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In Memoriam Dr. Mildred Scheel

The Wilsede Meeting is also supported by the Wilsede Fellowship Programme of the
Dr. Mildred Scheel Stiftung, which is part of the Deutsche Krebshilfe. Since that
Foundation was established by Dr. Mildred Scheel, it is appropriate that we should
reflect and comment on the great contribution which she made to cancer prevention,
treatment and research.

Who was Mildred Scheel? What were her ideas and what did she achieve with her
Foundation?

Mildred Scheel was born in Cologne in 1932, daughter of a physician and radiolo-
gist. She studied medicine and specialized in radiology. Later, she married Mr. Walter
Scheel before he was appointed Minister for Foreign Affairs. When Mr. Scheel
subsequently became President of the Federal Republic of Germany, she became the
“First Lady” of this country. No doubt this helped her to fulfil her noble ambition
to contribute to the fight against cancer. As a consequence of this, she founded the
Deutsche Krebshilfe in 1974. From that time on, all her efforts were directed towards
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encouraging people to contribute money for this crucial purpose. She developed many
significant ideas for organizing cancer prevention, early diagnosis and treatment that
was applicable on a large scale. She initiated the establishment of the first five cancer
centers in this country. Once they were functioning successfully, she was able to
convince the Government to assume full responsibility for maintaining them. She then
prepared to launch new undertakings. It became apparent to people that she had
unique qualities that enabled her to initiate new ideas for fighting cancer, and this
added significantly to her personal success. She also supported in particular the
treatment of childhood cancer in many hospitals, and initiated the psychosocial
after-care of patients and their families. In addition, she aided individuals who were
economically affected by having cancer.

The Dr. Mildred Scheel Stiftung was established to promote and support cancer
research. It supports a great number of research projects in many institutes and
provides a fellowship programme for sicentists to work and study at institutions
abroad. Included in that programme is the Wilsede Fellowship Programme. The
Dr. Mildred Scheel Stiftung is now an important body in the Federal Republic of
Germany for the granting of fellowships. Many of Mildred Scheel’s initiatives were
not broadly accepted at first, but through her continued energy they are now accepted
as common practices in the oncological field in this country.

When she had a particular goal in sight, no obstacles could prevent her from
reaching it. Yet, for all her tenacity, Mildred Scheel was a warm, loving and sensitive
person who had special understanding for cancer patients, together with a human
touch. She was always very hard-working and enthusiastic, and stimulating for all of
us. None of those who, like myself, had worked with her in the Foundation for over
10 years can remember her ever missing a meeting of the board or the scientific
councils of the Deutsche Krebshilfe or the Dr. Mildred Scheel Stiftung, until the last
few weeks of her life. During those meetings she listened carefully to the experts,
although sometimes she came to her own conclusions when she was convinced that
a particular step forward had to be made. She never lost her enthusiasm for helping
others, even when she realized what would be the consequence of her own illness. She
always seemed to be positive in her attitude and could always stimulate others with
her spirit and her personality. She could have done so much more in the future and
she is sadly missed by all of us. We all will always remember her with great devotion.

The Mildred Scheel Memorial Lectures are our tribute. The first lecture will be held
by F. Anders, a classic geneticist and molecular biologist, who has made important
contributions to the understanding of cancer in the field of molecular genetics.

Klaus Munk
Heidelberg
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The Mildred Scheel 1988 Memorial Lecture

A Biologist’s View of Human Cancer *

F. Anders

This biennial lecture reflects the generos-
ity of Dr. Mildred Scheel, whose life was
dedicated to the fight against cancer. I
met Mildred Scheel personally on the oc-
casion of several conferences on human
cancer and remember her with gratitude.
It is an honor to have been invited to
present the 1988 lecture.

The ultimate purpose of all who study
cancer biology falls within the general
goal of the efforts of Dr. Scheel: to ana-
lyze the biological factors that are in-
volved in tumor development for the pur-
pose of preventing cancer. At times the
analytical work of many scientists of Mil-
dred Scheel’s generation appeared to
meet certain opposition when they have
seen printed in large letters “‘cancer is not
inherited” and ‘“‘genes that determine
cancer do not exist.” Such statements
came from well-meaning people intent on
calming the fears of families that have
had cancer in their ancestry.

We all are involved in the fight against
cancer, the physicians, epidemiologists,
biochemists, immunologists, virologists;
everybody in his place. I am a zoologist,
trained as a geneticist who views human
beings as products of nature with all their
potentials, limitations, and inadequacies
arising from their animal background.

* The work of the author’s research group
was supported by the Justus-Liebig-Univer-
sitdt Giessen, by the Deutsche Forschungsge-
meinschaft, by the Bundesminister fiir For-
schung und Technologie, and by the Umwelt-
bundesamt

A. Oncogenes in Phylogeny

Neoplasia is not limited to human be-
ings, or to mammals, but develops in all
taxonomic groups of recent Eumetazoa
and even in multicellular plants. Neo-
plasia was also found in Jurassic Sauria
and in other fossils including humans.
Neoplasia, therefore, was not created by
human civilization, but is inherent in the
multicellular organization of life [1]. It is,
therefore, not surprising that the genes
coding for human cancer are distributed
throughout the animal kingdom (Fig. 1,
[2—10]).

The most venerable oncogene seems to
be the ras oncogene, which probably has
evolved together with the heterotrophic
organization of the early Eucaryotes.
This supposition does not exclude the
idea that certain sequences of ras (and
other oncogenes) might have been
evolved before the heterotrophs in the
history of life. Actually ras is distributed
as a normal genomic constituent from
yeast [11], where one obviously cannot
recognize a cancerous state, through all
groups of the animal kingdom studied up
to humans and is possibly involved in the
development of human tumors such as
bladder carcinoma, melanoma, neuro-
blastoma, fibrosarcoma, lung sarcoma,
lung carcinoma, and acute myeloid leu-
kemia (for review see [12, 13]). Its early
appearance in the history of life suggests
fundamental functions for our life. Its
product is a GTP-binding protein which
probably activates phospholipase C that
generates the internal promoter diazyl-
glycerol for kinase C, thus signalizing cell
proliferation [14—16].
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Fig. 1. Attempted outline of the evolution of oncogene systems in the animal kingdom (com-

piled from [2—10]). See text

As one moves up the evolutionary
scale to the multicellular organization of
the living beings, i. €., to the Metazoa, the
src oncogene appears in the parazoic
sponges and is, thereafter, traceable
through the Eumetazoa up to humans [2,
17, 18]. We have not identified cancer in
sponges, but src was found highly active
in the sponges which, because of the au-
tonomy of their cells, can be considered
to grow as independently as tumors. In
Coelenterata such as sea anemone both
sre activity and abnormal growth com-
parable to teratomas of higher species
have been observed. High activity of src,
measured as activity of its product, the
pp60° kinase, was detected in the ner-
vous cell systems of all groups of animals
tested. Its activity is also high in animal
and human melanoma [19, 20], the cells
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of which are probably all derived from
the neural crest cell-system. The src
oncogene is possibly, like ras, involved in
the transmission of proliferation signals

* which, on this evolutionary level, possi-

bly include the phosphoinositide phos-
phoinositol turnover [15]. It serves prob-
ably in intercellular communication for
coordination of growth and function of
the Metazoa, perhaps through gap junc-
tions.

As we go up to the Bilateria the Meta-
zoa branch out to the Protostomia and
Deuterostomia. This period must have
been evolutionarily very active and suc-
cessful. A large variety of taxonomic
groups containing a large packet of
oncogenes has been evolved. In addition
to ras and src, the following have been
identified: (a) abl, fes, neu, erbB, which



belong to the src¢ family and exhibit ty-
rosine kinase function, (b) myc and myb,
which are assumed to fulfill regulatory
functions of gene expression in the nucle-

us, (d) raf, coding for a serine/threonine .

kinase, and (e) bcl/2, isolated from hu-
man B-cell lymphoma. Since the viral
oncogenes which mostly have been used
as probes originate from higher verte-
brates (i.e., Deuterostomia), one can
conclude that the respective cellular
genes must have been already present in
the last common ancestor of both Pro-
tostomia and Deuterostomia. The clear
hybridization signals always found with
abl and myb lead to the presumption that
they evolved still earlier in the history of
life as can be shown by present data (see
arrows in Fig. 1). Nothing is known
about the tumorigenic function of these
oncogenes in the tumors observed in in-
vertebrates. Little is known about these
functions in human tumors [12]. abl,
myb, fes, bcl2 present in Drosophila,
Limulus, etc., organisms which have no
blood in the sense of the blood of mam-
mals, are possibly involved in human he-
matopoietic malignancies; but no con-
vincing data from human biopsy speci-
mens or fresh cells from a variety of
human leukemias und lymphomas are
available showing that these early onco-
genes are crucial in human neoplasia
[12].

The appearance of the sis oncogene,
which codes for the platelet-derived
growth factor (PDGF) in the Chordata,
represented by Amphioxus and lamprey
in the outline of the phylogenetic tree,
might be critical for the evolution of the
closed blood circulation apparatus that
exposes the blood to pressure. Up to the
teleosts this oncogene is represented by
only one copy. Later on, moving from
lower Tetrapoda to Mammalia, a second
sis copy occurs. In humans PDGF is
coded by two distinct but related genes,
namely the PDGF-A gene and the
PDGF-B gene, the latter one being
known as human c-sis, which is less
homologous to the teleost c-sis than the
PDGF-A gene [6]. Although human c-sis

is apparently inactive in most human
cells, it is supposed that both PDGF A
and B (and their receptors) are involved
in general regulatory processes, cell pro-
liferation, and tumor formation [12].

The yes oncogene occurs in the animal
kingdom together with the appearance of
the Gnathostomata, which are represent-
ed in our studies by sharks. This gene is
a member of the src family which is high-
ly homologous to src itself. This poses
the question of gene duplication in evolu-
tion. Another example, the single sis
copy of the teleosts that corresponds to
the human PDGF A became duplicated
(probably), as mentioned above. One
could extend this question asking
whether the large src family including the
already mentioned abl, fes, neu, erbB, yes
and the not yet mentioned fgr, ros, and
mos could have been evolved by gene
duplication. The idea that oncogene fam-
ilies might have been evolved by gene
duplication contributes to the general
concept of evolution by gene duplication
proposed by Ohno [21] almost 20 years
ago.

At the evolutionary level of Verte-
brates, fgr, a member of the src family,
fos, a nember of the myc/myb family, and
erbA, a partial homolog of the receptors
of thyroid hormone, estrogen, proges-
terone, glucocorticoid hormone of hu-
mans, and the human X-factor, appear
together in the teleosts. Since erb A of the
fish shows strong homologies to the viral
gene, one could assume that it has
evolved earlier in the history of life than
the present data indicate. It seems not to
be involved in neoplastic transformation
but in tumor promotion, perhaps sup-
porting erbB, which appears to be in-
volved in transformation [22].

It is notable that, based on our earlier
genetic and histogenetic experiments, not
only have gene patterns favorable to neo-
plasia been observed in teleost species
but also genes which limit the action of
these genes to certain cell types [23]. This
is an important point to consider in hu-
man neoplasia [3]. It appears that na-
ture’s way of keeping the oncogenes from
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their transforming capacity as soon as
they became too dangerous for the in-
creasing complexity of life has been to
establish a new category of genes, namely
the oncogene-specific regulatory genes
[24], today sometimes called anti-onco-
genes or oncostatic genes.

Finally, ros, a member of the src fami-
ly, possibly involved in cell proliferation
and tumor promotion through the inter-
nal promoter diazyglycerol [14—-16], ap-
pears to be specific to the Tetrapoda, and
mos, related to the src family and also to
raf, appears to be specific to Mammalia
[4, 5, 25]. Nothing is known, at least to
my knowledge, about the specificity of
these genes to the organization of the Te-
trapoda and Mammalia, respectively.
mos is probably involved in human acute
myelogeneous leukemia [12].

In conclusion it appears that, in paral-
lel with the advancement of the animal
kingdom, particular oncogenes were sub-
ject to their own evolution and that, fur-
thermore, the systems of the oncogenes
corresponding to this advancement in-
creased in number, several of them prob-
ably by gene duplication. From yeast to
mammals we found an increase from 1 to
17 (see Fig. 1, right). This increase might
reflect the increase of complexity re-
quired for advancement in the animal
evolution but might in addition reflect
an increase of sensitivity to any endo-
genous and exogenous impairment of
the systems. Therefore, our phylogenetic
view might reflect some rough observa-
tions on the tumor incidence in the ani-
mal kingdom which so far have never
been studied seriously. Although both
oncogenes and cancer have been ob-
served in all systematic categories of the
Eumetazoa, it appears that mammals are
more afflicted with cancer than any other
group of animals.

B. Low and High Susceptibility
to Neoplasia

Neoplasia occurs infrequently in the nat-
ural populations of Eumetazoa, and in-
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duction of cancer by initiating carcino-
gens and tumor promoters is difficult to
achieve [26]. This phenomenon was stud-
ied in detail in the Central American
teleost genus Xiphophorus [26—29] and in
East Asiatic mice [30]. Natural selection
in Mendelian populations will not favor
one population or race and discriminate
against the other but will always work
against susceptibility to cancer in all pop-
ulations and races. However, certain
nontaxonomically defined groups of ani-
mals are highly susceptible to sponta-
neously developing, carcinogen-initiat-
ed, and promoter-stimulated neoplasms
(Table 1). These groups consist mainly of
animals of hybrid origin, such as natural-
ly occurring or experimentally produced
interspecific, interracial, and interpopu-
lational hybrids as well as laboratory and
domesticated animals which actually are
also hybrids, i.e., homozygous combina-
tions of chromosomes of different popu-
lational or racial provenance. These ani-
mals share their high susceptibility to
neoplasia with humans [26, 31].

While we do not have data on the rela-
tionship between hybridization and can-
cer in human beings comparable to the
data on animals, it is interesting to specu-
late whether the many facts on tumor
incidence in humans that do not agree
with the concept of the primacy of envi-
ronmental factors in carcinogenesis can
be explained by interpopulational and in-
terracial matings in our ancestry. Cer-
tainly interpopulational and interracial
mating may have occurred at any time in
any place. Because of the high and in-
creasing mobility of modern humans as
compared with other species, one should
expect high heterogeneity. Various esti-
mates based on enzyme variation showed
that heterogeneity in humans is com-
parable to that of domestic animals such
as cats, but is about six times higher than
that of wild macaques, about ten times
higher than that observed in the large
wild mammals such as elk, moose, polar
bear, and elephant seal, and about twice
as great as that of most feral rodents
studied so far [32—34]. Based on these



Table 1. Animals that exhibit a high tumor incidence (for references see [26, 31])

Species

Tumor

Insects

Drosophila laboratory stocks
Solenobia hybrids

Teleosts

Xiphophorus hybrids
Girardinus laboratory stocks
Ornamental guppy strains
Orange medeka
Domesticated trout
Salvelinus hybrids

Domestic carp

Ornamental hybrid carp
Lake Ontario hybrid carp
Goldfish

Amphibia
Bufo calamita and B. viridis hybrids

Birds

Musk duck and mallard hybrids
Peacock and guinea fowl hybrids
Improved breeds of fowl

Mammals

Mus musculus and M. bactrianus hybrids
Laboratory mice strains

Hybrids of mice strains

BALB/c and NZB hybrids

Blue ribbon mice

Sprague-Dawley and Long Evans hybrids
Domestic dogs

Boxers

Domestic cats

Sinclair swine

Lipizzaner horses

Various neoplasms
Various neoplasms

Various neoplasms

Promoter-induced melanoma
Carcinogen-induced hepatoma
Hepatoma

Aflatoxin-induced hepatoma
Fibrosarcoma

Neuroepithelioma

Ovarian neoplasia
Pollution-conditioned gonadal tumors
Erythrophoroma

Chordomas

Gonadal tumors
Gonadal tumors
Leukosis

Various neoplasms

Various neoplasms

Increased incidence of various neoplasms
Plasma cell tumors (50%)
Mammary tumors (100%)

Increased mammary tumor incidence
Various neoplasms

Very high tumor incidence

Various neoplasms

Melanoma

Melanoma

data and on the assumption that tumor
incidence in general is related to inter-
populational and interracial matings,
one could explain why humans have a
high incidence of neoplasia comparable
to that of the domestic animals.
Furthermore, there are some data on
chromosomal heteromorphisms in hu-
man populations that might be useful for
estimates of heterogeneity within and
among different populations. According
to such estimates it appears that, for in-
stance, Japanese populations exhibit a
low degree of Q- and C-band chromo-

some heteromorphisms, whereas Ameri-
cans have a much higher degree of this
heteromorphism, with blacks having
more prominent heteromorphisms than
whites [35, 36]. One is tempted to assume
that this heteromorphism refects the dif-
ferences in the degree of heterogeneity
among the Japanese and white and black
United States populations. In this con-
text it is notable that the ratio of pros-
tatic cancer in Japanese, United States
whites, and United States blacks is re-
ported as 1:10:30 and that the black cit-
izens in San Francisco have double the
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risk of developing neoplasia as compared
with their Japanese fellow citizens [37,
38]. We cannot explain these facts by en-
vironmental factors or racial differences.
The high susceptibility to neoplasia in
domestic or hybrid animals, respectively,
could show us how to approach the prob-
lem. Of course, it is very difficult to study
the heterogeneity of a recent human pop-
ulation of a city or country in terms of
biological measures. However, new meth-
ods such as the determination of restric-
tion fragment length polymorphisms
available today could be helpful in re-
vealing the possible relationship between
genetic heterogeneity and tumor inci-
dence in modern human populations.

C. Cancer in Xiphophorus as a Model
for Cancer in Humans

Human biology is unique, but is not so
unique in its fundamentals as to make
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studies on animal models irrelevant for
an explanation of human diseases includ-
ing cancer. Although mice and rats are
the classical laboratory animals used in
experimental cancer research, several
genera of small teleost fish serve increas-
ingly as models in new cancer research
programs [39]. One of these genera is
Xiphophorus (Fig. 2; for portraits of dif-
ferent phenotypes see [2, 3, 22, 23, 29,
31]), the animal model from Central
America that we have used in our labora-
tories for 30 years [24, 40]. Neoplasia ap-
pears to develop only very exceptionally
in the wild populations of xiphophorine
fish. In spite of the fact that thousands of
individuals of many wild populations
that are isolated from each other have
been collected by several investigators
and myself, no tumor has been detected.
In the progeny of the wild populations
that have been inbred in the laboratory
for about 80—-100 generations, no tumor
has occurred spontaneously and almost

Fig. 2. Female and
male of the “spotted
dorsal” platyfish,
Xiphophorus macula-
tus, from Rio
Jamapa (Mexico)



Table 2. Oncogenes

Oncogene In Xipho- Probe from in Xiphophorus
phorus

erbA + Avian erythroblastosis virus

erbB + Avian erythroblastosis virus

sis + Simian sarcoma virus

myc + Avian myelocytomatosis virus

myc + Human

N-myc (+) Human neuroblastoma

myb + Avian myeloblastosis virus

myb (+) Human

fos + FBJ osteosarcoma virus

fos ? Human

Ha-ras + Harvey murine sarcoma virus

Ki-ras + Kirsten murine sarcoma virus

N-ras (+) Human promyelotic leukemia

abl + Abelson murine leukemia virus

yes + Yamaguichi-73 sarcoma virus

fms + McDonough feline sarcoma virus

Jer + Gardner-Rasheed feline sarcoma virus

src + Rous sarcoma virus

rafimil + Murine sarcoma virus

neu + Human neuroblastoma

Jes/fps + Gardner-Arnstein Virus

fes|fps ? Human

bel2 + Burkitt’s lymphoma

Not found

ros UR-II sarcoma virus

mos Moloney murine sarcoma virus

mos Human

Twenty-six probes were used (gifts from R.C. Gallo, K. Toyoshima,

M. Cleary, R. Miiller)

no tumor could be induced even with the
strongest mutagens-carcinogens such as
X-rays and N-methyl-N-nitrosourea
(MNU). This fact requires special clarifi-
cation since most of the oncogenes that
are known to transform the cells and to
drive the tumors are present in the fish
(Table 2). If, however, interpopulational
and interspecific crossings are per-
formed, depending on the genotype, the
progeny spontaneously or following
treatment with initiating carcinogens (X-
rays, MNU, ethylnitrosourea, diethyl-
nitrosamine, 2-amino-3-methylimidazo-
(4,5-f)quinoline, etc.) and/or tumor pro-
moters (12-O-tetradecanoylphorbol-13-
acetate=TPA, 5-azacytidine, phenobar-
bital, cyclamate, testosterone, nortestos-

terone, methyltestosterone, trenbolone,
ethinylestradiol, cAMP, biphenyl, butyl-
hydroxytoluene, deoxycholic acid, thio-
acetamine, bis(2-ethylhexyl)-phthalate,
betel nut extract, etc.) develops neoplasia
(data in [41]). Neoplasms originate from
all neurogenic, epithelial, and mesenchy-
mal tissues (Table 3). The suitability of
the model is, except for research on
mammalian-specific tumors such as
breast cancer, lung cancer, etc., beyond
question and its efficiency is more eco-
nomic and time-saving than that of the
laboratory mammals. Agents that induce
neoplasia in certain high-risk genotypes
of the fish hybrids, might, in principle,
also affect certain high-risk human indi-
viduals.
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Table 3. Neoplasms in xiphophorine hybrid fish induced by physical and chemical agents (i) or

spontaneously developed (s)

Neurogenic Epithelial

Mesenchymal

Pigment cell system
Benign melanoma  i,s

Surrounding epithelium

Connective tissues
Intestinal fibroma i

Epidermal papilloma i
Malignant melanoma i, s Carcinoma i Fibrosarcoma 1
Pterinophoroma i,s Squamous cell carcinoma i

RN Muscles
Epithelioma i )
Nervous cell system Rhabdomyoma i
Neurilemmoma i Glands i Rhabdomyosarcoma i
Ganglioneuroma i Thyroid adenocarcinoma i, s Leiomyosarcoma of i
Retinoblastoma i Pancreatic adenocarcinoma i mesentery
Neuroblastoma i,s o
’ Organs Hematopoietic tissues
Liver cell carcinoma i Reticulosarcoma i,s
Kidney adenocarcinoma i, s Lymphosarcoma

Gallbladder carcinoma i

The neoplasms were determined by K. Frese, Institut fiir Veterindr-Pathologie, Universitit
Giessen, and by M. Schwab, S. Abdo, G. Kollinger, Genetisches Institut, Universitdt Giessen,
according to Mawdesley-Thomas [42], and were classified essentially according to Weiss [43]

D. Classification of Tumor Etiology
in Xiphophorus and Humans

The neoplasms of Xiphophorus can be
classified as:

1. Mating conditioned: accessory onco-
genes are introduced into, and/or regu-
latory genes for the oncogenes are eli-
minated from, the germ line by re-
placement of chromosomes carrying
the respective genes or lacking them,
and vice versa.

2. Mendelian inherited. regulatory genes
for oncogenes are impaired, lost, or
dislocated in the germ line by muta-
tion.

3. Mutagen-carcinogen conditioned: regu-
latory genes for oncogenes are im-
paired, lost, or dislocated in a somatic
cell by mutation.

4. Nutrient and endocrine conditioned:
resting stem cells are pushed to differ-
entiate by tumor promoters (the genet-
ic preconditions according to a, b, and
c are fulfilled by earlier events).

5. Virus conditioned: accessory onco-
genes are introduced (so far not con-
vincingly shown in the fish).
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The same classification can be applied to
human cancer comprising a small group
of (a) “familial”; (b) “‘hereditary” neo-
plasms in which genetic factors are sup-
posed to be involved, e.g., retinoblas-
toma, meningioma, melanoma; (c) a
large group of “carcinogen-dependent’
neoplasms, e.g., lung cancer; (d) a large
group of “endocrine-dependent” and
“digestion-related” neoplasms, e.g.,
breast, prostatic, colon cancer; and, fi-
nally, (e) a group of viral-conditioned
neoplasms, e.g., leukemia, genital tu-
mors.

In Xiphophorus derived from a wild
population neoplasia develops in general
only if different protocols for the induc-
tion of tumors are combined by the ex-
perimenter, for instance, (a) the elimina-
tion of regulatory genes by selective mat-
ings, (b) the induction of germ line muta-
tions, and (c) the induction of somatic
mutations, etc. The particular events that
alone do not lead to neoplasia, summate,
and appear as a multistep process that
goes beyond the generations and, finally,
reaches the last step that leads to neo-
plasia in a certain individual. The experi-
menter must detect the sequence of the



different steps, and it is easy to see that
the last step that completes the multistep
process determines the etiological type of
neoplasia. This was shown for Xiphopho-
rus but might be helpful to explain the
different types of tumor etiology in hu-
mans in which both the ancestry of an
individual and the individual itself are
involved.

In the following paragraphs we shall
try to approach the biological basis of
spontaneously developing, carcinogen-
mutagen induced, and promoter-depen-
dent neoplasms.

E. Tumors Appearing and Disappearing
in the Succeeding Generations

Human tumors such as a certain colon
cancer that afflicts individuals 15-20
years sooner than generally may appear
“spontaneously” in a family in one gen-
eration and may disappear in the suc-
ceeding generation. This is demonstrated
by means of a cartoon (Fig.3, upper
part) adapted from Lynch and his col-
leagues [50]. We cannot explain this
phenomenon. The Xiphophorus model
(Fig. 3, lower part) provided the oppor-
tunity to study a similar appearance
through the fish generations.

Crossings of a spotted platyfish (A)
with a nonspotted swordtail (B) result in
F, hybrids (C) that develop enhanced
spot expression and sometimes benign
melanoma instead of the spots. Back-
crossings of the F; hybrids with the
swordtail as the recurrent parent result in
BC, offspring (D, E, F), 50% of which
exhibit neither spots nor melanomas (F)
while 25% develop benign melanoma
(D) and 25% develop malignant me-
lanoma (E). Further backcrossings of the
fish (not shown in Fig. 3) carrying benign
melanoma with the swordtail result in a
BC, that exhibits the same segregation as
the BC,.

As opposed to the crossing procedure
that gave rise to the melanoma, back-
crossings of the melanoma-bearing hy-
brids (E), with the platyfish as the recur-

rent parent (A), result in an alleviation of
the melanoma in the offspring (C¥),
which in the following BC generation
grow into healthy fish (A*). In conclu-
sion, malignant melanoma of the BC an-
imal (E) originates from the spots of the
preceding platyfish generations (A) and
is reduced to spots again in succeeding
generations (A¥).

