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BSTRACT

 

Background

 

Chronic myeloid leukemia can be
cured by marrow transplantation from an HLA-
identical sibling donor. The use of transplants from
unrelated donors is an option for the 70 percent of pa-
tients without an HLA-identical sibling, but the mor-
bidity and mortality associated with such transplants
have been cause for concern. We analyzed the safety
and efficacy of transplants from unrelated donors for
the treatment of chronic myeloid leukemia and iden-
tified variables that predict a favorable outcome.

 

Methods

 

Between May 1985 and December 1994,
196 patients with Philadelphia chromosome–posi-
tive chronic myeloid leukemia in chronic phase re-
ceived marrow transplants from unrelated donors.

 

Results

 

The median follow-up was 5 years (range,
1.2 to 10.1). Graft failure occurred in 5 percent of pa-
tients who could be evaluated. Acute graft-versus-
host disease of grade III or IV severity was observed
in 35 percent of patients who received HLA-matched
transplants, and the estimated cumulative incidence
of relapse at five years was 10 percent. The Kaplan–
Meier estimate of survival at five years was 57 per-
cent. Survival was adversely affected by an interval
from diagnosis to transplantation of one year or
more, an HLA-DRB1 mismatch, a high body-weight
index, and an age of more than 50 years. Survival
was improved by the prophylactic use of fluconazole
and ganciclovir. The Kaplan–Meier estimate of sur-
vival at five years was 74 percent (95 percent confi-
dence interval, 62 to 86 percent) for patients who
were 50 years of age or younger who received a
transplant from an HLA-matched donor within one
year after diagnosis.

 

Conclusions

 

Transplantation of marrow from an
HLA-matched, unrelated donor is safe and effective
therapy for selected patients with chronic myeloid
leukemia. (N Engl J Med 1998;338:962-8.)
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HRONIC myeloid leukemia can be cured
only by hematopoietic stem-cell transplan-
tation.

 

1,2

 

 Until recently this option was
largely limited to patients with an HLA-

identical sibling. The advent of national registries
has made it possible to identify HLA-matched, un-
related donors for an increasing number of patients.

 

3

 

Initial reports of the use of transplants from unrelat-
ed donors have shown that graft-versus-host disease
(GVHD) occurs more frequently and survival rates

C

 

are lower than expected, given the rates for trans-
plants from HLA-identical siblings.

 

4-9

 

 This report
describes our experience with transplants from unre-
lated donors in patients with chronic myeloid leuke-
mia in chronic phase and identifies variables affect-
ing survival.

 

METHODS

 

Study Patients and Donors

 

From May 1985 through December 1994, 196 patients with
Philadelphia chromosome–positive chronic myeloid leukemia in
chronic phase received a first transplant from an unrelated donor.
The diagnosis was confirmed by clinical examination and mor-
phologic and cytogenetic analysis of bone marrow immediately
before transplantation.

 

1

 

 All patients who underwent transplanta-
tion according to the protocol described below were included in
the analysis. The characteristics of the patients, donors, and grafts
are summarized in Table 1. The protocols and consent forms used
for these studies were approved by our institutional review board.
All patients provided written informed consent. All evaluations
were based on data available on December 1, 1997.

 

HLA Typing and Donor Matching

 

The analysis of HLA matching was based on typing for HLA-
A and B antigens by serologic methods and retrospective typing
for HLA-DRB1 alleles by DNA hybridization with sequence-
specific oligonucleotide probes.

 

11

 

 Donors were required to match
the recipient for the serologically defined HLA-A, B, and DR an-
tigens and demonstrate compatibility for HLA-Dw on the basis of
the mixed-lymphocyte-culture assay.

 

12

 

 In 1992, matching with the
mixed-lymphocyte-culture assay was replaced by typing with se-
quence-specific oligonucleotide probes for HLA-DRB1 alleles.

 

13,14

 

Patients who were 36 to 55 years of age were eligible for trans-
plantation only if a donor matched for HLA-A, B, and Dw or
DRB1 was available. A single minor mismatch of HLA-A, B, or
DRB1 was allowed for patients under 36 years of age who lacked
an HLA-matched donor.

 

15,16

 

 A pretransplantation lymphocyte
cross-matching test with patient serum and donor cells was neg-
ative in all cases.

