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ABSTRACT

Background. Allogeneic bone marrow transplantation (BMT)
or peripheral blood stem cell transplantation remains the only
modality of treatment that can eradicate a leukaemia clone in the
majority of patients with chronic myeloid leukaemia (CML).
However, the advent of the targeted molecule imatinib mesylate
(formerly STI-571) against the bcr–abl chimeric protein in the
disease has brought the issue of managing newly diagnosed CML
patients, especially those with available donors, to the crossroads.
Although the curative potential of this agent remains unknown,
it can produce complete cytogenetic response in >60% of
newly diagnosed patients.

Methods. From May 1991 to October 2002, a total of
55 Ph+ CML-chronic phase patients received oral busulphan
16 mg/kg and cyclophosphamide 120 mg/kg i.v. as a condition-
ing regimen. All patients received human leucocyte antigen
(HLA)-identical sibling donor haematopoietic stem cells—bone
marrow in 41 patients (74.5%) and peripheral blood stem cells
in 14 (25.4%). Post-transplant prophylaxis for graft-versus-host
disease included a short course of methotrexate (on days +1,
+3, +6 and +11) and cyclosporin till day +180 in 38 patients
(69.1%), while a combination of cyclosporin and methylpred-
nisolone was used in the remaining 17 (29%).

Results.     At a median follow up of 48 months (10–144
months), 26 patients (47.3%) are alive. Early mortality (100-
day) occurred in 17 patients (30.9%). Acute graft-versus-host
disease developed in 37 patients (67.3%), and was grade IV in
6 of them. Chronic graft-versus-host disease developed in 17
patients (30.9%). Relapse occurred in only 2 patients (3.6%)
till date. The leukaemia-free survival is 64.3% in the peripheral
stem cell group, whereas it is 41.5% in the bone marrow
recipient group.

Conclusion. Allogeneic BMT appears to result in eradication
of CML and ensure disease-free survival in about half the patients.
However, efforts should be made to prevent graft-versus-host
disease and minimize early mortality.

Natl Med J India 2004;17:71–3
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INTRODUCTION
Chronic myeloid leukaemia (CML) is a clonal disorder character-
ized by the presence of a non-random cytogenetic abnormality of
the Philadelphia chromosome, t(9;22), in which the chimeric
oncoprotein bcr–abl plays an important role in the pathogenesis of
the disease.1 Data accumulated over the past two decades have
shown that only an allogeneic haematopoietic stem cell transplan-
tation (HSCT) has the ability to eradicate the leukaemia clone
following high-dose chemotherapy with or without total body
irradiation and graft-versus-leukaemia effect.2–5 However, the
most important hurdle in this setting is the early mortality that
results from regimen-related toxicity and graft-versus-host dis-
ease (GVHD), and abrogation of acute GVHD with in vitro T cell
depletion leading to a higher incidence of relapse.4,6 Attempts are
on to minimize early mortality with reduced-intensity condition-
ing regimens but their wider application has not been evaluated till
date.7,8 The availability of the targeted molecule, imatinib mesylate
seems to have pushed HSCT into the background.9

We report the results of 55 Ph+ CML-chronic phase (CP)
patients who received human leucocyte antigen (HLA)-matched
sibling stem cell transplantation.

PATIENTS AND METHODS
The study group consisted of 55 patients in the first CP who
received HSCT between May 1991 and October 2002 at our
centre. Written, informed consent was obtained from each patient
and from the legal guardian in case of minors. The patient
characteristics are shown in Table I. In the majority, HLA typing
was done by serology and molecular typing was performed in only
a few cases.
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TABLE I. Patient characteristics (n=55)

Mean age (years) 30 (6–44)
M: F 40:15
Time from diagnosis to transplant
<12 months 39
>12 months 16
Donors
Male-to-male 26 (47.3)
Male-to-female 10 (18.2)
Female-to-male 12 (21.8)
Female-to-female 7 (12.7)
Stem cell source
Bone marrow 41 (74.5)
Peripheral blood 14 (25.5)
Median (range) mononuclear cell count (×108/kg) 3.88 (2.25–8.70)

Values in parentheses are percentages
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All patients received conditioning with oral busulphan 16 mg/kg
on 4 days in 16 doses (day –7 to day –4) and cyclophosphamide
120 mg/kg i.v. on 2 days (day –3 and day –2). The uroprotector
mesna was given at a dose that was 200% of the cyclophospha-
mide dose. Intravenous hydration (3 L/m2) with alkalinization was
maintained throughout this period. All patients received pheny-
toin during conditioning to prevent seizures.