The formal parallelism in the occur-
rence of neoplasia in the human family
and in the experimental model is striking.
In our search for causes of human cancer
there might be some value in realizing the
types of factors that can be passed from
the fish parents to the fish offspring to
influence the occurrence of cancer. The
experiment with the model suggests that
certain human cancers may be expected
to occur in individuals because of a com-
bination of factors from both parents
that by themselves did not cause cancer
in either parent. More data are required
in order to compare more stringently hu-
man familiar cancer with mating-condi-
tioned neoplasia in the model.

F. Oncogene Expression in the Tumors

The appearance of tumors in both hu-
man and model brings about the ques-
tion for the oncogenes expressed in hu-
man and xiphophorine neoplasms. Data
available for melanoma indicate an ele-
vated expression of both the human and
the xiphophorine src, erbB, sis, ras, and
myc ([2, 6, 7, 1820, 40, 44, 45] personal
communication, U. Rodeck). Measure-
ments concerning the significance of the
xiphophorine src oncogene (x-src) for the
development of melanoma and other
kinds of neoplasia in the fish (Table 4)
showed that the activity of its product,
the pp60**™ kinase, may be elevated in
the tumors up to 50 times over that of the
controls [46]. Furthermore, the phos-
phoinositide phosphoinositol turnover,
which is supposed to be linked to the
x-src activity [14-16], was found up to
more than ten times elevated over that of
the controls (Table 5). This finding is im-
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Fig. 3. Appearance and disappearance of neoplasia in succeeding generations (cartoon adapted
from [50]). See text
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Table 4. Elevation of pp60*" kinase activity in tumors and brain of Xiphophorus hybrids. (Data

from [46])
Tumor Etiology Character Factor of
elevation
Tumor Brain

Carcinogen-induced

Melanomas X-ray, adult Invasive, malignant 52 No

Squamous cell carcinoma X-ray, adult Invasive 2 No

Epithelioma X-ray, adult Benign 22 No

Fibrosarcoma ENU, adult Invasive, malignant 13¢ No

Fibrosarcoma MNU, adult Malignant 10° 1.4

Fibrosarcoma MNU, adult Invasive, malignant 10° NT

Fibrosarcoma MNU, adult Invasive, highly malignant 50° No

Retinoblastoma MNU, adult Progressive growth 3® No

Melanoma MNU, embryo Invasive 82 No

Melanoma MNU, embryo Invasive 10 No

Rhabdomyosarcoma MNU, embryo 6° NT

Rhabdomyosarcoma MNU, adult High malignant, invasive 50¢ No
Promoter-induced

Mesenchymal tumor MNU + testosterone Exophytic, slow growing  7°¢ NT

Melanoma, amelanotic Testosterone Highly malignant 30 No
Hereditary

Melanoma (n=15) Spontaneous Benign 2-32 1.5-2

Melanoma (n=28) Spontaneous Malignant 4-82 2,3
Unknown

Rhabdomyosarcoma Spontaneous Invasive 20¢ NT

For comparison nontumorous tissues were used: ® skin; ®eye; °muscle

Table 5. [*H]-Inosi-

Melanoma Ptdlns  PtdInsP PtdInsP, incorporated
into phosphoinosi-
— tides of xiphopho-
Benign 9000 1050 800 rine melanoma
Malignant, “spontaneous” 29000 1200 2100 (cpm/10 mg neo-
Malignant, “induced” 17000 600 2300 plasm). (Data
Extremely malignant, “spontaneous” 34000 2500 4300 adapted from
Extremely malignant, inherited 30000 3300 700 [47-49])
Brain (control) 3000 500 300

PtdIns, phosphatidylinositol; PtdInsP, phosphatidylinositol-4-phos-
phate; PtdInsP,, phosphatidylinositol-4,5-diphosphate

portant because the turnover may serve
as a measure for the activation of phos-
pholipase C, which generates the internal
promoter diacylglycerol.

A tremendous amount of work on
oncogene expression and its possible sec-

ondary processes in the tumors and
in tumor-derived cell lines of experimen-
tal mammals and of humans [12] has
been performed in the expectation of
finding a particular tumor type-specific
initial gene and the initial event of the
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formation of a particular neoplasm.
While we were never able to identify
what one could term a “liver cancer
gene” or a “melanoma gene,” others
have thought they did. Our own studies
on the Xiphophorus model showed only a
relationship of a number of regulatory
genes of a number of tissue-specific de-
velopmental genes which in total we
called “tumor gene-complex” (Tu com-
plex); but we interpreted this as an asso-
ciation rather than a true genetic entity,
and we assigned the different kinds of
neoplasms such as those listed in Tables
3 and 4 to the same Tu complex. The
nature of the causality of neoplasia re-
mained unclear.

G. An Approach to the Study of the
Genetic and Molecular Basis of Neoplasia

The genes underlying neoplasia in Xipho-
phorus were most successfully studied in
the generations developing the “‘sponta-
neously occurring” mating-conditioned
tumors, and it appears to be in the nature
of things that those laboratories work-
ing presently on the small group of famil-
ial and hereditary human tumors ap-
proached the fundamentals of neoplasia
at least as closely as those working on the
large groups of carcinogen- and pro-
moter-dependent tumors.

Our approach in the model is de-
scribed by means of Fig. 4, which refers
to the same fish as indicated in Fig. 3 by
the same capital letters (for the mutants
see later). Based on breakpoint data the
genes responsible for melanoma inheri-
tance are located terminally in one Giem-
sa band of the X chromosome [51] and
represent a complex consisting of (a) the
pterinophore locus (Ptr) which is respon-
sible for pterinophore differentiation, (b)
the compartment-specific dorsal fin locus
(Df, impaired to Df”) which restricts both
pterinophore and macromelanophore
differentiation to the dorsal part of the
body, (c) the region in which a viral erb B-
related oncogene (erbB*, an oncogene re-
lated to the receptor of the human epi-
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dermal growth factor, EGF, x-egfr) is lo-
cated, (d) the melanophore locus (Mel),
which appears to be under control of Df
and erbB*, and (e) the arbitrarily sym-
bolized “tumor gene” (7u), which ap-
pears as a Mendelian factor but might
possibly be composed of both erb B* and
Mel [22, 52]. Oncogenes in addition to
the xiphophorine erbB* (x-erbB*) could
not be detected in the X chromosome.
Based on our present knowledge, the re-
spective region of the X chromosome of
the platyfish, the ““Tu complex,” can be
roughly mapped as follows (commas rep-
resent breaking points observed):

X ..., Ptr, Df, erbB*, Mel-Tu

At least about 20 linked genes are in-
volved in the regulation of the T« com-
plex, but there are also several nonlinked
regulatory genes, e.g., the Diff gene,
which, if present in the homozygous
state, restrains the transformed pigment
cells from proliferation by terminal dif-
ferentiation [53].

The swordtail (B) has neither evolved a
comparable Tu complex nor the linked
and nonlinked regulatory genes.

Since platyfish and swordtails have a
rather high number of chromosomes
(n=48) and since clear-cut chromosomal
conditions concerning their origin were
required, the experimental animals, be-
sides the purebreds (A, B), were taken
from the F,; (C), which contains one
platyfish and one swordtail genome, and
from high backcross generations com-
prising BCg4 up to BC,, (F, E), the ge-
nome of which virtually consists of
swordtail chromosomes except for the Tu
complex containing X chromosome se-
lected from the platyfish by the crossings.
The phenotypic overexpression of the Tu
complex thus depends mainly on the
crossing-conditioned replacement of
platyfish autosomes carrying regulatory
genes such as the differentiation gene
Diff, by swordtail autosomes lacking
such genes.

More information about the 7u com-
plex comes from studies on the restric-
tion length polymorphism of the onco-




Fig. 4. Appearance of mating-conditioned development of melanoma after crossings of X.
maculatus x X. helleri (platyfish x swordtail; A x B) and backcrossings of the F, hybrid (C) with
X. helleri. F and E represent the backcross generation (BC,). E, and E, represent deletions. The
fish indicated by the capital letters correspond to those indicated in Fig. 3 by the same letters.
Note that the 4.9-kb EcoR1 Southern fragment is inherited along with the tumor gene-complex.
Ptr, pterinophore locus; Df’, impaired dorsal fin-specific regulatory gene; erb B*, xiphophorine
copy of an oncogene related to the viral erbB; Mel-Tu, melanophore locus containing the
potential for tumor formation. Diff, a nonlinked differentiation gene; —, chromosomes of
X. maculatus; . . ., chromosomes of X. helleri. See text

genes derived from platyfish and from
swordtail. Some of the xiphophorine
oncogenes (x-oncs) listed in Table 2 show
restriction fragment length polymor-
phism (RFLP) the patterns of which
have been differently evolved in the wild
fish of different provenance [6—8, 22, 40].
For instance, the patterns of the lengths
of the restriction fragments of x-sis are
specific to each of the different species,
but show no RFLP within each of the
species; actually these species show a
monomorphism of the restriction frag-
ment lengths of x-sis. In contrast, the pat-
terns of the lengths of restriction frag-
ments of x-erbA and x-erbB are species
nonspecific, but are specific to the differ-

ent races and populations of the species.
The lengths of certain fragments of x-
erbB are even different in females and
males of the same population.

We used the RFLP phenomenon as an
indicator for the Mendelian inheritance
of the x-oncs through the purebred and
hybrid generations. If a certain oncogene
fragment is independently inherited from
the inheritance of spot or melanoma for-
mation, then one can conclude that the
respective oncogene is not “critical” for
the first step of melanoma formation.
This is not to say that such an oncogene
is not involved in melanoma formation at
all; as already mentioned, x-sre, X-sis,
x-ras, X-myc are expressed in the mela-
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nomas and are certainly involved in
tumor growth or tumor progression, but
they are not involved in the first step
leading to melanoma because they are
contributed by the swordtail to the hy-
brid genome whereas the appearance of

the spots and the melanomas is contrib--

uted by the X chromosome of the platy-
fish. Furthermore, since 47 chromo-
somes of the malignant melanoma bear-
ing backcross hybrids are contributed by
the swordtail and only 1, namely the Tu
complex carrying X chromosome, is con-
tributed by the platyfish, one can assume
that most of the oncogenes in the genome
of the tumorous backcross animals are
contributed by the swordtail genome.
Actually, the only x-onc detected so far
on the platyfish chromosome carrying
the Tu complex is the x-erb B*. This onco-
gene is represented in Fig. 4 by a 4.9-kb
EcoR1 Southern restriction fragment
which is inherited along with spot and/or
melanoma development (A, C, E) and is
lacking in the melanoma-free swordtail
(B) and the melanoma-free BC hybrid
(F). The other EcoR1 fragments that al-
so indicate erbB sequences could not be
assigned to the X-chromosomal locus
where the inheritance of the melanomas
comes from.

Additional information about the cor-
relation between the inheritance of mela-
noma formation and the inheritance of
the x-erbB*-representing 4.9-kb South-
ern fragment comes from two mutants of
the type E BC hybrids. Both types
(Fig. 4, E, and E,) have lost the locus
Mel-Tu, i.e., the capability to develop
melanoma, but only one type (E,) has
also lost x-erb B* as is shown by the lack
of the 4.9-kb fragment. This result indi-
cates that (a) x-erbB* is located between
Df and Mel-Tu and (b) information cru-
cial for melanoma formation depends on
Mel-Tu, which codes for the differentia-
tion of certain pigment cells. This is,
however, not to say that there are no
links in the chain of events leading to the
very beginning of melanoma formation
that precede the function of Mel-Tu.
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As was already mentioned, pp60**
kinase activity and inositol lipid turnover
activity was found enormously elevated
in the melanomas. This is true for all
kinds of tumors so far studied and for all
types of tumor etiology (Tables 4, 5). Un-
expectedly, these activities were also
found elevated in the healthy tissues of
the fish carrying mating-conditioned and
Mendelian-inherited melanomas. Figure
4 (upper part) shows the rounded data
measured in the brain of the melanoma-
tous BC hybrids type E in comparison to
those of types A, B, C, F. The results sug-
gest that the genes controlling pp60*"
and the inositol lipid turnover are ex-
pressed not only in the melanoma tissues
but also in the healthy tissues of the tu-
morous individuals, independently of
whether they are involved in neoplasia or
not [46, 49]. Possibly this phenomenon
corresponds to the often-occurring mul-
tiple tumors in combinations such as
melanoma, neuroblastoma, rhabdomyo-
sarcoma, and retinoblastoma in the BC
segregants, sometimes even in a particu-
lar animal.

Multiple tumors and cancer family
syndromes have been reported also in hu-
mans [54]. The working group of Lam-
pert [55], for instance, studied a family
which, despite a healthy ancestry, devel-
oped neuroblastoma, ganglioneuroma,
and other neurogenic tumors running
through two generations. Lynch and his
colleagues [56] reported the pedigree of a
family afflicted with cancer on breast,
urinary bladder, brain, colon, cervix, en-
dometrium, pancreas, prostate, skin,
stomach, and uterus. We cannot explain
this phenomenon, but the model shows
us the possibility of an approach to the
study of some of its molecular and bio-
chemical fundamentals.

It appears that the measurements of
pp60™= kinase activity and inositol in-
corporation into phosphoinositides in
the brain of the deletion mutants of the
fish which are incapable of developing
melanoma (Fig. 4, right) open new possi-
bilities for intervention in key signals
critical to the endogenous induction of
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neoplastic transformation in the animal
model and possibly in humans. Both
pp60~*" kinase activity and inositol lipid
turnover activity are highly elevated in
the brain of those insusceptible deletion
animals that have lost the Mel-Tu locus
but have retained the x-erb B* oncogene
(Fig. 4, E,). In contrast, the deletion ani-
mals having lost the x-erbB* together
with the Mel-Tu locus (E,) exhibit no el-
evation. This result suggests that the
molecular and biochemical machinery
supposedly involved in melanoma for-
mation may be running for genetic rea-
sons, without forming melanoma. Our
results, moreover, suggest that there may
be a particular type of activation of x-src
and the inositol phospholipid system that
is a marker for predisposition to cancer
and could be used for the determination
of pro-neoplasia conditions in cancer
risk studies. Support for this suggestion
comes from the excellent correlation ex-
isting between pp60** kinase activity

and the [*Hlinositol incorporation into
phosphatidylinositol (Fig. 5).

One more suggestion arises if one com-
pares the different results obtained with
the E, and E, BC hybrids. Because of the
backcross procedure applied to the ani-
mals most of the genes involved in
melanoma formation are contributed to
the hybrids by the swordtail genome. In
the deletion hybrid E, lacking x-erbB*
they appear to rest in low activity, indi-
cating that, in order to become involved
in melanoma formation, they require a
signal for the change from a resting to
activated state. The results obtained with
the deletion hybrid E, show that this sig-
nal is transmitted from that region of the
Tu complex containing platyfish chromo-
some where x-erb B* is located and where
the inheritance of the melanoma is deter-
mined.

In conclusion, based on the possibility
of distinguishing between genes originat-
ing from platyfish and swordtail in the
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genome of certain hybrids, we found that
development and growth of melanoma is
mainly run by a set of genes that requires
a signal for its activation which, due to
the onset of the crossing experiments
with the mutants, is transmitted from an
x-erbB*-containing chromosome locus.
This locus, however, is probably deregu-
lated by the crossing-conditioned re-
placement of platyfish chromosomes car-
rying regulatory genes for the Tu com-
plex (i.e., probably x-erbB*) by sword-
tail chromosomes lacking them.

The 4.9-kb EcoR1 restriction fragment
was cloned, subcloned, and sequenced. It
contains exon ¢ and d of the kinase
domain and shows high homology to
the respective sequences of the human
epidermal growth factor. receptor (H-
EGFR) gene and to the viral erbB (for
complete data see [22, 40]). Hybridiza-
tion of this xiphophorine fragment
against genomic xiphophorine DNA re-
vealed the presence of highly homolo-
gous sequences located on the Y-chro-
mosome (6.7 kb; see later), on the Z-
chromosome, and on an autosome pres-
ent in all individuals. Another species,
Xiphophorus variatus, which was studied
for comparison, also exhibited an homol-
ogous fragment which is inherited along
with tumor susceptibility. Each of the
x-erbB* copies corresponding to these
homologous fragments from different
chromosomes is also part of a 7« com-
plex [40]. Hybrids carrying these T com-
plexes, however, require treatment with
carcinogens as a precondition for mela-
noma development.

H. Carcinogen-Dependent Neoplasia

The remainder of my review of human
cancer is devoted to the large groups of
mutagen-carcinogen conditioned (so-
matic mutation conditioned) and nutri-
ent and endocrine conditioned (promoter
conditioned) neoplasms. Both types of
etiology comprise probably more than
90% of all tumors. A large body of con-
sistent and contradictory observations
on their causation are available.
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Lung tumors of humans probably of-
fer the most convincing observations on
the involvement of exogeneously induced
somatic mutations in the initiation of the
tumor. They appear not to be influenced
by many environmental factors, and
there is no evidence that hormonal or
nutritional factors are involved in their
causation. The simple interpretation of
the induction of a somatic mutation by a
physical or chemical carcinogen, how-
ever, does not explain the different sus-
ceptibility of the different individuals
that are exposed to the carcinogen. There
must exist hereditary factors that enable
most of the individuals to escape lung
cancer while others become victims. We
cannot explain this observation.

Recently Newman and her colleagues
[57] reported on breast cancer in an ex-
tended family (Fig. 6). A complex segre-
gation analysis indicated that susceptibil-
ity to breast cancer in the family can be
explained by autosomal inheritance of a
defective regulatory gene while the ap-
pearance of the tumor requires a somatic
mutation in a target cell. This example
shows that steps toward breast cancer
had already occurred unnoticed in the
preceding generation; the somatic muta-
tion represents only the last step that
completes the chain of events leading to
cancer.

The Xiphophorus model provided
more details for the study of the complex
situation in the somatic mutation-depen-
dent tumors. In mutagenesis studies [52]
we detected nontumorous hybrid geno-
types which, following treatment with
directly acting carcinogens (X-rays,
MNU), develop after a latent period of
8-12 months foci of transformed pig-
ment cells that grow out to compact
melanomas (Fig. 7). The smallest cell
clones to which these melanomas could
be traced consisted of eight cells indicat-
ing that there were three cell divisions
between a somatic mutation event and
the occurrence of the transformed pig-
ment cells [23]. The incidence of these
tumors depends on the dosage of the
treatment, and may reach up to 100%.
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Fig. 6. Pedigree of a family at high risk of breast cancer, adapted from [57]. See text

Fig. 7. Mutagen-carcinogen-sensitive fish de-
veloping MNU-induced melanoma. Note the
closely circumscribed growth reminiscent of
the somatic mutation-conditioned unicellular
origin of the tumor

These observations led to the assump-
tion that the Tu complex of the treated
hybrids is under control of only one reg-
ulatory gene which, following treatment,
is impaired in a particular pigment cell.
Assuming the total of the pigment cell
precursors that are competent for neo-
plastic transformation is 10 (this is the
average number in the pigment cell sys-
tem of young fish), and the induced mu-
tation rate is 107 %, then the tumor inci-
dence is 1 (on average 100% of the treat-
ed animals will develop one tumor). If,
however, the Tu complex is under the
control of two regulatory genes, the rate
of simultaneous mutations of both of
these regulatory genes in 1 cell is 10712,
and the tumor incidence is 10~ °. This
calculation shows that it is difficult to
succeed in inducing somatic mutation-
conditioned neoplasms if the Tu complex
is controlled by more than one regulatory
gene. This calculation also suggests that
the insusceptibility of the animals of the
purebred wild populations is based on a

polygenic system of regulatory genes di-
rected against cancer.

Support for the assumption that the Tu
complex of these animals is controlled by
only one regulatory gene comes from ger-
minal mutation-conditioned melanoma
which occurred in the same genotype. As
a consequence of the inheritance of the
mutation through the germ line, the Tu
complex becomes active in the develop-
ing progeny as soon as the pigment cell
precursors become competent for neo-
plastic transformation. This process
starts in the embryo and continues in all
areas of the developing fish where the
pigment cell precursors become com-
petent, thus building a lethal “whole
body melanoma,” which reflects the gen-
uine effect of the 7Tu complex on the pig-
ment cell system. It should be empha-
sized that the tumorous growths that ap-
pear on germinal inherited melanoma
(and other hereditary neoplasms), i.e.,
both the mating-conditioned and the
germ line mutation-conditioned melano-
mas, are not due to the occurrence of
somatic mutations during development,
because, in contrast to the somatic mu-
tation-conditioned tumors, the trans-
formed cells always occur simultaneously
in large areas of the body and show per-
manent transformation and relapse after
complete removal.

To study the molecular and biochemi-
cal background of the somatic mutation-
conditioned melanomas we modified the
experiment that led to mating-condi-
tioned spontaneously occurring melano-
mas (see Fig. 8 and compare with Fig. 4).
The Tu complex containing platyfish
chromosome was replaced by another
which, instead of the mutated dorsal fin-
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Fig. 8. Crossing procedure for the production of mutagen-carcinogen-sensitive backcross hy-
brids. Differences to the scheme shown in Fig. 3 are the replacement of the mutated Df” by the
nonmutated body side-specific regulatory gene Bs that suppresses melanoma formation, and the
replacement of the 4.9-kb EcoR1 fragment indicating x-erbB * by a 6.7-kb fragment indicating

the same x-erbB * gene. See text

specific regulatory gene Df”, contains the
nonmutated body side-specific regulato-
ry gene Bs, in addition, the x-erbB* onco-
gene represented by the 4.9-kb fragment
was replaced by a translocated Y-chro-
mosomal copy that is represented by a
6.7-kb fragment. The other genetic con-
ditions are the same as those described in
Fig. 4. Melanoma development is sup-
pressed by Bs in all purebred and hybrid
animals carrying the T« complex. All BC
hybrids carrying the Tu complex includ-
ing x-erbB* (they can be recognized by
their pterinophore-specific reddish col-
oration coded by Ptr) are susceptible to
melanoma (and other neoplasms) and
may develop melanoma after treatment
with physical or chemical carcinogens.
Susceptibility to neoplasia or sensitivity
to carcinogens, respectively, is inherited
in a Mendelian fashion, but the tumors
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are, as a consequence of a somatic muta-
tion of Bs to Bs’, nonhereditary and show
no relapse after complete removal.

In contrast to the mating-conditioned
spontaneous melanoma developing BC
hybrids the carcinogen-sensitive BC hy-
brids show no elevation of pp60**" activ-
ity as well as no elevation of inositol lipid
turnover in the brain. Elevations of these
functions are only detected in the neo-
plasm.

I. Nutrient- and Endocrine-Conditioned
Neoplasia

Evidence for nutritional as well as en-
dogenous and exogenous hormonal in-
fluences on human cancer has been ac-
cumulating over the past 20 years [58].
The agents exerting these influences, of-



ten called “promoters” or ‘“‘cocarcino-
gens,” are by no means mutagenic car-
cinogens, i.e., “initiators,” but appear as
agents affecting the course of differenta-
tion and the rate of proliferation of cells
that have already undergone the genetic
key event underlying neoplasia irrespec-
tive of whether they are tumor precursor
cells or definite tumor cells; the changes
in cell differentiation and cell prolifera-
tion appear as the last step in the chain of
events resulting in cancer.

Many data on this subject come from
epidemiological studies [59, 60]. It has
been found that breast and colon cancer,
which represent a high percentage of to-
tal neoplasias in humans, are highly cor-
related to animal fat intake in a large
number of countries, and it has been pro-
posed that low animal fat intake is re-
sponsible for a low incidence of these
neoplasms, while high animal fat intake
is responsible for a high. incidence. The
order of countries begins (low fat intake,
low tumor rate) with Thailand, the
Philippines, Japan, Taiwan, continues to
Czechoslovakia, Austria, France, Swit-
zerland, Poland, the Netherlands, and
Finland, and ends with the United States,
Canada, Denmark, and New Zealand
(high fat intake, high tumor rate). A
more critical view, however, indicates
that the tumor incidence of the Dutch is
twice as high as that of the Finns, though
both have the same fat intake. The same
is true, if we compare the Swiss (high
tumor incidence) with the Poles (low tu-
mor incidence, but same fat intake). The
Danes have an extremely high animal fat
intake and an extremely high incidence of
breast cancer. If one compares, however,
the population of Copenhagen with that
of the rural Denmark one finds that fat
intake in Copenhagen is much lower than
in rural Denmark while urban Danes
have a higher tumor incidence than rural
Danes.

This is not to say that fat intake will
have no influence on the incidence of
breast and colon cancer; however, our
critical view of the data makes clear that
fat intake alone cannot explain the differ-

ences in tumor incidence in different
countries. There could be genetic factors
involved in such a way that countries
showing a high tumor incidence not only
have a high fat intake but also contain a
high percentage of individuals that are
highly sensitive to the tumor-promoting
effect of the fat. These genetic factors
may also be related to an effect on nor-
mal body growth as has been reported in
mouse studies [61, 62]. Thus, these genes
might interact with a multitude of other
nutritional factors, such as simple caloric
intake, quantity and quality of protein
ingested, as well as drugs that influence
the general condition of an individual.

Our own studies concentrated first on
the construction of strains of Xiphopho-
rus that are highly sensitive to tumor pro-
moters. Figure 9 shows the development
of such a strain based upon the same
genotypes and crossing procedures as
were used for the production of BC hy-
brids that develop melanoma sponta-
neously (see Fig. 4). The only difference
is that the genome of the animals con-
tains a homozygous autosomal gene,
“golden” (g/g), by which pigment cell
differentiation is delayed in the stage of
stem melanoblasts. Thus, the BC hybrids
corresponding to those developing ma-
lignant melanoma spontaneously are
incapable of developing a neoplasm.
Chemical agents, such as cyclic AMP,
corticotropin, a large variety of steroid
hormones including testosterone, tren-
bolone [41], as well as general environ-
mental changes, such as decrease in tem-
perature and increase in salinity of the
water in the tank, promote after a latent
period of only 4 weeks (latent period of
the carcinogen-dependent melanomas is
8—12 months; see preceding paragraph)
almost simultaneously the differentiation
of large amounts of the noncompetent
cells to the competent ones, which subse-
quently give rise to the melanoma exactly
at that place at the body of the fish where
they are expected to grow according to
the basic crossing experiment (compare
Figs. 4, 9).
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Fig. 9. Crossing procedure for the production of promoter-sensitive backcross hybrids. The
only difference to the scheme shown in Fig. 3 is the presence of the homozygous gene “‘golden”,
g/g, by which pigment cell differentiation is delayed. See text

The very short latent period and the
very fast growth of the occurring
melanomas as compared with that of the
carcinogen-induced tumors is remark-
able, but is in line with the enhanced
pp60** kinase activity and the enhanced
phosphoinositide turnover found in the
healthy tissues. It appears that, corre-
sponding to the deletion mutant E, (see
Fig. 4), the molecular and biochemical
machinery leading to neoplasia is run-
ning in the susceptible but still tumor-
free fish and becomes immediately effec-
tive as the competent cells become avail-
able for promotion of cell differentiation.