 

Transplantation Procedures and Supportive Care

 

Before transplantation all patients followed a regimen that in-
cluded 60 mg of cyclophosphamide per kilogram of body weight
per day for two days and 1200 or 

 

�

 

1320 cGy of total-body irra-
diation, according to the HLA-matching status (Table 1). Donor
marrow was not depleted of  T cells. Cyclosporine and methotrex-
ate were given for GVHD prophylaxis.

 

17

 

 Trimethoprim and sulfa-
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methoxazole were given in standard doses for prophylaxis against

 

Pneumocystis carinii

 

 pneumonia. From December 1990 through
August 1994, all patients were placed in isolation in rooms with
laminar air flow and received oral nonabsorbable antibiotics for
the prevention of bacterial and fungal infection. After August
1994, patients were nursed in conventional private rooms sup-
plied with positive-pressure filtered air. Systemic antibiotics were
administered for the prevention of bacterial infection once the ab-
solute neutrophil count fell below 500 per cubic millimeter.

Patients who were seronegative for cytomegalovirus received
blood products from donors who were seronegative for cytomeg-
alovirus or leukocyte-depleted blood products from seropositive
donors. From November 16, 1990, through August 8, 1991, pa-
tients who were seropositive for cytomegalovirus were randomly
assigned to receive ganciclovir or placebo at the time of engraft-
ment for the prevention of cytomegalovirus disease.

 

18

 

 After Au-
gust 8, 1991, such patients received ganciclovir as soon as the ab-
solute neutrophil count exceeded 750 per cubic millimeter for
two days or as soon as cytomegalovirus antigenemia was detect-
ed.

 

19

 

 From July 1, 1990, through March 1, 1992, all patients were

randomly assigned to receive fluconazole or placebo beginning
before transplantation and continuing until day 75 after trans-
plantation for the prevention of fungal infection.

 

20

 

 After March
1, 1992, all patients received fluconazole prophylaxis.

 

Engraftment

 

Neutrophil engraftment was considered to have occurred on
the first of three consecutive days in which the absolute neutro-
phil count exceeded 500 per cubic millimeter. Platelet engraft-
ment was considered to have occurred on the first of seven con-
secutive days in which the platelet count exceeded 20,000 per
cubic millimeter without platelet transfusions. The presence of
donor cells was demonstrated by the detection of informative var-
iable-number tandem-repeat polymorphisms

 

21

 

 or by fluorescent
in situ hybridization with a Y-chromosome–specific probe in cas-
es of sex-mismatched transplants.

 

22

 

 The analysis of graft failure
was limited to patients who survived at least 28 days without re-
lapse of leukemia. Graft failure was defined as the failure to
achieve an absolute neutrophil count of more than 500 per cubic
millimeter for at least three consecutive days, a decrease in the ab-

 

*Because of rounding not all percentages total 100. CMV denotes cytomegalovirus.

†Body-weight index was calculated as actual body weight divided by ideal body weight

 

�

 

100 percent. Ideal body
weight was defined according to the criteria of Hathaway and Foard.

 

10

 

‡Values are the total numbers of nucleated cells.
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Age of patient — no. (%) HLA-matching status — no. (%)

 

0–10 yr
11–20 yr
21–30 yr
31–40 yr
41–50 yr

 

�

 

50 yr

 

Median age — yr (range)

 

Patients
Donors

 

Sex of patient and donor — no. (%)

 

Male/male
Male/female
Female/male
Female/female

 

Time from diagnosis to transplan-
tation — no. (%)

 

�

 

1 yr
1 to 2 yr

 

�

 

2 to 3 yr

 

�

 

3 to 4 yr

 

�

 

4 yr

 

Median time from diagnosis to trans-
plantation — yr (range)

Body-weight index of patient — 
no. (%)

 

†

90–110
111–125
126–140

 

�

 

140
Unknown

 

Donor history of pregnancy — no. (%)

 

None

 

�

 

1
Unknown

3 (2)
11 (6)
51 (26)
59 (30)
59 (30)
13 (7)

35 (6–55)
38 (19–58)

57 (29)
43 (22)
55 (28)
41 (21)

65 (33)
65 (33)
21 (11)
15 (8)
30 (15)

1.4 (1–14.6)

90 (46)
59 (30)
27 (14)
17 (9)

3 (2)

26 (31)
56 (67)

2 (2)

