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G-CSF treatment in acute leukemia

TO THE EDITOR

The articles by Terpstra and Löwenberg and Rowe and Lies-
veld briefly touched on the use of granulocyte colony-stimul-
ating factor (G-CSF) alone in the induction of remission in
relapsed patients with myeloid leukemia and myelodysplasia
following allogeneic bone marrow transplantation (BMT).1–2

Encouraging results obtained in a limited number of patients
and the changes observed at the cellular level during response
might not only make this approach a therapeutic option for
patients with leukemic relapse following BMT but also con-
tribute to a better understanding of the biology of this hetero-
geneous disorder.

A 3-year-old Caucasian female patient was diagnosed with
CALLA-positive, B precursor acute lymphoblastic leukemia
(ALL) with normal cytogenetics and was treated with chemo-
therapy between 1985 and 1989. In 1993 she had a systemic
relapse with a clonal cytogenetic abnormality [46,XX, der(3)
t(1;3;11) (p36;p11;p11), add(2)(q29), del(6)(q15), del(12)
(p12)]. At that time blast cells were CD19 and HLA-DR posi-
tive, CD10 negative and coexpressed myeloid markers (CD13
and CD33). She achieved and remained in remission with eto-
poside-containing chemotherapy until she was diagnosed
with acute myeloid leukemia (AML) in April 1996. Leukemic
cells carried the same cytogenetic abnormality, were Sudan
black positive, CD19 positive, CD10 negative and strongly
expressed myeloid markers. A fluorescence in situ hybridiz-
ation (FISH) analysis was negative for MLL gene rearrange-
ment.

Following remission induction and consolidation she had a
matched unrelated BMT from a male donor in September
1996, conditioned with busulphan, cytarabine and cyclophos-
phamide. Bone marrow recovery was of donor origin as con-
firmed by FISH using X and Y chromosome-specific probes.
She developed mild skin and gut graft-versus-host disease
(GVHD). However, the response was short-lived as she
experienced an early post-BMT relapse of recipient origin with
the same clonal cytogenetic abnormality and 46% blasts in
the bone marrow on day +100 in December 1996.

A second transplant and systemic chemotherapy were ref-
used and after discontinuing cyclosporine she was started on
G-CSF, 5 mg/kg/day subcutaneously, according to the report
by Giralt et al.3 A dramatic response was observed with
remission induction at the end of 3 weeks of treatment with
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the disappearance of the abnormal clone. FISH analysis of
bone marrow cells revealed 100% male cells and she con-
tinued to have mild gut GVHD.

She remained in complete clinical remission until May
1997 when she had an isolated left breast recurrence with
blast cells carrying the same, biphenotypic surface markers,
this time with additional CD10 positivity. Bone marrow cells
were shown to be of donor origin by FISH analysis. Breast
mass dramatically responded to dexamethasone treatment in
a week. The patient had a Karnofsky score of 100%, was
induced with chemotherapy and is being prepared for a
second transplant.

Several possible explanations have been proposed for G-
CSF-induced remission induction and durable remissions in
relapsed AML patients following allogeneic BMT.3 Both
decreased and increased levels of endogenous G-CSF have
been reported in AML.4 The decreased levels may represent
a negative feedback control mechanism or an inhibition of the
hemopoietic inductive microenvironment by the mediators
released from leukemic cells and may play a major role in the
suppression of the normal hemopoiesis. Given the hetero-
geneous nature of AML, it may be reasonable to think that
some patients with low G-CSF levels may benefit from phar-
macological doses of G-CSF. Once normal hemopoiesis is
established, suppression of malignant hemopoiesis by physi-
cal and biological means, by graft-versus-leukemia effect in
post-BMT cases, may ensue. In some patients with myelo-
dysplastic syndromes, G-CSF treatment has been shown to
produce a superior stimulatory effect for normal hemopoietic
cells resulting in the increase of normal neutrophils.5 Thus,
the selective or superior stimulation of donor hemopoiesis and
subsequent inhibition of malignant growth with or without
apoptosis-inducing effects of growth factor on the malignant
clone seems to be a plausible explanation in our case. A simi-
lar response has also been reported in a BCR-ABL-positive
ALL patient.6