The latter results, again, indicate that
both the enhanced activity of the
xiphophorine sr¢ oncogene and the en-
hanced phosphoinositide turnover are in-
timately linked with the inheritance of
x-erb B*, which is presumably involved in
the key signal preceding melanoma for-
mation in Xiphophorus. They further-
more show again that it should be possi-
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ble to screen for sensitivity and insensi-
tivity to tumor promoters.

J. Future Goals

In this lecture I have tried to explain
some observations on human cancer
from the view of a biologist working with
a fish model. Of course, what I have pre-
sented is not altogether new. Neverthe-
less, what can we learn from the fish?
First of all we should make informed de-
cisions to control the chemical and phys-
ical carcinogens and promoters we re-
ceive today from our polluted environ-
ment. However, we should keep in mind
that cancer not only depends on the
agents but also on the genes that have
been part of our evolution since life be-
gan. These genes have experienced muta-
tion, duplication, selection, and genetic
drift, and are controlled by oncostatic
genes that keep a tight rein on them. To



learn how these regulatory genes keep the
oncogenes in check should be an chal-
lenging but fulfilling task in the future of
cancer research.
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Preface

You see things, and say why?
But I dream things that never were,
and I say, why not?

George Bernhard Shaw

Far ahead of his time, June 1st, 1909, Alexander Maximov communicated in a lecture,
given in the Charité in Berlin, the fundamental knowledge, that there exists a lymphoid
hemopoetic stem cell.

Alexander Friedenstein explained that during the following years, Maximov also
showed that the idea of interaction between hemopoetic cells and their stroma to be
one of the most significant experiences.

Monoclonal antibodies, recombinant DNA technics and the improvement of tissue
culture models are the major developments to improve our possibilities to clarify
growth and differentiation functions of hemopoetic cells.

During the last two decades it was shown that soluble products, released from T
cells, were not only involved in inducing B cells to produce specific immunoglobulin
secretion after antigen stimulation. Furthermore, lymphokines together with other
cytokines regulate the growth and differentiation of hemopoetic cells.

As I have learned from Dick Gershon, our knowledge of the cellular basis for
immunoregulation has come a long way since 450 B.C. Thucydides comments on the
possible role of immune response in controlling the Black Death. Dick Gershon
speculated that no scientific interest for these interesting observations was put forth
at that time. Perhaps the problems, the Athenians were having with the Spartans,
converted money from basis research into the military budget.

He also found documentations in western literature that scientific progress not only
in our time could be made by industry rather than by academicians.

In Turkey, parents pretreated their girls with scabrous material obtained from
subjects suffering from active smallpox to protect their daughters’ beauty against
pock marks.

But the first known inoculations have been invented in China during the Sung Age
1000 after Christ and here we have to deal with a different story from what Richard
K. Gershon has learned in Turkey.

During the government of Jun Tsung (1023-1063) a Tibetan monk from the Omei
mountains at the Tibetan border inoculated the son of an old Minister, who had lost
already his other children. For this inoculation he used scabrous material obtained
from cases with active smallpox. The material he kept in summer for 15 to 20 days
and in winter for 40—50 days to get attenuated material. For this successful treatment,
the Minister wanted to give to the monk a generous gift. The monk, however, refused
any gift and instead he requested the Minister to serve his people faithfully. Then the
monk returned to his mountains and continued to be a hermit there as he was before.

The inoculation, however, became quickly more and more popular in China. Out
of the judging most probably, Turkish mothers have learned to protect the beauty of
their daughters. Lady Wortly Montagu (1690—1762) got to know 1716 in Constan-
tinople this treatment against smallpox, which was practised there already quite
frequently. On March 18, 1718 she successfully inoculated her own son against strong
opposition in England.
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She could publish her results only in a newspaper, the flying post. Later on, after
Jenner and others, vaccination became a perfectly recommended protection against
infection.

Av Mitchison made a summary of the modern trends in this field as discussed
during the 8th Wilsede Meeting. I have to thank him for this and all the praticipants
who made the 8th Wilsede Meeting again a high light.

Now I want to conclude my personal preface with a statement “I hate chaos” but
especially in Wilsede I learned, “chaos loves me”. Susumo Ohno taught me that there
has been increasing realisation that there is order in chaos as well. So far, I don’t
understand the universal metric properties of non-linear transformations of Feigen-
baum (1985 J. Stat. Physics 21: 669—706) and I don’t succeed in understanding the
secret laws which organise the chaos, like the weather, with the help of the fractal
geometry of Mandelbrot. However, I have heard about a some hundred years old
statement of Novalis about the sensible chaos.

We will prove in the 9th Wilsede Meeting 1990 whether there are comprehensive
realities between chaos and biological aspects of human life and look on Egon Degens
“Cosmic Composed” following his “Blueprints of Early Life”.



Personal and scientific
discussions around the
Emmenhof

Fotos Regina Volz
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VIII Wilsede Symposium on Current Trends
in Leukaemia Research Introduction: Differentiation-Oncogenes

N.A. Mitchison

Each of the successive Wilsede Symposia
has provided a fine vantage point from
which to survey current progress in
leukaemia research. Because of their reg-
ularity, their consistently high standard
of presentation, their broad international
coverage, and their informal but highly
critical atmosphere they have come to
be accepted as providing authoritative
statements of the achievements and re-
search agenda of the day. This is the
eighth of these biennial symposia, and it
conforms to the same high standards.
From this vantage point in 1988 the
most striking feature is the enormous
strength and breadth of molecular genet-
ics. This starts from the now universally
accepted assumption that leukaemia, in
common with other forms of neoplasia,
develops as a result of mutational
changes in the genome of a cell. These
mutational changes occur serially and
embrace a fairly wide range of options,
that evidently include rearrangements,
deletions, and loss of DNA as well as
single-base substitution. Our back-
ground thinking on this subject is deeply
coloured by knowledge of the cumulative
increase of cancer incidence with age, co-
operation between cytoplasmic and nu-
clear oncogenes, and the special suscepti-
bility to DNA transformation of partial-
ly transformed cell lines. This view now
dictates the main agenda of leukaemia
research, which is to elucidate the mecha-
nisms through which these mutational

Imperial Cancer Research Fund, Tumour Im-
munology Unit, University College London,
Department of Biology, Medawar Building,
Gower Street, London, WC1E 6BT, UK

changes alter the behaviour of cells. An
understanding of these mechanisms, it is
confidently believed, will enable us to
control and eventually eradicate leukae-
mia and other forms of cancer.

Not only does genetics dictate the
agenda, but also in the form of recombi-
nant DNA technology provides an im-
mensely powerful set of tools. With these
tools one felt at this symposium that al-
most any task can now be accomplished:
sites of mutation can be located with to-
tal precision, functions identified by site-
specific mutagenesis, and the interactions
of a gene or its control elements with the
rest of the cell can be analysed by trans-
fection. Things move with great speed be-
cause DNA is after all just DNA: each
protein confronts us with a new set of
problems, but the problems posed by a
gene and the methods for solving them
by recombinant DNA technology are
transferable. For instance this sympo-
sium includes reports on the first fruits in
human leukaemia research of Cetus’ new
method of generating multiple copies of a
short length of DNA in between oligonu-
cleotide end-markers. The method is
used by J. Rowley to study chromosome
breakpoints, and by R.-A. Padua to
identify Ras mutations.

Within the landscape defined by genet-
ics a significant shift in emphasis is tak-
ing place, from dominant to recessive
oncogenes. This is an abbreviated and
somewhat misleading way of characteriz-
ing an important shift in the direction of
research. The crucial point is not so
much how many copies of a gene are
needed for manifestation in the pheno-
type of a cell, but how the gene works. In
general, genes that code for growth fac-
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tors, their receptors, or the cascade of
messages that they trigger in the cell pro-
duce cancer through activation; while
those that code for mechanisms of differ-
entiation do so through inactivation.
And, in general, since both copies of a
diploid gene will need to be inactivated to
prevent differentiation, the latter will be-
have as recessives. The new emphasis
then is on genes that control differentia-
tion, and their inactivation as differentia-
tion-oncogenes in cancer. This emphasis
goes back to the pioneering work of H.
Harris in somatic genetics, where cancer
cells upon fusion with normal cells gener-
ally display a normal phenotype. New
experimental results to the same effect
were presented in a poster by J. Wolf
et al. on fusions between malignant and
non-malignant B cells, and similar results
in the papilloma virus system were dis-
cussed by H. zur Hausen. Over the last
2 decades this line of research became
bogged down in sterile controversy about
the generality of the result, and exactly
what the famous Minz-Thlmensee “sup-
pression of malignancy by differentia-
tion” experiments really mean. Now,
thanks to molecular genetics, a way for-
ward is open.

Leading on from the original ideas
derived from work on somatic hybrids,
three lines of approach to the recessive
oncogene problem can be distinguished
in this symposium. One is via formal ge-
netics, and represents development of the
concepts first formulated to explain the
familial inheritance of retinoblastoma,
Wilm’s tumour, and coeliac polyposis.
Another is via development, where our
increasing understanding of molecular
mechanisms in cell biology helps to iden-
tify situations in which recessive onco-
genes able to inhibit normal differentia-
tion might operate. And a third relates to
the major growth factors that are nor-
mally associated with dominant onco-
genes: research on these molecules and
their receptors is beginning to identify
control mechanisms that regulate their
activity, and that may themselves be dis-
rupted by recessive oncogenes.

LVI

The first of these lines of approach is
represented by the contributions of J.
Rowley, F. Anders, and M. Dean. In her
outstanding Frederick Stohlmann Lec-
ture, Rowley surveys the role that chro-
mosome studies have played in identify-
ing dominant oncogenes, and goes on to
mention her current interest in mono-
somy of human chromosome 5 as indica-
tive of recessive oncogene activity. As
this chromosome also carries genes for
growth factors and their receptors, it is
possible — perhaps even likely — that
closely linked recessive oncogenes may
regulate the expression of these poten-
tially dangerous molecules (at least that
is what I understand her to have told me
in conversation). Ander’s vast effort in
the genetics of congenital melanoma in
fish (extended also to the genetics of car-
cinogen susceptibility) has revealed much
about the control of dominant oncogenes
by the rest of the genome. My guess is
that in the future this branch of genetics
will need to focus on these presumably
recessive control elements, and that
something like the mouse recombinant
inbred lines will be needed for that task —
a formidable undertaking. Dean de-
scribes an ongoing study of the long arm
of human chromosome 7, often missing
in myelodisplastic syndrome with all that
that implies for the operation of recessive
oncogenes.

The second line of approach, through
development, is evident in the papers of
M. Moore, T. Waldmann, N. Haran-
Ghera, A. Friedenstein, T. M. Dexter, D.
Mason, K. Rajewsky, and F. Melchers.
Analysis of the interactions between
haemopoietic cells and their surrounding
stromal cells makes steady progress and
the molecules involved in this binding are
becoming clearer: this is an area that
Friedenstein pioneered, and where Dex-
ter is moving ahead with his studies of
solid-phase-bound IL-3. Cell-bound and
matrix-bound growth/differentiation
functions are here to stay. Perhaps the
best-characterized differentiation factor,
and certainly the one where a potential
for recessive oncogene activity is most



evident in its title, is D. Gearing’s
leukaemic inhibitory factor.

The contribution of M. Lenardo and
M. Greaves take us deep into the molec-
ular mechanisms of transcriptional con-
trol that underline differentiation.

Finally there are the studies that
sketch in the way that dominant onco-
genes either respond to developmental
control, or escape: those of W. Ostertag,

W. Alexander, C. Moroni, and T. Ernst.
The last of these provides novel and in-
teresting evidence that enhanced levels of
CSF production in leukaemic cells, and
the autocrine stimulation that ensues
from this, may reflect increased mRNA
stability rather than increased transcrip-
tion: a post-transcriptional modification,
and therefore yet one more candidate site
for the operation of recessive oncogenes.
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Molecular Analysis of Rearrangements in Philadelphia (Ph')

Chromosome-Positive Leukemia

J.D. Rowley

A. Introduction

The close association of specific chromo-
some abnormalities with particular types
of human cancer has been established by
a number of investigators during the past
decade [1-6]. A few of the genes involved
in consistent chromosome rearrange-
ments, notably translocations, have al-
ready been identified, and it is likely that
the identity of most of the genes affected
by these aberrations will be determined
within the next decade. Moreover, for
several of the rearrangements, some of
the changes in gene structure and func-
tion have been defined. Therefore, some
general principles that may be applicable
to many chromosome rearrangements in
human malignant disease are beginning
to emerge. Chronic myeloid leukemia
(CML) provides one of the clearest ex-
amples of our progress in first identifying
a recurring chromosome abnormality
and then cloning the genes involved in
the abnormality. The analysis of these
genes and their alteration as a result of
the chromosome change is the subject of
this lecture.

B. Cytogenetic and Clinical Features
of Chronic Myeloid Leukemia

Chronic myeloid leukemia is important
because it was the first human cancer in
which a consistent chromosome abnor-
mality was identified. The abnormality is

The Division of Biological Sciences and the
Pritzker School of Medicine, Section of He-
matology/Oncology, Box 420, 5841 S. Mary-
land Avenue, Chicago/Illinois 60637

the Philadelphia or Ph! chromosome [7],
which was shown with banding to in-
volve No. 22 (22q—). The correct chro-
mosome defect was shown to be a trans-
location involving Nos. 9 and 22; this
was the first consistent translocation
specifically associated with any human
or animal disease (Fig. 1) [8]. The recip-
rocal nature of the translocation was es-
tablished only recently, when the Abel-
son protooncogene, ABL, normally on
No. 9, was identified on the Ph! chromo-
some [9]. Other studies with fluorescent
markers or chromosome polymorphisms
have shown that, in a particular patient,
the same No. 9 and No. 22 are involved
in each cell. The Ph' chromosome is pres-
ent in granulocytic, erythroid, and mega-
karyocytic cells, in some B cells, and
probably in a few T cells. The karyotypes
of many Ph'+ patients with CML have
been examined with banding techniques
by a number of investigators; in a review
of 1129 Ph'+ patients, the 9;22 trans-
location was identified in 1036 (92%) [4].
Variant translocations have been discov-
ered, however, in addition to the typical
t(9;22). Until very recently, these were
thought to be of two kinds; one appeared
to be a simple translocation involving
No.22 and some chromosome other
than No. 9 (about 4%), and the other
was a complex translocation involving
three or more different chromosomes,
two of which were No.9 and No. 22
(about 4%). Recent data clearly demon-
strate that No. 9 is affected in the simple
as well as the complex translocations,
and that its involvement had been over-
looked [10]. Virtually all chromosomes
have been involved in these variant
translocations, but No. 17 is affected
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Fig. 1. Trypsin-Giemsa-stained karyotype of a metaphase cell from a bone marrow aspirate
obtained from an untreated male with CML illustrating the t(9;22) (q34;q11). The Philadelphia
chromosome (Ph?') is the chromosome on the right in pair 22 (1). The material missing from the
long arm of this chromosome (229 —) is translocated to the long arm of chromosome 9 (9q +)
(1), and is the additional pale band that is not present on the normal chromosome 9

more often than are other chromosomes.
The genetic consequences of the standard
t(9;22) or the complex translocation in-
volving at least three chromosomes is to
move the ABL protooncogene on No. 9
next to a gene on No. 22, called BCR,
whose function is currently unknown
(Fig. 2).

Chronic myeloid leukemia usually ter-
minates in an acute leukemia in which
the blast cells have either lymphoid or
myeloid morphology. In the acute phase,
about 10% —20% appear to retain the 46,
Ph'+ cell line unchanged, whereas most
patients show additional chromosome
abnormalities resulting in cells with
modal chromosome numbers of 47 to 50
[4]. Different abnormal chromosomes
occur singly or in combination in a dis-
tinctly nonrandom pattern. In patients
who have only a single new chromosome

4

change, this most commonly involves a
second Ph!, an isochromosome for the
long arm of No. 17 [i(17q)], or a +8, in
descending order of frequency. Chromo-
some loss occurs only rarely; that most
often seen is — 7, which occurs in 3% of
patients.

Early cases of acute leukemia in which
the Ph! chromosome was present were
classified as CML presenting in blast
transformation; at present, patients who
have no prior history suggestive of CML
are classified as Ph'+ acute leukemia. In
fact, some of the patients with Ph'+
ALL have a different breakpoint in the
BCR gene on No. 22. In blast crisis, some
blasts have intracytoplasmic IgM, which
is characteristic of pre-B cells, and these
cells have an immunoglobulin gene rear-
rangement [11].



Fig. 2. Schematic
drawing of chromo-
some No. 9 and
No. 22 illustrating
the chromosome
translocation that
produces the 9q +
and 22q— (Ph')
chromosomes. One
protooncogene,
ABL, is moved to
No. 22 adjacent to a
gene of unknown
function called
BCR; the break in
No. 22 is distal to
the IG lambda locus
which is not in-
volved in the
translocation. The
SIS protooncogene
is moved to the
9q+ chromosome.
It is located at some
distance from the

breakpoint on No. 22 and there is no evidence that it is altered as the result of the translocation

Marrow cells from some patients ap-
pear to lack a Ph' chromosome. The ma-
jority of these patients had a normal
karyotype. Somewhat surprisingly, the
survival of these patients was substantial-
ly shorter than those whose cells were

Ph'+ [12]. Our recent review of the his-.

tology of 25 Ph!— patients showed that
most of them did not have CML but they
had some type of myelodysplasia, most
commonly chronic myelomonocytic leu-
kemia or refractory anemia with excess
blasts [13]. However, the situation has
become more complex because it has
been shown recently that some patients
with clinically typical CML who lack a
Ph! chromosome cytogenetically have
evidence of the insertion of ABL se-
quences into the BCR gene [14, 15]. Thus,
it can be proposed that the sine qua non
of CML is the juxtaposition of BCR and
ABL.

C. Molecular Analysis of the 9;22
Translocation

Investigators are now in the process of
unraveling the mystery of the Ph?

~ translocation in CML and ALL. In the

t(9;22) in CML and ALL, the Abelson
protooncogene (ABL) is translocated to
the Ph! chromosome [9]. The ABL gene
was first identified because of its homolo-
gy to the viral oncogene that had been
isolated from a mouse pre-B-cell leuke-
mia. The breakpoint junction in CML
was cloned and the site on the Ph! was
called bcr, for breakpoint cluster region,
[16] since the majority of breaks cluster in
a small 5.8-kilobase (kb) region. The
gene in which this cluster is located has
also been cloned. It is a very large gene
greater than 100 kb and it is presently
also called BCR, which leads to a great
deal of confusion. In this lecture, bcr is
used to denote the CML breakpoint re-
gion and BCR to identify the whole gene.
In contrast to bcr, the breaks in ABL on
No. 9 occur over an incredible distance
of more than 200 kb. We have used pulse-
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Fig. 3. Map of the A BL gene showing the position of the two alternative exons Ib and Ia relative
to exon I1. Exon Ib is the most 5’ exon, whereas Ia is less than 20 kb from exon II which is the
common splice acceptor site. The vertical bars above the horizontal line represent the more 3’
exons which are homologous to the v-abl sequences. Sfil and Not I are the enzymes used to
determine the relative positions of exons Ia, Ib, and II. (Figure adapted from [17])

field gel electrophoresis (PFGE) to great
advantage in the study of the 4BL pro-
tooncogene. Southern blotting with stan-
dard gel electrophoresis leads to separa-
tion of DNA fragments in the size range
of 2 to about 25 kb. Since the 4BL gene
is larger than 200 kb, mapping it in 10- to
20-kb pieces is a formidable task. In con-
trast, by using PFGE one can separate
fragments more than 1000 kb in size, and
this technique is also very effective in the
100- to 600-kb range. A normal chro-
mosome band contains roughly 5000-
10 000 kb and, thus, several very large,
overlapping fragments could contain a
single band. Using many probes for ABL
provided by various investigators, Drs.
Westbrook and Rubin have constructed
a map of the normal 4BL gene [17]. This
is a very complex gene that normally uses
one of two alternative beginnings, exon
Ia or Ib. During transcription, either of
these can be spliced at the same point on
the remainder of the gene, which is cal-
led the common splice acceptor site or
exon II (Fig. 3). One of their first discov-
eries was that the type Ib exon mapped
more than 200 kb upstream from exon II.
As a result, a very large segment of the
RNA transcript is removed or spliced out
to form the mature mRNA. This is a re-
markable feat, not identified before in
biological systems. The breakpoints in
the chromosomes of various CML pa-
tients and cell lines occur in many loca-
tions upstream (5') of exon II. However,
the same size (8.5 kb) mRNA is found in
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all CML patients; this occurs because the
BCR exons are spliced to ABL exon II,
resulting in a chimeric mRNA which
is translated into a chimeric protein
(p210BCR-ABLY 118 19].

With regard to Ph'-positive ALL, it
has always been an enigma why the typi-
cal Ph! translocation is seen in ALL and
in fact is the most common translocation
in adults with ALL [20]. One relatively
trivial explanation would be that the pa-
tients really had CML in lymphoid blast
crisis with an wundiagnosed chronic
phase, and this may occur in some pa-
tients. However, analysis of DNA from
some Phl-positive ALL cells indicates
that the breakpoint in No. 22 is outside
the bcr region. In one study, the majority
of adult patients (13 of 17) appeared to
have the same bcr rearrangement that is
seen in CML whereas it has not been
found in any of 7 children, who pre-
sumably had a more 5 breakpoint in the
BCR gene [21] (Table 1). Data from our

Table 1. Ph!-positive leukemia

Diagnosis Number of Number
patients with bcr
rearrange-
ments*®
CML 135 133
ALL - Adults 32 17
ALL-Children 8 0

2 pcr rearrangement in CML breakpoint clus-
ter region



laboratory as well as others indicate that
the breakpoints on No. 22 are greater
than 50 kb proximal to the CML break
but that they still are within the BCR
gene [22]. The breakpoints on No. 9 are
similar to those in CML. Several investi-
gators have shown that these Ph'+ ALL
patients have an abnormal size chimeric
BCR-ABL mRNA (7.0-7.4kb) and
ABL protein (p1858CR-ABLy [23 24].

These discoveries and the development
of DNA probes that can detect rear-
rangements in the BCR and ABL genes
have been applied very rapidly for use in
diagnosis and monitoring of patients
thought to have CML or Phl4+ ALL.
The results of the diagnostic use of the
bcr probe are summarized in Table 1.
Equally important is the ability to check
for the recurrence of a Ph'+4 clone in
CML patients who have undergone bone
marrow transplantation or in Ph*+ ALL
patients in remission. These screening
procedures have become even more sen-
sitive with the use of the polymerase
chain reaction to detect the bcr-ABL
Junction in leukemic cells.

We have recently studied seven pa-
tients with Ph'+ ALL to determine
whether the translocation breakpoints all
occur within the BCR gene [25]. With
PFGE we could show that every patient
had a rearrangement within the BCR
gene either in the 5’ portion of BCR in the
first intron (five patients) or in bcr (two
patients). Moreover ABL was fused with
BCR in each patient. Of the seven pa-
tients, two were children, one of whom,
age 12 years, had a ber rearrangement.
Further studies with additional patients
will allow more precise correlations of
the clinical features of the leukemias with
the molecular abnormalities that under-
lie them.

In the future, we will understand the
role of the BCR and ABL proteins in
normal cells and that of the two different
chimeric BCR-ABL proteins in CML
and in ALL. Thus, the genetic analysis of
what appeared to be a simple chromo-
some change, namely the 9;22 transloca-
tion, has revealed unexpected complexi-

ty. [ am sure that, in the future, an under-
standing of the altered function of the
ABL protein will be central to the devel-
opment of more specific and more effec-
tive forms of therapy.

D. Biological Significance
of Chromosomal Rearrangements

One of the most surprising revelations in
the recent past has involved the cellular
oncogenes and their chromosome loca-
tion (Fig. 4). Much of the excitement
derives from the observation that many
protooncogenes are located in the bands
that are involved in consistent translo-
cations [3, 6]. There is a remarkable
specificity of certain chromosome rear-
rangements for particular subtypes of tu-
mors especially leukemia or lymphoma.
The mechanism or mechanisms by which
this specificity is achieved are unknown;
however, a number of investigators have
shown that certain proteins required for
promotion of gene expression are synthe-
sized in a very cell-type-specific manner
[26]. These proteins are only present in
the appropriate cell type and therefore
the particular gene is activated only in
that cell type. The chromosome rear-
rangements affecting MYC in B-cell [27,
28] and T-cell [29, 30] tumors strongly
support the interpretation that the
specificity resides in the gene that is
uniquely active in the particular cell type.
Thus the immunoglobulin genes are
highly regulated in B cells and they can
therefore serve as the switch or activator
mechanism for MYC in B cells; on the
other hand, the alpha chain of the T-cell
receptor (TCRA) is an active gene in T
cells with a strong enhancer/promotor
and it clearly is an activator for MYC in
T cells. A reasonable paradigm is that
translocations bring together, in an inap-
propriate manner, a growth factor or
growth factor receptor gene (the pro-
tooncogene in the examples defined to
date) adjacent to an active cell-specific
gene.



Fig. 4. Map of the chromosome location of protooncogenes or of genes with transforming
properties and the breakpoints observed in recurring chromosome abnormalities in human
leukemia, lymphoma, and solid tumors. The protooncogenes and their locations are placed to
the left of the appropriate chromosome band (arrow) or region (indicated by a bracket). The
breakpoints in recurring translocations, inversions, deletions, etc., are indicated with an arrow
to the right of the affected chromosome band. The locations of the cancer specific breakpoints
are based on the Human Gene Mapping 9 report [5]



It should be emphasized that many of
the protooncogenes were identified in
viruses that cause tumors. However,
these genes have not been conserved
through evolution from yeast and
Drosophila to the chicken, mouse, and
man to cause cancer! Where we have any
insight into the function of these genes in
normal cells, they are growth factors or
growth factor receptors. It is not unex-
pected that the genes which a virus might
coopt if it developed into a tumor-pro-
ducing virus would be genes that control
proliferation, genes which under viral
regulation would function abnormally
with regard to cell growth. Further sup-
port for the concept that oncogenes are
growth factors gone wrong is provided
by studies at the Hall Institute in Mel-
bourne. There, investigators inserted the
cloned gene for granulocyte-macrophage
colony-stimulating factor into a viral
vector, transfected mouse myeloid cells
with this gene, and then injected the cells
into mice which developed leukemia [31].
The term “oncogene” is too short and
easy for it to be discarded, but it really
refers to respectable genes for growth
factors or their receptors.

