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Background and Objectives. The role of hematopoietic
chimerism after allogeneic stem cell transplantation (SCT)
for acute leukemia remains controversial. We studied the
relationship between hematopoietic chimerism and sev-
eral prognostic variables on the outcome of SCT in
patients with acute leukemia.

Design and Methods. Chimerism was determined by
a semiquantitative method, based on polymerase chain
reaction (PCR) amplification of variable number tandem
repeat (VNTR) minisatellites, in 133 consecutive patients
who underwent allogeneic SCT for acute leukemia (68
myeloid, 58 lymphoid and 7 biphenotypic), all receiving
a myeloablative conditioning regimen.

Results. The median follow-up for the surviving
patients was 44.8 months (range: 12.0-129.0). Recipi-
ent hematopoiesis (mixed chimerism, MC) was detected
in 40 cases (30.1%). Two types of patients could be dis-
tinguished in this MC group: 29 with increasing MC and
9 with decreasing MC. The remaining 93 cases main-
tained complete donor chimerism (CC) over the whole
follow-up period. Patients with increasing MC showed a
significantly higher (p<0.001) rate of relapse (93.1%)
and death (89.7%) in comparison to both those with CC
(26.9% relapse, 44.1% dead) or decreasing MC (11.1%
relapse, 44.4% dead). The detection of increasing MC
preceded relapse by a median of 74 days (range: 5–434)
and was significantly related with the absence of chronic
graft-versus-host disease. Univariate and multivariate
analysis confirmed that chimerism was the most signifi-
cant variable involved in relapse, leukemia-free survival
and overall survival after SCT.

Interpretation and Conclusions. These results demon-
strate that sequential determination of chimerism allows
the prediction of relapse and death after SCT for acute
leukemia. The interval between detection of increasing
MC and relapse may permit timely implementation of
therapeutic measures.
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Chimerism status is a useful predictor of relapse after allogeneic stem cell
transplantation for acute leukemia
MANUEL BARRIOS, ANTONIO JIMÉNEZ-VELASCO, JOSÉ ROMÁN-GÓMEZ, MARÍA ELENA MADRIGAL, JUAN ANTONIO CASTILLEJO, ANTONIO TORRES,
ANABEL HEINIGER

The development of allogeneic stem cell transplanta-
tion (SCT) as an efficient therapy for hematologic
malignancies and the persistence of relapse of the

underlying disease as its most important complication
have stimulated the search for methods to monitor graft
status and to anticipate morphologic relapse. This would
then enable early tapering of immunosuppression or the
administration of a rescue treatment, such as donor
leukocyte infusions (DLI), even before the diagnosis of
relapse has been established.1 Chimerism techniques can
detect the presence of recipient cells after SCT and allow
the relative proportions of host and donor cells to be iden-
tified and quantified.1 Minisatellites are highly polymor-
phic regions with a variable number of tandem repeats
(VNTR) of nucleotides, located throughout the genome.
Polymerase chain reaction (PCR) amplification of mini or
microsatellite regions is one of the most sensitive and
rapid methods of determining chimerism, and can be used
even when very few cells are available for analysis.2

With regard to the outcome of allogeneic SCT, com-
plete chimerism (CC) is usually accepted to be associat-
ed with a low risk of relapse and a better prognosis. How-
ever, the importance of residual host cells observed after
SCT (mixed chimerism, MC) remains unclear. There are
several reasons for this: first, the frequent presence of
residual recipient cells soon after SCT which later disap-
pear.3 Second, differences in the sensitivity of the meth-
ods employed to study chimerism; indeed, MC is becom-
ing more frequent as more sensitive detection techniques
are developed.4,5 Thirdly, a great number of variables seem
to influence the appearance of MC; for example, the con-
ditioning regimen,6 the depletion of T cells,7 the number
of stem cells infused,8 and the time interval between SCT
and VNTR measurement,2,9 have all been reported to affect
the degree of MC. In patients receiving allogeneic SCT for
chronic myeloid leukemia (CML), our group and others
have demonstrated the value of chimerism follow-up
combined with BCR-ABL determination to predict
relapse.10-12 However, these results in CML have not yet
been confirmed in patients with acute leukemia, for
whom an early detection of relapse is more important.
Bader et al.,13,14 using VNTR PCR amplification techniques,
showed that the risk of relapse in children after allo-SCT
was significantly enhanced when MC was present if sam-
ples were collected at sufficiently short time intervals.
The predictive properties of MC had already been report-
ed,15 and other groups have recently confirmed these
results using the same method.16,17 More complex studies
have also demonstrated a higher risk of relapse in patients
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with lineage-specific MC.18 Different results, how-
ever, were found in early chimerism studies6,19 in
which mixed T-lymphoid chimerism did not corre-
late with relapse but correlated with the host’s age
or the conditioning regimen. And later, using either
in situ hybridization techniques20 or short tandem
repeat amplification,21,22 chimerism status was not
considered relevant for the outcome of patients with
acute leukemia who underwent allogeneic SCT.

