped. This is
ethically and legally unacceptable. Individua
lized treatment may well entail advantages,
both as regards economy and pat ient
satisfaction, in comparison to the rigid protocol
required for randomized trials (4). Protocols
should thus attempt to provide for planned,
standardized individualization, for instance in
the case of liver, renal or bone marrow failure.

E T H I C S O F R A N D O M I S AT I O N

Randomisation of patients (5,6) may initially
appear shocking to the patients. Kassiner has
even described it as an insult to the individual
(7). This is true even if patients are in fact well-
informed, both of the possible beneficial effects
of a placebo and of the effects of no treatment
( 5 , 8 , 9 ) , a n d o f t h e f a c t t h a t t h e r e l a t i v e
advantages and risks of the two treatments to
be compared are not yet known. In reality,
however, many patients are not well-informed.
It is even difficult to see how a placebo may be
used with the full consent of family members,
the family doctors and the patient.

It is, of course, important not to delay the
development of more effective treatment. The
purpose here is to try to propose ways to
reduce patient discomfort and risk. The
random cho i ce be tween t rea tmen t and no
treatment is useful in certain cases. It is not the
purpose here to criticize all randomisations, or
to establish an inventory of the technical
defects of the randomisat ion methods. The

present discussion deals only with the stage of
minimal residual disease. In this stage, where
patients are apparently healthy, ethical
requirements are particularly important.
ETHICAL REQUIREMENTS FOR
RANDOMISATION

When two treatments are to be compared,
they must be selected to be the two most
effective ones for the disease in question, there
must be no known difference between them,
but there must be at least a pilot study
suggesting one. To launch a several year multi-
center randomized trial without a promising
pilot study is unacceptable. If an old treatment
is known to be effective, frequently because it
was compared with no treatment, the new
treatment must be compared with the old one.
This is generally accepted in theory, but in
practice there are several trials (10-13) where
the controls did not obtain the treatment which
has previously been shown to be more effective
than no treatment at all.

Repetitive randomized trials should be
avoided, since it is always a disadvantage to be
a randomized patient. There are, for instance,
two randomized trials on patients with
osteosarcoma, which only confirmed the 60%
beneficial effect of chemotherapy that had
been known of for 10 years (12,13), and one
randomized trial of treatment with acyclovir,
which only confirmed its well known effect on
prevention of herpes virus infection ( 14).

The ethical requirements acquire increased
importance now that studies seem to include an
increasing number of subjects since the
differences sought get smaller. This places a
very large number of patients at both positive
risk (toxicity) and negative risk (depriving them
of another treatment).

CONCLUSION
In conclusion, the law requires that the

scientific methodology must not reduce the
patient's rights. The patient's right should be
guaranteed, a priori, by ethics; rather than
being debated, a posteriori, in court.
Considering ethics before is better than having
medicolegal problems after a clinical trial.
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Ŝ der Einlûhrung von Legcdon® 70 Dragées sind viele
k^nkrhe Aibeifen publiziert worden, in denen die anti-
heDatotoxlsche Wirkung von Legalon® bestdtigt und
nntermauert wild. Darùber Wnaus wurde die Tages-doŜs von6 Dragées Legalon® 70 (= 420 mg Silymarin)
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Not even comparative trials with a random
selection will always produce reproducible
results. The adjuvant chemotherapy effect on
survival claimed by Rossi et al. (10) in pre
menopausal breast cancer was not found in an
identical trial in the United Kingdom. Moreover,
many women who received the treatment were
la ter a f fec ted by severe bone marrow
sequelae. The fact that these patients had
severe complications of the probably inefficient
adjuvant chemotherapy illustrates the ethical
problem of randomisation.

Clinical trials must continue, but with the
caution alluded to above. The International
Society of Ethics in Cancer Research and the
Committee of Ethics, where the discussions on
which this paper is based took place, have
proposed a three-pronged solution.

(a) Reduce the number of trials where
promising pilot studies are missing or whose
quantitative importance justifies neither the
patient's discomfort nor the ethical problems
following randomisation.

(b) Monitor the degree to which physicians
respect the rights of each individual patient.

(c) Ensure that no trials are started that are
impractical, repetitive or a threat to the
patient's rights.
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