The analysis of various tumors for al-
terations in protooncogenes has revealed
that a number are abnormal as a result of
translocations, amplification, or muta-
tions [32]. In some situations the relation-
ship of the change in the protooncogene
to the multistage process of malignant
transformation is unclear [33]. Such am-
biguity is not a problem with chromo-
some translocations; the evidence is over-
whelming that the t(8;14) in Burkitt’s
Ilymphoma and the t(9;22) in CML are an
integral component of the cascade of
events leading to the transformation of a
normal to a malignant cell. The everin-
creasing number of translocations re-
viewed in this chapter provide a potential
gold mine for identifying new genes that
are unequivocally related to the malig-
nant phenotype of the affected cell. The
challenge is to isolate these translocation
breakpoint junctions, to identify the
genes that are located at these break-

points, and then to determine the change
in gene function that occurs as a conse-
quence of the translocation. The ultimate
measure of success, however, will be in
the application of these new insights in
the development of new, more effective
treatments for cancer. In the future, each
particular subtype of tumor will be treat-
ed in a uniquely defined way that is most
appropriate for the specific genetic defect
present in that tumor. This should lead to
a new era of cancer therapy that is both
more effective and less toxic.
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Interactions Between Hematopoietic Growth Factors:
The Clinical Role of Combination Biotherapy *

M.A.S. Moore

A. Introduction

The Frederick Stohlman Memorial Lec-
tures have, over the years, reflected the
progression of leukemia research in areas
initially thought to be as diverse as retro-
virology/oncogenes, chemotherapy/im-
munotherapy, and hematopoietic growth
factors. At the Seventh Wilsede Meeting
we heard how convergent these areas
were. The polypeptide growth factors
which affect lymphohematopoietic cell
proliferation and differentiation have ex-
panded to at least 11 distinct gene prod-
ucts with pleiotropic and overlapping
functions (G-, GM-, M-CSF, erythro-
poietin, and interleukins 1-7 [1]. The
early characterization of hematopoietic
growth factors was based on their ability
to stimulate the clonal proliferation of
human bone marrow progenitor cells. In
addition, these factors were shown to ac-
tivate a variety of functions of mature
lymphoid and hematopoietic cells.

The purification, characterization, and
gene cloning of human G-CSF followed
shortly after the equivalent characteriza-
tion of human GM-CSF [2, 3]. With the
availability of recombinant G-CSF in
quantities sufficient for in vivo evalua-
tion, its action on hematopoietic func-
tion was assessed in normal murine and
primate systems, and following chemo-
therapy or radiation-induced myelosup-

The James Ewing Laboratory of Developmen-
tal Hematopoiesis, Memorial Sloan-Kettering
Cancer Center, New York, NY 10021, USA
* Supported by grants CA 20194, CA 32156,
and CA 31780 from the National Cancer Insti-
tute; American Cancer Society Grant CH-3K,
and the Gar Reichman Foundation.

pression [1, 4, 5]. Efficacy was rapidly
demonstrated and opened the way to
clinical trials in human bone marrow
suppression or failure systems [6-8].
Without reviewing this area in detail,
I wish to touch on various aspects that
illustrate the utility of G-CSF in various
pathophysiological situations.

B. Hematopoietic Role of G-CSF

I. G-CSF Treatment of Mice
Receiving Cyclophosphamide, Myleran,
or 5-Fluorouracil

In order to investigate the potential of
G-CSF in preventing episodes of neu-
tropenia following high-dose chemother-
apy with cyclophosphamide (CY), C3H/
HeJ mice were subject to weekly injec-
tions of 200 mg/kg CY intraperitoneally
followed by G-CSF therapy (1.75g x 2
daily) beginning 2 h after CY treatment
and finished 48 h before the second cycle
of CY. As shown in Fig. 1, this protocol
prevented the subsequent nadirs of neu-
trophil counts between 4 and 5 days after
CY treatment, and in all ten cycles of CY
therapy G-CSF abrogated the neutrophil
nadirs. The mice receiving CY alone had
a substantial mortality evident by the
eighth cycle of treatment. In eight cycles
of CY treatment over the course of 70
days the G-CSF-treated animals were
neutropenic (1000 ANC/mm?) for only 3
days, whereas the untreated animals were
neutropenic for 24 days. The time to re-
covery of absolute neutrophil counts
(ANCs) to control levels was also sub-
stantially affected, with the non-G-CSF-
treated groups requiring an additional 16
days for recovery. Neutropenia at levels
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Fig. 1. Absolute neutrophil counts in the peripheral blood of C3H/Hel mice treated with
repeated dosed of 200 mg/kg cyclophosphamide (CY) administered at 7- to 9-day intervals over
3 months. Control mice (broken line) received saline alone; experimental mice (continuous line)
received 1.75 mg rthG-CSF twice daily intraperitoneally beginning 2 h following CY and termi-
nating 48 h prior to the next cycle of CY. Three mice per group. Note the log scale for ANC/mm?
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Fig. 2. Absolute neutrophil
counts in the peripheral
blood of C3H/HeJ mice ad-
ministered 100 mg/kg
myleran orally by intubation
with or without twice daily
i.p. injections of rh-G-CSF
at 2 pg/mouse for 21 days.
Control animals received
corn oil alone with G-CSF.
Four mice per group. Note
the log scale



of 500 ANC/mm?® indicated an even
more significant difference, with such
low levels observed on only 1 day out of
70 in the G-CSF +CY-treated mice, in
contrast to 15 days in the CY-treated
group.

This cyclophosphamide model allowed
us to investigate the timing of initiation
of G-CSF therapy following a single in-
jection of a high dose of CY. Administra-
tion of G-CSF coincident with CY treat-
ment resulted in an improvement in re-
covery of neutrophil counts, but this was
substantially less than observed when G-
CSF was administered 2 h after CY ther-
apy. Administration of G-CSF 24 and
48 h after CY was less effective than after
2 h, indicating that treatment early in the
course of chemotherapy is likely to be
more effective.

Myleran (MY), administered orally
(100 mg/kg), was also associated with a
significant reduction in neutrophil
counts and in bone marrow progenitor
populations. G-CSF therapy initiated
within 6 h of MY treatment led to an
accelerated recovery of neutrophils so
that by 1 week the neutrophil counts had
returned to normal values, whereas the
MY-treated controls remained pro-
foundly neutropenic (ANC 200/mm?®)
(Fig. 2). By 14 days MY + G-CSF-treat-
ed animals exhibited a neutrophil leuko-
cytosis of between 10* and 2 x 10*/mm3
at times when the MY control animals
had 100 neutrophils/mm?.

Treatment with 5-fluorouracil (5-FU
150 mg/kg) led to profound myelosup-
pression in three different strains of mice
tested. In C3H/HeJ mice, recovery of
neutrophil counts to control values was
delayed for 12-14 days. Administration
of G-CSF accelerated recovery of neu-
trophil counts to normal values within 8§
days [5].

I1. Clinical Trials of G-CSF Following
Chemotherapy

The use of rh-G-CSF in clinical trials has
demonstrated efficacy in promoting re-
generation of functioning neutrophil

granulocytes. Our first clinical trial in-
volved the administration of G-CSF in a
phase I/II study of patients receiving M-
VAC (methotrexate, vinblastine, doxaru-
bicin, and cisplatin) in 22 patients with
transitional cell carcinoma of the uroep-
ithelium [6]. In all patients a specific
dose-dependent increase in ANC was
seen to levels of up to 12-fold above nor-
mal at the higher levels of G-CSF admin-
istration. At these high doses (10—-60 g/
kg) a tenfold increase in monocytes, but
not in other hematopoietic lineages, was
evident. Treatment after chemotherapy
significantly reduced the number of days
on which antibiotics were used. This re-
sulted in a significant increase in the
number of patients qualified to receive
planned chemotherapy on day 14 of the
treatment cycle (100% vs. 29%). In addi-
tion, the incidence of mucositis signifi-
cantly decreased. Investigators at other
centers have confirmed these observa-
tions. In patients with advanced small
cell lung cancer receiving high-dose
chemotherapy, repeated every 3 weeks,
G-CSF was given to each patient for 14
days on alternate cycles of chemothera-
py. This resulted in the reduction of the
period of absolute neutropenia with re-
turn to normal or supranormal levels of
ANC within 2 weeks [8]. This therapy
also drastically reduced episodes of
severe infections observed during these
cycles of chemotherapy. In advanced ma-
lignancies treated with melphalan, neu-
tropenia was significantly reduced even
at dose levels of 1 or 3 pg/kg G-CSF. Pre-
liminary clinical studies have also
demonstrated that G-CSF hastens gran-
ulocyte recovery in Hodgkin’s disease af-
ter high-dose chemotherapy and au-
tologous bone marrow transplantation
[9]. In all of these studies no significant
dose-limiting toxicities have been ob-
served to date.

III. In Vivo Studies of G-CSF in Congen-
ital and Idiopathic Neutropenia

Cyclic neutropenia is an inherited disease
of man and gray collie dogs, character-
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ized by regular oscillations of the number
of peripheral blood cells and of bone
marrow progenitor cells. Cycling of se-
rum or urine CSF levels has also been
reported. However, induction or cure of
cyclic neutropenia by bone marrow
transplantation has suggested that this
disorder is a disease of pluripotential he-
matopoietic stem cells. It should be noted
that the hematopoietic stem cell itself can
generate cells (macrophages, T cells)
capable of hematopoietic growth factor
production and thus it is not possible to
exclude intrinsic growth factor produc-
tion defects in the pathophysiology of
cyclic neutropenia. In the dog model we
have demonstrated that daily adminis-
tration of rh-G-CSF (5 pg/kg x 2 daily
for 30 days) caused an immediate (with-
in 12h) and persistent leukocytosis
(>40 000 WBC) in both cyclic and nor-
mal dogs due to a ten fold increase in the
numbers of circulating neutrophils and
monocytes [10]. This therapy eliminated
two predicted neutropenic episodes and
suppressed the cycling of CFU-GM in
the bone marrow. Comparable therapy
with rh-GM-CSF induces a monocytosis
and neutrophilia in normal dogs but did
not eliminate the recurrent neutropenia
in cyclic dogs. Analysis of the serum lev-
els of CSF indicated a striking periodicity
with peak levels of G-CSF coinciding
with the peaks of monocytes and the
nadirs of neutrophils. The continuing cy-
cling of CSF levels was also observed
even when animals showed a major neu-
trophil leukocytosis under exogenous G-
CSF therapy.

A disorder of neutrophil regulation is
also seen in chronic idiopathic neutrope-
nia in which the peripheral neutrophil
count is reduced to 2000 cells/mm® for
prolonged periods, with maturation ar-
rest of neutrophil granulocyte precursors
in the bone marrow. Other hematopoiet-
ic cell counts are usually normal and an-
tineutrophil antibodies are absent. Clini-
cally, these patients experience recurrent
episodes of life-threatening infections, ul-
cers of the mucus membrane, and peri-
odontal disease. We have had the oppor-
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tunity of studying a number of patients
with this disorder utilizing primary
clonogenic assay and in vitro suspension
cultures of patient bone marrow cells [7].
The incidence of CFU-GM observed in
primary bone marrow culture was always
in the high range of normal with respect
to each species of CSF (G-, GM-, M-,
and IL-3), indicating that the neutrope-
nia was not attributed to a shortage of
appropriate myeloid progenitors. Fur-
thermore, morphological studies showed
normal neutrophil maturation within the
colonies developing in the presence of
G-, GM-CSF, and IL-3, with eosinophil
maturation and macrophage develop-
ment a significant feature with GM-CSF
stimulation. In suspension cultures G-
CSF was particularly effective in generat-
ing mature segmented neutrophils which
were absent in input bone marrow, and
did not develop spontaneously in over 3
weeks of culture. With the addition of
G-CSF, myelocytes expanded in the 1st
week of culture. By the 2nd and 3rd week
high levels of production of segmented,
functionally normal neutrophils were
found. Based upon these in vitro studies,
patients were treated with subcutaneous
G-CSF on a daily continuous basis. In
the first patient studied, the neutrophil
count rose rapidly, and by 20 days the
patient’s ANC was >1000 cells/mm?
and plateaued in the range of 2000-
3000/mm?® with evidence of a 40-day
cycle (observed even when the dose of
G-CSF was increased). The neutrophils
were functionally normal and the patient
has remained on this continuous G-CSF
treatment without any notable toxic side
effects [7].

A more severe form of neutropenia is
found in patients with Kostmann’s syn-
drome (congenital agranulocytosis). In
this disorder, marked by severe neu-
tropenia and maturation arrest at the
myelocyte level, five patients received G-
CSF therapy, and the neutrophils in-
creased from 0% -1% to 10%-72%
with clinical resolution of preexisting in-
fections [11].



C. Hematopoietic Role of Interleukin-1

Interleukin-1 (IL-1) was first identified as
an endogenous pyrogen, produced by
macrophages following activation by en-
dotoxin. Subsequent studies implicated
IL-1 as a mediator of a variety of inflam-
matory phenomena involving produc-
tion of cascades of cytokines and
cyclooxagenase products [12]. Various
lymphokines are released by the interac-
tion of IL-1 with T cells, and IL-1 in-
duces expression of G-, GM-, and M-
CSF by a direct action on stromal cells
such as fibroblasts and endothelial cells,
both in vitro and in vivo [13—15]. Recent
studies have revealed a more direct role
for IL-1 in hematopoiesis, involving an
interaction with the early hematopoietic
stem cell [5, 16—18].

I. Interleukin-1 Identity with Hemo-
poietin 1/Synergistic Activity

Early studies involving mice treated with
5-fluorouracil (5-FU) suggested the ne-
cessity of a synergistic interaction be-
tween two factors, one being a direct he-
matopoietic colony stimulus such as M-
CSF or IL-3, and the other, which lacked
direct colony-stimulating activity, was
shown to synergize with the preceding
species of CSFs [19]. Synergistic activity
was identified in conditioned media or
extracts of various human tissues and
was also identified and purified to homo-
geneity from the human bladder cancer
cell line, 5637 [20]. This latter cell line had
also been used to identify, purify, and
clone G- and GM-CSF [2, 3, 21]. The
constitutive expression of hemopoietin 1
(H-1), which was shown to be a 17 000-
kd protein [20], led us to attempt to puri-
fy, sequence, and clone this molecule, us-
ing similar strategies to those that we had
employed to clone the G-CSF gene from
5637 cells. The identity of IL-1 and H-1/
synergistic activity was established on the
basis of the following factors:

1. The bladder cancer cells evidently pro-
duced high levels of IL-1 active in the
thymocyte comitogenesis assay.

2. The synergistic activity and IL-1 could
be copurified using various protein
purification procedures.

3. Abundant levels of IL-1-alpha and
-beta mRNA could be detected in the
5637 cells — comparable to levels in
activated macrophages.

4. Fractions of in RNA from 5637 ex-
pressed in oocytes resulted in intracel-
lular production of hematopoietic syn-
ergistic activity and thymocyte comito-
genesis factor production.

5. The synergistic activity and thymocyte
comitogenesis activity were completely
neutralized by monoclonal and poly-
clonal antibodies to IL-1.

6. rhIL-1 alpha and beta at 0.1-10 U/ml
synergized with G-, GM- M-CSF, and
IL-3 in stimulating high proliferative
potential (HPP)-CFU in clonogenic
assays of 5-FU-treated murine bone
marrow [1, 5, 16—18].

IL-1 has a direct effect upon hematopoi-
etic stem cells in addition to its ability to
elicit production of various CSF species
by accessory cell populations within he-
matopoietic tissues. In our original stud-
ies it was not possible to conclude that
IL-1 was acting directly on early stem
cells since accessory cell populations
were not depleted from the target bone
marrow cell population. In more recent
studies we have established a linear dose-
response relationship between the num-
bers of HPP-CFU, and the number of
bone marrow cells plated, with a highly
significant correlation (r=0.97) indica-
tive of a single-hit phenomenon.

I1. Action of IL-1 in Short-term Marrow
Suspension Culture (Delta Assay)

The rationale behind the delta assay is to
demonstrate the ability of hematopoietic
growth factors to promote the survival,
recruitment, or expansion of stem cells
and/or progenitor cells in relatively
shortterm suspension culture systems. As
originally developed, we utilized bone
marrow from mice that had been treated
with 5-FU for 24 h and then subjected to
a 4- to 7-day suspension culture in the
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Table 1. Interleukin-1 and CSF-induced amplification of CFU-GM in 7-day suspension cultures
of 2.5 x 10° murine bone marrow cells obtained 24 h post 5-fluorouracil treatment

Stimulus in suspension

Delta (CFU-GM output/input)

phase

“Readout” stimulus in 2° clonogenic assay

G+IL-1 GM+1L-1 IL-34+1L-1 CSF-1+1L-1
Medium 0 0 0 0
rh-IL-1 alpha 190 53 39 61
rh-G-CSF 0 5 2 5
IL-1+G-CSF 255 91 41 41
mCSF-1 0 2 1 2
IL-1+ CSF-1 175 47 38 80
mGM-CSF 40 17 15 34
IL-1+GM-CSF 280 58 49 54
mlIL-3 110 17 18 33
IL-1+1L-3 510 178 120 115

Femoral bone marrow cells taken from B6D2F1 mice 24 h after a single i.v. injection of
5-fluorouracil (150 mg/kg) were incubated at 2.5 x 10° cells/ml in Iscove’s modified Dulbecco’s
medium with 20% fetal calf serum in 24-well cluster plates containing 100 units rh-IL-1 alpha,
or 2000 u/ml rh-G-CSF; 1000 u/ml. m-GM-CSF (purified from murine post-endotoxin lung
CM) 200 u m-IL-3 (purified from WEHI-3 cell line CM), or 1000 u CSF-1 (purified from L-cell
CM). After 7 days of incubation, cells were recovered and assayed for CFU-GM in agarose
cultures stimulated by the various CSF species alone or in combination with IL-1. The delta
value (CFU-GM output/input) was calculated on a recovery from triplicate clonal assays from

triplicate suspension cultures

presence of IL-1 alone, CSFs alone, or
combinations of IL-1 with various CSF
species [5, 16]. At the end of the suspen-
sion culture phase, total cellularity and
morphology was determined, and cells
were cloned in semisolid culture, again in
the presence of IL-1 alone, CSFs alone,
or combinations of IL-1 and CSFs. Table
1 shows that IL-1 caused an expansion of
the numbers of CFU-GM recovered af-
ter 7 days of culture. Neither M-CSF nor
G-CSF alone supported survival or ex-
pansion of CFU-GM; however, the com-
bination of IL-1 and CSFs demonstrated
additive or synergistic effects on the ex-
pansion of these progenitors. GM-CSF
or IL-3 alone caused some expansion of
progenitor populations, but again the
combination with IL-1 evidenced syner-
gism.

Human systems based on in vitro
purging with 4-hydroperoxcyclophos-
phamide (4HC) and positive selection by
“panning” with MY 10 monoclonal anti-
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body for CD34* cells followed by 7-day
suspension culture also demonstrated
synergistic interactions between IL-1 and
various CSF species. The most dramatic
effect was observed with the combination
of IL-1 and IL-3, where an up to 85-fold
increase in progenitor cells was noted fol-
lowing 7-day suspension culture (Table
2). In contrast to the murine system, syn-
ergism between IL-1 and CSF-1 was not
evident.

III. In Vivo Interaction Between IL-1
and G-CSF in Mice Treated with 5-FU

In mice trated with 5-FU, G-CSF admin-
istration restores neutrophil counts to
normal values some 5-6 days earlier
than in mice not receiving the factor, but
a period of profound neutropenia is still
observed [5]. Administration of IL-1
alone, giving postchemotherapy for 4-
10 days twice daily at doses of 0.2 pg/
mouse per day, reduced the severity of



Table 2. Interleukin-1 and CSF-induced amplification of CFU-GM in 7-day suspension cultures
of 2.5 x 10° 4-HC-treated, CD34" human bone marrow cells

Stimulus in suspension Delta (CFU-GM output/input)

phase

“Readout” stimulus in 2° clonogenic assay

rh-G-CSF rh-GM-CSF rh-IL-3 rh-CSF-1
Medium 0 0 0 0
rh-IL-1 alpha 10 6 2 2
rh-G-CSF 8 9 2 2
IL-14+G-CSF 8 9 2 1
rh-GM-CSF 8 9 2 2
IL-1+GM-CSF 33 22 6 10
rh IL-3 5 30 17 2
IL-1+1L-3 15 85 15 1

Bone marrow cells, obtained with informed consent from normal volunteers, were separated
over Ficoll-Hypaque, subjected to plastic adherence, and incubated for 30 min with 100 pM
4-hydroperoxycyclophosphamide (4-HC). Cells were then treated with antimyl monoclonal
antibody (anti-HPCA-1 Beckon Dickinson, Mountain View Ca.), on ice for 45 min, washed, and
incubated for 1 h at 4 °C on bacteriological-grade plastic petri dishes previously coated with goat
anti-mouse IgG. Adherent CD34" cells were harvested by vigorous pipetting. 2.5 x 10° har-
vested cells/well were incubated in Iscove’s modified Dulbecco’s medium (IMDM) plus 20%
fetal calf serum in 24-well cluster plates containing test stimuli. In suspension phase, stimuli were
10 ng/ml rh-G-CSF, rh-GM-CSF, rh-IL-3 (Amgen), rh CSF-1 (Cetus), and rh-IL-1 alpha
(Roche). 4-HC purged, CD34* marrow cells were plated at 2 x 10* cells/ml in semisolid agarose
culture in the presence of 10 ng/ml GM-CSF, G-CSF, CSF-1, or IL-3 alone or in combination
with IL-1 both pre- and postsuspension culture. Colony formation was assessed after 12 days.
The delta value (CFU-GM output/input) was calculated on recovery from triplicate clonal

assays from duplicate suspension cultures

the neutrophil nadir, and accelerated the
recovery of the neutrophil count to an
extent greater than observed with G-CSF
alone. The combination of G-CSF and
IL-1 administered after 5-FU therapy
also resulted in accelerated hematopoi-
etic reconstitution, although the results
were additive rather than synergistic [5].
Analysis of total hematopoietic cell re-
constitution in %-FU-treated mice also
showed the efficacy of IL-1 therapy, or
IL-1 plus G-CSF therapy, in accelerating
total recovery of erythroid as well as
granulocytic elements in the marrow,
spleen, and blood.

The potential of combination biother-
apy as an effective means of accelerating
hemopoietic cell differentiation raises the
issue of whether premature exhaustion of
the stem cell and progenitor cell popula-
tion may occur. Measurement of colony-

forming units (CFU-s, CFU-c, BFU-e,
CFU-GEMM, CFU-Meg) on an inci-
dence basis proved to be misieading be-
cause of the redistribution of hematopoi-
etic precursors in regenerating murine
tissues. By quantitation of total numbers
of these cell populations in marrow,
spleen, blood, and other tissues, we
demonstrated that there was an absolute
increase in the recovery of all of these
populations in 5-FU-treated mice ex-
posed to both IL-1 alone and IL-1 plus
G-CSF. The results indicate that the
mechanism of action of these cytokines,
both alone or in combination, is not sim-
ply mediated by accelerated differentia-
tion, but involves an absolute expansion
of the most primitive stem cell popula-
tions that can be measured, e.g., by the
day 12 murine spleen colony (CFU-s) as-
say, or the high proliferative potential in
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vitro colony assay requiring IL-1 plus
CSF as the read-out stimuli [1, 5, 16].
This is an important observation for ex-
trapolation of these studies to clinical sit-
uations because it lays to rest some of the
concerns that combination biotherapy
may accelerate exhaustion of the stem
cell compartment in patients receiving
myeloablative therapy.

IV. Interleukin-1 and CSFs as Radio-
protective Agents

Interleukin-1 has been shown to mediate
a radioprotective action when given to
mice 20 h before what would otherwise
be a lethal dose of irradiation [12, 15].
This radioprotective effect cannot be
duplicated by preadministration of vari-
ous CSF species. Using BALB/c mice
which are particularly susceptible to irra-
diation, we observed that 0.2 ug IL-1
given 20 h before 850 rads total body ir-
radiation completely prevented what
would otherwise be 100% mortality by
14 days, confirming earlier reports. How-
ever, we were able to show that adminis-
tration of IL-1 or G-CSF after irradia-
tion was also significantly radioprotec-
tive. While the mechanism of IL-1 radio-
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protection remains controversial, our
down observations suggest that one
mechanism may involve accelerated re-
cruitment of primitive G, stem cells into
the cell cycle with expression of CSF re-
ceptors. The administration of 750 rads
total body irradiation to BALB/c mice,
which resulted in 80% mortality within
14 days, provided a model in which we
could test the interactions of IL-1 and
G-CSF in reconstitution of hemato-
poiesis and in radioprotection. Recovery
of neutrophils to normal levels in irradi-
ated mice was delayed for up to 3 weeks;
G-CSF administration begun immedi-
ately after irradiation, and carried out
for 3 weeks, accelerated recovery of neu-
trophils and total hematopoietic cells, so
that normal levels were observed by 14
days [22]. IL-1 administration as a single
dose prior to irradiation resulted in accel-
erated recovery of hematopoiesis. When
administered daily postirradiation for 4
days, IL-1 reduced the nadir of blood
neutrophils and produced a degree of re-
covery of hematopoietic function com-
parable to that seen with G-CSF admin-
istration (Fig. 3). A significant synergis-
tic interaction was noted when G-CSF
was combined with IL-1 postirradiation,

Fig. 3. Absolute
neutrophil counts in
the peripheral blood
of Balb/c mice ex-
posed to 750 rad to-
tal body irradiation
and either pre-
treated with rhIL-1
alpha (0.2 pg/mouse
1.p. 20 h before irra-
diation) or treated
with 2 pg rh-G-CSF
beginning 2 h postir-
X radiation twice daily
for 21 days, or the

. combination of IL-1
L4 pre- and G-CSF
post-treatment. Five
mice per group.
Control mice (bro-
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Fig. 4. Absolute
neutrophil counts in
the peripheral blood
of B6D2F1 mice
subject to 950 rads
total irradiation and
injected with vary-
ing numbers of syn-
geneic bone marrow
cells, with or with-
out subsequent
twice daily adminis-
tration of 2 pg rhG- 2l L

S)
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CSF i.p. Five mice 7 8 9 10
were used per group

with up to a tenfold greater increase in
blood neutrophils, hematopoietic cells,
and both stem and progenitor cells popu-
lations in both spleen and bone marrow.