Matched for HLA-A, B, DRB1
Minor mismatch of HLA-A
Minor mismatch of HLA-B
Minor mismatch of HLA-DRB1
Minor mismatch of HLA-DRB1 and 

A or B

 

No. of marrow cells transplanted —

 

�

 

10

 

�

 

8

 

/kg of recipient’s body weight

 

‡

Median
Range
25th and 75th percentiles

 

Date of transplantation — no. (%)

 

1985–1988
1989–1990
1991–1992
1993–1994

 

CMV status of patient and donor — 
no. (%)

 

Seronegative/seronegative
Seronegative/seropositive
Seropositive/seronegative
Seropositive/seropositive

 

CMV-seronegative patients — no. (%)

 

No fluconazole
Fluconazole

 

CMV-seropositive patients — no. (%)

 

No ganciclovir or fluconazole
Ganciclovir or fluconazole
Ganciclovir, no fluconazole
Fluconazole, no ganciclovir

 

Dose of total-body irradiation — 
no. (%)

 

1200 cGy

 

�

 

1320 cGy

152 (78)
10 (5)

9 (5)
20 (10)

5 (3)

3.0
0.6–14.3
2.5, 3.9

14 (7)
58 (30)
64 (33)
60 (31)

82 (42)
23 (12)
53 (27)
38 (19)

50 (26)
55 (28)

33 (17)
49 (25)

8 (4)
1 (

 

�

 

1)

160 (82)
36 (18)

Copyright © 1998 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission. 



 

964

 

�

 

Apr i l  2,  1998

 

The New England Journal  of  Medicine

 

solute neutrophil count to below 200 per cubic millimeter for at
least three consecutive days after initial engraftment, or documen-
tation of the loss of donor cells by testing with use of informative
markers.

 

Graft-versus-Host Disease

 

Acute and chronic GVHD were diagnosed and graded accord-
ing to standard criteria.

 

23,24

 

 The probability of clinically extensive
chronic GVHD was evaluated in patients who survived for at least
80 days in clinical remission with sustained engraftment.

 

Relapse

 

Relapse was defined as clinical evidence of recurrent chronic
myeloid leukemia or the detection of a Philadelphia chromosome
on at least two occasions after day 50 in a patient with a normal
blood-cell differential count and bone marrow morphology. Mar-
row cytogenetic studies were scheduled on days 28, 56, and 84
and then 6, 12, 18, and 24 months after transplantation.

 

Karnofsky Performance Scores

 

The Karnofsky Performance Scale was used to assess the func-
tional capacity of surviving patients at one-year intervals. Scores
were analyzed for all assessments made within three months be-
fore or after each yearly anniversary.

 

Statistical Analysis

 

Cox regression analysis was used to determine the effect of vari-
ous variables on the end points granulocyte and platelet recovery,
acute GVHD of grade III or IV, clinically extensive chronic GVHD,
and survival. The variables examined for association with these
end points are shown in Table 1. For the purposes of analysis, the
patient’s age and the interval from diagnosis to transplantation
were treated as categorical variables. Categories for relevant vari-
ables were assigned before the data were analyzed but were
broadened if the data suggested that the results were similar with-
in subcategories. Values for the number of marrow cells trans-
planted were log-transformed to accommodate extreme upper out-
liers and then analyzed as a continuous variable. Fluconazole use,
ganciclovir use, and cytomegalovirus status were highly correlated
and were therefore combined to create a variable with four cate-
gories. Because there were relatively few patients with mismatches
at the HLA-A or B locus, HLA-matching status was categorized
as being identical for HLA-A, B, and DRB1, involving a minor
mismatch of HLA-A or B, or involving a minor mismatch of
HLA-DRB1. 

Cumulative-incidence estimates

 

25

 

 were used for GVHD and re-
lapse, and survival was estimated according to the method of
Kaplan and Meier.

 

26

 

 Death without GVHD and relapse, respec-
tively, was considered a competing risk factor for GVHD and re-
lapse, as was relapse for the end points related to GVHD. Multi-
variable regression models included only variables for which the
association with the clinical outcome was significant at the 0.05
level, and data on patients who did not reach an end point were
censored at the time of either last contact or failure due to a com-
peting risk factor. Two-sided P values from regression models
were derived from the Wald test without adjustment for multiple
comparisons. A P value 

 

�

 

0.05 and 

 

�

 

0.01 was therefore consid-
ered suggestive rather than conclusive evidence of an association.

