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ORIGINAL ARTICLE

HLA-mismatched/haploidentical hematopoietic stem cell
transplantation without in vitro T cell depletion for chronic myeloid
leukemia: Improved outcomes in patients in accelerated phase and
blast crisis phase

HUANG XIAO-JUN, XU LAN-PING, LIU KAI-YAN, LIU DAI-HONG, CHEN HUAN,

HAN WEI, CHEN YU-HONG, WANG JING-ZHI, CHEN YAO, ZHANG XIAO-HUI,

SHI HONG-XIA & LU DAO-PEI

Peking University Institute of Hematology, People’s Hospital, Beijing, China

Abstract
Background. Allogeneic hematopoietic stem cell transplantation (allo-HSCT) remains the only proven curative therapy for
chronic myeloid leukemia (CML), but lack of human leukocyte antigen (HLA)-matched sibling or unrelated donors has
restricted its application. Recently, we developed an effective method for haploidentical allo-HSCT achieving comparable
outcomes to HLA-identical transplantation.
Aim. To evaluate the outcomes of CML patients who underwent haploidentical allo-HSCT.
Methods. Ninety-three patients were treated with a modified busulfan (BU)/cyclophosphamide (CY) 2 regimen, including
antithymocyte globulin followed by unmanipulated blood and marrow transplantation.
Results. Our data showed that the cumulative incidence of acute graft-versus-host disease (GVHD) was 64.52%, and grade
III�IV was 26.45%, 61.79% had chronic GVHD, and 28.93% had extensive chronic GVHD. Non-relapse mortality varied
at 8.72% (100 days), 20.72% (1 year) and 20.72% (2 years). Probability of 1-year and 4-year leukemia-free survival was
similar in chronic phase (CP) 1, CP2/CR2, accelerated phase, and blast crisis patients. Probability of 4-year overall survival
varied as 76.5% (CP1), 85.7% (CP2/CR2), 73.3% (accelerated phase), and 61.5% (blast crisis). Multivariate analysis
indicated that factors affecting transplantation outcomes were HLA-B�DR mismatches versus others for II�III acute
GVHD and III�IV acute GVHD, the stage of disease at transplantation for relapse, and the time from diagnosis to
transplantation for leukemia-free survival, overall survival, and transplantation-related mortality. In our protocol, survival of
HSCT for advanced CML was similar to stable stage.
Conclusions. For patients lacking an HLA-identical related donor, haploidentical relatives are alternative HSCT donors.

Key words: Blood and marrow transplantation, chronic myeloid leukemia, HLA-mismatched

Introduction

Chronic myeloid leukemia (CML) is a common

malignant clonal disorder of hematopoietic stem

cells. Despite promising advances in CML therapy

with the tyrosine kinase inhibitor imatinib mesylate

(1,2), allogeneic hematopoietic stem cell transplan-

tation (allo-HSCT) remains the only proven curative

therapy for CML, particularly for CML patients in

the accelerated phase (AP) or blast crisis (BC) (3,4).

Transplant from a human leukocyte antigen (HLA)-

matched related donor is the primary technique for

allogeneic transplantation; however, only 25%�30%

of eligible patients have a related donor with suitable

or closely matched HLA. For patients without an

HLA-matched sibling, bone marrow or umbilical

cord from an unrelated donor is often used as a

source of stem cells for transplantation (5,6). Un-

fortunately, this therapy may be unavailable due to
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an unsuccessful donor search or insufficient amount

of cord blood cells (7), and the alternative is

hematopoietic stem cells from an HLA-mismatched

family donor (8�13). This less than ideal approach,

particularly prior to the end of the last decade, was

associated with poor engraftment, high risk of early

death, and graft-versus-host disease (GVHD). The

approach of T cell depletion (TCD) or CD34 cell

selection in vitro overcame the HLA barrier but was

also challenged with delayed immune reconstitution,

infectious complications, and poor survival (11,12).

Recently, we developed a new method for

haploidentical transplantation without in vitro

T cell depletion (14,15). The strategy (the GIAC

protocol) applies sequential, in vivo modulation of

the recipient, the donor T cell function, and the dose

of donor hematopoietic stem cells. The protocol

entails the following: donor treatment with granulo-

cyte colony-stimulating factor (G-CSF) to induce

donor immunological tolerance; intensified immu-

nological suppression to both promote engraftment

and to prevent GVHD; anti-human thymocyte

immunoglobulin (ATG) was included for the pro-

phylaxis of GVHD and graft reject; and combination

of G-CSF-primed bone marrow harvest and G-

CSF-mobilized peripheral blood stem cell harvest

as the source of stem cell grafts. Via this GIAC

protocol, promising results have been achieved in

our institute (14,15).

In this article we report the outcomes of 93

consecutive patients with CML who underwent

transplantation via our new transplant protocol and

discuss possible factors that influence the outcomes

of the transplantation.