The aim of the present study was to clarify the role
of MC, analyzed by VNTR amplification, in the pre-
diction of relapse after allogeneic SCT for acute
leukemia in a large series of patients with a long-
term follow-up. The semiquantitive method
employed allows the separation of patients with
decreasing MC, who progressively recover full donor
hematopoiesis, from those with increasing MC, in
order to compare both groups with the CC group.

Design and Methods

Patients’ characteristics
The charts of 147 consecutive patients with acute

leukemia who received allogeneic SCT between Jan-
uary 1992 and December 2001 in two different
Spanish Hospitals (Carlos Haya Hospital in Málaga
and Reina Sofía Hospital in Córdoba) were reviewed.
The last date for evaluation was 30 September 2002.
Informed consent was obtained according to insti-
tutional guidelines. All patients received myeloabla-
tive conditioning regimens. Seven cases (4.8%) could
not be included in the study because of a missing
pre-transplant DNA recipient sample (n=3) or the
absence of informative chimerism alleles (n=4). Of
the remaining 140 patients, 5 were excluded because
of early mortality without leukocyte implant after
SCT and 2 because no evidence of complete remis-
sion could be assessed after SCT; chimerism deter-
mination in these cases is of no benefit. The charac-
teristics of the 133 patients included in the final
analysis (age, sex, leukemia type, pre-SCT status) and
the details of SCT procedures (donor type, condi-
tioning regimen, product manipulation, and graft-
versus-host disease prophylaxis) are shown in Table
1.

Sample collection
Whole peripheral blood samples (3-5 mL) were

collected for DNA extraction from both donor and
recipient before transplantation in order to obtain
an informative locus. During the first year after SCT,
whole peripheral blood was collected monthly and
bone marrow samples every 3 months. During the
second year, the frequency was reduced to every 3
months for peripheral blood and every 6 months
for bone marrow samples; thereafter, only periph-
eral blood samples were taken every 3-6 months. If
the clinical situation warranted, more frequent
chimerism evaluations or bone marrow aspirates

were performed. Determinations of chimerism were
recorded for this study until relapse or death.

DNA extraction
Genomic DNA was extracted from whole fresh

blood or bone marrow collected in EDTA Vacutainer
tubes, by detergent lysis, salt fractionation and iso-
propanol precipitation (Puregene DNA isolation kit,
Gentra Systems, Minneapolis, MN, USA). The correct
concentration and purity of each sample was con-
firmed by UV spectrophotometer at 260 and 280 nm.
DNA samples were conserved at -80ºC until PCR
experiments were performed.

Chimerism analysis by VNTR polymerase
chain reaction

Chimerism analysis was performed by amplifica-
tion of VNTR sequences with PCR methods. Briefly,

M. Barrios et al.

Table 1. Summary of patients’ characteristics and SCT proce-
dures.

N (%)

Number of patients 133

Sex (M/F) 73/60

Age median yrs (range) 26.0 (2 – 55)

Leukemic lineage
Myeloid 68 (51.5%)
Lymphoid 58 (43.6%)
Biphenotypic 7 (5.3 %)

Clinical status at SCT
1st CRa 74 (55.6%)
2nd CRa 39 (29.3%)
>2nd CRa /refractory 20 (15.0%)

Donor type
HLA-identical sibling 111 (83.5 %)
Matched unrelated 17 (12.8 %)
Haploidentical 5 (3.8 %)

Stem cell source
Bone marrow 102 (76.7 %)
Peripheral blood 30 (22.6 %)
Umbilical cord blood 1 (0.8 %)

Conditioning regimen
TBIb + chemotherapyc 78 (58.6%)
TBIb+ haploidenticald 5 (3.8%)
BUCYe± other drugsf 48 (36.1 %)
Other  2 (1.5 %)

T-cell depletion
Yes 25 (18.8 %)
No 108 (81.2 %)

