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Introduction

Interferon (IFN) has various biological activi-
ties including the inhibition of viral prolifera-
tion. The induction of cytotoxic T cells is con-
sidered one of the action mechanisms of the
antitumor effect of IFN. Tumors of hemato-
poietic organs for which IFN is effective in-
clude chronic myeloid leukemia (CML), hairy
cell leukemia (HCL), multiple myeloma, and
malignant lymphoma.

This article is a revised English version of a paper originally published in
the Journal of the Japan Medical Association (Vol. 128, No. 7, 2002, pages 1018–1022).

Chronic Myeloid Leukemia

CML increases leukocytes and causes sple-
nomegaly and anemia. The chronic phase is
characterized by increased leucocytes proceed-
ing to the blast crisis in 3 to 4 years unless
optimal treatment is given. The blast crisis of
the disease shows a pathology similar to acute
leukemia. Since it does not respond to chemo-
therapy, it often leads to death within 1 year.
Therefore, the target of CML treatment is to
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IFN in reducing Ph chromosome-positive cells
is called a cytogenetic response. Table 1 shows
the criteria for hematological and cytogenetic
responses. The disappearance of Ph chromo-
some-positive cells from the bone marrow on
examination six months to one year after the
start of IFN therapy is called complete cyto-
genetic response (CCR) and the reduction of
the cells to less than 35% of the pre-treatment
level is called partial cytogenetic response
(PCR). The combination of CCR and PCR is
called major cytogenetic response (MCR). It is
generally considered that 30 to 50% of chronic
phase patients treated with IFN achieve MCR.
Figure 1 shows the relationship between the
cytogenetic effects of IFN therapy and the
survival period of CML patients at the M.D.
Anderson Cancer Center.1) It shows that 38
patients achieved MCR, and only three of them
died in 60 months, indicating a significantly
longer survival period for these patients, as
compared with those who could not achieve
MCR.

The Euro score is an index to predict the
response to IFN in CML patients.2) It is based
on the analytical results of IFN therapy in a
total of 1,573 CML patients in 12 medical insti-
tutions worldwide. Table 2 outlines this score.
The score is calculated using the following
parameters: age, spleen size, and count of blast
cells, basophils, eosinophils, and platelets. Based

prolong the chronic phase as much as possible
by preventing blast crisis.

The blood cells of CML show a reciprocal
translocation in which a part of the 9th chromo-
some is replaced with a part of the 22nd chro-
mosome, which is designated the Philadelphia
(Ph) chromosome. This chromosome produces
an abnormal gene called BCR/ABL fusion
gene, which has been considered to stimulate
tyrosine kinase activity and cell growth, leading
to leukemia.

Thus, the identity of CML lies in the increase
in the cells with the Ph chromosome, and the
target of CML treatment is to reduce them.
Busulfan and hydroxycarbamide have been
used to treat CML and reduce leucocytes, but
they have almost no effect on reducing cells
with Ph chromosome. The following three
therapeutic methods are available to reduce
these cells: (1) hematopoietic stem cell trans-
plantation, (2) interferon (IFN) therapy, and
(3) therapy with imatinib mesilate, which has
recently become available in Japan.

Interferon Therapy for Chronic
Myeloid Leukemia

IFN normalizes leucocytosis and spleno-
megaly in most patients with CML. This is
called a hematological response and achieved
in 80 to 90% of patients with IFN. The effect of

Table 1 Decision Criteria for IFN Effect for Chromic Myeloid Leukemia

• Hematological response • Cytogenetic effect
Complete hematological response (CHR) Ph1 positive rate

Normal leukocyte count CCR 0%
Elimination of juvenile granulocytes PCR�35%
Platelet count�450,000 MCR 35 to 94%
Elimination of clinical symptoms, such as splenomegaly NR 95 to 100%

Partial hematological response (PHR)
Leukocyte count of 50% or lower of pretreatment level,

and of fewer than 20,000
Normal leukocyte count, but with residual immature

granulocytes
Persistent splenomegaly
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on this score, CML patients are classified into
three groups of low, intermediate, and high
risk: the five-year survival rate of these groups
is 76%, 55%, and 25%, respectively. This indi-
cates that long-term survival cannot be expected
from the IFN therapy in the high-risk group.
Another index to classify the risk of CML is
the Sokal score obtained by analyzing survival
results by busulfan therapy before IFN was
introduced. The Sokal score is the same as the
Euro score except that it does not include the
eosinophilic and basophilic counts. The Sokal

score has also demonstrated that the low-risk
group would achieve prolonged survival with
IFN therapy.

Practice of Interferon Therapy for
Chronic Myeloid Leukemia Patients

Usually, patients with chronic phase CML
are treated with self-injection of 3 to 6 million
units of IFN. The adverse effects of therapy
include fever, chills, headache, myalgia, general
malaise, anorexia, nausea, vomiting, and diar-
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Fig. 1 IFN therapy for CML: survival by cytogenetic effect
(Kantarjian, H.M. et al.: J Clin Oncol 1999; 17(1): 284–292)

Table 2 Prognostic Score of IFN Therapy for Chronic Myeloid Leukemia (Euro score)

• Prognostic score
�{0.6666�age*�0.0420�spleen size (cm)

�0.0584�blast (%)�0.0413�eosinophil (%)�0.2039�basophil**
�1.0956�platelet count***}�1,000

*: age: less than 50 years�0, 50 years or older�1
**: basophil: less than 3% of peripheral blood basophil�0, 3% or higher�1
***: Platelet count: less than 1.5 million�0, 1.5 million or higher�1

Prognostic score 5-year survival

Low risk 780 or lower 76%
Intermediate risk 780 to 1,480 55%
High risk 1,481 or higher 25%
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rhea. These adverse effects are often resolved
by continuing the IFN therapy and can often be
overcome with drugs such as antipyretics.