Patients and methods

Patient eligibility

Ninety-three consecutive patients with CML under-

went HLA haploidentical allo-HSCT between July

2002 and September 2006 at the Peking University

Institute of Hematology. We enrolled patients with

CML that were suitable for allo-HSCT and had no

HLA-identical related or unrelated donors. Patients

were not eligible for HSCT if they had any active

infections or severe liver/renal/lung or heart diseases.

The Institutional Review Board of Peking University

approved this study, and all patients and their

donors gave written informed consent.

Details of the patient population and of two

groups of patients divided according to the degree of

HLA-disparity between recipient and donor (group

Abbreviations

allo-HSCT allogeneic hematopoietic stem cell

transplantation

AP accelerated phase

ATG anti-human thymocyte immunoglobulin

BC blast crisis

BM bone marrow

CBT cord blood transplantation

CML chronic myeloid leukemia

CMV cytomegalovirus

CP chronic phase

CsA cyclosporin A

DLI donor lymphocyte infusion

EBMT European Group for Blood and Marrow

Transplantation

FISH fluorescent in situ hybridization

G-CSF granulocyte colony-stimulating factor

G-BM granulocyte colony-stimulating factor

primed bone marrow

G-PB granulocyte colony-stimulating factor

mobilized peripheral blood stem cell

grafts

GVHD graft-versus-host disease

GVL graft-versus-leukemia

HLA human leukocyte antigen

IBMTR International Bone Marrow Transplant

Registry

IP idiopathic interstitial pneumonia

LFS leukemia-free survival

MMF mycophenolate mofetil

MNC mononuclear cell

MRD minimal residual disease

MTX methotrexate

NIMA non-inherited maternal antigens

NIPA non-inherited paternal antigens

OS overall survival

PBSCs peripheral blood stem cells

PCR polymerase chain reaction

TCD T cell depletion

TRM transplantation-related mortality

Key messages

. Recently, promising results have been

achieved in our institute using a new

method for haploidentical transplantation

without in vitro T cell depletion.

. In this study, we found that for chronic

myeloid leukemia (CML) patients without

a human leukocyte antigen (HLA)-identi-

cal sibling donor, a haploidentical family

member can serve as an alternative donor.

. The optimal time for hematopoietic stem

cell transplantation (HSCT) in CML

patients from HLA-mismatched family

donors needs to be further studied.
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1: 16 patients transplanted from donors mismatched

for 1 HLA antigens; and group 2: 77 patients

transplanted from 2�3 HLA antigens mismatched

family members) are given in Table I. Twenty

patients received HSCT mismatched for class I (A,

B, or A�B) antigens only, seven patients were given

HSCT mismatched II class (DR) antigens only,

and the remaining 66 patients received HSCT

mismatched for both class I and class II antigens

(Table II).

Donor and stem cell harvesting

Familial donors were ranked on the basis of the best

HLA match, age (younger preferred), relationship

(mother preferred), gender (same preferred), and

health status (better preferred). For HLA-A and B,

low-resolution DNA techniques were used. High-

resolution techniques were used to do class II

antigens.

Donors were treated with G-CSF (Filgrastim,

Kirin, Japan; 5 mg/kg per day) injected subcuta-

neously (s.c.) for 5�6 consecutive days. On the

fourth day, bone marrow cells were harvested. The

target mononuclear cell count (MNC) was 3�108�
4�108 cells/kg recipient weight. On the fifth and

sixth days, peripheral blood stem cells (PBSCs) were

collected with a COBE blood cell separator (Spectra

LRS, COBE BCT Inc., Lakewood, CO, USA) at a

rate of 80 mL/min from a total blood volume of

10 L. The fresh and unmanipulated bone marrow

and PBSCs were infused into the recipient on the

day of collection. In instances of incompatibility with

the major ABO blood group, red cells were removed

from bone marrow cells by density gradient sedi-

mentation with Hespan (B. Braun Medical Inc,

Irvine, CA, USA), according to the manufacturer’s

instructions. Surface markers of the cells in graft

were determined by multi-color staining using

monoclonal antibodies specific for CD34, CD3,

Table I. Patients’ characteristics.

Total Group 1 1 HLA mm Group 2 2�3 HLA mm P

No. of patients 93 16 77

Age (years, median and range)

Recipient 29 (9�54) 29 (10�54) 30 (9�51) 0.819

Donor 40 (14�67) 47 (17�65) 40 (14�67) 0.241

Stage of disease at BMT (percentage) 0.913

CP�CP2 65 (69.9%) 11 (68.8%) 54 (70.1%)

AP�BC 28 (30.1%) 5 (31.3%) 23 (29.9%)

ABO compatibility (percentage) 0.555

Matched 60 (64.5%) 12 (75%) 48 (62.3%)

Minor mismatch 18 (19.4%) 2 (12.5%) 16 (20.8%)

Major mismatch 12 (12.9%) 1 (6.3%) 11 (14.3%)

Bidirectional mismatch 3 (3.2%) 1 (6.3%) 2 (2.6%)

Donor-recipient gender match (percentage) 0.017

Male-male 30 (32.3%) 9 (56.3%) 21 (27.3%)

Male-female 16 (17.2%) 0 (0%) 16 (17.2%)