Thirty-eight patients received cyclosporin, 3 mg/kg/day i.v. in
two divided doses from day –1 and were later switched over to 12.5
mg/kg/day orally and short course methotrexate (15 mg/m2 i.v. on
day +1 and 10 mg/m2 i.v. on days +3, +6 and +11) as prophylaxis
for GVHD. The remaining 17 patients received cyclosporin in the
same dose and methylprednisolone 0.5 mg/kg/day for 28 days (0.5
mg/kg from day +5 till day +35). The dose of cyclosporin was
tapered (5%–10% every week) from day +60 if acute GVHD was
absent and stopped on day +180. Standard criteria were used for
grading acute and chronic GVHD. Acute GVHD was treated with
standard (2 mg/kg/day) or high-dose (1 g/m2) methylprednisolone,
and extensive chronic GVHD with cyclosporin and prednisolone.

All patients were nursed in single HEPA filter rooms. The
antibiotic prophylaxis consisted of ciprofloxacin, antifungal pro-
phylaxis of fluconazole and antiviral prophylaxis of acyclovir. All
blood products were irradiated and later also leucodepleted before
infusion. Ganciclovir was used for prophylaxis against cytomega-
lovirus (CMV) in the past 3 years. Since the past 2 years, we have
started monitoring blood for CMV antigens by polymerase chain
reaction (PCR). Most patients received haematopoietic growth
factor beginning on day +1 which was continued until neutrophil
recovery (>500/ml for two consecutive days). The actuarial sur-
vival curves were obtained using the Kaplan–Meier product limit
estimates. The end-point for survival was the date on which the
patient was last contacted before July 2003.

RESULTS
Engraftment
Six patients died prematurely from sepsis and cytopenia before
day +35 and were not evaluable for engraftment. The median time
for engraftment was 18 days (12–31 days). The median time to
reach a sustained platelet count >20×109/L was 27 days (14–52
days). In 10 patients, the platelets did not reach this level and these
patients died early.

Toxicity of the conditioning regimen
The preparative regimen was generally well tolerated. Mild to
moderate nausea and vomiting were seen in 15 patients. Twenty
patients developed severe oral mucositis and 5 had haemorrhagic
cystitis with macroscopic haematuria. Clinical symptoms of veno-
occlusive disease (VOD) were present in 20 patients; in 16 it
resolved with conservative treatment and 4 died of severe VOD.

GVHD
Thirty-seven patients (67.3%) developed acute GVHD; grade II/
IV in 31 and grade IV in 6 patients. Chronic GVHD was observed
in 17 patients (30.9%); it was extensive in 4. Thirteen patients
(24%) died of acute GVHD in spite of treatment.

Survival
At a median follow up of 48 months, 26 patients (47.3%) are
currently leukaemia-free (Fig. 1). The results have also been
analysed according to the European Bone Marrow Transplanta-
tion Registry (EBMTR) risk factors (Fig. 2). The first 100-day
mortality due to non-engraftment, acute GVHD, infection or

hepatic VOD was 31.5% (30.9%). The 100-day mortality since
1999 has been only 10.5%. Survival in the marrow recipient group
was 41.5%; in the peripheral blood stem cell transplant (PBSCT)
group it was 64.3%. Although the rate of survival following
PBSCT appears to be better, the numbers are too small to draw a
definitive conclusion. None of the patients developed a second
malignancy or post-transplant lymphoproliferative disorder. Late
mortality occurred in 29%, mostly from opportunistic infections in
the presence of chronic GVHD.

Relapse
Primary disease activity was monitored with 3-monthly morpho-
logical marrow studies, conventional cytogenetics, bcr–abl fluo-
rescence in situ hybridization (FISH) probe (earlier, probe and D-
FISH; Vysis in later cases), bcr–abl by PCR during the first year,
every 4–6 months in the second and third years and every 9–12
months thereafter. Quantitative PCR was not available for moni-
toring minimal residual disease. Routine complete blood counts
and manual differential counts were done every month in the first
year and every 3 months thereafter.