 

RESULTS

 

Engraftment

 

Four patients died before day 28 after transplan-
tation, leaving 192 patients who could be evaluat-
ed. Graft failure occurred in 10 patients (5 percent)
(Table 2) and included 6 cases of primary graft
failure. Three of the 10 patients with graft failure
died: 2 on days 40 and 51 from complications of

pancytopenia, and 1 on day 1736 with recurrent leu-
kemia. Of the seven patients who survived despite
failure of engraftment, two had recovery of autolo-
gous hematopoiesis, with recurrent chronic myeloid
leukemia, and five underwent a second transplan-
tation. In four of these five patients the second
transplant engrafted, and at the most recent follow-
up visit, they remained in remission 971, 1196,
1230, and 2168 days after the first transplantation.
A logistic-regression analysis suggested that patients
who received fewer marrow cells were more likely to
have graft failure than those who received a large
number of marrow cells (modeled as a continuous
variable and adjusted for the recipient’s body weight)
(P

 

�

 

0.03; relative risk, 4.9 for each decrement of
log

 

10

 

 [1.0

 

�

 

10

 

8

 

 cells per kilogram]).
The median time to neutrophil recovery was 22

days (range, 14 to 51). Neutrophil recovery oc-
curred earlier in patients who received a larger num-

 

*Kaplan–Meier estimates of overall survival one, three,
and five years after transplantation, as of December 1, 1997,
are shown. CI denotes confidence interval. 

†The incidence of graft failure is shown for patients who
survived at least 28 days.

‡The value in parentheses is the cumulative-incidence es-
timate of relapse five years after transplantation among all
196 patients.

§Death was not related to leukemia. The value in paren-
theses is the cumulative-incidence estimate of death without
relapse three years after transplantation.
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OF
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URVIVAL

 

, G

 

RAFT FAILURE, 
RELAPSE, AND DEATH WITHOUT RELAPSE IN PATIENTS 
WHO UNDERWENT TRANSPLANTATION FOR CHRONIC 

MYELOID LEUKEMIA IN CHRONIC PHASE.

VARIABLE VALUE

Survival — % (95% CI)*

1 yr 67 (61–74)
3 yr 61 (59–67)
5 yr 57 (49–64)
Length of follow-up among 

survivors — days
Median
Range

1828
451–3690

Graft failure†

No. of patients (%) 10 (5)
No. surviving graft failure 7
No. surviving disease-free 4

Relapse

No. of patients (%)‡ 15 (10)
Time to relapse — days 

Median
Range

253
39–1090

No. surviving in relapse 8
No. surviving disease-free 4

Death without relapse

No. of patients (%)§ 76 (44)
Time to death — days

Median
Range

142
13–2590
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ber of marrow cells (P�0.05; relative risk, 1.5 for
each increment of log10 [1.0�108 cells per kilo-
gram]). The median time to platelet recovery was 22
days (range, 5 to 170). The time to platelet recovery
was longer in patients who received HLA-DRB1–
mismatched transplants than in those who received
fully matched transplants (relative risk, 0.5; 95 per-
cent confidence interval, 0.3 to 0.8; P�0.007), and
patients who received a larger number of marrow
cells were more likely to have platelet recovery (P�
0.002; relative risk, 1.9 for each increment of log10

[1.0�108 cells per kilogram]).

Graft-versus-Host Disease

The incidence of acute GVHD of grade II to IV
was 77 percent among patients who received trans-
plants matched for HLA-A, B, and DRB1; 89 per-
cent among those with a minor mismatch of HLA-
A or B; and 95 percent among those with a minor
mismatch of HLA-DRB1. The respective incidence
of severe acute GVHD of grade III or IV was 35,
37, and 50 percent in these groups. The cause-spe-
cific risk of acute GVHD was not significantly asso-
ciated with the patient’s age, the donor’s age, the
time from diagnosis to transplantation, or the num-
ber of marrow cells transplanted. The association of
the sex of patient–donor pairs with the risk of acute
GVHD differed according to the extent of the HLA
matching (P�0.003). Among fully matched pairs,
male patients who received a marrow graft from a fe-
male donor had a higher risk than all other patient–
donor pairs (relative risk, 2.5; 95 percent confidence
interval, 1.4 to 4.5; P�0.003). Among pairs with
HLA mismatches, GVHD was less likely to develop
among male patients than among female patients re-
gardless of the sex of the donor (relative risk, 0.3; 95
percent confidence interval, 0.1 to 0.7; P�0.01).