Female-male 33 (35.5%) 6 (37.5%) 27 (35.1%)

Female-female 14 (15.1%) 1 (6.3%) 13 (16.9%)

Donor-recipient relationship (percentage) 0.152

Parent-child 46 (49.5%) 8 (50%) 38 (49.4%)

Sibling-sibling 38 (40.9%) 8 (50%) 30 (39%)

Child-parent 9 (9.7%) 0 (0%) 9 (11.7%)

Gratwohl score (percentage) 0.713

1 3 (3.2%) 1 (6.3%) 2 (2.6%)

2 22 (23.7%) 2 (12.5%) 20 (26%)

3 26 (28%) 6 (37.5%) 20 (26%)

4 23 (24.7%) 3 (18.8%) 20 (26%)

5 11 (11.8%) 2 (12.5%) 9 (11.7%)

6�7 8 (8.6%) 2 (12.5%) 6 (7.8%)

Characteristics of the 93 patients studied. All patient-donor pairs were related and shared one haplotype. Thus they were genotypically

identical�-only for one haplotype. HLA mismatch (mm) indicate the number of mismatched HLA-A, B, DR antigens. The data are either

numbers of patients or else as indicated in parenthesis. HLA mm�human leukocyte antigen mismatch; BMT�bone marrow

transplantation; CP�chronic phase; AP�accelerated phase; BC�blast crisis.
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CD4, and CD8 cells, essentially as described by

Huang et al. (16).

Conditioning regimen

All patients were treated with regimen A as de-

scribed previously (15), which consisted of cytosine

arabinoside (4 g/m2/d, intravenous (i.v.)) on day 10

and 9 before transplantation, busulfan (12 mg/kg per

os (p.o.) in 12 doses) on day 8, 7, and 6, cyclopho-

sphamide (1.8 g/m2/d, i.v.) on day 5 and 4, semus-

tine (250 mg/kg, i.v.) on day 3, and ATG (2.5 mg/kg/

d, i.v. of the Sangstat product) on day 5 to 2.

GVHD prophylaxis

All transplant recipients received cyclosporin

A (CsA), mycophenolate mofetil (MMF), and

short-term methotrexate (MTX). The dosage of

CsA was 2.5 mg/kg/d, i.v. from day 9 on day 10

and 9 until bowel function returned to normal. At

that point, the patient was switched to oral CsA.

MMF was administered orally, 0.5 g every 12 h,

from day 9 before transplantation to day 30 after

transplantation and tapered half on day �30,

discontinued on day �60. The dosage of metho-

trexate was 15 mg/m2, administered i.v. on day 1,

and 10 mg/m2 on days 3, 6, and 11 after transplan-

tation. Whole-blood CsA concentration was mon-

itored weekly using fluorescence polarization

immunoassay, and the dosage was adjusted to attain

a blood concentration of 150�250 ng/mL. In cases

where no evidence of GVHD was detected by days

�40 to �50, the CsA dosage was reduced gradually

and discontinued around day �180. In cases where

GVHD was detected, CsA was continued.

Evaluation of engraftment

Engraftment was defined as the maintenance of an

absolute neutrophil count above 0.5�109/L for

three consecutive days after the neutrophil nadir.

Follow-up assessments were performed by cytoge-

netic analysis of bone marrow aspiration in the first,

second, and third month after transplantation.

Chimerism was determined by at least two of the

three following methods: DNA-based HLA typing,

polymerase chain reaction-based (PCR-based) DNA

fingerprinting of short tandem repeat, and chromo-

somal fluorescent in situ hybridization (FISH).

Chimerism analyses and minimal residual disease

monitor

Minimal residual disease (MRD) was evaluated on

recipient bone marrow (BM) cells on days �30,

�60, �90, �120, �150, �180, and �365 after

HSCT by fluorescence in situ hybridization (FISH).

MRD was also monitored by Bcr/Abl (quantitative

or qualitative polymerase chain reaction, PCR).

Imatinib and donor lymphocyte infusion (DLI)

Before transplantation, 30 patients, including 4 in

CP, 7 in AP, and 19 in BC, were treated with

imatinib mesylate at 400 mg daily; no significant side

Table II. Comparison of patients transplanted with HLA class I, class I�II, or class I�II mismatched donors.

HLA class I HLA class II HLA class I and II P

No. of patients 20 7 66

Age (years, median and range)

Recipient 31 (14�54) 23 (10�41) 29.5 (9�51) NS

Donor 39 (14�65) 48 (17�55) 40 (14�67) NS

Stage of disease at transplantation 0.682

CP�CP2 15 (75%) 4 (57.1%) 46 (69.7%)

AP�BC 5 (25%) 3 (42.9%) 20 (30.3%)

Acute GVHD (%)

0�I 15 (75%) 5 (71.4%) 39 (59.1%) 0.392

II�IV 5 (25%) 2 (28.6%) 27 (40.9%) 0.392

III�IV 1 (5%) 1 (14.3%) 16 (24.2%) 0.152

TRM (%) 4 (20%) 1 (14.3%) 12 (18.2%) 0.944

Relapse (%) 2 (10%) 1 (14.3%) 6 (9.1%) 0.906

Survival (%) 15 (75%) 5 (71.4%) 50 (75.8%) 0.968

LFS (%) 14 (70%) 5 (71.4%) 48 (72.7%) 0.971

HLA mismatches indicate the number of mismatched HLA-A, B, DR antigens. HLA class I includes HLA-A, HLA-B, and HLA-A�B;

HLA class II stands for HLA-DR; HLA-class I�II includes HLA-A�DR, HLA-B�DR, and HLA-A�B�DR. The results for

engraftment, acute GVHD, TRM, relapse, survival, and LFS present probabilities at years determined by the method of Kaplan and Meier.