GVHD prophylaxis
Cyclosporine A + Methotrexate 111 (83.5 %)
Cyclosporine A 17 (12.8 %)
Other 5 (3.8 %)

aCR: complete remission; bTBI, total body irradiation; cchemotherapy plus TBI;
cyclophosphamide (71 cases), etoposide (5) or melphalan (1); dhaploidentical
chemotherapy includes antithymocyte globulin (ATG), fludarabine and thiotepa;
eBUCY, busulphan + cyclophosphamide; fetoposide (7 cases).
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a panel of six VNTR minisatellite loci (D1S80, APO-
B, DXS52, 33-6, 33-1, YNZ22) was used to identify
an informative marker between donor and recipient.
The characteristics and sequences of the different
primers used have been described previously.23-25 All
primers were obtained from Amersham Biosciences
Europe GmbH (Freiburg, Germany) and purified by
high-performance liquid chromatography. The final
volume for PCR amplification was always 50 µL,
containing about 500 ng DNA, 10 mM Tris-HCl
buffer (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 200 mM
dNTPs (Roche Diagnostics GmbH, Mannheim, Ger-
many), 1 mM of each primer and 2.5 U of Taq DNA
polymerase (Roche Diagnostics). The denaturation,
annealing and extension cycles were programmed
in a Perkin-Elmer 2400 thermal cycler (Norwalk, CT)
as previously described for each locus.23-25 All reac-
tions finished with an extension time of 10-20 min
at 72°C, followed by a reduction to 4°C for conser-
vation. The PCR amplification products were then
separated by 1.5% agarose gel electrophoresis and
visualized under UV-light stimulation by ethidium
bromide (1 µg/mL) staining. The resulting images
were digitalized and analyzed densitometrically by
specific software (Bio-Profil Bio-1D, Viber Lourmat,
Marne-La-Vallée, France). All samples were ana-
lyzed in at least two different PCR experiments.

In order to obtain a quantitative estimation of
the MC, dilution experiments with host and donor
DNA were performed and a standard curve was
established for each patient as previously
described,10,14 with the aim of relating densitomet-
ric measures (peak areas) to DNA amount. Data
were finally expressed as a percentage of the recip-
ient DNA as shown in Figure 1. The sensitivity of this
approach ranged from 1% to 2.5% depending on
the marker and the different lengths of host and
donor alleles.

Definition of mixed chimerism, remission and
relapse

Patients who showed no evidence of host DNA at
any time during the post-transplant follow-up were
considered to be in complete chimerism (CC).
Patients with both donor and recipient DNA in any
of the samples analyzed were defined as having
mixed chimerism (MC). Two groups were distin-
guished in MC patients, according to Bader et al.,14

with slight modifications. First, those with increas-
ing levels of recipient DNA (either a 5% or greater
increase between two successive chimerism assays,
or those changing from CC to any level of MC), were
referred to as having increasing MC. Second, those
with a decreasing recipient DNA content (5% or
greater decrease between two successive samples, or
transformation from MC to CC) were referred to as
decreasing MC.

In addition to those aspirates planned for the
assessment of chimerism, bone marrow studies

based on clinical criteria were also performed to
evaluate disease status. Complete remission was
confirmed when fewer than 5% blast cells were
found in regenerated bone marrow. A relapse was
diagnosed when more than 5% blast cells were
observed in bone marrow, or extramedullary
leukemic cells appeared. Determinations of MC in
samples collected at the time of relapse were not
considered for analysis and at least one bone mar-
row in remission was always required in patients
with MC.

Assessment of graft-versus-host disease
(GVHD)

Acute GVHD was classified from grade 0 to grade
4 according to criteria previously described by
Glucksberg et al.26 Chronic GVHD was graded as
none, limited or extensive according to Shulman et
al.27 and was only recorded in patients who were
alive and in remission beyond day +100 from trans-
plantation.

Statistical analysis
Differences in clinical variables were studied by

the χ2 test or Fisher’s exact test for categorical data
and by the non-parametric Kruskal-Wallis test for
continuous data. A probability value (p) below 0.05
was considered statistically significant. The actuar-
ial probabilities of relapse, overall survival (OS) and
leukemia-free survival (LFS) were estimated by the

Figure 1. Typical dilutional experiment of recipient DNA with
donor DNA. (a) Agarose gel electrophoresis after amplifica-
tion of D1S80 VNTR in donor (D), recipient (R) and succes-
sive dilutions of the recipient is shown in the different lanes.
(b) The regression line represents the amount of DNA ver-
sus the densitometric R/D ratio of each dilution, which is
the procedure used for mixed chimerism estimations in each
patient.
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Kaplan-Meier method. The endpoints for LFS curves
were either death or relapse; the time to relapse was
calculated by censoring dead patients without
relapse and disease-free patients at the time of
analysis. Comparisons of survival curves between
chimerism groups were analyzed by the log rank test.
A landmark approach, fixing the status of time-
dependent variables (including GVHD or chimerism)
at 120 days, was used to implement survival calcu-
lations, in order to minimize the bias due to the time-
dependent character of chimerism. The selection of
this cut-off point was based on the fact that by this
point most prognostic factors (including chronic
GVHD) have already reached their final values, with
a minor loss in the number of patients.  Uni- and
multivariate analyses were performed in all patients

for the whole follow-up period using a Cox propor-
tional hazard regression model. In the case of time-
dependent variables, a modification of the Cox
regression for time-dependent covariates was
employed to analyze the risk. The risk estimations
were represented as odds ratios (OR). Only variables
with p < 0.10 in the univariate analysis were includ-
ed in the multivariate analysis.