The cumulative-incidence estimate of clinically ex-
tensive chronic GVHD was 67 percent among the
161 patients who survived without relapse for at
least 80 days. The extent of the HLA matching had
no detectable association with the cause-specific risk
of clinically extensive chronic GVHD. Grafts from
women with a history of pregnancy were associated
with an increased risk of chronic GVHD as com-
pared with grafts from men (relative risk, 2.0; 95
percent confidence interval, 1.3 to 3.0; P�0.002).
Among 54 patients with clinically extensive chronic
GVHD who were still alive with complete follow-up
at three years, 19 (35 percent) had discontinued im-
munosuppressive therapy, and among 25 patients
who were still alive at five years, 14 (56 percent) had
discontinued immunosuppressive therapy.

Relapse

Clinical or cytogenetic relapse was detected be-
tween 39 and 1090 days (median, 253) after trans-
plantation in 15 patients, yielding a cumulative-inci-

dence estimate of 10 percent at 5 years (Table 2). At
the most recent follow-up visit, 8 of the 15 patients
(53 percent) were alive 315 to 1558 days after trans-
plantation, and 4 were in cytogenetic remission af-
ter discontinuing immunosuppressive therapy (1 pa-
tient), receiving treatment with interferon (2), or
undergoing a second transplantation (1).

Cause of Death

Three patients (2 percent) died from complica-
tions of graft failure, and seven patients (4 percent)
died from complications of recurrent chronic mye-
loid leukemia between 53 and 1736 days after trans-
plantation (median, 244). Seventy-six patients (39
percent) died without recurrent chronic myeloid
leukemia between 13 and 2590 days after transplan-
tation (median, 142). Death was associated most
frequently with treatment-resistant GVHD. Bacteri-
al infection contributed to 19 deaths, and fungal in-
fection (especially aspergillus) to 13. Cytomegalovi-
rus disease contributed to 10 deaths, but only 1 of
these occurred after 1992. Death was associated
with a lymphoproliferative syndrome in one patient.

Survival

The Kaplan–Meier estimate of survival at five
years was 57 percent (95 percent confidence inter-
val, 49 to 64 percent) (Table 2). The median dura-
tion of follow-up was 5 years (range, 1.2 to 10.1). A
multivariable analysis identified six factors associated
with a risk of death: extent of HLA matching, time
from diagnosis to transplantation, body-weight in-
dex, use of prophylaxis against cytomegalovirus, use
of prophylaxis against fungal infections, and age (Ta-
ble 3). Patients who were over 50 years of age had a
significantly higher risk of death than patients who
were 21 to 50 years of age (relative risk, 3.4; 95 per-
cent confidence interval, 1.6 to 7.4) (Fig. 1 and Ta-
ble 3).

Patients who were 50 years of age or younger who
received transplants matched for HLA-A, B, and
DRB1 within one year after diagnosis had a partic-
ularly good prognosis. In this subgroup of 51 pa-
tients, the probability of surviving five years was 74
percent (95 percent confidence interval, 62 to 86
percent) (Fig. 2). The administration of fluconazole
for fungal prophylaxis and the administration of
ganciclovir to cytomegalovirus-seropositive patients
at the time of engraftment or antigenemia increased
the probability of survival. After the institution of
routine prophylaxis with fluconazole and ganciclo-
vir, estimated survival in this group was 87 percent
at three years (30 patients; 95 percent confidence in-
terval, 74 to 99 percent).

Karnofsky Performance Scores

One year after transplantation, 36 percent of 119
patients who could be evaluated had a Karnofsky
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performance score of 100, 70 percent had a score of
90 or more, and 86 percent a score of 80 or more.
At three years, 50 percent of 46 patients who could
be evaluated had a Karnofsky performance score of
100, 76 percent a score of 90 or more, and 98 per-
cent a score of 80 or more.