The differences among these three groups were all not significant. HLA�human leukocyte antigen; CP�chronic phase; AP�accelerated

phase; BC�blast crisis; GVHD�graft-versus-host disease; TRM�transplantation related mortality; LFS�leukemia-free survival.
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effects were noted. Among them, 12 achieved a

complete hematologic response, 11 a major hema-

tologic response, 2 a partial response and 5 had no

response. Donor lymphocyte infusion (DLI) and

imatinib mesylate were given to patients who had a

cytogenetic relapse or a hematologic relapse after

HSCT, following a trial of immunosuppressant

withdrawal. Cytogenetic relapse was defined as

Philadelphia (Ph) chromosome reappearance, and

hematologic relapse was defined as according to the

criteria of the World Health Organization (WHO).

In patients without GVHD, G-CSF-mobilized per-

ipheral blood stem cell grafts were used for DLI.

The rationale for using growth factor-mobilized

peripheral blood stem cells is that G-CSF-primed

peripheral blood stem cell harvests contain more

CD34�, CD14�, and Th2 cells than non-primed

peripheral lymphocyte harvests, which is therapeu-

tically effective in our transplant settings, so the

incidence of acute GVHD could be decreased with-

out abrogating the graft-versus-leukemia effect

(17,18). Otherwise imatinib mesylate was given.

The dose of imatinib mesylate was initially 400

mg/day, and was adjusted, when necessary, accord-

ing to response and tolerance.

Supportive care

All patients were hospitalized in rooms with high-

efficiency particle-arresting (HEPA) air filters, and

all received antibiotic prophylaxis with oral trimetho-

prim-sulfamethoxazole, fluconazole, and acyclovir.

All blood products were irradiated before infusion.

Human immunoglobulin (400 mg/kg) was given i.v.

on days 1, 11, 21, and 31 after transplantation.

Patients received a transfusion of red blood cells if

their hemoglobin levels were below 70 g/L, or

transfusion of platelets if their platelet levels dropped

below 20�109/L. G-CSF (5 mg/kg per day s.c.) was

given to all recipients from day 6 after transplanta-

tion until their neutrophil count reached 0.5�109/L

for three consecutive days. All blood products were

irradiated at 2500 cGy before infusion.

Acyclovir was given orally from days �10 to

�30 and ganciclovir 5 mg/kg twice daily was

routinely administrated intravenously from days

�10 to �2. Patient blood was monitored weekly

for cytomegalovirus (CMV) DNA by real-time PCR

or with a CMV pp65 antigenemia test, and CMV-

positive patients were treated with either ganciclovir

or foscarnet. CMV-related idiopathic interstitial

pneumonia (IP) was defined according to reported

criteria. Surveillance for bacterial, fungal, Pneumo-

cystis carinii, and other viral infections was per-

formed based on clinical requirements.

Definition and statistics

The incidence and severity of GVHD was defined by

the criteria described by Glucksberg et al. (19). The

time to GVHD was defined as the time between the

day of allo-HSCT and the day that onset of any

grade of GVHD was detected.

Patients were evaluated for acute GVHD after

successful engraftment was determined, and for

chronic GVHD if they survived for at least

100 days after HSCT. Overall survival (OS) and

leukemia-free survival (LFS) were evaluated using

the Kaplan-Meier analysis. Distributions for time-

to-acute/chronic GVHD, time-to-relapse were ana-

lyzed with cumulative incidence test, which accounts

for the competing risk. All variables were measured

from the date of HSCT (day 0). Values were

adjusted for engraftment at time of death if the

patient did not engraft; for GVHD, survival, and

relapse at last follow-up. The end point of the last

follow-up for all surviving patients was 31 December

2006. Unless otherwise specified, all reported

P-values were based on two-sided hypothesis tests.

Alpha was set at 0.05. A statistical software package

(SPSS 13.0) was used for all analyses.

Results

Characteristics of patients and grafts

Characteristics of the patients are summarized in

Table I. Patients in groups 1 and 2 were comparable,

except for donor-recipient gender match. Three

patients received G-CSF-primed bone marrow

(G-BM), 1 received G-CSF-mobilized peripheral

blood stem cell grafts (G-PB), 85 received mixture

grafts of G-BM and G-PB, and 4 received mixture

grafts of G-BM and G-PB plus umbilical cord blood.

