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Allogeneic stem cell transplant from a HLA-identi-
cal sibling has become one of the standard treatment
options for patients with hematologic malignancies.
However, it is usually offered to patients who are under
60 years old and without underlying organ dysfunc-
tions. Recently non-myeloablative conditioning regi-
mens containing purine analogs (e.g., fludarabine) have
been described for allogeneic stem cell transplant by
more than a few groups [1�3]. Their reports have shown
that regimen-related toxicities (RRT) were very mild
and engraftment of allogeneic graft has been achieved
consistently. We have performed non-myeloablative
allogeneic peripheral blood stem cell transplant using
another purine analogue, 2-chlorodeoxyadenosine
(Cladribine; 2-CdA), busulfan, and anti-thymocyte
globulin (ATG) for a patient with underlying liver dys-
function.

CASE REPORT
A 50-year-old Japanese male was diagnosed as

myelodysplastic syndrome, refractory anemia (MDS;
RA) in April 1998. Peripheral blood counts at diagnosis
were as follows: white blood cell count 2.0 x 109/L; he-
moglobin 6.6 g/dL; platelet count 529 x 109/L. Bone
marrow aspiration showed hypercellular marrow with
trilineage dysplasia without excess of blasts, which was
compatible with the diagnosis. Early in 1999, patient
became transfusion-dependent requiring 1 unit of
packed red blood cell (pRBC) transfusion per week to
maintain hemoglobin above 6 g/dL. He gradually de-
veloped liver enzyme abnormalities most likely second-
ary to hemochromatosis in the liver with transaminase
elevations (GOT 145 U/L, normal range below 33 U/L;
GPT 281 U/L, normal range below 28 U/L). In August
1999, excess of blasts (8%) was detected in the bone
marrow aspiration smear for the first time. At that time
the disease may have been developing into refractory
anemia with excess of blasts (RAEB). In early Sep-
tember, bone marrow aspiration was repeated, which
showed an aplastic picture without excess of blasts. In
September 1999, patient was admitted to our hospital
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Non-myeloablative conditioning regimens for allogeneic stem cell transplant have become popular recently. With
non-myeloablative conditioning, regimen-related toxicities (RRT) are mild and engraftment of allogeneic graft can
be achieved consistently. We performed non-myeloablative allogeneic peripheral blood stem cell transplant using
2-chlorodeoxyadenosine (Cladribine; 2-CdA), busulfan, and anti-thymocyte globulin (ATG) for a patient with
myelodysplastic syndrome (MDS). He also had hemochromatosis in the liver due to blood transfusions. His post-
transplant clinical course was uncomplicated. Non-myeloablative conditioning regimen containing 2-CdA facilitates
engraftment with minimal toxicity.
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Â ïîñëåäíåå âðåìÿ ïðè òðàíñïëàíòàöèè àëëîãåííûõ ñòâîëîâûõ êëåòîê âñå ÷àùå èñïîëüçóþò íåìèåëîàáëàòèâíûå
ðåæèìû êîíäèöèîíèðîâàíèÿ. Âîçíèêàþùàÿ ïðè ýòîì òîêñè÷íîñòü ÿâëÿåòñÿ óìåðåííîé, è ïî÷òè âñåãäà ìîæåò áûòü
äîñòèãíóòî ïðèæèâëåíèå àëëîãåííîãî òðàíñïëàíòàòà. Àâòîðû ïðîâåëè íåìèåëîàáëàòèâíóþ òðàíñïëàíòàöèþ àëëî-
ãåííûõ ñòâîëîâûõ êëåòîê èç ïåðèôåðè÷åñêîé êðîâè ó áîëüíîãî ñ ìèåëîäèñïëàñòè÷åñêèì ñèíäðîìîì, èñïîëüçóÿ ïðè
ýòîì 2-õëîðäåçîêñèàäåíîçèí (êëàäðèáèí), áóñóëüôàí è àíòèòèìîöèòàðíûé ãëîáóëèí. Ïîñòòðàíñïëàíòàöèîííûé
ïåðèîä ïðîòåêàë áåç îñëîæíåíèé. Àâòîðû ïîëàãàþò, ÷òî íåìèåëîàáëàòèâíûé ðåæèì êîíäèöèîíèðîâàíèÿ ñ âêëþ÷å-
íèåì êëàäðèáèíà ñïîñîáñòâóåò ïðèæèâëåíèþ òðàíñïëàíòàòà è ñîïðîâîæäàåòñÿ ìèíèìàëüíîé òîêñè÷íîñòüþ.
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to receive allogeneic stem cell transplant from an HLA-
matched sister. Because of his liver dysfunction, we
decided to apply non-myeloablative conditioning regi-
men for his transplant, using 2-CdA (Janssen-Kyowa,
Tokyo, Japan), busulfan, and rabbit ATG (Thymoglob-
ulin, Roune-Poulanc-Roler). The conditioning regimen
consisted of 2-CdA for 6 consecutive days
(0.11 mg/kg/day from day � 10 to � 5, 2-h intrave-
nous infusion on each day), oral busulfan for 2 days
(4 mg/kg/day on day � 6 and � 5), and rabbit ATG for
4 days (2.5 mg/kg/day from day � 4 to � 1) (Fig. 1).

day 1 post-transplant. Neutrophil count recovered
above 500 /mm3 on day 14 with intravenous G-CSF
administration post-transplant started on day 6 (Fig. 2).
Various number of tandem repeats (VNTR)-polymerase
chain reaction (PCR) and fluorescent in situ hybridiza-
tion (FISH) were performed on day 14, 21 and 28 de-
monstrating complete donor chimerism by day 21. The
patient had no systemic infections. Only the transient
fever related to catheter infection has been observed.
Transaminases went up slightly (GOT and GPT were
101 U/L and 329 U/L, respectively, 4 days after trans-
plant), having gone down soon afterwards. Once cy-
tomegalovirus antigenemia was found out, for which
systemic ganciclovir was administered. Mild nausea was
observed during the conditioning regimen. Oral intake
was maintained throughout the transplant course. The
patient was discharged on day 58 without any evidence
of disease.