V. Interactions Between IL-1 and
G-CSF in Autologous Bone Marrow
Transplantation

Transplantation of autologous bone
marrow into lethally irradiated (950
rads) C3H/HeJ and B6D2F1 mice was
undertaken using three different dose
levels of donor marrow cells, 10°, 10°,
and 107 cells/mouse. The LDj, in such
transplanted animals is observed at dose
levels of 1.0-2.5 x 10° marrow cells/
mouse. It is generally accepted that the
delayed recovery in hematopoietic cells
in the bone marrow and spleen and in
peripheral neutrophil counts was attrib-
uted to limitations in the number of do-
nor stem cells as measured by the CFU-s
assay. As can be seen in Fig. 4, the pe-
ripheral neutrophil counts reflected a
marrow cell dose-dependent difference in
a return to normal values. While this ob-
servation (which was also reflected in
bone marrow and spleen hematopoietic

2 13 14 15 16 17 18 19 20 2l
DAYS POST TRANSPLANTATION

cell reconstitution) might lead to the as-
sumption that stem cell availability is the
sole criterion for hematopoietic reconsti-
tution, the administration of exogenous
G-CSF suggested additional variables in
the transplant equation. In all instances
following autologous bone marrow
transplantation at the different dose lev-
els, exogenous G-CSF administration en-
hanced the recovery of neutrophils in the
peripheral blood by three- to tenfold.
This in turn was accompanied by acceler-
ated regeneration of bone marrow and
spleen hematopoietic progenitor cells
and of pluripotential stem cells as mea-
sured by the CFU-s assay.

Studies in autologous bone marrow
transplantation in cynomolgus monkeys
confirmed the ability of G-CSF to accel-
erate bone marrow regeneration and re-
covery of peripheral blood neutrophil
counts. These studies indicated that
higher doses of G-CSF were required to
enhance the recovery of hematopoietic
parameters to normal, suggesting that
the role of G-CSF involved recruitment
of earlier stem cells by some indirect
mechanism involving cytokine cascades
or, alternatively, reflecting the relative
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paucity of G-CSF receptors on primitive
hematopoietic cells. Based upon our in
vitro studies indicating that IL-1 upregu-
lated the receptors for G-CSF and other
CSF species on primitive hematopoietic
stem cells that were resistant to irradia-
tion and chemotherapy, we cultured
bone marrow from mice treated with 5-
FU for 24h with IL-1 prior to au-
tologous transplantation in lethally irra-
diated mice. Following transplantation,
recipients received IL-1 alone for 4 days,
G-CSF alone for 21 days, or IL-1 plus
G-CSF, and hematopoietic reconstitu-
tion was assessed. Preliminary studies in-
dicated that in vitro pretreatment of
bone marrow enhanced bone marrow re-
constitution and accelerated recovery of
peripheral neutrophil counts in mice that
subsequently received IL-1, G-CSF, or a
combination of IL-1 plus G-CSF in the
post-transplant period. As measured by
reconstitution of total stem cells and pro-
genitor cells, hematopoietic recovery,
and peripheral neutrophil counts, the
most efficacious combination involved
pretreatment of bone marrow in vitro
with IL-1, followed by post-transplant
treatment with a combination of IL-1
and G-CSF.

D. Conclusion

Numerous clinical trials are now under-
way using G-CSF and GM-CSF in iatro-
genic myelosuppressive situations associ-
ated with cancer chemotherapy and irra-
diation therapy, and in conjunction with
autologous and allogeneic bone marrow
transplantation. Efficacy is also under
study in congenital disorders of neu-
trophil production, and in myelodysplas-
tic syndromes and myeloid leukemias.
The initial promise of the CSFs and in-
terleukins suggests that they may provide
a major new therapeutic modality — but
only if we can develop a deeper insight
into their modes of action and interac-
tion. The choice of the type of factor to
be administered will be influenced by the
particulars of the pathology being treat-
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ed, making it meaningless to generalize
as to whether one factor is “better” than
another. It is already clear that the tim-
ing, dose, and route of administration of
hematopoietic growth factors are impor-
tant variables and efficacy will have to be
balanced against potential adverse side
effects (which fortunately have not
emerged as serious limitations in the case
of G-CSF and GM-CSF trials). In addi-
tion, preclinical studies point to the value
of combination biotherapy using two or
more factors administered at the same
time, or sequentially. Finally, there is a
need to recognize that proliferative pro-
cesses are self-limiting and physiological
mechanisms probably exist to counteract
the action of hematopoietic growth fac-
tors. Unraveling these issues will un-
doubtedly occupy the agenda of many
future Wilsede Meetings.
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Introduction of Donald Pinkel

F. Lampert

Organizers, colleagues, ladies and gentle-
men, and above all, dear Don, everything
is evolution, and every new field in med-
icine has its beginnings and its pioneers.
The story of pediatric oncology is a short
but fascinating one, now covering 40
years, a time span considered holy since
biblical times. In Germany, that is, in
West Germany or the Federal Republic
of Germany, the real and effective pedi-
atric oncology has an even shorter histo-
ry, and its beginning is closely connected
with Dr. Pinkel’s name. It is thus a great
pleasure and an honor to introduce Don-
ald Pinkel.

I could now present to you Don
Pinkel’s scientific career, or when and
where he was born — I think it must have
been 1926, somewhere in the USA - or
mention the many awards he received,
the last, if I remember correctly, being
the most prestigious and substantial
Charles Kettering prize from the General
Motors Foundation in 1986, but I will
confine myself to some personal memo-
ries and what I have learned from him.

The first time I met Don Pinkel was on
the last day of August in 1960, at a barbe-
cue at Dr. Oleg Selawry’s residence on
Grand Island, near the Niagara falls, Buf-
falo, N.Y. I had just completed my intern-
ship in the Pacific Northwest, and, on the
way back visited the famous Roswell
Park Memorial Institute. Don Pinkel was
chief of pediatrics there and had also
been invited by Oleg Selawry. I will never
forget what Don told me during that hot
and humid Midwest evening about
teaching medical students: ‘“With a pa-
tient, the most important thing is, to ob-
serve, to examine, and to state the physi-
cal findings absolutely correctly, and

then to do a proper evaluation. As to the
pathogenesis of a disease, you can read
about this everywhere in a book, but the
patient is unique!”

The second time 1 spoke to Don was on
the telephone, calling from Munich to
Memphis. It was on a Tuesday, the 18th
of May, 1971. The mother of a freshly
diagnosed 6-year-old boy with acute
lymphoblastic leukemia (ALL) urged me
to call Dr. Pinkel. She had just read in
the German news magazine Der Spiegel
about an almost 20% 5-year-cure rate for
ALL achieved by Dr. Pinkel’s group at
St. Jude’s Hospital, published in the
Journal of the American Medical Associ-
ation at the end of April. I had my
doubts, but on the phone he told me
something about ““total therapy,” includ-
ing radiation of the central nervous sys-
tem, about aggressive multiagent therapy
up to the biological tolerance of the pa-
tient, and about 300 or more active pa-
tients with ALL currently under treat-
ment at St. Jude’s; I was curious to see
with my own eyes. Together with Dr.
Gregor Heinze, our local radiotherapist,
we arrived at St. Jude’s on Friday, May
28, 1971, and were able to study all the
treatment modalities in the utmost detail.
Back home, our patient Markus received
the first dose of cranial irradiation on
June 8, 1971 — the first one in Germany;
by the way, he is now a healthy university
student — and was put on Pinkel therapy,
as well called this ALL management all
over Germany. This Pinkel therapy con-
sisted of induction, CNS irradiation, and
continuation therapy lasting 2—3 years.
This treatment protocol was easy to un-
derstand and to apply. Within several
months allmost all institutions in Ger-
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many were tréating children with
leukemia according to Pinkel. This was
our first nationwide trial in ALL: 659
patients were registered, and about 240,
or 36%, were cured. The lesson I learned
from Don in pediatric oncology was that
treatment should be not only specific and
effective but also simple, safe, and cheap,
so that everyone, everywhere can admin-
ister it. This so-called Pinkel therapy was
the right beginning in our country, which
is federally organized with so many small
kings, kingdoms and opinions. We all
gained experience with the side effects of
toxic chemotherapy and with complica-
tions of the disease, and, above all, we
were now able to cure children. We were
ideally prepared to take on an even
greater challenge, the prolongation and
intensification of the induction period,
developed by Hansjorg Riehm in our
country.

Many more times thereafter I had the
opportunity to come to Memphis, and
many members of the St. Jude’s family
came to Germany in the years to follow.
I was happy to arrange for a most re-
markable lecture on treating children
with leukemia that Don gave at Chil-
dren’s University Hospital in Munich, on
September 8, 1971.

The third and most unforgettable les-
son I owe to Don Pinkel, however,
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evolved during a dinner with live lobsters
he invited me to Memphis. According to
my diary, it was Wednesday, April 12,
1972. It was after the tenth anniversary
of St. Jude’s Children’s Research Hospi-
tal, which now had become a world lead-
er in the research and treatment of child-
hood cancer. Don told me about the ini-
tial difficulties this institution had had; it
started as a dream, as an idea in the
minds of Danny Thomas and Don. Go-
ing to Memphis at that time, he said, was
like going into undeveloped territory.
But setbacks are also challenges. He told
me about those German Jewish profes-
sors who had been his teachers, who, af-
ter persecution and emigration were glad
and humble to be in medicine again, even
with a low income and no honors.

“Humiliation makes better men!” This
is what you said, Don, and what always
helped me to overcome frustrations and
failures. And you, yourself, set examples,
not minding working in clinics, even as a
director, or making night calls. But I
should not dwell on humiliation, but in-
stead should close in your particular case
with the beginning of the hillbilly song:
“It is hard to be humble, if you are per-
fect in every way . ..”

It is a great thing that you are here,
Don. Thank you for coming.



Species-Specific Therapy of Acute Lymphoid Leukemia

D. Pinkel

Forty years ago, Farber and associates
described temporary remissions of acute
leukemia in children produced by folic
acid antagonists [13]. This ignited the
hope that this most frequent and always
fatal childhood cancer might be curable
by drugs. Twenty years ago, Aur and as-
sociates completed accession of patients
to total therapy study V, the first treat-
ment protocol to result in 50% cure of
acute lymphoid leukemia (ALL) [3].
Their results stand 20 years later (Fig. 1),
and have been reproduced throughout
the world in many thousands of children
[6]. More important, recent national vital
statistics of the United States and the
United Kingdom indicate a 50% reduc-
tion in childhood leukemia mortality [4,
29]. Further, the cured children generally
enjoy a normal life-style without need for
medication.

In the past 20 years, efforts have been
directed at improving the cure rate of
ALL while simplifying curative treat-
ment, reducing its side effects, and im-
proving its availability and accessibility.
In a Stohlman Lecture at Wilsede 10
years ago the following statement was
made [32]:

— The most significant opportunity for
improving the treatment of acute
lymphoid leukemia in the past five
years has been its biological and clini-
cal classification by immunological
cell surface markers. This allows spe-
cies identification of the leukemia cells,
the first step toward developing
specific cytocidal or cytostatic therapy.

The University of Texas M.D. Anderson Can-
cer Center, Dept. of Pediatrics, Houston, Tex-
as 77030, USA

The purpose of this communication is
to review progress in immunophenotype-
specific therapy of ALL, to discuss some
alternate methods of guiding treatment,
and to introduce the notion of genotype-
specific chemotherapy of ALL.

A. Immunophenotype-Specific Therapy
of ALL

I. Historical Perspective

When the first effective drugs were used
to treat acute leukemia it became appar-
ent that some cases were more responsive
than others [12]. Methotrexate, pred-
nisone, or mercaptopurine were most
likely to produce remissions in children
with ALL. Adults with ALL were less
likely to experience remission. Both chil-
dren and adults with acute nonlymphoid
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Fig. 1. Event-free survival (EFS) of 35 con-
secutive children with acute lymphoid
leukemia admitted to St. Jude Children’s Re-
search Hospital from December 1967 to June
1968. Approximately one-half remain contin-
uously free of leukemia for 20 years and off
therapy for 18 years. Update of [3], kindly
provided by Gaston Rivera
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leukemia (ANLL) had few remissions
with these agents. Some hematologists
concluded that chemotherapy was of
little use in adult acute leukemia and was
perhaps better withheld in ANLL, in
children as well as adults.

With the introduction of daunorubicin
and cytarabine in the 1960s it became
apparent that these drugs were highly ac-
tive in the majority of patients with AN-
LL, especially when combined [18]. On
the other hand, their value in childhood
ALL was not so apparent. The concept
of species-specific therapy was thus
evolved and it became customary to uti-
lize prednisone, vincristine, methotrex-
ate, and mercaptopurine as the primary
drugs for ALL, and daunorubicin and
cytarabine as the mainstay of treatment
of ANLL.

II. Species-Specific Therapy
of T-Cell ALL

When T-cell ALL was first defined it was
noted that children with this disease had
short remissions and high mortality com-
pared with children who had non-T ALL
[43]. These observations were generally
confirmed by others. However, in mice
it was demonstrated that cyclophos-
phamide and cytarabine were more effec-
tive in AKR leukemia, a T-cell line, and
Sullivan et al. suggested that cytarabine
was specifically effective in human T-cell
lymphoma/leukemia [42, 47]. A compar-
ative study in children with ALL in re-
mission demonstrated that the cure rate
of T-cell ALL approached that of non-T
ALL when the T-cell patients received
cyclophosphamide and cytarabine in ad-
dition to methotrexate and mercapto-
purine [26]. On the other hand, the cy-
clophosphamide and cytarabine provid-
ed no curative benefit, only additional
toxicity, to children with non-T ALL re-
ceiving methotrexate and mercapto-
purine. Thus, it became clear that im-
munophenotype of ALL was important
in selecting and scheduling curative drug
therapy.
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The importance of immunopheno-
type-specific chemotherapy of T-cell
lymphoma/leukemia was confirmed in a
recent Pediatric Oncology Group study
[1]. With a treatment plan that empha-
sizes the use of cytarabine, cyclophos-
phamide, Adriamycin, and teniposide,
and excludes systemic methotrexate, ac-
tuarial event-free survival for 94 children
with T-cell ALL is 71% at 18 months.
Since most relapses of T-cell ALL occur
within 18 months this is a meaningful
figure.

III. Species-Specific Therapy
of B-Cell ALL

When B-cell ALL was defined its rapidly
fatal course despite chemotherapy was
noted and confirmed [15]. However, two
reports indicate that distinctive treat-
ment plans emphasizing the use of cy-
clophosphamide, the most active agent in
childhood B-cell lymphoma/ALL, and a
concentrated, relatively brief multiple-
drug program, result in a 40% cure rate
[14, 30]. A Pediatric Oncology Group
study appears to be confirming these ob-
servations (Bowman, personal communi-
cation).

IV. Species-Specific Therapy
of Non-T Non-B ALL

The question rises whether species-
specific therapy of subclasses of non-T
non-B ALL might be appropriate. As
with T-cell ALL and B-cell ALL, the first
suggestion of the need for specific thera-
py is the appearance of an association
between immunophenotype and progno-
sis on a given treatment regimen. Just as
T-cell ALL and B-cell ALL demonstrat-
ed short remissions and very high mortal-
ity in early treatment programs, two im-
munophenotypic species of non-T non-B
ALL have had less favorable courses in
more recent studies. First is the “null” or
pre-B lymphoid/monocytoid species as-
sociated with age less than 1 year, low
CALLA antigen, chromosomal translo-
cations involving chromosome 11, band



Table 1. Species-specific therapy, non-T, non-B ALL, treatment plan

Remission induction — 6 weeks
Days 1-28:

prednisone, vincristine, asparaginase, triple intrathecal therapy

Days 29-42: mercaptopurine, triple intrathecal therapy

Continuation therapy — 2—2% years

Methotrexate weekly, mercaptopurine daily

Periodic triple intrathecal therapy

Periodic pulses of prednisone, vincristine, asparaginase

Periodic intensive therapy — during continuation chemotherapy

Early pre-B

Intermediate dosage methotrexate

Early pre-B/monocytoid Intermediate dosage etoposide + cytarabine

Early pre-B/T cell

Intermediate dosage methotrexate

Intermediate dosage cyclophosphamide + cytarabine

Pre-B

Intermediate dosage methotrexate + cytarabine

Intermediate dosage cyclophosphamide

The systemically administered mercaptopurine, methotrexate, cytarabine, cyclophosphamide,
and etoposide are given in maximum tolerated dosage, using clinical status, absolute phagocyte

count, and mean corpuscular volume as guides

q 23, presence of myeloid antigens, and
monocytoid characteristics by electron
microscopy and cell culture [23]. Second
is pre-B ALL, which demonstrates cyto-
plasmic immunoglobulin and is some-
times associated with a t(1;19) chromoso-
mal translocation [35]. A species of T-cell
ALL that demonstrates CALLA antigen
is reported to have a cure rate between
that of T-cell ALL and common ALL on
traditional therapy [9].

At UT MD Anderson Cancer Center a
pilot protocol was designed and initiated
for children newly diagnosed with non-T
non-B ALL that provides different peri-
odic consolidation therapy for four dif-
ferent species: common (early pre-B
CALLA +), null (early pre-B lymphoid/
monocytoid), early pre-B CALLA + and
thymic antigen+, and pre-B (Table 1).
Each of the four regimens utilizes period-
ic consolidation drugs and drug sched-
ules that are currently believed to be
most effective for these specific subclass-
es, while retaining a core of conventional
continuation therapy with daily mercap-
topurine, weekly methotrexate, pulses of
prednisone, vincristine and asparaginase,
and periodic triple-intrathecal therapy.

Early results suggest the feasibility of this
pilot protocol. Of 26 consecutive children
registered in the past 18 months, 24 de-
veloped complete remission. None have
experienced relapse yet.

In  summary, immunophenotype-
specific selection and scheduling of
chemotherapy has proven to be impor-
tant for increasing the cure rate of T-cell
and B-cell ALL. It may also be applica-
ble to upgrading the curability of null
ALL and pre-B ALL as well. Almost as
important, immunophenotype-specific
therapy allows one to exclude nonessen-
tial antineoplastic drugs from the combi-
nation chemotherapy regimens of ALL,
thus avoiding unnecessary immediate
and long-term toxic hazards. The prime
example is hyperdiploid common ALL,
which is highly curable with methotrex-
ate and mercaptopurine continuation
chemotherapy [6, 49]. There is no evi-
dence that addition of anthracyclines or
alkylating agents improves its cure rate
[5]. Therefore, there is no reason to ex-
pose these highly vulnerable pre-school
children to the risks of anthracycline car-
diomyopathy or cyclophosphamide-in-
duced bladder carcinoma [27, 31].
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B. Selection and Scheduling Chemo-
therapy by “Prognostic Factors”

It was recognized decades ago that initial
white blood cell count was predictive of
response to leukemia chemotherapy [51].
Subsequently, other factors were identi-
fied and the term “high risk for treatment
failure” was coined for patients with
ALL who had such features [2]. It was
suggested that more extensive remission
induction chemotherapy be administered
to such patients. Since then, terms such
as ““standard risk,” “‘low risk,” and “high
risk” have become popular to define
prognostic categories of patients with
ALL and to select and schedule their
chemotherapy [46]. In general, patients
with “high-risk” ALL are given more
drugs in higher dosage, particularly such
agents as anthracyclines, alkylating com-
pounds, and epipodophyllotoxins. Pa-
tients with “low-risk” ALL are given
fewer drugs in lesser dosage, primarily
corticosteroid, vinca alkaloid, and an-
timetabolites. In some treatment pro-
grams the decision to use cranial irradia-
tion is based on “risk group” [46].

The problem with using prognostic
factors to select therapy is that they are
artifacts of data analysis and treatment
[33, 34]. More aggressive and rapidly
proliferating ALL tends to relapse early;
less aggressive and slowly proliferating
ALL tends to relapse late. When com-
plete remission duration is used as the
criterion for assessing prognostic factors
undue weight is given to features associ-
ated with remission duration rather than
to the true measure of efficacy of thera-
py, cure, as represented by the plateau of
continuous complete remission. This
problem with the use of prognostic fac-
tors could be corrected by using cure rate
instead of remission duration to calculate
prognostic variants.

However, the more important issue is
treatment artifact. All leukemias are fatal
when untreated. Survival and cure de-
pend on the administration of appro-
priate drugs in appropriate schedules.
For example, when T-cell ALL was
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treated with conventional non-T ALL
chemotherapy it had a rapidly fatal
course in most patients [26]. Features as-
sociated with T-cell ALL such as thymic
mass, male sex, high white cell count, and
older age were calculated to be ‘“high-
risk” or “bad-prognosis” factors. With
appropriate chemotherapy of T-cell ALL
these “risk factors” largely disappear.

In conclusion, there is no evidence that
one type of ALL is inherently more lethal
than another. All are equally lethal. Cure
of ALL is solely a matter of developing
and selecting the appropriate drug regi-
mens for each specific type of ALL. The
use of prognostic factors to guide
leukemia therapy should be abandoned
because it is based on artifacts and can
give rise to erroneous conclusions.

C. All-Inclusive Multiple-Drug
Chemotherapy for All ALL

Another method of selecting therapy for
ALL is to avoid selection, but to give all
patients all active antineoplastic drugs
without regard to immunophenotypic
species [37]. This approach carries multi-
ple problems.

Unlike antibiotics, most antineoplastic
drugs have overlapping short-term side
effects. Administration of one drug usu-
ally interferes with the dosage of the oth-
er. If minimally effective or noneffective
drugs are included in a combination, the
dosage of the more effective drugs gener-
ally must be reduced. If numerous drugs
with overlapping toxicities are utilized it
is possible that the most effective drug or
drugs may be given at minimally effective
dosages and their benefit compromised
or lost. Exposure to suboptimal dosage
of drugs is an important mechanism of
developing resistant cell lines in vitro and
could be a mechanism in vivo.

In some all-inclusive multiple-drug
regimens, drugs or drug combinations
are alternated in order to minimize re-
duction of drug dosages [37]. The prob-
lem with this technique is that the
leukemia, in effect, may be untreated or



minimally treated during those intervals
when drugs of minimal or no efficacy for
that particular leukemia are being given.
One might postulate the possibility of
resurgence of leukemia cell proliferation
during such periods of minimally effec-
tive or noneffective therapy.

A theoretical objection to the use of
multiple drugs is the possibility of antag-
onistic interactions that might subtract
from the efficacy of a given drug [21].
Little is known about subtractive drug
interactions in human cancer chemother-
apy. One would assume that the risk of
such interactions would increase geomet-
rically with linear increase in the number
of drugs administered.

A major concern of cancer chemother-
apy in children is the prospect of serious
long-term sequelae. As noted previously,
of special concern are the anthracyclines
and the alkylating agents. In one study of
children surviving ALL, 55% of those
who had received doxorubicin demon-
strated abnormal left ventricular func-
tion and/or afterload by echocardiogra-
phy [27]. Cyclophosphamide not only
produces sterility but carries a 10% risk
of urinary bladder carcinoma 12 years
later [31]. To exemplify this concern, it is
known that children with hyperdiploid
common ALL have a 70% or greater
cure rate without alkylating agents or an-
thracyclines [6, 49]. The only compara-
tive studies reported have failed to
demonstrate that these agents contribute
to the cure of common ALL in first re-
mission [5]. For these reasons they
should be avoided in children with hyper-
diploid common ALL who are newly di-
agnosed or in first remission. The same
can be said for any drug with demon-
strated serious sequelae that has failed
comparative testing for its value in con-
tributing to the cure of a specific type of
ALL.

A final objection to the all-inclusive
multiple-drug chemotherapy approach is
its excessive complexity and cost. This
tends to limit the availability and accessi-
bility of curative leukemia therapy to
more privileged patients and more privi-

leged nations. The objective of leukemia
therapy is to reduce national and world
leukemia mortality, not only that of well-
financed medical centers.

D. Genotype-Specific Therapy of ALL

I. Acute Leukemias Are Genetic
Disorders of Hematopoietic Cells

The most important advance in leukemia
therapy in the past 10 years is the re-
newed realization that leukemias are ge-
netic disorders of hematopoiesis [34, 38,
41]. Their abnormal morphology, im-
munophenotype, growth, and function
are all reflections of their genetic abnor-
malities. This opens a pathway of drug
therapy specific to their genetic proper-
ties, aimed at converting their genetic ad-
vantages to liabilities.

The evidence that acute leukemias are
genetic disorders is convincing [34]. The
risk of leukemia is increased in certain
constitutional genetic disorders such as
Down’s, Fanconi’s, and Bloom’s syn-
dromes and in persons exposed to muta-
gens such as ionizing irradiation. The
morphology of leukemia cells tends to be
disorderly and asynchronous, reflecting
disordered genetic expression. Chromo-
some morphology is disturbed in most
acute leukemias [41]. Nonrandom chro-
mosome abnormalities are associated
with specific types of acute leukemia,
such as the t(1;19) translocation in pre-B
ALL, the t(8;14) in B-cell ALL, and the
t(15;17) in acute promyeloid leukemia [7,
35, 38].

Immunophenotypic and molecular ge-
netic disorders are also prevalent in acute
leukemias [20, 34, 45]. Some ALLs ex-
press surface antigens characteristic of
B-cell and T-cell lineage simultaneous-
ly. Early pre-B-(common) ALL often
demonstrates rearrangement of genes en-
coding the T-cell receptor while T-cell
ALL may show gene rearrangement for
immunoglobulins. It is now obvious that
ALLs do not have true B-lymphocyte or
T-lymphocyte lineage. Their genetic and
phenotypic immunological markers are
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merely further reflections of their under-
lying genetic disorders. ALL is a genetic,
not an immunological, disease.

The most recent evidence that acute
leukemias are genetic disorders is the dis-
covery of overexpression of certain onco-
genes in some cases, for example, c-myc
in B-cell ALL and c-sis in acute mega-
karyocytic leukemia [7, 48].

II. Chemotherapy May Cure Acute
Leukemia by Genetic Mechanisms

Although chemotherapy appears to in-
duce remissions of acute leukemia by di-
rect cytolytic effects, it is possible to spec-
ulate that cures result from genetic alter-
ation during chemotherapy [34]. Cura-
tive drugs such as methotrexate, cytara-
bine, cyclophosphamide, daunorubicin,
and etoposide alter DNA structure as
well as synthesis, while drugs without di-
rect effect on DNA such as prednisone,
vincristine, and asparaginase do not ap-
pear to be curative.

Secondly, curative chemotherapy elim-
inates genetically disturbed hemato-
poiesis but spares the capacity for geneti-
cally normal hematopoiesis [34]. The
best example is the lymphoblastic and
lymphocytic hyperplasia noted in the
bone marrow of children with ALL after
cessation of chemotherapy. Sometimes
the frequency of CALLA +lympho-
blasts in these children is sufficient to
cause confusion with relapse.

