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The 'State of the Art
in Leukemia Therapy

By Philip J. Burke, MD
Associate Professor of Oncology
Associate Professor of Medicine
Head, Leukemia Program

We began an organized developmental pro-
gram in leukemia therapy 23 years ago when
it was apparent that our preliminary work
with cytosine arabinoside demonstrated that
this unique drug had high activity against
acute myelocytic leukemia. Much of the in-
itial work on the pharmacology of that drug
was conducted in this institution, and it was
reasonable to begin exploratory trials with
it in patients with leukemia. Another drug
with high efficacy soon became available,
and these two compounds were combined
very effectively. We also added a new wrin-
kle to the combined use of drugs by applying
a phenomenon found while working with
high dose drugs. During the aplastic period
induced by drug therapy, a bone marrow
stimulating hormone was present in the se-
rum of those patients who had not yet recov-
ered their marrow function. This normal
marrow stimulating factor was shown also
to force the growth of leukemic cells at a
particular time after drug treatment. We
coined the term "timed sequential therapy,"
which is the timing of the use of active drugs
based on the stimulation induced in the host
by chemotherapy. Following an initial treat-
ment with cytosine arabinoside and
daunomycin, we wait to give a second course
until day 9, the time of peak serum stimula-
tion and maximal regrowth of the residual
leukemia, now more sensitive to the effect
of the cytotoxic drug. Although normal cells
are also in DNA synthesis at that time, in-
nate resiliency enables them to survive while
the leukemic cells are killed. The rationale
of such timing of the second drug is con-
firmed by laboratory measurements of re-
growth of tumor. In treatment of patients
from 1970 through 1975 using a single se-
quence of these drugs, we had a 20070cure
rate. Most of these patients are living and
well at the present time after only one course
of therapy. This was in contrast to the long-
held theory, which was based on the treat-
ment of acute lymphocytic leukemia, that
continued therapy was essential to maintain
a remission. Also, those who relapsed after
the single-sequence treatment regimen and
required retreatment were sensitive to the
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drugs because they had not received them
as a maintenance program. Therefore, we
achieved a 50070-75070complete remission
rate in any patient who relapsed.
Because of the success of this treatment

schedule, we modeled the timed sequential
therapy approach in rats with leukemia and
extrapolated these results to man. In particu-
lar, we found in the rat model that a second
course of therapy produced a 50070cure rate.
In a subsequent trial, we found that of the
patients who went into complete remission
and received a second course of drug, 50070
are living and well at the present time, eight
years later, without further treatment.
Unfortunately, this type of treatment has

not been as effective with patients who have
had previous antileukemic therapy, patients
with leukemia secondary to treatment for
other malignancy, or those who had a long
period of bone marrow failure before their
leukemia developed. Most of these patients
have a cytogenetic abnormality in their leu-
kemia. With the advent of genetic engineer-
ing technology, the stimulators that were
found in the serum have now been purified
and are available for our clinical trials. We
intend to use these manufactured agents in
those patients who have not responded well
to our timed sequential therapy in the past.
The goals are to increase further the stimula-
tion and growth of the leukemic cell after
the initial drug, or to use the humoral agents
independently to increase the tumor growth,
decrease the toxicity to the host, and increase
the therapeutic advantage. These growth
factors will also be of use in patients who
cannot tolerate intensive chemotherapy.
There is reason to believe that some of these
growth factors may actually cause matura-
tion of leukemic cells without necessarily
killing them. In addition, a further effect
will be early recovery of normal bone mar-
row after the initial drug treatment to allow
the host defenses to recover more rapidly.
With these products, which biomodulate
normal as well as leukemic cells, we envision
a marked reduction in toxicity, an increased
advantage to leukemia kill, and as we de-
velop this template model of leukemia, an
appropriate application to other hemato-
poietic malignancies and perhaps solid tu-
mors as well.