The number of hematopoietic mononucleated cells

(MNC) was 7.23 (range 4.04�14.12)�108/kg, and

CD34� and CD3� cells were approximately 2.27

(range 0.34�8.33)�106/kg and 1.65 (range 0.22�
9.43)�108/kg, respectively.

Engraftment

All patients achieved hematopoietic recovery after

transplantation. The median time for myeloid en-

graftment was 14 days (range 10�24 days) and for

platelet 17 days (range 9�151 days). One patient had

secondary graft failure on day 240 after transplanta-

tion. She received a second allo-HSCT from the

original donor (father), achieved full donor hemato-

logical reconstitution, and is still in leukemia-free

survival 19 months after transplantation now. One

patient received allo-HSCT as a salvage therapy due

448 X.-J. Huang et al.



to graft failure after cord blood transplantation

(CBT).

There was no statistically significant association

between the extent of HLA disparity and the time of

engraftment.

Acute GVHD

Among the 93 patients, 33 (35.5%) had no acute

GVHD, 26 (27.96%) had grade I, 16 (17.20%) had

grade II, 7 (7.53%) had grade III, and 11 (11.83%)

had grade IV. At 100 days after transplantation, the

cumulative incidence of acute GVHD was 64.52%

(CI 55.49%�75.01%) and grade III�IV was 26.45%

(CI 17.51%�39.95%). Factors that might influence

the incidence of grade III�IV GVHD were analyzed,

which included age and gender of the patients and

donors, number of MNC and CD3 cells infused at

transplantation, stage of disease before transplanta-

tion, and HLA disparity (Tables I and II, and III).

There was no risk factor except for HLA-B plus -DR

mismatches between the recipient-donor pairs (RR

11.208, 95% CI 1.454�86.402, P�0.020). The

cumulative incidence of II�IV and III�IV acute

GVHD in patients with HLA-B plus HLA-DR

mismatched donors was significantly higher than in

those without (P�0.011 and 0.015, respectively)

after haploidentical transplantation (Figure 1).

Grade II�IV acute GVHD occurred in 5 of 16

patients with HLA mismatched in one locus, and

in 29 of 77 patients mismatched in two and three

loci; the lack of significance is probably due to the

small numbers in group 1 (Table III).

Acute GVHD of grade II or higher was treated

with methylprednisolone (0.5�1 mg/kg per day).

GVHD manifesting in the skin was treated with

methotrexate (20). When there was inadequate or

absence of response to primary therapy, anti-Tac

monoclonal antibody (Daclizumab; Roche, Basel,

Switzerland) was administered at 1 mg/kg i.v. on

days 1, 3, 8, then at intervals of 7 days for a total of

3�6 doses. Of the 11 patients who developed grade

IV acute GVHD, 6 died, one of which died of

refractory GVHD, and the remaining 5 died of

subsequent infection post treatment. Of the surviv-

ing five patients, two remained free of chronic

GVHD through the last follow-up, two patients

have extensive chronic GVHD, and one has local

chronic GVHD. Of the seven patients who suffered

from grade III acute GVHD, two died of GVHD,

and the other five recovered and survived through

the end of study, three of whom have local chronic

GVHD. There was no statistically significant corre-

lation between the extent of HLA disparity and the

incidence of acute GVHD (Tables II and III).

Chronic GVHD

Among the 81 patients who survived over 100 days

after transplantation, 40 developed chronic GVHD.

Of these, 22 (55%) had limited chronic GVHD, and

18 (45%) had extensive chronic GVHD. The

cumulative incidence of total chronic GVHD was

61.79% (CI 49.33%�77.39%), while 28.93% (CI

19.25%�43.46%) had extensive chronic GVHD at

2 years after transplantation. Chronic GVHD was

diagnosed in 8 of 16 patients with HLA mismatched

in one locus, 12 of 28 patients mismatched in two

loci, and 20 of 37 patients mismatched in three loci.

The development of chronic GVHD was not asso-

ciated with the age or gender of the patients and

donors, the extent of HLA disparity, or the stage of

Figure 1. Cumulative incidence of II�IV and III�IV acute graft-

versus-host disease (GVHD) after haploidentical transplantation.

A: Comparison of the incidence of II�IV acute GVHD between

patients with human leukocyte antigen (HLA)-B plus HLA-DR

mismatched donors and those without (P�0.011); B: Compar-

ison of the incidence of III�IV acute GVHD between patients with

HLA-B plus HLA-DR mismatched donors and those without

(P�0.015).
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disease before transplantation. There was no differ-

ence in the incidence of extensive chronic GVHD

in patients with different numbers of MNC,

CD4, CD8, and CD34 cells, nor in different age

groups. The incidence of extensive chronic GVHD

in patients who received more CD3 is higher

(]1.66�108/kg) (P�0.035).

There was no statistically significant association

between the extent of HLA disparity and the

incidence of chronic GVHD.