Results

Post-SCT chimerism status
The median follow-up for living patients was 44.8

months (range: 12.0-129.0). Graft failure occurred in
2 patients, both of whom died within the first 6
months after transplantation. Relapse was found in

Figure 2. Course of patients with
increasing mixed chimerism (iMC)
after SCT. Each patient is represented
by a horizontal line, with chimerism
determinations depicted as squares
below the line. Black squares indicate
complete donor chimerism; grey
squares indicate mixed chimerism;
and white squares represent autolo-
gous recovery. The numbers above the
lines represent the percentage of
recipient chimerism found at each
point. At the end of the lines, a cross
indicates death and a blank circle indi-
cates that the patient was still alive.
R inside a square above the line indi-
cates relapse. UPNs with an asterisk
represent patients with active disease
at the time of SCT. In order to simpli-
fy the presentation, no further
chimerism samples are included once
relapse was diagnosed.
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53 patients (39.8%), four presenting with extra-
medullary disease. In 18 of these relapsed patients,
rescue treatment with DLI or a second SCT (in one
case) was undertaken. Seventy-one patients died
(53.4%), most because of progression of the
leukemic disease (44 patients). 

Ninety-three patients (69.9%) remained in CC for
the whole follow-up period, whereas MC was detect-
ed at least once in the remaining 40 cases (30.1%).
Of this MC group, 29 patients (21.8%) showed
increasing MC, whereas in another 9, the MC
decreased until CC was reached. Two T-cell deplet-
ed cases, whose MC remained stable during the
whole follow-up period, could not be classified as
having either increasing MC or decreasing MC.

Mixed chimerism and SCT outcome
Increasing mixed chimerism. There were 27 relaps-

es (93.1%) in the 29 patients with increasing MC; the
other 2 patients (UPN 328 and 356) died during the
first 4 months after SCT due to secondary graft fail-
ure, as depicted in Figure 2. In some cases (12 out of
29), increasing MC appeared after the first chimerism
determinations, whereas in the others chimerism
changed from CC to increasing MC during the course
of follow-up; however, the distribution of other
prognostic variables and the patients’ outcome were
similar in both patterns of increasing MC (data not
shown). The median time interval between the detec-
tion of MC and relapse was 74 days (range: 5 - 434),
with 70% of patients showing MC at least one
month before relapse. Regarding the CC group,
relapse occurred in 25 of the 93 cases (26.9%), sig-
nificantly fewer than in the increasing MC group
(p<001, Fisher’s exact test). Four of these 25 had the
only extramedullary relapse found. 

Increasing MC was also associated with signifi-
cantly higher mortality than CC (89.7% vs. 44.1%;
p<0.001, Fisher’s exact test). Furthermore, in the CC
group, the cause of death was unrelated to the pri-
mary disease in half the cases, whereas in the group
with increasing MC, 84.0% of deaths were secondary
to leukemic progression. Of note was the fact that,
although most patients with increasing MC died
because of leukemic progression, long survival (more
than 6 months) after relapse was observed in 8 cas-
es, as shown in Figure 2. Six of these patients
received treatment with chemotherapy plus DLI or a
second SCT after relapse, which resulted in increased
survival: three (UPNs 362, 378 and 2123) recovered
CC, the first 2 remaining alive with extensive chron-
ic GVHD at the end of the recorded period, the third
dying because of infectious complications and
extensive GVHD. The fourth patient (UPN 299)
received a second transplantation nine months after
relapse, and then died of disease progression.
Patients 5 and 6 (UPNs 2080 and 2138) reached tem-
porary CC, but then new relapses refractory to treat-
ment led to their death. Finally, patients 7 and 8

Figure 3. Relapse probability (a), leukemia-free survival (b),
and overall survival (c) in the complete donor chimerism
(CC) and the increasing mixed chimerism (iMC) groups,
estimated by the Kaplan-Meier model at a landmark of 120
days. Comparisons between both groups were made with
the log-rank test. (p < 0.001 in all cases).
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(UPNs 335 and 386) received only chemotherapy
before dying of disease progression.