It is considered important to continuously
administer the maximed tolerable dose of IFN
to maximize the therapeutic effect of IFN ther-
apy for CML. Higher cytogenetic effects can be
expected from therapy if one avoids reducing
doses or lengthening the intervals between
administration (which one might be tempted to
do in the presence adverse effects such as fever,
malaise, and anorexia). It is therefore essential
to inform the patients fully about CML and
make them fully understand the significance of
IFN therapy. We have used the survival curve
in Figure 1 to help the patients understand the
fact that the cytogenetic effect produced by
IFN prolongs survival.

Clinically important adverse effects of IFN
include psychological and nervous symptoms
including depression. Particular attention
should be paid to patients who have depressive
tendencies before starting IFN therapy, be-
cause IFN may cause severe depression leading
to a suicide attempt.

Self-injection of IFN reduces leucocytes to
the normal level, eliminates splenomegaly and
other clinical symptoms, and improves hemato-
logical status by bringing the platelet count to
normal. This complete hematological response
is achieved in 80 to 90% of chronic phase CML
patients treated with IFN. It is considered that
failure to achieve such a response indicates
difficulty in achieving a cytogenetic response.
Therefore, IFN therapy should be stopped if no
complete hematological response is achieved
6 and 12 months after IFN therapy has started.
Our experience shows that no cytogenetic
response can be expected unless the leucocyte
count falls below 5,000/�l (Table 3). However,
reducing the leucocyte count to less than
5,000/�l may reduce platelets or hemoglobin
as well, preventing patients from continuing
IFN therapy. IFN therapy should be continued
for at least one year. If bone marrow examina-
tion one year after therapy was started shows a
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reduction in Ph chromosome-positive cells,
MCR may be achieved by continuing the
therapy even if MCR has not been achieved at
the time of examination.

Combination Therapy with Interferon
and Other Agents for Chronic
Myeloid Leukemia

Combination therapy of IFN with cytarabine
has been reported to increase the cytogenetic
response of IFN by about 10%.1) However, it is
difficult to perform combination treatment in
Japan because self-injected cytarabine is not
available. An oral preparation of cytarabine,
cytarabine ocfosfate, is available in Japan, but
the combination of IFN and this preparation
has been reported in a few cases of CML, and
the combined effect remains unclear.

A study from the M.D. Anderson Cancer
Center has reported combination therapy with
IFN and GM-CSF for CML.4)

Imatinib mesylate, a tyrosine kinase inhibi-
tor active for the BCR/ABL fusion gene, has
been reported to provide higher efficacy for
CML than IFN.5) Although it provides higher
efficacy than IFN during the early stage, it is
feared that it may induce early resistance
because of its simple structure. To overcome
the resistance, a trial on the combination of
IFN and imatinib mesylate is now underway
in the U.S. It should be noted that long-acting
PEG interferon, which is approved only for
type C hepatitis in Japan, is being used in that
trial.

Table 3 Relationship between Leukocyte Count and
Cytogenetic Effect

Leukocyte CCR�PCR NR

5,000� 12/24 (50%) 5/24 (20%)
5,000� 0 7/24 (30%)

p�0.046
(Derived from results in Department of Hematology,
Tokyo Women’s Medical University)



JMAJ, January 2004—Vol. 47, No. 1 17

INTERFERON THERAPY FOR LEUKEMIA

Interferon Therapy for Hairy Cell
Leukemia

HCL is characterized by the development of
cells with many hairy cytoplasmic projections.
Since it becomes chronic, it is classified as a
chronic leukemia. Typical hairy cells in Western
countries are positive for tartrate-resistant acid
phosphatase staining. There is a subtype called
“Japanese type HCL”, and its hairy cells show
only weak tartrate-resistant acid phosphatase
staining. Both types of HCL often cause
splenomegaly.

HCL is treated with IFN therapy, splenec-
tomy, and purine analogues. Recently, the effi-
cacy of anti-CD20 antibody, rituximab, has
been reported. The standard therapy for HCL
should be started with splenectomy and, if the
disease progresses, treatment with IFN or purine
analogues should be considered.

The IFN therapy for HCL is based on the
administration of 3 to 5 million units/day of
IFN-� consecutively 3 times a week. The re-
sponse rate of this therapy ranges from 50 to
90%.6) Treatment with IFN improves blood
cell abnormalities and reduces splenomegaly.
Smaller doses of 0.2 to 0.6 million units of IFN
will reduce the adverse effects, but will also
reduce the efficacy rate. It is generally con-
sidered that the efficacy of IFN therapy for

Japanese type HCL is lower than that for the
European/American type.
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