An interesting aspect of our case is the isolated breast
relapse while the bone marrow is still of donor origin. This
can hypothetically be explained by the scarcity of donor cells
in the involved extramedullary tissue, in this case breast,
resulting in a lack of local anti-leukemia influence of the
donor cells as suggested previously by us.7 We think that
growth factor treatment alone or in combination with immu-
nostimulatory compounds may be an option for selected
relapsed leukemia patients following allogeneic BMT.
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Acute myeloid leukemia following 3M (mitoxantrone, mitomycin and methotrexate)
chemotherapy for advanced breast cancer

TO THE EDITOR

The risk of secondary acute myeloid leukemia (AML) among
subjects with breast cancer receiving standard-dose cyclopho-
sphamide and doxorubicin has been reported equivalent to
that of the general population.1 Recently an increased fre-
quency of therapy-related leukemias has been documented,
paralleling the more widespread use of dose-intensive ther-
apies and the longer survival of cancer patients.2

Alkylating agents3 or more recently, epidophyllotoxins-
related4 secondary AML have been described, but also
growth factors or different drug combinations seem to affect
cellular proliferation, especially in subjects with genetic
susceptibility.5

Because of the effectiveness of chemotherapeutic agents
such as topoisomerase II inhibitors (epidophyllotoxins, anthra-
cyclines and their derivates) it is important to define their leu-
kemogenic potential in patients with advanced diseases and
mainly in adjuvant regimens for early cancer.

We describe three cases of secondary AML observed in the
last year in our Institution, which occurred in women treated
with 3M (methotrexate, mitoxantrone, mitomycin) regimen for
advanced breast cancer.

Clinical and biologic features are described and the poss-
ible relationship between these drugs and the onset of acute
leukemia is discussed.

Three women with a history of advanced breast cancer
treated with mitoxantrone (8 mg/m2 intravenously every 3
weeks), mitomycin (8 mg/m2 intravenously every 6 weeks) and
methotrexate (30 mg/m2 intravenously every 3 weeks) (3M)
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were admitted in 1996 to our Department for acute leukemia.
Clinical characteristics of the patients are shown in Table 1.

Patient No. 1, a 44-year-old woman, was well until 4 years
earlier, when breast cancer occurred. She was treated with
radical surgery plus six courses of cyclophosphamide, metho-
trexate and 5-fluorouracil (CMF). One year after the initial
diagnosis, she had recurrence of the disease with bone metast-
ases and was treated with six courses of 3M followed by med-
roxyprogesteron acetate (MAP) and radiation therapy (RT) on
the bone lesions. About 6 months from the start of 3M a
decrease of white blood cells and platelets count was noted.
Eighteen months later she was admitted to our Department
because of a hemorrhagic syndrome: the bone marrow exam-
ination revealed AML M0 according to FAB criteria. The
patient died 4 days later.

Patient No. 2, a 60-year-old woman, had a history of breast
cancer treated with radical surgery at 50 years. Six years later,
bone metastases developed and she was treated with eight
courses of CMF and RT to lesions of the skeleton. At the age
of 58, the disease progressed and she was therefore treated
with seven courses of 3M followed by MAP. One year after
the end of the therapy, piastrinopenia and hemorrhagic syn-
drome occurred: bone marrow examination disclosed acute
promyelocytic leukemia. All-trans retinoic acid therapy was
started and at +10 months from diagnosis the patient is alive
and well.

Patient No. 3 was a 52-year-old woman. She was well until
10 years earlier when she underwent radical surgery and
breast RT for breast cancer. Thirty months before admission,
the patient received five courses of 3M followed by tamoxifen
for disease recurrence to skeleton and skin. After that a pro-
gressive anemia and leucopenia developed: bone marrow
examination revealed refractory anemia. Transfusional ther-
apy was prescribed. Two weeks before admission acute mon-
ocytic leukemia developed; the patient was treated with