Autologous
Bone Marrow
Transplantation for
Pediatric Hematologic
Malignancies and
Solid Tumors

By Curt I.Civin, MD
Associate Professor of Oncology
Associate Professor of Pediatrics
Head, Pediatric Oncology Program

Acute lymphoblastic leukemia, formerly
considered an incurable disease, has in the
last 10 to 15 years become highly curable,
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not through any spectacular breakthrough
in basic science, but by the use of new drugs
and new schedules of treatment. We can
now realistically tell parents of a child with
the most common form of this disease that
there is a 90070chance of a cure with mild
treatment and a low incidence of complica-
tions.
The story is less optimistic, however, with

the T-cell form of acute lymphoblastic leu-
kemia. But even in these leukemias, treat-
ment results have been improving. Effective
therapy for myelogenous leukemia has been
more elusive, but numerous investigative
groups have been reporting cures in 30070to
40070of children with intensive chemother-
apy. Using bone marrow transplantation,
investigators at The Hopkins have obtained
cures in more than 50070of patients. Our
pediatric oncology group is now doing a
randomized trial in children in first remis-
sion of acute myeloblastic leukemia, testing
bone marrow transplantation against stan-
dard chemotherapy. We hope to be able to
extend bone marrow transplants to the treat-
ment of all the forms of resistant leukemias,
particularly in cases that have relapsed. Be-
cause not everyone can have a matched do-
nor available for a bone marrow transplant,
we, as well as others, have been using pa-
tients' own bone marrow, purged of leu-
kemia cells, for transplant. This has truly
been an important advance.
While the standard approach has been to

purge the malignant cells in the bone mar-
row with drugs, monoclonal antibodies, or
other methods, our approach has been the
opposite. We made a monoclonal antibody
against the normal stem cells, thereby differ-
entiating them and allowing us to isolate
them from the cells that we do not want in
the bone marrow transplant graft. When
this article is published, we expect to be
testing this approach in patients. We believe
that this methodology should have applica-
tion both to autologous and allogeneic bone
marrow transplantation.
We are now testing the transplant ap-

proach in the treatment of a variety of solid
tumors in children, particularly those that
relapse after treatment. We have been par-
ticularly interested in treating brain tumors
this way. Because a major problem with
intensive therapy of brain tumors has been
the lowering of the white cell counts, thereby
encouraging infections, we have developed
protocols for including hematopoietic
growth factors in our regimens. We are do-
ing this now only for adults, but ifit is shown
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to be effective, we will extend it to the treat-
ment of children.

We are taking still another approach to
treat patients with neuroblastomas. Neuro-
blastomas secrete metabolites that are de-
tectable in the urine when the tumor is large.
In Japan, infants are screened routinely for
this tumor, thereby allowing early detection
of the disease before symptoms become evi-
dent. This permits curative treatment with
surgery, minor chemotherapy, and radia-
tion. A feasibility study for the purpose of
obtaining urine specimens from infants is
being set up in Maryland, where there are
6O,<X>Obirths each year. If successful, this
study will represent an important advance.

HowAnticancer
Agents Interact With
Cancer Cells

By Michael Colvin, MD
Professor of Oncology
Professor of Medicine
Research Director, The Johns Hopkins Oncology Center

Our research emphasizes the subtle chemical
and biochemical mechanisms of how anti-
cancer agents interact with cancer cells. I
believe that even the latest biological agents,
such as interferons and interleukins, are es-
sentially drugs. To hope that we are ever
going to find a single "magic bullet" that
will finally solve our therapeutic problems
is wishful thinking. Only a clear understand-
ing of how antitumor agents interact with
cancer cells will lead to effective methods
of coping with the cancers that have eluded
effective treatment.

Our approach developed over the years
as we became more and more aware that
cancer cells, by frequent mutations, develop
biochemical methods of defense against
drugs that are initially highly potent and
effective. We must find biochemical ways
of "outwitting" the cancer cell's biochemi-
cal strategies for survival. Because modula-
tion of cancer cells to control them thus far
appears to be only temporary, we probably
must destroy them. A good example is the
use of tamoxifen against breast cancer in
postmenopausal women. Patients can sur-
vive for a long time with such treatment,
but almost invariably the tumor becomes
resistant to the treatment. Since the only
decent cancer cell is a dead one, cytotoxic
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therapy as we know it may remain the main-
stay of treatment indefinitely.