Finally, the curative capacity of
chemotherapy is strongly related to the
genotype of the leukemia [34, 41]. For
example, methotrexate and mercapto-
purine is a highly curative drug combina-
tion in hyperdiploid common ALL, but
not in common ALL with a t(9;22)
translocation [45, 49]. Daunorubicin and
cytarabine is more often curative in acute
myeloid leukemia (AML) with a t(8;21)
translocation than in AML without this
translocation [41]. It is possible that
leukemia chemotherapy, when it is cura-
tive, is more specific in affecting the ge-
netic mechanism or genetic survival of
leukemia strains than we have recog-
nized.
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III. Rationale for Genotype-Specific
Therapy of ALL

The basis for attempting to target
chemotherapy of ALL to its genotypic
characteristics is severalfold. First is the
convincing evidence that acute leukemias
are genetic disorders of hematopoietic
cells [34]. Their morphology, immuno-
logical markers, growth rate, and other
phenotypic properties are reflections of
their specific genetic disorders.

Secondly, genetic properties are the
most significant variables in curability by
a given therapeutic regimen [6, 49)]. This
indicates that therapeutic regimens
should be varied in accordance with the
genetic properties of the leukemias in or-
der to achieve optimal cure rates. For
example, common ALL with a t(9;22)
translocation needs to be treated differ-
ently than common ALL with hyper-
diploidy in order that the t(9;22) variety
becomes as curable as the hyperdiploid
type.

Thirdly, the current practices of alter-
ing chemotherapy regimens in accor-
dance with morphology (ALL vs. AN-
LL), immunophenotype (T cell vs. B
cell), and aggressiveness (white blood cell
count) in fact do recognize genotypic
properties because all these features re-
flect the genetic disorders. It would ap-
pear more rational to aim treatment di-
rectly at the genetic disorders that under-
ly these features as we learn to define
these disorders more precisely.

Finally, as noted above, there is reason
to speculate that chemotherapy produces
remissions by direct cytotoxicity but
cures by genetic alteration.

IV. Relationships Between Genotype
and Drug Efficacy in ALL

The relationships between the known
genotypes of acute lymphoid leukemias
and what appear to be the most effective
drugs and drug combinations for curing
them are summarized in Table 2. The
data are yet fragmentary, only the begin-
ning of an approach at targeting drug
therapy to the genetic disorders of the



Table 2. Genotype and drug curability, acute lymphoid leukemia

Phenotype Chromosomal Involved genes Curative drugs References
rearrangements
Common Hyperdiploidy ? Methotrexate + [6, 49]
mercaptopurine
t(9;22) (q34;q11) c-abl, ber ? [6, 39, 45]
Pre-B t(1;19) (g23;p13) Insulin receptor ¢  Methotrexate + [50]
cytarabine (?)
T cell t(10; 14) (q24;q11) ter o, TdT (7) Cytarabine + [8, 10, 11]
cyclophosphamide
t(11;14) (p13;q11) teroa, WT (7) [16, 25, 26]
t(8;14) (q24;q11) ter o, c-myc
t(1;14) (p32;ql1) ter o
inv (14) (q11;q32) tera, Ig p
t(1;7) (p32;932)
t(2;7) (p21;q36) ter B [36]
t(6;7) (p21;4936)
B cell t(8;14) (q24;q32) Ig p, c-myc Cyclophosphamide [7, 14, 30]
£(8;22) (q24;q11) Ig A, c-myc
t(2;8) (p11;q24) Ig K, c-myc
Null t(4;11) (q21;923) IP-10 Epipodophyl- [17,19, 23, 28]
c-ets-1 (7) lotoxins
t(1;2;11) (p36;p13;q21) c-fgr ()
c-sre-2 (1) [40]
c-ets-1 (7)
t(11;19) (q23; p13)
t(1;11) (p32;q23) c-ets-1 (2) [22]

t(10;11) (p15;q23)

Many of the molecular genetic and drug data are unconfirmed or speculative

leukemias rather than to the phenotypic
features that reflect the genetic disorders.
As breakpoints of chromosomal translo-
cations are defined in molecular terms
and it becomes possible to classify
leukemias as specific molecular genetic
disorders it is to be expected that
leukemias without apparent chromoso-
mal rearrangements will be shown to
have rearrangements of genes similar to
those that do have the chromosomal
changes. This has already been described
in adult-type chronic myeloid leukemia
where cases without the typical t(9;22)
translocation have the same bcr-abl rear-
rangement that occurs in those with the
translocation [24, 44]. As the acute
leukemias become better defined in
molecular genetic terms it seems plausi-

ble that genotype-specific therapy will
become more apparent and feasible.

E. Summary

In the past 10 years immunophenotyping
of ALL has been demonstrated to be use-
ful for selecting and scheduling
chemotherapy. Different drug regimens
are now used for T-cell and B-cell ALL
than for non-T non-B ALL with the re-
sult that survival and cure of T-cell and
B-cell ALL have been considerably im-
proved. The use of different drug regi-
mens for different immunophenotypic
varieties of non-T non-B ALL is being
tested.
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“Prognostic factors” of ALL are arti-
facts of data analysis and treatment and
should no longer be used for guiding
treatment. The administration of all-in-
clusive multiple-drug therapy to all pa-
tients with ALL regardless of species
should also be abandoned. Minimally ef-
fective drugs can interfere with dosage
and continuity of more effective drugs,
and can result in side effects and sequelae
that increase the mortality and morbidity
of treatment.

Since acute leukemias are genetic dis-
orders of hematopoiesis the future direc-
tion of leukemic therapy is toward genet-
ic targeting.
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Current Issues and Future Directions

in Marrow Transplantation *

R. Storb

A. Introduction

The use of allogeneic marrow transplan-
tation as treatment for patients with var-
ious hematological diseases has increased
in recent years [1-6]. A survey by the
International Bone Marrow Transplan-
tation Registry [7] estimated the number
of transplants carried out through the
year 1987 to be in the order of 20000,
more than 10000 of these during the
years of 1985 through 1987. Marrow
transplantation has been employed in
most cases (=80%) for therapy of malig-
nant hematologic diseases. Roughly 10%
of all transplants have been for the treat-
ment of patients with acquired or inherit-
ed marrow dysfunction (aplastic ane-
mia), and 5% —6% have been for treat-
ment of congenital defects of the hemato-
poietic and immune systems (thalassemia
major, severe combined immuno-defi-
ciency disease, and other inborn errors).

Since 1970, when marrow transplanta-
tion was restricted to patients with ad-
vanced hematologic malignancies and
disease-free survival was in the order of
15%, remarkable advances have been
made [8]. Recent studies in patients with
acute nonlymphoblastic leukemia (ANL)
in first chemotherapy-induced remission
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have shown actuarial survival to be supe-
rior in patients undergoing marrow
transplantation (50%) compared with
those given chemotherapy (20%) with a
follow-up period of up to 10 years. Pa-
tients with acute lymphoblastic leukemia
(ALL) given grafts in second or subse-
quent remission have shown disease-free
survival of approximately 35%, whereas
patients undergoing chemotherapy all
died of recurrent disease within 3% years
of the initiation of therapy. Fifty to 60%
of patients with chronic myelocytic
leukemia (CML) transplanted while in
chronic phase have obtained disease-free
survival whereas none can be cured with
chemotherapy alone. In patients with
aplastic anemia treated with marrow
grafting, survival has improved to 60% —
80% compared with 40% —50% for pa-
tients treated with immunosuppression
by antithymocyte globulin and only 20%
for patients who receive only supportive
therapy. Marrow grafting has produced
70% disease-free survival in patients with
thalassemia major [9] and approximately
50%—60% survival in patients grafted
for severe combined immunodeficiency
disease and other inborn errors [10].
Despite impressive improvements, ma-
jor problems and complications in mar-
row transplantation remain [1-6, 8, 10—
23]. These are listed in Table 1. In pa-
tients grafted for leukemia 17% —75% of
treatment failures are attributable to re-
lapse, whereas graft rejection has result-
ed in the death of 5% —12% of patients
grafted for aplastic anemia. Significant
acute graft-versus-host disease (GVHD)
with a case fatality rate of approximately
50% is seen in 18% —45% of all patients
and it is responsible for 10%-25% of
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Table 1. Incidence of transplant-related complications and long-term survival after HLA-identi-
cal marrow grafting. (Data reviewed in [1-6, 8, 10-23])

Disease® CML ALL ANL AA
1st 1st 2nd 3rd 2nd+ 1st 2nd+ 1st
Disease phase® CP AP BC CR CR CR Rel CR CR Rel Severe
Five-year disease-free 58 30 20 54 35 30 18 50 25 34 60-80
survival (%)
Relapse (%) 17 45 70 35 45 58 75 22 45 31 -
Grade II-1IV acute GVHD 45 35 40-45 18-35
(%)*
Chronic GVHD (%) 35 25 25-35 30-45
Interstitial pneumonia (%) 22 15 15-35 5-15
VOD (%)* 25 7 28 <1
Bacterial + fungal infections
During first 3 months
Before engraftment (%) 20 15
After engraftment (%) 12 12
After first 3 months (%) 20 20
Graft failure (%) <1 5-17
Secondary malignancies (%) 5 1

2 CML, chronic myelocytic leukemia; ALL, acute lymphoblastic leukemia; ANL, acute nonlym-
phoblastic leukemia; AA, aplastic anemia. Patients with AA are usually conditioned with
cyclophosphamide alone or in combination with total lymphoid or thoracoabdominal irradia-
tion; patients with leukemia are usually given cyclophosphamide and total body irradiation

b CP, chronic phase; AP, accelerated phase; BC, blast crisis; CR, complete remission; Rel,

relapse
¢ GVHD, graft-versus-host disease

4 Includes both idiopathic and cytomegalovirus interstitial pneumonias
¢ VOD, veno-occlusive disease of the liver. VOD is rare in patients conditioned only with

cyclophosphamide

treatment failures. Conditioning regimen
related toxicity and bacterial or fungal
infection during the early period of neu-
tropenia result in 5%-10% of deaths.
Fatal interstitial pneumonias are often
associated with acute GVHD or may be
the result of drug and radiation toxicity.
Methods of improving the results of mar-
row transplantation are needed.

B. Graft-Versus-Host Disease
Prophylaxis and Graft Failure

Reliable, nontoxic methods of prevent-
ing GVHD are needed (reviewed in [15,
22]). GVHD prophylaxis has customarily
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involved postgrafting immunosuppres-
sion. In many patients, immunosuppres-
sive therapy can be discontinued by 3-6
months after transplantation when a sta-
ble state of graft-host tolerance has been
achieved. Omission of immunosuppres-
sion in most patients has caused an
unacceptably high incidence of acute
GVHD and transplant-related death.
Controlled randomized trials have shown
methotrexate and cyclosporine to be
comparable in their ability to prevent
GVHD (reviewed in [24]), and a combi-
nation of the two drugs is significantly
better than either alone in preventing
GVHD [25, 26]. However, chronic
GVHD remains a problem [27].



Graft-versus-host disease prevention
has been attempted by immunological
and mechanical removal of T cells from
the donor marrow (reviewed in [6, 28,
29)), resulting in a reduction in the num-
ber of infused T cells by 1 to 3 logs. In
this manner, most differentiated immune
cells causing GVHD are eliminated and
the immune system is returned to an ear-
ly prenatal state. New stem cell-derived T
cells accept the host’s antigenic environ-
ment as “self”” and become tolerant to it.
T-cell depletion has worked well in ro-
dent models but has been less successful
in large random-bred animals where in-
creased graft failure has been noted.
Graft failure seems to be caused by host
immune cells which survived the condi-
tioning program and whose continued
survival is assured through the absence
of GVHD. Nearly all clinical studies
have shown a significant reduction in
acute GVHD in patients given T-cell-de-
pleted marrow grafts (Table 2), providing
convincing evidence for a favorable ef-
fect of T-cell depletion on GVHD. How-
ever, this was achieved at the price of

substantial increases in graft rejection
and leukemic relapse (Tables 2, 3): when
T-cell-depleted marrow was used the
overall incidence of graft rejection in-
creased from 1% to 12% and from 5% to
32% in HLA-identical and in HLA-non-
identical recipients, respectively. Addi-
tionally, relapse rates in patients with
leukemia increased significantly, most
impressively in patients grafted for CML
in chronic phase (Table 3), and graft fail-
ure rates increased in patients with aplas-
tic anemia grafted with T-cell-depleted
marrow.

Since graft rejection and leukemic re-
lapse almost always result in death, im-
proved survival has not been seen in pa-
tients given T-depleted marrow trans-
plants. Nevertheless, the significant de-
crease in the incidence of acute GVHD
suggests that T-cell depletion would be
useful if the risks of graft rejection and
relapse can be lessened. To achieve this,
two different methods can be envisioned.
One includes improvement of pretrans-
plant-conditioning programs better to
eradicate immune cells of host type as

Table 2. Effect of T-cell depletion on incidence of GVHD and graft failure in patients trans-
planted for leukemia. (Data from the International Bone Marrow Transplant Registry [28])

Marrow source T-depletion Acute GVHD Graft failure
HLA-identical Yes 11% 12%

donor No 45% 1%
HLA-nonidentical Yes 31% 32%

donor No 75% 5%

Table 3. Leukemic relapse and T-cell depletion. (Data from the International Bone Marrow

Transplant Registry [28])

Disease? # Patients Incidence of relapse
Untreated marrow  T-depleted marrow
CML-CP 309 8% 43%
ANL-1st CR 538 18% 45%
ALL-1st CR 205 25% 35%
ALL-2nd CR 179 55% 75%

2 CML-CP, chronic myelocytic leukemia in chronic phase; ANL~-CR, acute nonlymphoblastic
leukemia in complete remission; ALL —CR, acute lymphoblastic leukemia in complete remission
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well as malignant cells. As discussed be-
low, this aim may be possible through
better use of currently available
chemoradiation therapy and through in-
novative approaches using antibody iso-
tope conjugates in addition to chemora-
diation therapy. The other method is
based on the possibility that T cells caus-
ing GVHD are distinct from those which
enhance engraftment and cause the graft-
versus-leukemia effect. A better under-
standing of the precise role of
lymphocytes in mediating these diverse
immune functions might result in the de-
velopment of strategies to eliminate
GVHD without impairing engraftment
or the graft-versus-leukemia effect.

C. Marrow Graft Rejection in Patients
with Aplastic Anemia

A common problem in patients given
HLA-identical marrow grafts for the
treatment of severe aplastic anemia after
conditioning with high-dose cyclophos-
phamide has been graft failure [3, 5, 21,
30]. In the early 1970s this problem was
seen in 30%-60% of patients. Two
factors were associated with rejection:
positive in vitro tests of cell-mediated
immunity, indicating reaction of host
lymphocytes against antigens on donor
cells before transplantation; and, second-
ly, a low number of transplanted marrow
cells (<3 x 10% cell/kg). As supported by
studies in experimental animals, immuni-
ty of recipient against donor is thought to
be the result of transfusion-induced sen-
sitization. Canine studies have indicated
that dendritic mononuclear cells in trans-
fused blood products lead to sensitiza-
tion of the recipient against minor anti-
gens of the donor which may not be sup-
pressed by the immunosuppressive con-
ditioning programs [31]. Transplants car-
ried out in patients who have not re-
ceived preceding transfusions rarely re-
sult in graft failure: 80% of untransfused
patients are alive with functioning grafts.
This suggests that immunological mecha-
nisms involved in graft failure are, for the
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most part, induced by previous blood
transfusions.

Many regimens, mainly involving
more intensive immunosuppression, are
being used to avoid graft rejection in
multiply-transfused patients. All pro-
grams include cyclophosphamide, but
other features vary, such as the use of
total body irradiation (TBI), total
lymphoid irradiation, total nodal irradia-
tion, and thoracoabdominal irradiation.
The Seattle team has administered viable
donor buffy coat cells along with the
marrow infusion, since the donor’s pe-
ripheral blood is a potential source of
hemopoietic stem cells and/or lymphoid
cells capable of abrogating rejection.
Most transplant centers are now report-
ing that rejection rates have decreased
and survival has increased in multiply-
transfused patients with survivals be-
tween 60% and 70%.

Risks are associated with most of the
conditioning programs. Buffy coat cells
may lead to an increase in chronic
GVHD. Irradiation carries the potential
for future cancer. Because of these risks
as well as the persistent possibility of re-
jection, emphasis should be placed on
preventing rather than overcoming sensi-
tization caused by blood transfusions.
This is best done by performing trans-
plantation before administering transfu-
sions. In case transfusions are required,
buffy coat-poor red blood cells and
platelets should be used. Recent data in
the canine model have shown that sensi-
tization can be prevented if blood trans-
fusion products are exposed to ultravio-
let light irradiation [32].

D. Relapse in Patients Transplanted
for Hematological Malignancies

Cyclophosphamide and TBI have been
the most commonly used conditioning
agents for patients with leukemia [1-4, §,
11-13]. In the attempt to reduce the
leukemic recurrence rate, numerous ther-
apeutic reagents such as etoposide, high-
dose cytosine arabinoside, piperazine-



dione, BCNU, and others have been used
in addition to or instead of cyclophos-
phamide. Fractionated TBI has slowly
replaced single-dose TBI over the past
decade since a prospective comparison of
the two schedules showed fractionated
TBI to be better tolerated and to result in
fewer long-term complications without
any apparent increase in postgrafting re-
lapse rates [33]. Hyperfractionated TBI
followed by cyclophosphamide has been
used in patients with ALL in second or
subsequent remission by the Sloan-Ket-
tering team with apparently superior re-
sults [11]. A combination of busulfan and
cyclophosphamide has been used with-
out TBI by the Johns-Hopkins team and
they reported very low leukemic recur-
rence rates in patients with ANL in first
remission, while relapse rates in patients
with more advanced ANL appeared to
be similar to those seen after cyclophos-
phamide/TBI regimens [14]. This appears
to contrast with results reported by the
Ohio State team, which suggest that re-
lapse rates are low not only in patients
with ANL in first remission but also in
patients with advanced ANL and ALL,
even with reduced doses of busulfan and
cyclophosphamide [34]. It appears, how-
ever, that the limits of nonhemopoietic
toxicity have been reached and no sub-
stantial improvements in relapse rates
and survival can be expected using sys-
temic chemotherapy and TBI.

In principle, the most efficient means
of eradicating cancer would be to use
agents which interact specifically with
malignant cells. The method approach-
ing this ideal most closely is the use of
monoclonal antibodies directed against
tumor-associated antigens. It is known
that monoclonal antibodies injected in
vivo can concentrate on tumor cells;
however, the antitumor effect is limited,
partly due to the fact that some tumor
cells lack target antigens, and partly be-
cause some cells, though coated by anti-
body, may not be killed by it. Attempts
are being made to link antibodies to tox-
ins such as the ricin-A chain for more
effective tumor cell kill. Also in progress

are studies attaching monoclonal anti-
bodies to short-lived radioactive isotopes
which deposit most of their energy within
a 1- to 2-mm radius. With these isotopes,
cells expressing the target antigens as well
as neighboring cells which may be anti-
gen negative will be killed. In the case of
hematologic malignancies, subsequent
marrow “rescue” would be needed since
this approach would ablate normal mar-
row cells. Initial experiments in a canine
model of marrow transplantation have
shown appropriate antibody isotope
conjugates to localize preferentially in
the marrow and spleen and also, to a
lesser extent, in lymph nodes [35, 36],
with the amount of isotope in the mar-
row achieving a ratio of 5:1 or better as
compared with other organs. The mar-
row aplasia caused by radiolabeled anti-
bodies can be reversed by infusion of
cryopreserved autologous marrow at a
time when very little radioactivity is left,
about 8 days later. Canine studies are
underway exploring the efficacy of vari-
ous combinations of chemotherapy,
TBI, and radiolabeled antibodies in con-
ditioning dogs for T-cell-depleted mar-
row grafts. It is anticipated that refine-
ments of this approach, particularly the
use of high-energy beta-emitting isotopes
with short linear energy transfer, will
lead to less toxic and more efficient con-
ditioning programs which will not only
provide better elimination of malignant
cells but will also ameliorate the problem
of graft failure.

Radiolabeled antibodies might be use-
ful in transplantation for nonmalignant
as well as for malignant hematological
diseases, by allowing engraftment to take
place while eliminating busulfan in pa-
tients with thalassemia major or reducing
the dose of cyclophosphamide in patients
with aplastic anemia.

E. Prophylaxis and Therapy of Interstitial
Pneumonia

Interstitial pneumonias are among the
most serious complications arising dur-
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ing the first 3—4 months after transplan-
tation (reviewed in [23, 37, 38]). Pneumo-
nias are less frequent in patients grafted
for aplastic anemia following cyclophos-
phamide than in patients with leukemia
whose conditioning regimen included
TBI or busulfan. Preumocystis carinii in-
fection, formerly the cause of about 10%
of all interstitial pneumonias, is now be-
ing prevented by prophylactic trimetho-
prim sulfamethoxazole. Idiopathic inter-
stitial pneumonia has been seen in ap-
proximately 13% of patients given sin-
gle-dose TBI, but the incidence has de-
clined to 3% with the use of fractionated
TBI.

By far the most critical infection is cy-
tomegalovirus (CMV). Evidence of
CMYV activation is seen in about 75% of
all patients with positive CMV antibody
titers before transplant. While often
asymptomatic and manifested only by vi-
ral excretion in the urine or by increasing
antibody titers, CMV activation can de-
velop into a serious complication in the
form of CMV pneumonia, which has a
case fatality rate of approximately 85%.
Patients who are CMV seronegative be-
fore transplant can be protected from in-
fection by the use of CMV-sero-negative
blood products during and after trans-
plant. If possible, only CMV-negative
blood products should be given to any
CMV-negative patient who is a potential
transplant candidate. Immunoprophy-
laxis using CMV immunoglobulin has
been controversial, and there is currently
no proven therapy for established CMV
infection. The use of an acyclovir deriva-
tive, dihydroxymethyl-ethoxymethylgua-
nine, has not been effective in treating
CMYV pneumonia although it has signifi-
cantly reduced the amount of virus in the
lung tissues, and it may prove to be ben-
eficial when given along with CMV im-
munoglobulin in treating established
CMV pneumonia. Also, it may be useful
in prophylactic trials.

It is possible that the use of certain
recombinant human hematopoietic
growth factors, such as IL-1, IL-3, G-
CSF, and GM-CSF, might shorten the
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period of granulocytopenia or thrombo-
cytopenia after grafting, thus reducing
the incidence of early infection and re-
sulting in a modest improvement of sur-
vival.

E. Conclusions

In the early 1970s marrow transplants
were only administered to patients who
had advanced acute leukemia, severe
aplastic anemia, or severe combined im-
munodeficiency diseases. Since then, the
technique has been shown to be benefi-
cial and even curative for patients with
many different hematological conditions.
In younger patients, marrow grafting is
now the treatment of choice for aplastic
anemia, immunodeficiency disease, cer-
tain genetic disorders of hemopoiesis,
any leukemia which has relapsed at least
once, ANL in first remission, and CML.
For patients who have thalassemia ma-
jor, CML in chronic phase, or ANL in
first remission, the risk of early death
from transplant-related complications
must be weighed against the benefit of
long-term cure.

Although impressive advances in
transplantation have taken place, major
problems persist. These include recur-
rence of leukemia, graft failure in pa-
tients given T-depleted or HLA-noniden-
tical grafts, acute and chronic GVHD,
infections associated with prolonged im-
munodeficiency, and late-occurring com-
plications resulting from the condition-
ing programs. Major improvements in
the area of more effective and less toxic
conditioning regimens are needed. In this
regard, the use of monoclonal antibodies
linked to short-lived radioactive isotopes
with short linear energy transfer seems
promising. It is expected that more effec-
tive conditioning programs will decrease
the incidences of leukemic recurrence
and graft failure. Better conditioning reg-
imens should permit a broader applica-
tion of T-cell depletion to prevent acute
and chronic GVHD, thus extending mar-
row grafting to include more HLA-non-



identical and unrelated patients. The use
of recombinant hemopoietic growth fac-
tors may prove to reduce the risk of early
infections, but the problem of CMV in-
fection in seropositive recipients will re-
main until effective antiviral drugs are
identified.
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The Use of Long-term Bone Marrow Cultures (LTBMC)
to Detect Hematotoxic Side Effects of Purging Methods

E. Schulze, W. Helbig, and U. Hofmann

A. Introduction

The development of suitable methods for
the purging of malignant bone marrow
contaminating cells in patients with acute
leukemia may offer a better chance of
success for autologous bone marrow
transplantation. In addition to investiga-
ting the wanted effect, i.e., damage to
leukemic cells, it is important to investi-
gate the tolerance of normal hematopoi-
etic stem cells within these manipulations
in order to guarantee the grafting of the
purged transplants.

Because VP 16-213 is discussed as a
potent agent for eliminating tumor cells
in vitro [1, 2], we incubated bone marrow
with this drug.

Our aims were to determine what dos-
es of VP 16-213 are tolerated by normal
hematopoietic stem cells, and whether
there is a difference between the behavior
of GM-CFC and LTBMC stem cells after
drug incubation.

B. Methods
1. Drug Incubation

Bone marrow cells (2 x 107/ml) were in-
cubated for 2h at 37°C with different
doses of VP 16-213 (50, 75, 100, 125
uM/l), washed twice and -cultivated
thereafter in the GM-CFC and LTBMC
assay.

Department of Internal Medicine, Division of
Hematology and Oncology, Karl-Marx-Uni-
versity, 7010 Leipzig, German Democratic
Republic
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II. GM-CFC Assay

GM-CFC were assayed as described else-
where [3]. The stimulator used was hu-
man umbilical cord conditioned medium.
Colonies (=50 cells) were counted after
10 days of incubation.

III. LTBMC Assay

LTBMCs were set up according to a
modification of the method of Gartner
and Kaplan [4]. Briefly, nucleated bone
marrow cells (2 x 10%/ml) were suspend-
ed in IMDM supplemented with 12.5%
horse serum, 12.5% fetal calf serum,
107° M/l hydrocortisone sodium suc-
cinate, 107* M/l  mercaptoethanol,
5x1077 M/l sodium selenite, 2 x10~¢
M/l L-glutamine, and antibiotics. The
cells were cultivated for 3-5 days at
37° C and thereafter until day 21 at 33°C.
The cultures were fed weekly.

Two-stage LTBMCs were established
on a 2- to 4-week old preirradiated
(15 Gy) adherent layer of normal bone
marrow. After 3 weeks the cultures were
stopped; the adherent (after trypsiniza-
tion) and nonadherent cells were: united
and assayed for GM-CFC.