Only 2 patients (3.6%) have relapsed so far; 1 with megakaryo-
blastic crisis 6 months post-transplant and the other with
haematological CP 5 years later. The patient with blast crisis died

FIG 1. Leukaemia-free survival estimated by the Kaplan–Meier curve

FIG 2. Leukaemia-free survival estimated using the European
Bone Marrow Transplantation (EBMT) risk factors at the time
of transplant.
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and the other is in complete cytogenetic remission following
imatinib therapy.

DISCUSSION
We have updated our results in the cohort of patients with CML-
CP who received a conditioning regimen of busulphan and
cyclophosphamide. In our earlier report we analysed the out-
come in the first 27 patients.10 In that study, the early mortality
was 37% and the 3-year leukaemia-free survival was 52%. The
current analysis includes 55 consecutive patients (including the
earlier reported patients) who received sibling donor allogeneic
transplants.

This analysis shows that our early mortality rate has reduced
markedly in recent years; since1999, the rate has come down to
10.5%. This appears to be due to the use of routine CMV
prophylaxis with ganciclovir, more patients receiving PBSCT and
our increasing experience. The long term survival has remained
the same with about half the patients remaining leukaemia-free at
a median of 48 months. This compares favourably with the results
of the Seattle group,3 the EBMTR study5 and the Vellore group.11

When analysed according to the EBMT risk scores, patients
with score 0 had an excellent outcome, although patients with
score 1 were expected to do better. This appears to be due to the
fatal outcome from severe GVHD. EBMT risk scoring has
become a valuable tool for discussing the issues of allogeneic
HSCT in CML.6 The relapse rate has been extremely low in our
cohort of patients; only 2 patients (3.6%) showed haematological
relapse. This could be due to the early mortality of some patients
destined to relapse. Both patients who relapsed had no evidence
of GVHD.

With the introduction of imatinib mesylate (formerly STI-571)
as a first-line drug in newly diagnosed Ph+/bcr–abl+ CML pa-
tients, the issue of treating these patients is being intensely
debated.11,12 However, one issue remains clear that only an alloge-
neic HSCT can produce a sustained Ph–/bcr–abl– status in a
majority of patients,3–6 whereas imatinib produces such remission
in very few patients.13 There is also the question of the quantity of
bcr–abl mRNA in a patient following an HSCT or imatinib
therapy.13 Whether the quantity of minimal residual disease in
patients receiving imatinib will produce a functional cure will be
answered only over a period of time.

What is the effective treatment for CML if a matched donor is
available? A consensus developed by a group of haematologists/
oncologists before the imatinib era recommended a detailed discus-
sion with the patient/family providing all the pros and cons of the
currently available therapeutic options and letting them decide.14

Currently, it is extremely difficult to adhere to these guidelines for
the management of a newly diagnosed patient with CML.15

The treatment options for newly diagnosed CML, especially in
younger patients, are imatinib mesylate and an allogeneic HSCT.15

The comparison appears somewhat unequal. Allogeneic HSCT is
feasible with a sibling or a voluntary matched unrelated donor in
only about 30% of newly diagnosed CML patients, whereas
imatinib can be used in all of them. A randomized trial of imatinib
versus allogeneic HSCT in patients with available donors will not
be easy, given the rarity of the disease and the difficulty in
convincing patients and families. The issue being debated at this
time is what will be the outcome of an allogeneic HSCT if patients
with available donors decide to receive imatinib until a failure
develops in the distant future (>18 months)! The Seattle and the

EBMTR data reported in the pre-imatinib era are unequivocal in
this regard; delay beyond 12–18 months leads to a significantly
inferior outcome.6,16 At present, our policy is to discuss all the
available treatment options with newly diagnosed patients and
allow them to decide. However, for younger patients (<20 years)
we emphasize that the current results following a sibling donor
HSCT favour a disease-free survival in >80% of patients.

In conclusion, sibling donor HSCT continues to cure at least
half of the CML-CP patients at our centre, but transplant-related
complications, both early and late, remain a matter of concern for
the other half. The treatment choice for newly diagnosed patients
with the disease is currently at the crossroads, the option being
between imatinib, an oral indefinite therapy and an allogeneic
HSCT. It will take many years before we fully understand the role
of imatinib in this disease; however, it will be of great help to
patients if this simple and highly effective drug can produce long
term survival (>10 years) in >80%–90% of patients.