We have been interested in trying to find
out how cancer cells become resistant to the
highly potent drug cyclophosphamide, one
of the most effective agents against cancer
known today. We have found that an en-
zyme evolves in the cancer cell that protects
the cell against the drug. The same enzyme
exists in normal bone marrow cells, where
it serves to help prevent their destruction
during chemotherapy against cancer. We
also found that this enzyme is present in
large quantities in the small intestine, which
explains why cyclophosphamide is almost
unique among agents of its class in not dam-
aging the small intestine. The fact that at the
beginning of therapy tumor cells can be
damaged more readily by drugs such as cy-
clophosphamide indicates that tumor cells
may be deficient originally in such protective
enzymes. The enzymes appear to evolve in
tumor cells later and more slowly, and then
become resistant to chemotherapy.

We are now exploring the biochemical
mechanisms involved in these cellular resis-
tance patterns. As mentioned, the frequency
with which cancer cells mutate provides a
basis for the cancer cells' eventual perfection
of their "chemical' warfare" against the
toxic agents used against them. This knowl-
edge provides us with keys to effective meth-
ods of attack on cancer. It is not sufficient
just to understand the morphology of the
tumor cell and the nature of its components,
important as this knowledge may be. It is
also necessary to develop pharmacologic in-
terventions against the tumor cell's bio-
chemical strategies for survival. In addition
to being chemotherapeutic agents, the drugs
that I use and am trying to develop are also
molecular probes into the structure and
function of tumor cells.

Our ultimate strategy will be to target our
attack, using chemotherapy or an antibody,
against a protein or enzyme in the cancer
cell that the cell cannot change by mutation
without killing itself. The protein or enzyme
must be one that is not expressed by normal
cells. Otherwise, they too would be killed.
Admittedly, we have a long way to go before
attaining such a dazzling therapeutic tri-
umph.

Noradrenergic Activity
in Anticipatory Nausea
in Cancer Patients

By John H. Fetting, M.D.
Associate Professor of Oncology
Assistant Professor of Medicine
Assistant Professor of Psychiatry and Behavioral
Sciences

Cancer patients can readily understand why
they become nauseated and vomit after re-
ceiving their drugs. What they find more
difficult to understand are symptoms before
chemotherapy, termed anticipatory nausea
and vomiting. Anticipatory symptoms are
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often precipitated by treatment-related stim-
uli, such as intravenous needles, clinic odors,
etc. Anticipatory nausea and vomiting de-
velop in patients with histories of the more
typical postchemotherapy nausea and vom-
iting. Anticipatory symptoms are classically
conditioned. We have been interested in the
mechanisms involved in anticipatory nau-
sea. We hypothesized that noradrenergic
neurons may contribute by acting directly
on the brain stem vomiting center or on
higher cortical centers necessary for condi-
tioning.

We undertook two complementary stud-
ies to test this hypothesis. The first study
compared concentrations of plasma MHPG
(3-methoxy-4-hydroxyphenylglycol), a
breakdown product of norepinephrine, in
patients with and without anticipatory nau-
sea. We found that the plasma levels of
MHPG were higher in patients with such
nausea than in those without it. While our
results suggested that increased norepineph-
rine activity is associated with anticipatory
nausea, they did not prove an actual causal
role. In the second study, which is ongoing,
we are employing the drug clonidine to ex-
amine further the relationship between
MHPG and anticipatory symptoms. Cloni-
dine, a specific down-regulator of norep-
inephrine activity, reduces plasma MHPG.
We hypothesized that if norepinephrine is a
cause of anticipatory nausea, reduction in
MHPG by clonidine should be associated
with a reduction in anticipatory nausea. This
study involves a double-blind, placebo-
controlled, crossover design over two con-
secutive chemotherapy treatments. So far,
in ten patients, we found that clonidine re~
duced nausea by about 330/0. This is not a
statistically significant difference. The study
will require another six to eight patients for
completion.

In this study, clonidine caused significant
sedation and dry mouth. This may limit its
usefulness. For some patients, mild anticipa-
tory symptoms may be preferable to cloni-
dine's side effects. Clonidine may actually
prove most useful as a uniquely specific drug
that permits us to test our hypothesis about
the role of nor adrenergic activity in anticipa-
tory nausea.

If these studies define a causal role for
norepinephrine in anticipatory nausea, they
will suggest that treatments that reduce cen-
tral noradrenergic activity are likely to re-
duce anticipatory symptoms. Also, these
studies will shed light on the basic mecha-
nisms of this conditioned response.