DISCUSSION
Graft-versus-leukemia (GVL) effect has been de-

scribed recently. The best documentation of this effect
is seen in cases of relapsed chronic myelogenous leu-
kemia (CML). The infusion of donor lymphocytes can
re-induce remissions in many patients who had re-
lapsed diseases [4]. It has been pointed out that the
anti-tumor activity of allogeneic stem cell transplanta-
tion may also be more related to the GVL effect rather
than the cytotoxic effect of the conditioning regimens
[5]. According to this theory, it may not be necessary to
administer intensive conditioning regimens for success-
ful allogeneic stem cell transplantation. The purpose of
the conditioning regimen is considered to be immuno-
suppressive as to ensure the engraftment of donor cells
rather than bone marrow ablation. Based on this idea,
more than a few groups have reported non-myeloab-

Fig. 1. Conditioning regimen for PBSC using cladribine, busul-
fan or rabbit ATG

Fig. 2. Dynamics of hematological data in post-transplant period

Peripheral blood stem cells (PBSC) were collected from
HLA-A, -B, -C and DR-matched sister after adminis-
tration of granulocyte-colony stimulating factor (G-
CSF) 5mg/kg/day twice a day subcutaneously for 4 con-
secutive days. Prophylaxis against graft-versus-host
disease (GvHD) included cyclosporine A (CSA)
3.0 mg/kg/day by continuous intravenous infusion start-
ing on day -1, and methotrexate (MTX), 10 mg/m2 on
day 1, 7 mg/m2 on days 3 and 6) intravenous injec-
tions. Patient was infused with 6.1 x 106/kg CD34+ cells.
Post-transplant clinical course was uneventful. He was
feeling so well that he could walk around the ward on
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lative conditioning regimens for allogeneic stem cell
transplantation [1�3]. Slavin et al. [2] used fludarabine
for 6 consecutive days (30 mg/m2/day from day � 10
to � 5), oral busulfan for 2 days (4 mg/kg/day on
days � 6 and � 5), and horse ATG for 4 consecutive
days (10 mg/m2/day from day � 4 to � 1). The repor-
ted result of this group is excellent, achieving 21/26 of
complete remission in 14 months of follow-up. Giralt
et al. [1] reported M.D. Anderson�s regimen using flu-
darabine 30 mg/m2/day for 4 consecutive days, Ara-C
2g/m2/day for 4 consecutive days, idarubicin
12 mg/m2/day for 3 consecutive days. These results
have shown that engraftment can be achieved with non-
myeloablative conditioning using fludarabine with mi-
nimal or very little RRT.

2-CdA and fludarabine are purine nucleoside ana-
logues with cytotoxic activity against both resting and
proliferating cells. Many clinical studies using 2-CdA
have reported its anti-tumor activity against various
hematologic malignancies. Although 2-CdA and flu-
darabine share structural similarities, their plasma phar-
macology, metabolism, and mechanisms of action dif-
fer significantly [6]. Previously, M.D.Anderson�s group
used 2-CdA combined either with melphalan or with
Ara-C and idarubicin. At that time, the dose of 2-CdA
(12 mg/m2/day) was significantly higher than that of our
protocol. These protocols were subsequently closed
because of the excess of toxicity. The dose of 2-CdA
may have been inappropriately high in their protocol.

In this report we have demonstrated that non-my-
eloablative allogeneic peripheral blood stem cell trans-
plant using 2-CdA, busulfan, and ATG can achieve en-
graftment safely without severe RRT. The reason we
have used current dose and current method of admi-
nistration of 2-CdA is based on the information obtained
through hairy cell leukemia phase I trial [7]. We have
chosen 2-hour infusion rather than continuous infusion
for convenience. Majority of non-myeloablative condi-
tioning regimens so far contains fludarabine. We have
shown that 2-CdA with current dose and current meth-
od of administration can safely substitute fludarabine in
this context. Compared to fludarabine, 2-CdA may be
more immunosuppressive, cytotoxic, and myelosuppres-
sive. However, 2-CdA containing regimens are certain-
ly less toxic compared to usual myeloablative regimens.

We do not yet know whether this dose of 2-CdA is op-
timal. Furthermore, we do not know whether 2-CdA dose
in our protocol is equivalent to that of fludarabine in sim-
ilar protocols. As discussed above, 2-CdA is more im-
munosuppressive than fludarabine, so it may be possi-
ble to reduce the dose of 2-CdA without losing the en-
graftment-facilitating activity of the regimen. Further
studies are warranted using 2-CdA in the context of non-
myeloablative conditioning regimens.
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