REFERENCES
1 Deininger MW, Goldman JM, Melo JV. The molecular biology of chronic myeloid

leukemia. Blood 2000;96:3343–56.
2 Thomas ED, Clift RA, Fefer A, Appelbaum FR, Beatty P, Bensinger WI, et al. Marrow

transplantation for the treatment of chronic myelogenous leukemia. Ann Intern Med
1986;104:155–163.

3 Clift RA, Radich J, Appelbaum FR, Martin P, Flowers MED, Deeg HJ, et al. Long-
term follow-up of a randomized study comparing cyclophosphamide and total body
irradiation with busulfan and cyclophosphamide for patients receiving allogeneic
marrow transplants during chronic phase of chronic myeloid leukemia. Blood
1999;94:3960–2.

4 Goldman JM, Gale RP, Horowitz MM, Biggs JC, Champlin RE, Gluckman E, et al.
Bone marrow transplantation for chronic myelogenous leukemia in chronic case:
Increased risk for relapse associated with T-cell depletion. Ann Intern Med
1988;108:806–14.

5 Gratwohl A, Hermans J, Niederweiser D, Frassoni F, Arcese W, Gahrton G, et al. Bone
marrow transplantation for chronic myeloid leukemia: Long-term results. Chronic
Leukemia Working Party of the European Group for Bone Marrow Transplantation.
Bone Marrow Transplant 1993;12:509–16.

6 Gratwohl A, Hermans J, Goldman JM, Arcese W, Carreras E, Devergie A, et al. Risk
assessment for patients with chronic myeloid leukemia before allogeneic blood or
marrow transplantation. Chronic Leukemia Working Party of the European Group for
Blood and Marrow Transplantation. Lancet 1998;352:1087–92.

7 Or R, Shapira MY, Resnick I, Amar A, Ackerstein A, Samuel S, et al. Nonmyeloablative
allogeneic stem cell transplantation for the treatment of chronic myeloid leukemia in
first chronic phase. Blood 2003;101:441–5.

8 Das M, Saikia TK, Advani SH, Parikh PM, Tawde S. Use of a reduced-intensity
conditioning regimen for allogeneic transplantation in patients with chronic myeloid
leukemia. Bone Marrow Transplant 2003;32:125–9.

9 Giralt S, Sobocinski K, Horowitz MM. Impact of imatinib therapy on the use of
allogeneic hematopoietic stem cell transplant (HSCT) for the treatment of chronic
myelogenous leukemia (CML). Blood 2003;102:473a.

10 Saikia TK, Advani SH, Parikh PM, Bapna A, Somjee S, Mukhopadhyay A, et al.
Results of allogeneic bone marrow transplant in chronic myeloid leukemia following
conditioning with busulfan and cyclophosphamide. J Assoc Physicians India
1999;47:770–3.

11 Chandy M, Srivastava A, Dennison D, Mathews V, George B. Allogeneic bone marrow
transplantation in the developing world: Experience from a center in India. Bone
Marrow Transplant 2001;27:785–90.

12 O’Brien SG, Guilhot F, Larson RA, Gathmann I, Baccarani M, Cervantes F, et al.
Imatinib compared with interferon and low-dose cytarabine for newly-diagnosed
chronic-phase chronic myeloid leukemia. N Engl J Med 2003;348:994–1004.

13 Hughes T, Kaeda J, Branford S, Rudzki B, Hochhaus A, Goldman JM, et al. Molecular
response to imatinib (STI571) or interferon+Ara-C as initial therapy for CML: Results
in the IRIS study. Blood 2002;100:93a.

14 Silver RT, Woolf SH, Hehlmann R, Appelbaum FR, Anderson J, Bennett C, et al. An
evidence-based analysis of the effect of busulfan, hydroxyurea, interferon and allogeneic
bone marrow transplantation in treating the chronic phase of chronic myeloid leukemia:
Developed for the American Society of Hematology. Blood 1999;94:1517–36.

15 Goldman JM, Marin D, Olavarria E, Apperley JF. Clinical decisions for chronic
myeloid leukemia in the imatinib era. Semin Hematol (2 Suppl 2) 2003;40:98–103.

16 Hansen JA, Gooley TA, Martin PJ, Appelbaum F, Chauncey TR, Clift RA, et al. Bone
marrow transplants from unrelated donors for patients with chronic myeloid leukemia.
N Engl J Med 1998;338:962–8.