DISCUSSION

This study, like others before it, demonstrates that
marrow transplantation from an HLA-matched un-
related donor can cure patients with chronic mye-
loid leukemia in chronic phase. Previous studies,
however, have reported that this approach has less
favorable results than transplantation from an HLA-
identical sibling, most likely because of the higher
incidence of severe GVHD among recipients of mar-
row from unrelated donors.4-9 Nevertheless, we iden-

tified a group of patients whose survival compares
well with the results in patients who received a trans-
plant from an HLA-identical sibling. Among pa-
tients 50 years old or younger who received a graft
from an unrelated donor matched for HLA-A, B,
and DRB1 within one year after diagnosis, the esti-
mated survival was 74 percent at five years. The
probability of survival among patients with chronic
myeloid leukemia in chronic phase who receive mar-
row from an HLA-identical sibling at our center is
77 percent at five years if the transplantation is per-
formed within one year after diagnosis.27

Results of transplantation with marrow from un-
related donors for the treatment of chronic myeloid
leukemia have been analyzed in previous studies.
Direct comparisons are difficult for several reasons.
Selection bias can be introduced by center-specific

*This is the reference group.

†Body-weight index was modeled as a continuous variable, with incre-
ments of 25 percent.

‡CMV denotes cytomegalovirus.

§Patients in this category received ganciclovir at the time of initial en-
graftment or had ganciclovir available in the event of cytomegalovirus an-
tigenemia detected by weekly monitoring. Forty-nine of the 57 seropositive
patients in this category (86 percent) also received fluconazole as prophy-
laxis against fungal infection.

¶Patients in this category did not receive ganciclovir at the time of initial
engraftment and did not have ganciclovir available in the event of cytomeg-
alovirus antigenemia. Only 1 of the 34 seropositive patients in this category
(3 percent) received fluconazole as prophylaxis against fungal infection.

TABLE 3. MULTIVARIABLE ANALYSIS OF MORTALITY AMONG 
PATIENTS WHO RECEIVED A TRANSPLANT FROM AN UNRELATED 
DONOR FOR CHRONIC MYELOID LEUKEMIA IN CHRONIC PHASE.

VARIABLE

RELATIVE RISK

(95% CONFIDENCE

INTERVAL)
P

VALUE

Patient’s age

0–20 yr
21–50 yr*
�50 yr

0.9 (0.3–2.6)
1.0
3.4 (1.6–7.4)

0.84

0.002

HLA-matching status

Matched for HLA-A, B, DRB1*
Minor mismatch of HLA-A or B
Minor mismatch of HLA-DR

1.0
1.2 (0.6–2.5)
2.7 (1.4–5.2)

0.61
0.002

Time from diagnosis of disease to
transplantation

�1 yr*
1–3 yr
�3 yr

1.0
1.2 (0.7–2.0)
2.0 (1.1–3.8)

0.57
0.03

Body-weight index† 1.6 (1.2–2.2) 0.001

Seronegative for CMV‡

Fluconazole prophylaxis*
No fluconazole prophylaxis

1.0
2.2 (1.2–4.0) 0.02

Seropositive for CMV‡

Ganciclovir prophylaxis§
No ganciclovir prophylaxis¶

0.7 (0.4–1.4)
2.2 (1.2–4.3)

0.36
0.02

Figure 1. Probability of Survival in 152 Patients with Chronic
Myeloid Leukemia in Chronic Phase Who Received a Trans-
plant Matched for HLA-A, B, and DRB1 from an Unrelated Do-
nor, According to Age.
Tick marks represent patients alive at the last follow-up.
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Figure 2. Probability of Survival in 140 Patients with Chronic
Myeloid Leukemia in Chronic Phase Who Were �50 Years Old
and Received a Transplant Matched for HLA-A, B, and DRB1
from an Unrelated Donor, According to the Time from Diagno-
sis to Transplantation.
Tick marks represent patients alive at the last follow-up.
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eligibility criteria, and definitions of end points oth-
er than survival have not been standardized. Clinical
results might be affected by differences in treatment,
especially with regard to the pretransplantation con-
ditioning regimen, T-cell depletion of the marrow,
immunosuppression after transplantation, prophy-
laxis against infection, and other types of supportive
care. Moreover, the cumulative-incidence estimates
used in this study and the Kaplan–Meier estimates
used in previous studies to report outcomes such as
graft failure, GVHD, and relapse can yield numeri-
cally different results.