Relapse, DLI, and imatinib

Nine of all 93 patients relapsed after transplantation,

and 5 of them were from the BC group. The

incidences of relapse in CML-CP1, CP2, AP, and

BC groups pre-HSCT were 3.77%, 0%, 13.94%,

and 38.46% respectively, and the difference

was determined to be statistically significant (P�
0.0001). The incidences of 4-year relapse in CML-

CP and non-CP groups pre-HSCT were 3.29% (CI

0.48%�22.53%) and 31.45% (CI 17.37%�56.96%),

respectively, and the difference was determined to be

statistically significant (P�0.003).

Among the 93 patients, 4 received a prophylactic

DLI. DLIs were delivered at: days 39, 96, 120, and

88, respectively. Acute GVHD grades II�III oc-

curred in three patients that survived HSCT free

of their original leukemia. One patient relapsed

10 days after prophylactic DLI and died after further

80 days. Therapeutic DLI with or without imatinib

myeslate (Gleevic) was performed in nine relapsed

patients, including one patient who relapsed after

receiving DLI for prophylaxis. The nine patients

were in varying stages of disease prior to transplan-

tation: five were in BC, two in AP, and two in CP. At

the time of relapse, five were in hematological

relapse state, three in cytogenetic relapse, and one

was in a cytogenetic relapse state and also had

central system leukemia. Two cases receiving

HSCT in BC showed no response to DLI therapy

and died of relapse, one case receiving HSCT in AP

died of DLI-related GVHD, one case died of severe

infection after revolving cytogenetic relapse by DLI,

and one case got molecular response and is still in

leukemia-free survival through the end point of

follow-up. The patient with central system leukemia

in cytogenetic relapse achieved continual complete

remission after treatment by imatinib mesylate. Of

the remaining three patients, one case died of DLI-

related GVHD, and two died of relapse (Table IV).

Opportunistic infections

Seventy-five episodes of opportunistic infections

occurred in 61 of 93 patients within the duration

of follow-up. The median time for opportunistic

infection was 60 days (range: 0�1056 days) after

transplantation. The infected loci included lung (36

episodes), skin (3 episodes), bladder (13 episodes),

gastrointestinal tract (8 episodes), central nervous

system (2 episodes), and so on. The infections on

skin were caused by varicella zoster virus (2 epi-

sodes) or Aspergillus species (1 episode). The pneu-

monia-related pathogens were bacteria (4 episodes),

Aspergillus (6 episodes), mold fungus (1 episode),

atypical mycobacteria (1 episode), cytomegalovirus

(5 cases), and no cases of Pneumocystis carinii. Three

Table III. Clinical outcome in relation to the number of HLA mismatches.

Total (n�93) Group 1: 1 HLA mm (n�16) Group 2: 2�3 HLA mm (n�77) P

Acute GVHD

0�I 63.4% 68.8% 62.3% NS

II�IV 36.6% 31.3% 37.7% NS

III�IV 19.4% 6.3% 22.1% NS

TRM

100 d 8.6% 6.3% 9.1% NS

365 d 18.3% 25% 16.9% NS

Relapse

1 years 6.5% 0% 7.8% NS

4 years 9.7% 6.3% 10.4% NS

Survival

1 years 77.4% 75% 77.9% NS

4 years 75.3% 68.8% 76.6% NS

LFS

1 years 75.3% 75% 75.3% NS

4 years 72% 68.8% 72.7% NS

The results are indicated in numbers of patients (and percentages), the data for survival, LFS, relapse, and TRM are probabilities

determined by the method of Kaplan and Meier. HLA mm�human leukocyte antigen mismatch; GVHD�graft-versus-host disease;

TRM�transplantation related mortality; LFS�leukemia-free survival.
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episodes were negative in pathogen detection and

exhibited a response for glucocorticoids, and two

were diagnosed as idiopathic pneumonia syndrome

(IPS) and one diagnosed as bronchitis obliterans. No

pathogenic evidence was found in the remaining 15

cases, which were deemed as mixture of pneumonia

and treated with combination of antifungals/antibio-

tics. The cumulative incidence of opportunistic

infections at 2 years after transplantation was 68.5%.

Survival and follow-up

Up until 31 December 2006, 70 patients were alive

and free of their original leukemia through follow-up

with a median of 728 days (range 66�1655 days). A

total of 23 out of the 93 patients died, comprised of

14 patients in CP or CP2, and 9 patients in AP or

BC. Six of the 23 cases died from recurrent

leukemia, and 17 from transplant-related complica-

tions. The causes of transplantation-related death

included GVHD (3 cases), infection (6 cases),

interstitial pneumonia or IP (6 cases), and other

causes such as heart failure and hepatic failure (2

cases). The non-relapse mortality was 8.72% for 100

days, 20.72% for 1 year, and 20.72% for 2 years.

The 100-d transplantation-related mortality (TRM)

of patients in CP1, CP2/CR2, AP, and BC are 7.8%,

7.1%, 13.3%, and 7.7%, respectively. The 1-year

TRM of patients in CP1, CP2/CR2, AP, and BC are

28.3%, 16.92%, 13.33%, and 7.69%, respectively.