C. Results

At initiation of all LTBMCs an aliquot of
the sample was routinely tested for GM-
CFC. The effects of VP 16-213 incuba-
tion on GM-CFC are shown in Fig. 1. It
is obvious that all doses tested had a
strong cytotoxic effect. Considering the
mean values of recovery, the cytotoxic
effect was more pronounced in bone
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Fig. 2. Degree of adherent layer establishment in 3-week-old LTBMCs of VP 16-213-preincu-
bated bone marrow compared with control cultures. Grade 1, adherent layer only patchy;
grade 2, large adherent connected areas; grade 3, surface totally covered

Table 1. Recovery of GM-CFC after one-stage LTBMC of VP 16-213-treated normal bone
marrow (% of control)

No. of experiment Concentration of GM-CFC GM-CFC after
VP16 (uM/1) day 0 LTBMC
1 100 4.0 30.9
125 0 1.5
2 50 7.0 144
75 14.0 2.8
3 75 13.5 29.3
100 0 232
4 50 0 6.0
5 100 0 0.1
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Table 2. Recovery of GM-CFC after one-stage LTBMC of VP 16-213-treated bone marrow of
patients with acute leukemia in complete remission (% of control)

No. of experiment Concentration of GM-CFEC GM-CFC after
VP 16 (uM/l) day 0 LTBMC
1 50 0 10.6
75 0 7.6
2 50 8.0 0
75 1.3 0
3 50 17.4 1.0
75 4.0 0
4 50 12.6 1.0
5 50 0 15.2
6 50 0.3 4.0
7 50 0 0
8 50 1.5 1.0
9 75 0.3 44.9
10 75 6.6 11.3
11 50 0 9.0
75 0 27.3
12 75 0 0

Table 3. Recovery of GM-CFC after two-stage LTBMC compared with GM-CFC after one-
stage LTBMC of VP 16-213-treated bone marrow of patients with acute leukemia in complete

remission (% of control)

No. of experiment Concentration GM-CFC  CM-CFC after GM-CFC after
of VP16 day 0 1-stage LTBMC 2-stage LTBMC
(nM/D)

1 50 0 0 338

2 50 1.5 1.0 19.3

3 50 5.1 n.d. 431
75 0.3 449 56.2

4 75 6.6 11.3 37.0

5 75 28.1 n.d. 4.8

6 50 0 9.0 18.0
75 0 27.3 36.0

7 75 0 0 34.0

n.d., Not done

marrow of patients with acute leukemia
in complete remission than in normal
bone marrow. Whereas the critical dose
of VP 16-213 (mean recovery <5%) was
100 pM/lin normal bone marrow, that of
complete remission bone marrow was
75 uM/1. However, the differences are
not statistically significant.
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VP 16-213-treated normal bone mar-
row showed in all but in one case a better
recovery when cultured in one-stage
LTBMC for 3 weeks and thereafter as-
sayed for GM-CFC (Table 1). Bone mar-
row of patients with acute leukemia in
complete remission showed an inconsis-
tently different behavior in one stage



LTBMC (Table 2). Six patients had a
higher and six a lower recovery com-
pared with GM-CFC on day 0.

It was obvious that the VP 16-213
treatment caused a poorer and delayed
establishment of the adherent layer in
one-stage LTBMC (Fig. 2). In order to
determine whether this might lead to an
additional effect on GM-CFC recovery
after LTBMC we compared the recovery
of one- and two-stage LTBMC. The
results are shown in Table 3. With the
exception of one experiment, all bone
marrow samples showed a distinctly
higher recovery in two-stage LTBMC
compared with day 0 GM-CFC and also
with one-stage LTBMC. It must be
pointed out that preirradiated cultures
seeded with medium only did not give
rise to any hematopoietic growth.

D. Discussion

VP 16-213 is known as a cell-cycle-de-
pendent agent affecting cells in the S and
G-2 phases [5, 6]. It shows a strong effect
on GM-CFC, a population with a high
number of proliferating cells. The possi-
bly higher sensitivity of bone marrow
from patients with acute leukemia in
complete remission, shown by the lower
than normal mean GM-CFC recovery,
could be caused by a higher number of
proliferating GM-CFC after chemother-
apy. The higher recovery of GM-CFC
after 3 weeks in one-stage LTBMC of
normal bone marrow could indicate less
damage to earlier stem cells, containing a
lower number of cycling cells. These re-
sults agree with those of Ciobanu et al.
[1] and Kushner et al. [7], who have also
found a higher recovery of post-LTBMC
GM-CFC after VP 16-213 incubation.
However, the behavior of bone mar-
row of patients with acute leukemia in
complete remission, the real target of
purging procedures, was very inconsis-
tent in one-stage LTBMC after treat-
ment with VP 16-213. This may reflect
different answers to the hematopoietic
stress of chemotherapy, i.e., a different

activation of the early stem cell pool.
Otherwise, it was obvious that the estab-
lishment of the adherent layer on one-
stage LTBMCs was also delayed by drug
treatment. Because the maintenance and
survival of stem cells in LTBMC depends
on an intact adherent layer, representing
the hematopoietic microenvironment [8,
9] the possibility cannot be excluded that
we measured a resultant of stem cell and
stromal effects in our one-stage LTBMC
system. To overcome this problem we
used the two-stage LTBMC, where the
adherent layer is preformed. The result
was a much better recovery in this sys-
tem, so we may assume that our first re-
sults with one-stage LTBMC indeed re-
flected both stem cell and stromal dam-
age.

E. Summary

With a view to the establishment of purg-
ing methods it is necessary to investigate
complete-remission bone marrow as the
real target of purging, rather than bone
marrow from healthy donors.

The results of LTBMC are superior to
those of GM-CFC where the hematopoi-
etic recovery of bone marrow is con-
cerned. One-stage LTBMC after bone
marrow manipulations may reflect mixed
hematopoietic/stromal effects. The use of
two-stage LTBMC allows the evaluation
of the stem cell recovery without the pos-
sible influence of a damaged microenvi-
ronment.
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Clinicopathological Features and Prognostic Implications
of Immunophenotypic Subgroups in Childhood ALL:
Experience of the BFM-ALL Study 83*

W.-D. Ludwig!, H. Seibt-Jung!, J.V. Teichmann !, B. Komischke®, A. Gatzke?,
G. Gassner?, E. Odenwald 2, J. Hofmann 2, and H. Riehm ?

A. Introduction

The application of immunological mark-
er studies to acute lymphoblastic leu-
kemias (ALL) has established a solid
basis for precise diagnosis and classifica-
tion [1] and, in combination with enzy-
matic, cytogenetic, and molecular analy-
ses [2—4], has helped to unravel a great
deal of the biological heterogeneity of
childhood ALL.

Up to now, investigations examining
the impact of the immunophenotype on
treatment outcome have mostly reported
results based upon conventional marker
studies and have indicated a worse prog-
nosis for children with pre-B, B-, and T-
lineage ALL [5-8]. Due to the paucity of
controlled prospective studies on clinical
and prognostic implications of im-
munophenotypes, however, doubts have
arisen regarding the value of the im-
munophenotype as an independent prog-
nostic parameter in ALL [9]. Further-
more, the improvement of intensive ther-
apy has affected the prognostic impor-
tance of most clinical and biological fea-
tures in childhood ALL [10].

Therefore, the main objective of im-
munological marker studies in the thera-
py study ALL-BFM 83 was to determine
prospectively the incidence, the clinical
and hematological features, and the

* Supported in part by the Deutsche Krebs-
hilfe and DAL/GPO

! Department of Hematology/Oncology,
Klinikum Steglitz, Free University of Berlin,
Federal Republic of Germany

2 Department of Pediatrics, Hannover
Medical School, Hannover, Federal Republic
of Germany

prognostic significance of immunophe-
notypic subgroups defined by monoclon-
al antibodies (MoAbs) in childhood
ALL.

B. Materials and Methods
1. Patients

From October 1983 to September 1986,
709 previously untreated children with
ALL were stratified for risk-adapted
multidrug chemotherapy in the ALL-
BFM 83 multicenter trial [11]. Complete
immunophenotypic determinations were
performed in 607 (85.6%) of these pa-
tients.

II. Immunophenotyping

Leukemic blasts from bone marrow and/
or peripheral blood samples were isolat-
ed by Ficoll-Hypaque density gradient
centrifugation. The following were per-
formed as described elsewhere [12, 13]: a
standard indirect immunofluorescence
assay for detection of cell-surface anti-
gens and conventional marker studies,
including determination of surface im-
munoglobulin, sheep erythrocyte ro-
settes, and intranuclear terminal de-
oxynucleotidyl transferase. A marker
was considered positive if reactive with
>20% of leukemic blast cells.

III. Monoclonal Antibodies

The following MoAbs from cluster of
differentiation (CD) groups defined by
the International Workshops on Leuko-
cyte Differentiation Antigens were used
for immunophenotyping: (a) B-lineage-
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associated antigens: HD37 (CD19) (B.
Dérken, Heidelberg), B1 (CD20) (Coul-
ter Clone, Hialeah, FL), VIB-C5 (CD24)
(W. Knapp, Vienna); (b) T-lineage-asso-
ciated antigens: Nal/34 (CD1) (Sera-
Lab), OKT11 (CD2), OKT3 (CD3),
OKT4 (CD4), OKT8 (CD8) (Orthodiag-
nostic Systems, Raritan, NJ), Leu-9
(CD7) (Becton Dickinson, Sunnyvale,
CA); (c) myeloid-lineage-associated anti-
gens: VIM-2 (CDw65), VIM-D5 (CD15)
(W. Knapp, Vienna), My9 (CD33)
(Coulter Clone); (d) non-lineage-re-
stricted antigens: OKIal (not clustered)
(Orthodiagnostic Systems), J5 (CD10)
(Coulter Clone).

IV. Statistical Analysis

All P-values resulted from two-sided
tests. The method of Kaplan and Meier
[14] was used to construct the life-tables
plotted in Figs. 1, 2, and 3. Comparisons
of event-free survival (EFS) were calcu-
lated by the log-rank test [15]. Multivari-
ate analyses were performed in a forward
stepwise fashion, using the Cox regres-
sion model to analyze the importance of
prognostic factors in influencing the du-
ration of continuous complete remission
[16].

C. Results
I. Treatment Outcome

Patients were classified according to their
phenotypic profile into the following
subgroups: null ALL, common ALL, B-
ALL, pre-T-ALL, T-ALL. Three pa-
tients were unclassifiable by immunophe-
notypic analysis. The vast majority of
children with ALL achieved complete re-
mission (CR) (Table 1). The common
ALL group had a significantly longer
EFS after a median 27-month follow-up
than children with pre-T/T-ALL and B-
ALL (Fig.1). The patients with null
ALL, though only a small series in this
study, appeared to have an intermediate
remission duration (Fig. 1). Further sub-
classification of the common ALL group
revealed significant differences between
the CD20~ and the CD20™" patients, in-
dicating that EFS was as poor for chil-
dren with CD20* common ALL as for
those with pre-T/T-ALL (Fig. 2).

Immunophenotypic subgroups in T-
lineage ALL (pre-T ALL vs. early vs.
cortical vs. mature T-ALL) (Fig. 3) as
well as CD10" vs. CD10 ™ pre-T/T-ALL
patients (data not shown) disclosed no
significant differences with regard to
EFS.

Table 1. Definition and distribution of immunophenotypic subgroups and their response to
induction therapy among children with ALL in the ALL-BFM study 83

Immuno- Immunophenotype No. of Percent

logical patients CR*®

diagnosis (%)

Null ALL TdT*, HLA-DR*, CD19%/(7), CD24*/(-), 21 (3.5) 100
CD10~, CD20~ cIgM /") slg~, T-AG~

Common ALLY TdT*, HLA-DR™*, CD19*, CD24*, CD10", 481 (79.6) 99.2
CD207 /", cIgM /%, sIg™, T-AG~ .

B-ALL TdT~, HLA-DR™, CD19", CD24", CD20", 11 (1.8) 909
CD10"/~, cIgM ™, slg™, T-AG~

Pre-T ALL TdT*, HLA-DR /") CD7%, CD5*/(7), 18 (3.0) 944
CD27, CD1/3/4/8~, CD10~/*, B-AG~

T-ALL TdT*, HLA-DR™, CD7*, CD5*, CD2", 73 (12.1) 959
CD1/3/4/8*/~, CD10~/*, B-AG~

Total 604 (100.0)  98.3

2 CR, Complete remission

b CD20™ n=304(63.2% of cALL), CD20* n=124(25.8%), CD20 not determined n= 53 (11%)
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Fig. 1. Probability of event-free survival for 604 children with acute lymphoblastic leukemia
(ALL) according to immunophenotyping subgroups. Median follow-up time 27 months. Slashes
indicate last patient entering the group, as in Fig. 2 and Fig. 3. P-values: c-ALL vs. pT-/T-ALL
<0.001; cALL vs. O-ALL 0.5; cALL vs. B-ALL <0.0001; pT-/T-All vs. O-ALL 0.48; pT-/T-
ALL vs. B-ALL <0.001; O-ALL vs. B-ALL 0.001. CCR, Continuous complete remission

Fig. 2. Probability of event-free survival for patients with CD20~ cALL, CD20" cALL, and
pT-/T-ALL. P-values: CD20~ cALL vs. CD20" cALL 0.004; CD20~ cALL vs. pT-/T-ALL
<0.0001; CD20* cALL vs. pT-/T-ALL 0.31. CCR, Continous complete remission

53



Fig. 3. Probability of event-free survival for patients with pre-thymic, early thymic, cortical
thymic, and mature thymic T-ALL. P-values not significant. CCR, Continuous complete remis-

sion

Table 2. Clinical and hematological features of immunophenotypic subgroups at presentation

Feature Units Null Common B Pre-T/T
(%) (n=21) (n=4381) (n=11) (n=91)
WBC (x 10°/1) =50 571 11.9 0 65
Age (years) <1 28.5 1 0 0
1-<10 28.6 81.9 72.7 61.5
=10 429 17.1 27.3 38.5
Sex (% male) 47.6 53.8 90.9 70.3
Platelets ( x 10°/1) <100 57.1 74.2 45.5 70.3
Hemoglobin (g/dl) <8.0 57.1 62.6 18.2 17.5
Splenomegaly® 571 35.6 27.3 69.2
Hepatomegaly® 571 52.6 18.2 71.4
Mediastinal mass (% present) 0 1.0 0 51.6
Lympadenopathy (% present) 333 36.6 54.5 73.6
CNS disease 9.5 1.5 45.5 9.9

2 >4 cm below the costal margin

I1. Clinicopathological Features

The clinical and hematological features
of immunophenotypic subgroups at pre-
sentation are depicted in Table 2. Table 3
shows that there were pronounced clini-
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cal and hematological differences be-
tween common ALL and pre-T/T-ALL,
whereas CD20~ and CD20" common
ALL did not differ significantly in their
clinicopathological features. T-lineage
immunophenotypic subgroups were sim-



Table 3. Comparison of clinical and hematological features at presentation within major immu-

nological subgroups

Characteristics Phenotype Significance level®
analyzed
CD20~ CD20* pre-T T-ALL CD20~ cALLv
cALL  cALL cALLvCD20" pre-T/
(n=304) (n=124) (n=18) (n=73) cALL T-ALL
Age (median, years) 4.5 3.9 9.4 8.0 NS*® P<.001
WBC 9.9 11.8 65.0 94.4 NS P<.001
(median, x 10°/1)
Risk group® (n)
SR 195 73 5 12 NS P<.001
MR 98 50 7 35 NS P<.01
HR 11 1 6 26 NS P<.001
Sex (% male) 54.9 53.2 66.6 71.2 NS P=.004
Mediastinal mass - - 50.0 521 NS P<.001
(% present)
Hepatomegaly? (%) 546 508 72.2 71.2 NS P=.001
Splenomegaly? (%) 39.1 37.1 72.2 68.5 NS P<.001
CNS disease (%) 1.3 1.6 5.5 11 NS P<.001
PAS (% positive) 70.1 60.5 28.8 31.5 P=.07 P<.001
Acid phosphatase 5.6 16.9 83.3 93.2 P<.001 P<.001

(% positive)

2 Pre-T and T-ALL are similar in all characteristics analyzed

b NS, Not significant

° Total tumor load at diagnosis estimated according to risk factor; SR, standard risk; MR,

medium risk; HR, high risk
4 >4 cm below costal margin

ilar in their clinical and hematological
features, whereas children with CD107
pre-T/T-ALL were slightly older, had
lower leukocyte counts, and presented
with thymic mass more often than the
CD10™ patients.

D. Discussion

In the light of the progress made in the
immunophenotyping of ALL, several
studies have attempted to identify im-
munological subtypes with differing
prognoses, the long-term goal being to
individualize therapy according to the
leukemic immunophenotype [17].
Identification of immunophenotypic
features with potential prognostic signifi-
cance in the large common-ALL group is

rather difficult due to the relatively low
failure rate for these patients. Recently,
however, the prognosis in precursor B-
cell-lineage ALL has been correlated
with cytoplasmic p chain expression [5]
and quantitative levels of CD10 expres-
sion [18]. Since cytoplasmic Ig was not
generally investigated in this study, we
selected the CD20 antigen for further
subclassification of the common-ALL
group and observed that the duration of
EFS was shorter to a statistically signifi-
cant degree for patients with CD20%
common ALL than for those in the
CD20~ common-ALL subgroup. This
difference could not be explained by un-
equal distribution of the two well-estab-
lished clinical prognostic factors, age and
initial leukocyte count, nor could it be
ascribed to other significant differences
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of clinical characteristics among these
subgroups, e.g., incidence of extra-
medullary involvement or initial CNS
disease. Within the common-ALL group,
Cox regression analysis revealed in-
dependent prognostic value for only
three factors, i.e., WBC, hemoglobin lev-
el, and expression of the CD20 antigen.
These data suggest that common-ALL
subgroups of potential prognostic signifi-
cance can be defined by monoclonal anti-
bodies and that the prognosis in precur-
sor B-cell-lineage ALL is related to the
degree of maturity of the malignant cells.
Reasons for the poorer treatment out-
come of the CD20" common-ALL pa-
tients are uncertain, and additional stud-
ies on the biological characteristics of
this subgroup are necessary for clarifica-
tion.

T-cell neoplasms have been catego-
rized according to stages of normal dif-
ferentiation into pre-T, early, cortical or
common, and mature thymocyte sub-
types [19]. The potential clinical rele-
vance of subset designation, however,
has not yet been demonstrated among
patients with T-cell-lineage ALL. In the
ALL-BFM 83 study, children with pre-
T/T immunophenotype did not differ sig-
nificantly in their response to induction
therapy from other immunophenotypical
subgroups, but they had a significantly
shorter duration of EFS than children
with common ALL. The poorer treat-
ment outcome of T-lineage ALL, howev-
er, was mainly related to the association
with unfavorable clinical features, and
the pre-T/T-ALL phenotype did not re-
tain independent prognostic significance
in the multivariate model. Immunophe-
notypic subgroups of T-lineage ALL
(i.e., pre-T vs. early vs. cortical vs. ma-
ture T-ALL) did not differ significantly
with regard to clinical features, response
to induction therapy, and EFS. Interest-
ingly, four of five children in the small
mature-T-cell subgroup relapsed within
16 months after diagnosis. The prognos-
tic impact of this subgroup, however, has
to be evaluated in larger series of pa-
tients. Furthermore, it should be empha-
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sized that eight patients with T-lineage
ALL did not fit into the T-cell-differenti-
ation stages, indicating that any pheno-
typic categorization of T-lineage ALL is
likely to be an oversimplification and
does not reflect the real extent of hetero-
geneity of T-cell ontogeny. In contrast to
a recent report from the Pediatric Oncol-
ogy Group [20], the expression of CD10
within T-lineage ALL was not prognosti-
cally important in the ALL-BFM 383
study, but slight differences with regard
to clinical features (age, WBC, mediasti-
nal mass) were observed among CD10*
and CD10~ pre-T/T-ALL patients.

In conclusion, our data confirm the re-
ported incidence of immunophenotypic
subgroups and the clinical usefulness of
monoclonal-antibody phenotyping in
childhood ALL. The expression of the
CD20 antigen could be identified as an
independent prognostic factor in patients
with precursor B-cell-lineage ALL and
may be important for risk assignment in
future treatment planning. The poorer
treatment outcome of T-lineage ALL can
be explained largely by the association
with unfavorable clinical factors. In con-
trast to results in adult ALL [21], im-
munophenotypic subgroups in child-
hood T-lineage ALL (i.e., pre-T vs. T-
ALL) did not differ significantly with re-
gard to clinicopathological features and
clinical outcome. Further studies of im-
munological features in combination
with characterization by lineage-associ-
ated molecular probes are needed to eval-
vate the clinical significance of subset
designation within T-lineage ALL.
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G.K.Rivera’, D. K. Kalwinsky *, J. Rodman 2, L. Kun 3, J. Mirro !, Ching-Hon Pui },
M. Abromowitch !, J. Ochs!, W. Furman!, V. M. Santana', O. H. Hustu?3,

J. Sandlund !, and W. M. Crist*

A. Introduction

During the past decade, evidence from
clinical trials for children with acute
lymphoid leukemia (ALL) indicates that
improved end results can be obtained by
use of intensified early therapy [1-3].
Such improvement has been especially
apparent for children judged to be at
higher risk of relapse based on prognos-
tic factor analysis. Risk assessment based
upon the clinical features of patients at
diagnosis (e.g., age, WBC count, and
race) and the biologic features of their
leukemic blast cells (e.g., immunopheno-
type and karyotype) has made it possible
to modify therapy in rational ways. Ad-
ditionally, alternative methods of irradi-
ation for the treatment of preclinical
CNS leukemia have been shown to be
highly effective for children with non-B-
cell ALL. Newer approaches to effective
CNS prophylaxis include use of so-
called, triple intrathecal (IT) chemother-
apy [methotrexate (MTX), hydrocorti-
sone, cytosine arabinoside (ara-C)] given
early and throughout one or more years
of treatment [6].

In the St. Jude Total XI study (1984 —
1988), intensive early treatment with sev-
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of Radiation Oncology, St. Jude Children’s
Research Hospital; and the Departments of
Pediatrics and Radiation Oncology, Universi-
ty of Tennessee, Memphis, College of Medi-
cine, Memphis, Tennessee 38105, USA

* Supported by National Cancer Institute
grants CA-21765 and CA-20180, and by the
American Lebanese Syrian Associated Chari-
ties (ALSACQ).
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en agents is being used for remission in-
duction; this phase of therapy is followed
by consolidation with high-dose MTX.
During continuation treatment, we are
evaluating the use of pairs of effective
antileukemic drugs alternated either
weekly or every 6 weeks throughout the
entire duration of therapy (120 weeks).
The risk of relapse is assessed by a new
system based on prognostic factor analy-
sis of data obtained in the Total X study
[7]. Age, WBC count, race, DNA index,
and chromosome translocation were
most predictive of relapse in our Total X
Study [7] and, therefore, are being used
to determine risk status in the Total XI
study. A summary of the efficacy and
toxicity of early therapy in the Total XI
trial, and plans for our next study (Total
XII), form the basis of this report.

B. Patients and Methods

Between March 1984 and May 1988, we
treated 332 consecutive children with
non-B-cell ALL according to the Total
XI protocol. The diagnosis of ALL is
based on morphologic evaluation of
Wright-stained smears of bone marrow
and negative marrow myeloperoxidase
preparations (< 3% positive blasts). CNS
disease is defined as greater than five
mononuclear cells/mm?® on a CSF cell
count and blasts seen on a cytospin prep-
aration. Complete remission is defined as
< 5% marrow blasts and signs of recov-
ery of normal hematopoiesis. Detailed
immonologic marker studies including
surface immunoglobulin (SIg) evaluation
are performed on all cases to rule out
B-cell ALL and to define other major



Table 1. Criteria for risk assignment in Total Therapy Study XI

Factor Adverse feature Estimated relative risk?®
DNA index? <1.15 4.7
Race Black 2.5
Chromosomal translocation Present 2.2
Leukocyte count >25 x 10°/liter 1.9
Age <2 or >10 years 1.8

2 Probability of relapse, at any time, in a child with a “worse” feature compared with that in

a patient having the complementary feature

® Ratio of the modal DNA content of G,/G,-phase tumor versus normal cells

immunophenotypes (T, pre-B and com-
mon). All surface Ig-negative cases are
included herein and detailed results of
the immunologic studies will be sum-
marized in a separate report. Flow cy-
tometry to establish the ratio of the DNA
content of leukemic versus normal cells
(DNA index) and cytogenetic studies to
determine the leukemic cell karyotype
are successful in over 95% of cases. Re-
sults of these studies will be described
separately.

The clinical and biologic features that
determine risk assignment are shown in
Table 1, together with the estimated rela-
tive risk of treatment failure for each fac-
tor, as determined by Cox regression
model analysis of data from 431 patients
treated from 1979 to 1983 in our preced-
ing Total X study. We recently published
two reports summarizing the results of
Total X, including details of the risk
model noted above and end results at a
median follow-up time of 4 years [1, 7].
The five factors noted in Table 1 were
most predictive of outcome in Total X
and therefore were used for risk assign-
ment in Total XI. The presence of any
two of these features resulted in a worse-
risk assignment; a WBC count of over
100 x 10°/liter was sufficient by itself to
confer a worse risk classification.