In our series, the incidence of graft failure was
higher than expected for patients with chronic mye-
loid leukemia in chronic phase who received a trans-
plant from an HLA-identical sibling.27 Graft failure
after marrow transplantation from an unrelated do-
nor has been more frequent among patients with
chronic myeloid leukemia than among patients with
acute leukemia.28 A previous study has shown that
incompatibility for class I HLA alleles, especially
HLA-C, increases the risk of graft failure.28

The 10 percent cumulative-incidence estimate of
clinical or cytogenetic relapse in this study may be
lower than the cumulative incidence of 15 to 20 per-
cent observed after transplantation from an HLA-
identical sibling.27 In the current analysis, there was
no detectable association between the donor’s sex or
the extent of HLA mismatching and the cause-spe-
cific risk of relapse, although the ability to detect
such an association was limited by the small number
of relapses.

The sex of the donor and the recipient and a his-
tory of pregnancy in donors were identified as risk
factors for acute and chronic GVHD in patients who
received transplants matched for HLA-A, B, and
DRB1 from unrelated donors. These same risk fac-
tors have also been reported for transplants from
HLA-identical siblings.29 The absence of any detect-
ably increased risk of GVHD in association with a
mismatch of HLA-A or B was unexpected in the
light of previous results showing that a single dispar-
ity in class I HLA alleles increased the risk of GVHD
after transplantation from HLA-haploidentical rela-
tives.30,31 We allowed a disparity of HLA-A or B only
within serologically cross-reactive groups of anti-
gens, a selection factor that could have limited the
risk of GVHD. The findings that recipients of trans-
plants mismatched for HLA-DRB1 are at increased
risk for acute GVHD and death are consistent with
those of a previous study.11

The age of the recipient appeared to be a signifi-
cant variable only for patients over 50 years of age,
although the number of patients in this group was
small. The overall survival of patients 21 to 36 years
of age and 37 to 50 years of age was very similar.
This finding argues that eligibility for transplanta-
tion should not be routinely limited to patients un-

der 35 or 40 years of age, as is the current practice
in some centers.

During the past decade, the results of marrow
transplantation have been improved by better sup-
portive care. For patients with chronic myeloid leu-
kemia, this improvement has in turn encouraged
transplantation earlier in the course of the disease.
Before the advent of ganciclovir as prophylaxis against
cytomegalovirus, seropositive patients had a high risk
of cytomegalovirus disease, which was frequently fa-
tal. The use of ganciclovir at the time of initial anti-
genemia early in the course of infection has dramat-
ically diminished the incidence of cytomegalovirus
disease and interstitial pneumonia.18,19 A random-
ized study likewise showed that prophylaxis with flu-
conazole decreases the risk of fungal infection and
improves survival.20

The duration of disease before transplantation was
identified as a predictor of survival in this study. The
importance of the time from diagnosis to transplan-
tation was initially recognized in patients with chron-
ic myeloid leukemia who received a transplant from
an HLA-identical sibling.1,32,33 This finding under-
scores the overall importance of planning treatment
and the need to conduct an efficient and timely
search for unrelated donors for patients who lack an
HLA-identical sibling. Although successful hemato-
poietic stem-cell transplantation remains the only
known cure for patients with chronic myeloid leuke-
mia, the use of interferon has produced clinical and
sometimes cytogenetic remission, which can delay
the progression of the disease and prolong surviv-
al.34-37 The choice between interferon therapy and
allogeneic stem-cell transplantation can be problem-
atic. Lee et al.38 used decision analytic techniques to
compare these options. Their results, based on qual-
ity-adjusted life-expectancy data, support the use of
early transplantation from unrelated donors for most
patients with chronic myeloid leukemia.

Our data on survival and relapse demonstrate that
the results of marrow transplantation from HLA-
matched, unrelated donors can be similar to those
for transplantation from HLA-identical siblings for
patients with chronic myeloid leukemia in chronic
phase. In the case of transplantation from unrelated
donors, the risk of acute GVHD can be minimized
in male patients by the use of an HLA-matched
male donor, and the risk of chronic GVHD can be
minimized in both male and female patients by the
use of male donors or female donors who have not
been pregnant. Survival can be optimized by per-
forming transplantation early in the course of dis-
ease, by matching for HLA-DRB1 alleles, and by the
use of fluconazole and ganciclovir for the prevention
of fungal and cytomegalovirus infection. 
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