No statistically significant difference was identified

among them (P�0.622).

The probability of 1-year and 4-year LFS was

76.5% and 74.5% for CP1 patients, 85.7% and

85.7% for CP2/CR2 patients, 80% and 66.7% for

AP patients, and 53.8% and 53.8% for BC patients

(P�0.221). At present, two out of nine patients who

relapsed after transplantation achieved complete

molecular response (CMR) and survived free of

leukemia.

The probability of 4-year OS was 76.5% for CP1

patients, 85.7% for CP2/CR2 patients, 73.3% for

AP patients, and 61.5% for BC patients (P�0.7442,

Figure 2).

Overall survival was not predicted by the Eur-

opean Group for Blood and Marrow Transplanta-

tion (EBMT) score (Table I). Patients within score

ranges of 1 to 2, 3 to 4, and greater than 4 had a

similar overall survival (P�0.713). The outcome of

the 93 patients divided according to the degree of

HLA-disparity between recipient and donor as

group 1 and group 2 were comparable, as among

patients with HLA class I (including A, B, and A�B

alleles), class II (including DR allele), or class I�II

(including A�DR, B�DR, and A�B�DR) (TableT
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II) mismatched donors (Tables II and III). Multi-

variate analysis showed that factors affecting trans-

plantation outcomes were HLA-B�DR mismatches

versus others for II�III acute GVHD and III�IV
acute GVHD and the stage of disease at transplanta-

tion for relapse as well as the time from diagnosis to

transplant for LFS, OS, and TRM (Table V).

Discussion

As for many hematological diseases, the major

concerns for HLA-mismatched/haploidentical

HSCT are GVHD and graft rejection. Results from

EBMT showed that 103 patients with CML were

treated by bone marrow transplantation from hap-

loidentical family members, including 57% patients

without in vitro T cell depletion, and the OS and

LFS at 5 years was 32% and 25%, respectively (9).

Fifty-nine patients were transplanted during the first

CP, and the probability of survival at 2 years was

47%. Forty-four patients received their transplants

for advanced disease, and their probability of survi-

val at 2 years was 25%. Patients transplanted in first

CP from a donor mismatched for 0�1 HLA antigens

had a probability of survival of 52% at 2 years, and

19% survival rate was observed in patients trans-

planted in advanced disease stage from donors

mismatched for 2�3 HLA antigens. The III�IV acute

GVHD patients who received unmanipulated mar-

row had 34% survival, while 28% survived in

recipients of T cell-depleted marrow (9). Promising

results were found after haploidentical transplanta-

tion without ex vivo T cell depletion in our protocol,

and all the 93 patients achieved complete donor

engraftment. Four-year OS was 75.3%, and III�IV
acute GVHD was only observed in 19.4% of the

patients. As proposed by Lu et al. and Huang et al.

(14,15), several reasons can contribute to the results.

First, an intensified conditioning regimen was used

and ATG was included, which could promote the

engraftment and reduce the incidence of GVHD.

Second, a strong immunosuppression regimen

containing CsA�MTX�MMF was used as the

prophylaxis of GVHD. Third, G-CSF-primed allo-

geneic bone marrow cells and G-CSF-mobilized

peripheral blood stem cells were used as source of

graft, which contain a large amount of functional

modified T cells, and can contribute to prompt and

stable donor chimerism and a relatively lower

incidence of GVHD (20,21).

As we discussed previously, there were no

differences in cumulative incidence of acute

GVHD in patients with one HLA-mismatched

locus, two mismatched loci, or three mismatched

loci receiving haploidentical transplantation (15).

However, we found that HLA mismatch in B plus

DR loci is a risk factor for grade III�IV acute

GVHD in CML patients. Morishima et al. have

Figure 2. Comparison of overall survival in four groups of patients

defined according to the stage of disease (chronic phase (CP) 1,

CP2, acute phase (AP), blast crisis (BC)). The best is patients

transplanted in CP2, then patients in CP1, AP, and BC. No

significant differences were found in our transplant protocol.

Table V. Multivariate analysis: factors affecting transplantation

outcome.

Outcome and factors RR (95% CI) P-value

LFS: Time from diagnosis

to transplant (5450 d

versus �450 d)

2.783 (1.283�6.035) 0.010

OS: Time from diagnosis

to transplant (5450 d

versus �450 d)

2.996 (1.310�6.852) 0.009

TRM: Time from diagnosis

to transplant (5450 d

versus �450 d)

3.163 (1.201�8.330) 0.020

Relapse: (AP�BC) versus

(CP1�CP2)

14.467 (1.779�117.672) 0.012

II�IV acute GVHD:

HLA-B�DR mismatches

versus others

3.146 (1.259�7.859) 0.014

III�IV acute GVHD:

HLA-B�DR mismatches

versus others

11.208 (1.454�86.402) 0.020

Cox regression analysis on LFS, OS, TRM, relapse, 2�4 acute

GVHD, and 3�4 acute GVHD was performed. Factors included

in the models were recipient and donor ages, sex, diagnosis, (AP�
BC) versus (CP�CP2), with versus without imatinib before

transplantation, EBMT score before transplantation, HLA-B�
DR mismatches versus others, dose of CD3� T cell and dose of

CD34� cells in the allograft, time from diagnosis to transplant.