The details of therapy including drug
schedule, dosage, and duration of admin-
istration are shown in Figs. 1 and 2. In
brief, seven highly effective agents are
used for induction treatment, given over
8 weeks; CNS prophylaxis with IT

chemotherapy is started early in this
phase of treatment. High-dose MTX
(2 g/m? given intravenously over 2 h with
6 h of hydration and urinary alkaliniza-
tion) is begun on day 43 and is repeated
1 week later. Leucovorin rescue is given
at a dose of 30 mg/m? at 32, 44, and 48 h,
followed by 5mg/m? at 56 and 68 h.
These doses are intended to achieve total
reduced folate serum concentrations
above MTX concentrations at 44 h and
equimolar levels until MTX concentra-
tions are less than 0.05 pmol/liter.
Three regimens were employed as con-
tinuation therapy. One-third of the bet-
ter-risk patients receive conventional
continuation treatment 1 (6-MP, MTX,
vincristine, and prednisone) and two-
thirds receive treatment 2, which is exper-
imental and consists of drug pairs rotat-
ed weekly as shown in Fig. 2. Worse-risk
patients are randomized unequally be-
tween experimental treatment 2 (two-
thirds) and experimental treatment 3
(one-third). Relatively non-cross-resis-
tant effective drug pairs with different
toxicities are used and rotated either
weekly (treatment 2) or every 6 weeks
(treatment 3); this allows us to evaluate
the effect of rapid versus slower rotation
of drug pairs. Both treatments use the
same drug pairs administered at identical
doses. Further, this intensive continua-
tion therapy is continued for the entire
length of treatment rather than only dur-
ing early therapy. Continuation therapy
given is based on the patient’s absolute
phagocyte count (absolute number of
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Fig. 1. Schema of early ther-
Day | 1 2 3 4 5 b 7| apy, St. Jude Total Therapy

Pred—>  Dauno Asp Asp Asp Study XI. The induction
VCR T phase continues until day 43;
Day I 8 10 1 | the remainder of therapy is
o r r» considered a consolidation
Dauno P P phase. Pred, prednisone‘
ASP (40 mg/m?/day); VCR, vin-
cristine (1.5 mg/m?/week);
Day I 15 l Dauno, daunomycin (25 mg/
VOR £ Dauno £ ASP m?/week); Asp, L-asparagi-
nase (10 000 U/m?/dose
Day |22 25 | i.m.); VM-26, teniposide
VeR (200 mg/m?); ara-C, cytera-
bine (300 mg/m?/dose), IT,
VM-26 VI-26 intrathecal methotrexate
Ara-C Mra-G (12 mg), hydrocortisone
I (24 mg), and ara-C (36 mg)
Da (dosages of IT chemotherapy
Y I 29 43 - 44 5 l adjusted for children less
Stop pred Marrow (CR) HDMTX HOMTX  pan 3 years of age).
V=26 U HDMTX, high-dose
Ara-C methotrexate (2 g/m?/dose)

with leucovorin rescue

Better risk

Worse risk

Randomize Randomize

Treatment 1 Treatment 2 Treatment 3
(Conventional) (drug pairs rotated (drug pairs rotated
at weekly intervals) at 6-wk intervals)
Weekly Weekly q 6 Weeks
MP + MTX VP16 + Cyclo VP + Cyclo
MP + MTX MP + MTX MP + MTX
MP + MTX VM26 + ara-C VM26 + ara-C
Pred + VCR Pred + VCR - Pred + VCR

Total duration of therapy: 120 weeks

Fig. 2. Schema of continuation therapy, St. Jude Total Therapy Study XI. Dosage schedule and
routes of administration; VP-16 (300 mg/m? i.v., once a week); cyclophosphamide (C7X 300 mg/
m?i.v., once a week), Mercaptopurine (MP) (75 mg/m? p.o. daily x 7), MTX (40 mg/m? i.m.,
once a week), VM-26 (150 mg/m? i.v., once a week), ara-C (300 mg/m? i.v., once a week),
prednisone (40 mg/m? p.o. daily x7), VCR (1.5 mg/m? i.v., once a week)
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early myeloid forms and segmented neu-
trophils plus monocytes). Full doses of
chemotherapy are given if the absolute
phagocyte count level exceeds 0.5 x 10°/
liter; otherwise doses are skipped and not
delayed.

Central nervous system prophylaxis is
continued for 1 year based on available
data from studies of the Pediatric Oncol-
ogy Group (ALInC 11, 12, 13), which
suggest that such therapy is effective, es-
pecially for better-risk patients [6, 8]. Pa-
tients with CNS leukemia at diagnosis or
those at worse risk also receive delayed
cranial irradiation (2400 or 1800 cGy, re-
spectively) after 1 year of remission. The
results are sequentially analyzed and ap-
propriate stopping rules are incorporated
to avoid continuing the study unneces-
sarily.

C. Results
I. Patient Accrual and Risk Distribution

As of 1 May 1988, 335 patients had been
enrolled in the Total XI study. Only three
of these children were not evaluable (one
refused therapy, two had incorrect diag-
noses). Of 332 evaluable children, 107

(32%) were considered standard risk and
225 (68%) worse risk. Thirteen percent
of the patients are black and 3.0% are
infants (<1 year of age). Twenty-five
percent are over 10 years of age, but un-
der 18 years. Seventeen percent have a
WBC count greater than 100 x 10°/liter.
The proportion of worse-risk patients is
much higher than we had anticipated
largely due to an increased number of
patients with chromosomal transloca-
tions, as compared with results in the To-
tal X study. This circumstance resulted
primarily from improvements in our cy-
togenetic techniques during the Total X
study which led to better detection of
subtle translocations in Total XI.

Ninety-seven percent (321/332) of our
patients had successful immunologic
marker studies and DNA indices per-
formed on leukemic blast cells. Banded
karyotypes were available for over 90%
of the patients.

The toxicity encountered during the
induction phase of therapy is summa-
rized in Table 2. It can be seen that the
major problems encountered were infec-
tious in nature and developed during pe-
riods of neutropenia. A relatively in-
creased rate of seizures noted early in the

No. of patients

No. evaluable

% receiving all planned treatment
Median No. (range) of inpatient days

% Patients with:
VCR-induced toxicity
Asp-induced toxicity
VM-26-induced toxicity
Fever
Infections
Seizures
Early death

Median no. (range) of days when:
APC <0.5x 10°/liter
APC <0.1 x 10°/liter

Median No. of days to recover
APC >0.5x 10°/liter

Table 2. Toxic ef-
fects during induc-
tion therapy

335
332
85
10 (0-57)

42
22
4
75
51
5
2

23 (0-56)
8 (0—50)

40

VCR, vincristine; Asp, L-asparaginase; VM-26, teniposide; APC, abso-

lute phagocyte count
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course of Total XI was largely corrected
by changing the schedule of intrathecal
therapy during induction treatment.

II. Early Results of Therapy

The complete remission (CR) rate for all
patients is 96% (318/332). Of the 318 pa-
tients attaining CR, 106 (99%) of 107
better-risk patients and 212 (94%)/225
worse-risk patients achieved CR. Of the
14 patients who did not attain initial re-
mission (early failures), 6 had primary
drug resistance and 8 died of chemother-
apy-related toxicity. Since we revised the
induction phase of chemotherapy, the
tolerance to treatment has improved and,
in fact, one-third of children receive the
early phase of therapy as outpatients.
Ninety-seven percent of the planned dos-
es of induction treatment have been given
and 85% of patients received all planned
therapy (Table 2). Ninety-six percent of
children have received the two courses of
high-dose MTX consolidation in the
“day hospital” setting.

Three hundred and eight patients have
been randomized to receive continuation
therapy as follows: better risk, treat-
ment 1 (n=37); better risk, treatment
2 (n=61); worse risk, treatment
2 (n=139); worse risk, treatment 3
(n=71). Three patients were not ran-
domized and received other therapies af-
ter CR induction. The tolerance to con-
tinuation treatment for each of the ran-
domized treatment regimens has been ex-
cellent and most treatment is delivered in
the outpatient setting. It is too early to
report the durations of remission on the
three treatment regimens of Study XI
(the median follow-up time is only 2
years). However, event-free survival
(EFS) is estimated to be significantly bet-
ter than the result obtained in Total
Therapy Study X.

D. Comments

These results indicate that a high remis-
sion induction rate (96%) can be ob-
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tained without undue toxicity in children
with non-B ALL using a seven-drug in-
duction regimen that features early ad-
ministration of VM-26 and ara-C (at
days 22, 25, and 26) and high-dose MTX
(at days 44 and 51). The rationale for this
treatment is that very early use of multi-
ple effective agents may eradicate larger
numbers of leukemic cells before the
emergence of drug resistance, yielding
improved end results with acceptable
toxicity. Another notable feature of the
Total XI treatment is use of intensifica-
tion therapy, not only early but sustained
throughout 120 weeks of continuation
treatment. It is also of interest that CNS
prophylaxis for one-third of patients who
have had a lower risk of relapse does not
include irradiation and that cranial irra-
diation for worse-risk patients or those
with CNS disease at diagnosis is delayed
for 1 year, permitting better tolerance to
systemic therapy and sparing patients
who relapse early in the bone marrow
from the toxic effects of irradiation. The
isolated CNS relapse rate in Study XI is
currently <2%, and all continuation
therapy has been administered in an out-
patient setting. The toxicity has been
modest in all phases of treatment. We are
encouraged by the comparatively low
relapse rate in this study; at the time of
the most recent analysis, duration of
event-free survival was superior to that
seen in the preceding clinical trial, al-
though follow-up times are too short for
Study XI for statistically meaningful
evaluation.

From experience in Total XI, com-
bined with that in studies of patients with
ALL in relapse, we believe that the epi-
dophyllotoxins VM-26 and VP-16 war-
rant further evaluation in clinical trials
for children with newly diagnosed ALL.
Information demonstrating that high-
dose MTX may be more effective if sys-
temic exposure is optimized [7, 9] indi-
cates that such therapy may be especially
effective for patients with better-risk
ALL. Fixed dosing of each of these three
agents results in a wide variation in sys-
temic exposure among patients and
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Fig. 3. Schema for planned Total XII study for children with non-B ALL showing general
treatment plans and expected differences in systemic drug exposure between patient groups
receiving fixed dosing versus those getting “modeled” drug delivery. Fixed, constant drug

dosage; TSE, targeted systemic exposure

among successive courses administered
to individual patients, and lower steady-
state plasma drug concentrations may be
associated with inferior treatment out-
come [9, 10]. Our collective experience
with the pharmacokinetic evaluation of
each of these agents has permitted us to
plan a study that will further test the po-
tential of pharmacokinetically modeled
therapy for improving the clinical out-
come of children with non-B-cell ALL.
Therefore, in our Total XII study
(Fig. 3), we will evaluate the impact of
“modeled” administration of VM-26,
ara-C, and high-dose MTX to maintain a
narrow range of predetermined systemic
exposure within one group of patients as
compared with a fixed-dose approach in
another group. Patients will be stratified
by WBC count, age, race, and DNA

index to assure prognostic uniformity of
the groups being compared. Induction
therapy will be given as in the Total XI
study, and all biologic studies performed
in Total XI will be repeated in Total XII.
CNS prophylaxis will consist of periodic
triple IT chemotherapy with CNS irradi-
ation only in patients with high WBC
levels. Periodic pulsed VM-26 and ara-C
and high-dose MTX will be given to both
groups using the aforementioned meth-
ods of drug administration, and 6-MP
and IM MTX will be given between
pulses during the first 60 weeks (Fig. 3).
Thereafter, only the latter two drugs will
be given (for 120 weeks). This research
should provide data regarding the value
of optimized systemic exposure to these
effective agents as compared with the
highly variable exposure seen with stan-
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dard dosing. If significantly improved re-
sponses can be demonstrated in the for-
mer group, we will have obtained sup-
port for the concept that systemic expo-
sure of leukemic cells to chemotherapy
impacts favorably on cure rates in child-
hood ALL.
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Results of Three Polychemotherapy Programs

in Non-Hodgkin’s Lymphomas

L. Konopka and S. Pawelski

A. Introduction

In the past 10 years, in spite of remark-
able therapeutic progress with most he-
matological malignancies, non-Hodg-
kin’s lymphoma (NHL) patients, partic-
ularly those with unfavorable histologi-
cal types, remain a crux medicorum.
Complete remissions are still compara-
tively rare and of short duration, and the
disease is recurrent and progressive, with
little hope of the cure so often observed
in Hodgkin’s disease.

Numerous salvage options based on
““classical” cytostatics give variable re-
sults, and discrepancies between several
published studies [1, 7, 8] may be ex-
plained at least partially by differences in
patient characteristics, such as pathologi-
cal type and clinical extent of non-
Hodgkin’s lymphoma.

Encouraged by the promising results
of some investigators [3, 6, 10, 11, 16], we
introduced in 156 cases three intensive
multi-drug  chemotherapy programs
(CHOP or CHOP-Bleo, CHOMLA,
CBVPM/AVBP; see Table 1) and now
present the results.

B. Patients and Methods

Between 1979 and 1987, 156 patients
with non-Hodgkin’s lymphoma were

Institute of Hematology, Chocimska 5, 00-957
Warsaw, Poland

Coordinators of Polish Multicenter Lym-
phoma Group: Institute of Hematology, War-
saw; Hemat. Dept., Poznan; Hemat. Dept.,
Szczecin, Hemat. Dept., Wroctaw, Hemat.
Dept., Lublin; Internal Med. Dept., Lodz

treated at six hematological centers in
Poland. All patients had a histological
diagnosis of either intermediate (76 cas-
es) or high-grade (80 cases) malignant
lymphomas (Table 2).

Among 76 patients with intermediate-
grade malignancy, 38 had large-cell
lymphomas (31 diffuse and seven follicu-
lar), 24 had diffuse, small cleaved cell
lymphomas, and 14 had diffuse mixed-
cell lymphomas. Eighty patients classi-
fied as having high-grade malignancies
were identified as follows: 33 cases, im-
munoblastic; 39, lymphoblastic, eight
small, noncleaved cell lymphoma.?
There were 95 men and 61 women with a
median age of 46 years (range 18—-65); 83
of these patients (31 in stage III and 52 in
stage IV) had not received chemotherapy
previously, and the remaining 73 patients
(21 stage III and 52 stage IV) had been
unsuccessfully treated with various che-
motherapeutic regimens including COP,
HCOP, LOP, MEV (A).

The extent of the disease was expressed
in terms of criteria suggested at the Ann
Arbor Conference [2] and included com-
plete blood count with differential
urinalysis, biochemical screening profile,
serum protein electrophoresis, chest
roentgenogram, and bone marrow aspi-
ration or biopsy. In all patients a liver
and spleen scan and abdominal ultra-
sonography were performed. In some pa-
tients, a CAT of the abdomen or a
lymphanogiogram and spinal puncture
for CSF cytology were done when the

! In the present analysis the histology of
lymph nodes was evaluated according to crite-
ria of the Working Formulation of non-
Hodgkin’s lymphomas [15]
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Table 1. Cytostatic programs

CHOP or CHOP-Bleo
C — Cyclophosphamide
H - Hydroxyrubicine
O - Oncovine

P — Prednisone

or

B - Bleomycine

750 mg/m? i.v. on 1st day

50 mg/m? i.v. on 1st day

1 mg/m? i.v. on 1st day
100 mg/m? p.o. on days 1-5

15 mg i.v. on 1st and 5th day

CHOMLA

C — Cyclophosphamide
H - Hydroxyurea p.o.
O - Oncovine

M — Methotrexate

L — Leucovorine

A — Adriblastine

1000 mg i.v. on 4th day
6 g/day/in 2 doses/on 1st and 7th day
1 mg i.v. on 2nd day
120 mg i.v. on days 5, 10, and 15
100 mg/in 4 doses/i.v. on days 6, 10, and 16
40 mg/m? i.v. on 10th day

CBVPM/AVBP

C — Cyclophosphamide
B - Bleomycine

V - Vincristine

P — Prednisone

M — Methotrexate

A — Adriblastine

V — Vincristine

B — Bleomycine

P — Prednisone

1200 mg/m? i.v. on 1st day
13 mg i.m. on days 4-8
2 mg/m? (Max. dose 3 mg) i.v. on days 3 and 10
40 mg p.o. on days 4-17
3 mg/kg i.v. on 20th day every 2 months
30 mg/m? i.v. on days 2—4
1.4 mg/m? i.v. on days 1 and 8
15 mg i.m. on days 2 and 8
40 mg p.o. on days 2—15 every 2 months

Table 2. Clinical and histological data

Program Histological grade of malignancy
(no. of patients)
Intermediate High-grade
Previously Previously
Untreated  treated Untreated  treated
CHOP or CHOP-Bleo (58) 20 10 18 10
CHOMLA (46) 3 16 6 21
CBVPM/AVBP (52) 20 7 16 9
Total (156) 43 33 40 40
N —_—
76 80

clinical presentation suggested possible
involvement of the respective extranodal
sites. Laparotomy was not routinely per-
formed for staging purposes.

Patients were treated with three differ-
ent chemotherapeutic regimens; CHOP
or CHOP-Bleo (58 patients), CHOMLA

66

(46 patients), and CBVPM/AVBP (52 pa-

tients) at the generally accepted doses of
cytostatics included into these regimens
[12-14]. Initial induction therapy with
CHOP or CHOP-Bleo consisted of six
cytostatic cycles, with CHOMLA of six
to eight cycles, and with CBVPM/AVBP



Fig. 1. Duration of
complete remission
for patients with in-
termediate and high-
grade malignancy
NHL. Solid line rep-
resents patients
treated with CHOP
or CHOP-BIeo, bro-
ken line, patients
treated with
CHOMLA, and
dotted line patients
treated with
CBVPM/AVBP

Table 3. Results of treatment in all NHL patients

Program and Evaluable Results of treatment (no. of patients) (%)
number of patients patients

(%) CR PR Failure or death
CHOP or 51 23 7 12 (23.5)
CHOP-Bleo (58) (88) (45.0) 13.7) 9 (17.6)
CHOMLA (46) 40 21 6 3 (7.5)

@87 (52.5) (15.0) 10 (25.0)
CBVPM/AVBP  (52) 47 23 11 9 (19.0)

90) (48.9) (23.0) 4 (8.0
Total 138 67 24 24 (17.4)

(88.5) (48.5) 17.4) 23 (16.6)

91 (66.0)

CR, Complete remission; PR, partial response

of four cycles each of the combined cyto-
static regimen. After complete remission
or partial response was achieved, two or
threé additional courses of the same cyto-
statics were given as consolidation. In
some cases only adriamycin was omitted
from the schedule when a total dose of
550 mg/m? had been reached.

After therapy (usually within 1-2
months after the last cycle of cytostatics)
the patients were restaged again, particu-
lar attention being given to reassessing
the initial involved site of the disease.

Complete remission (CR) was defined as
an absence of objective evidence of resid-
ual or subjective symptoms of persistent
disease. Partial response (PR) required
50% reduction in tumor mass lasting at
least 1 month.

Remission duration was ascertained
from the date of the first objective com-
plete remission to documented relapse.
The data were analyzed by the life-table
method [9], and differences among the
curves were compared using the general-
ized Wilcoxon test modified by Gehan.
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C. Results

One hundred thirty-eight (88.5%) of the
156 patients completed therapy and
could be evaluated for response. Eigh-
teen patients were not evaluable for re-
sponse to therapy because of they did not
complete follow-up. They were excluded
from the survival curves.

Of the 138 evaluated patients, 67
(48.5%) achieved a complete remission
and 24 (17.4%) a partial response (Table
3). Complete remissions were usually
seen during induction cycles and at very
similar rates (45%, 49% and 52.5%) af-
ter these three kinds of cytostatic regi-
mens. Continuous CR in these three
groups of treated patients has been docu-
mented in 42% —60% of patients.

The median disease-free survival for
CHOP- or CHOP-Bleo-treated patients

lasted 11.4 months and for those on
the CHOMLA and CBVPM/AVBP pro-
grams 15 and 12.7 months respectively
(Fig. 1).

The difference in the median disease-
free survival between these three groups
of patients was not statistically signifi-
cant (P=0.32). There was no significant
difference in the CR rate between the
nontreated (37.2%) and the pretreated
(38.2%) patients (Table 4).

Of all treated patients, 47 (34%) per-
sons did not respond and 23 (16.6%)
died within 4—11 months after starting
therapy. The most common reasons for
failure to achieve a complete response in
these patients were persisting lymph-
adenopathy, bone marrow infiltration,
and thrombocytopenic complications.

On evaluation of 138 patients under
treatment in relation to the degree of ma-

Table 4. Results of chemotherapy in NHL patients who had received prior chemotherapy and

in patients previously untreated

Program and past history No. of Response (no. of patients) (%)
of treatment evaluated
(number of patients) patients CR PR
CHOP or Untreated  (38) 51 19 (37.2) 5 (9.8)
CHOP-Bleo Refractory  (20) 4 (7.8) 2 (4.0)
CHOMLA Untreated ) 40 7 (17.5) 1 (2.5)
Refractory  (37) 14 (35.0) 5(12.5)
CBVPM/AVBP  Untreated (36) 47 18 (38.2) 1 (2.1)
Refractory  (16) 5(10.6) 10 (21.2)

CR, Complete remission; PR, partial response

Table 5. Results of chemotherapy according to grade of malignancy

Program and grade No. of Response (no. of patients) (%)
of malignancy evaluable
(no. of patients) patients CR PR
CHOP or Intermediate (30) 28 12 (23.5) 5 (9.8)
CHOP-Bleo High 28) 23 11 (21.5) 2 (4.0
CHOMLA Intermediate (19) 18 12 (30.0) 2 (5.0
High (1)) 22 9 (22.5) 4 (22.5)
CBVPM/AVBP Intermediate (27) 23 5 (10.6) 9 (19.1)
High 25) 24 16 (38.2) 2 (4.2)

CR, Complete remission; PR, partial response
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Table 6. Number of patients with NHL who relapsed after obtaining complete remission

Program Number of relapsing patients with NHL
(no. of patients)

to to to above

3 months 6 months 12 months 12 months
CHOP or CHOP-Bleo  (28) 3 3 2 1
CHOMLA @1 2 6 2 2
CBVPM/AVBP 23) 7 3 1 2

lignancy, it was found that the CBVPM/
AVBP regimen was most effective in
high-grade NHL (38.2% CR). In inter-
mediate-grade NHL the best was the
CHOMLA program (30% of CR, Ta-
ble 5).

Approximately half of the patients
who achieved an initial CR have relapsed
within 3—-15 months (Table 6). Relapse
was most common at the previous site of
involvement, i.e., lymph nodes (21 pa-
tients), spleen and liver (16 patients), and
bone marrow (three patients).

D. Discussion

Although many agents are active in the
treatment of NHL, only a few chemo-
therapy combinations have been shown
to improve the survival of patients. The
introduction of chemotherapy combina-
tions containing adriamycin and bleo-
mycin such as the CHOP and CHOP-
Bleo regimens in particular represents an
important advance in therapy. Several
groups have reported plateaus in disease-
free survival estimates, suggesting cure of
30% —35% of patients with intermediate
or high-grade non-Hodgkin‘s lymphoma
[4, 12, 14]. Unfortunately the majority
of these patients do not achieve a plateau
in relapse-free survival with CHOP or
CHOP-Bleo or similar combination
chemotherapy.

More recently, programs such as Pro-
MACE-MOPP [5], COP-BLAM [11] M-
BACOD [16], and MACOP-B [10] have
achieved complete response rates of over
70% and appear to have extended the
disease-free survival to more than 60%.

The results of treatment of our pa-
tients with three intensive and similar cy-
tostatic programs were not satisfactory.
Complete remissions were achieved in
only 48.5% of all patients, and nearly
half of these patients relapsed within 3—
15 months after completing therapy.

Based on our experience with these
three combined cytostatic programs, es-
pecially for resistant and relapsing NHL
patients, a further modification of the
present programs is necessary. But the
real solution can be expected only with
the introduction of potent new cytostatic
drugs and the improvement of support-
ive care.

E. Conclusions

1. Of 138 advanced (clinical stage III or
IV) NHL patients treated by three
different cytostatic programs (CHOP
or CHOP-Bleo, CHOMLA, CBVPM/
AVBP), complete remission was ob-
tained in 67 patients (48.5%) and par-
tial response in 24 patients (17.4%).

2. Among the three cytostatic programs
the highest rate of complete remission
was observed after CHOMLA -
52.5%.

3. In untreated and high-grade malignant
NHL patients the most effective cyto-
static program was CBVPM/AVBP
(38.2% complete remissions).

4. The results presented show that these
three alternative chemotherapy pro-
grams are still only partly effective in
the treatment of advanced intermedi-
ate and high-grade malignant NHL.
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Results of Treatment in Children with B-Cell Lymphoma:
Report on the Polish Leukemia/Lymphoma Study Group *
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A. Introduction

It is well established that B-cell lym-
phoma in children initially responds well
to chemotherapy, and that prognosis
depends upon the extent of the disease
at diagnosis. However, the outcome of
advanced B-cell lymphoma, particularly
with initial bone marrow or central ner-
vous system involvement remains far less
favorable than that of localized disease
[2—-4]. Between 1983 and 1988 the Polish
Children’s Leukemia/Lymphoma Study
Group used two protocols for dissemi-
nated B-cell lymphoma therapy, that of
Murphy and Bowmann [2] and that of
COAMP [1]. In this report the results of
therapy with these regimens are de-
scribed and are compared to those
achieved with the LSA,L, protocol [5].

B. Patients and Methods

A total of 152 children aged 1-15 years
entered the study. Histologic classifica-
tion was based on the Kiel system [3].
Clinical staging was done according to
the criteria of Murphy et al. [2]. Initial
characteristics of patients are presented
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ical School of Poznan, Poznan, Poland

4 Department of Pediatric Hematology, Med-
ical School of Warsaw, Warsaw, Poland

5 Department of Pediatric Hematology, Med-
ical School of Zabrze, Zabrze, Poland

in Table 1. Therapy protocols are out-
lined in Figs. 1 and 2.

C. Results

The overall results are summarized in
Table 2. In patients treated according to
the Murphy-Bowmann protocol and
who achieved complete remission (CR),
seven relapses were observed among the
18 cases of stage III (duration of CR,
2-10 months) and seven among the 10
cases of stage IV (duration of CR, 2—18
months). The life-table estimations for
event-free survival after 62 months are
51% for stage III and 17% for stage IV
(Fig. 3). In the patients with stage I1I and
treated according to the COAMP regi-
men, all postremission relapses occurred
between the 3th and 7th months after CR
and in those with stage IV between the
2nd and 19th months after CR. The
event-free survival after 61 months is
59% for those in stage III and 40% for
those in stage IV (Fig. 4).

D. Concluding Remarks

Comparison of the efficacy of the three
different therapy modalities for stage III
of B-cell lymphoma indicates the superi-
ority of the COAMP regimen. The results
obtained in stage III are comparable with
the best reported up to date [3, 4]. No
particular toxicity of the COAMP proto-
col was observed; one patient died in CR
due to septicemia. With the protocols
used, no comparative advantage was
achieved in treatment of stage IV B-cell
lymphoma.
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Fig. 3. Probability of event-free survival of children with B-cell lymphoma stage III with three
different treatment protocols
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Table 1. Initial characteristics of patients with B-cell lymphoma stages III and IV, treated
according to three different protocols

Protocol
LSA,L, Murphy- COAMP
Bowmann
Total number admitted to the study 87 31 34
Sex
Male 74 24 25
Female 13 7 9
Median age in years (range) 6 (1-15) 5(1-12) 6 (1-14)
Clinical stage
1 62 21 24
v 25 10 10
BM 22 10 8
CNS 2 0 2
CNS+BM 1 - -
Primary location:
Intrathoracic 7 1 2
Abdomen 62 28 22
Head, neck 10 - 4
Peripheral nodes 8 2 6
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