The final multivariate models were built using a forward stepwise

model selection approach.

RR�relative risk; CI�confidence interval; LFS�leukemia-free

survival; OS�overall survival; TRM�transplantation related

mortality; AP�accelerated phase; BC�blast crisis; CP�chronic

phase; HLA�human leukocyte antigen; EBMT�European

Group for Blood and Marrow Transplantation.
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demonstrated that single disparities of the HLA-A,

-B, -C, or -DRB1 allele between recipients and

donors in unrelated HSCT are independent risk

factors for acute GVHD (22). Petersdorf et al. also

showed that the presence of HLA-DRB1 allele

mismatching between patients with CML and their

unrelated donors was independently associated with

increased incidence of grades III�IV acute GVHD

(23). No confirmed observation that HLA mis-

match in B plus DR loci has any synergistic effect

on grade III�IV acute GVHD was found in CML

patients after transplantation. The mechanism un-

derlying this phenomenon is still unclear now and

warrants further investigation. Moreover, there is no

non-inherited maternal antigens (NIMA) or non-

inherited paternal antigens (NIPA) rule (13) in our

transplant protocol.

We found that the cumulative incidence of

opportunistic infections at 2 years after transplanta-

tion was 68.5%. The relatively high infection rates

observed in our transplant protocol may be related

to the immunological therapy for the severe acute or

extensive chronic GVHD. Moreover, immune re-

constitution after haploidentical transplantation

could also be correlated with the high infection

rates, which is currently being investigated in our

institute.

It is generally accepted that the outcome of

HLA-matched sibling transplants for CML patients

in accelerated phase is worse than for those in

chronic phase. In a Seattle analysis of 58 patients

with accelerated phase CML transplanted from an

HLA-identical sibling, the 4-year probabilities of

survival and event-free survival were 49% and 43%,

respectively (24). Even in chronic phase, early

transplantation will achieve better results. Data

from 4267 recipients of matched-sibling transplants

reported to the International Bone Marrow Trans-

plant Registry (IBMTR) between 1994 and 1999

show a probability of survival of 6992% for 2867

patients transplanted within the first year from

diagnosis, and 5793% for 1391 patients trans-

planted more than 1 year from diagnosis (25). In

our study, however, LFS for CML patients in AP

was similar to patients in CP, and no difference was

observed in the incidence of relapse for patients in

CP1 and in AP or CP2. This result may indicate that

a strong GVL effect may occur in HLA-mismatched/

haploidentical transplantation. The effect of DLI

cannot be excluded completely.

In virtually all studies, the outcome of transplan-

tation for patients in blast phase is very poor, due to

both a high risk of disease recurrence and a high

incidence of transplant-related deaths. The Seattle

team had performed transplants for 66 patients with

accelerated-phase CML, and the projected 5-year

survival rate was estimated at 18%. The actuarial

relapse risk 2.5 years post transplant was 100% in

patients administered T cell-depleted marrow as

compared with 25% in patients administered un-

modified marrow (26). In our study, even for

patients in BC, 4-year LFS can reach levels of

61.5%, much better than those in HLA-matched

sibling donor transplantation. Relatively lower TRM

may be the main cause of the positive result in BP

patients, which may be associated with Gleevic usage

pre-HSCT (2,27). Prior to the development of

imatinib, only a small proportion of patients with

blast phase CML could achieve a hematologic

remission when treated with chemotherapy. Re-

sponse rates of patients with CML in blast phase

to imatinib are considerably higher than seen with

conventional chemotherapy (1,2,27,28). It is there-

fore conceivable that the strong GVL effect after

haploidentical HSCT, application of imatinib, and

DLI may contribute to the improved outcomes of

CML patients in BC.

Novel agents for the treatment of CML have and

will continue to emerge, offering patients the oppor-

tunity for substantial benefit (29). However, when

considering currently available treatment options,

patients and physicians must recognize that only

transplantation has clearly been shown to cure

CML, particularly for patients in AP and BP. Our

preliminary data for CML patients indicate that in

the era of Gleevic transplantation, even from an

HLA-mismatched/haploidentical family donor, can

be considered as a therapeutic choice for CML

patients in AP or CP2 because similar disease free

survival (DFS) has been achieved as in patients in

CP1. Although no statistically significant differences

were found, the outcome of patients in BC was

somewhat poorer than patients in CP and AP. It may

be a reasonable approach to postpone the HLA-

mismatched transplantation for CML until unstable

signs of disease progression occurred.

In conclusion, considering the excellent results of

tyrosine kinase inhibitor therapy, the CML patient

in AP or BC should be a candidate for haploidentical

transplantation if there is no HLA-identical sibling

donor. However, early transplantation (time from

diagnosis to transplant 5450 d) would achieve

better results. The optimal time for HSCT in

CML patients from HLA-mismatched family donors

needs to be further studied.
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