The curves for the probability of relapse, LFS and
OS, calculated with a landmark at 120 days to min-
imize time-dependent bias, are illustrated in Figure
3. The probability of relapse was 100% in the group
with increasing MC vs 36.0% in the group with CC
(95% CI: 23.9-48.2). Mean LFS was 2.1 months (0.8-
3.4) for those with increasing MC compared to 78.6
months (65.2-91.9) for those with CC (p<0.0001).
OS was also significantly shorter in patients with
increasing MC, 8.7 months (3.9-13.5) compared to
86.4 months (73.7-99.1) in those with CC
(p<0.0001).

Decreasing mixed chimerism
The patients with decreasing MC rarely relapsed (1

of 9 patients, 11.1%, Figure 4) and their results did
not differ statistically from the CC patients as
regards frequency of relapse (11.1% vs 26.9%
respectively; p>0.1, Fisher's exact test) or mortality
(44.4% vs 44.1%; p>0.1). In most cases (3 of the 4),
death in the decreasing MC group occurred early
post-SCT, and was due to complications unrelated to
their disease (severe GVHD in 2 cases -UPNs 2116
and 2160- and brain hemorrhage in the other -UPN
257); the remaining patient (UPN 2167) died of dis-
ease progression. This group had the lowest proba-
bility of relapse (12.5%; 95% CI: 0-34.4), its mean
LFS was 52.7 months (95% CI: 27.1-82.4), and the
mean OS was 54.9 months (95% CI: 27.5-82.4). Nei-
ther LFS nor OS was significantly different from the
survival of the patients with CC (p>0.1).

Chimerism and other prognostic variables
With regard to the distribution of the patients at

the selected landmark, at which time most patients
had already reached their definitive values in time-
dependent variables (such as chimerism or GVHD),
no significant differences were found between the
three chimerism groups in the distribution of most
of the prognostic variables analyzed (Table 2), indi-
cating that the differences in outcome cannot be
attributed to other confounding variables. Three
exceptions were noted: the use of radiotherapy for
the conditioning regimen, which was less frequent
in the decreasing MC group than in the other two
groups (p=0.021, χ2 test); the depletion of T-cells in
the infusion product, more frequent in both mixed
chimerism groups (p=0.01, χ2 test); and the devel-
opment of chronic GVHD, which was less common
in the patients with increasing MC (p=0.026, χ2

test).
Univariate Cox analysis of the prognostic variables

that might predict post-SCT relapse (Table 3)
showed that non-myeloid lineage, active pre-SCT
disease, absence of acute or chronic GVHD, and
increasing MC were significantly associated with a
higher probability of relapse. The multivariate Cox
model (Table 4) showed chimerism status and pre-
SCT clinical status to be the only significant risk fac-
tors implicated in relapse. 

Univariate analysis showed that the risk factors for
LFS and OS were similar: older age, a haploidentical
donor and the conditioning regimen given in hap-
loidentical SCT, and a T-cell depleted transplant, as
well as three of the main variables predicting

Figure 4. Course of patients with
decreasing mixed chimerism (dMC)
after SCT. Each patient is represented
by a horizontal line, with chimerism
determinations depicted as squares
below the line. Black squares indicate
complete donor chimerism and grey
squares indicate mixed chimerism. The
numbers above the lines represent the
percentage of recipient chimerism
found at each point. At the end of the
lines, a cross indicates death, and a
blank circle indicates that the patient
was still alive. R inside a square above
the line indicates relapse. UPNs with
an asterisk represent patients with
active disease at the time of SCT.
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relapse: active disease, absence of chronic GVHD
and increasing MC (Table 3). In the multivariate Cox
analysis including time-dependent variables,
chimerism and pre-SCT clinical status again repre-
sented the most powerful predictors of LFS and OS,
even though older age and absence of chronic GVHD
were also significant risk factors (Table 4).

Discussion

Relapse of the underlying disease continues to be
the main cause of failure of allogeneic SCT in acute
leukemia.28,29 The figures differ depending on the vari-
ables considered, but up to 60% of high-risk patients
with advanced disease may relapse after transplan-
tation.29 Early detection of relapse has been associ-

ated with a better response to therapeutic mea-
sures,30 so that timely prediction of relapse could
improve the overall results of allogeneic SCT.
Although hematopoietic chimerism as a predictor of
relapse becomes particularly relevant after trans-
plantation for acute leukemia, conclusive studies
have generally referred just to CML,10,11,31 with its role
in acute leukemia still being controversial.6,19,21,32

This study demonstrates three important points:
the significant relation between increasing MC and
the high risk of relapse and death in acute leukemia;
the possibility of predicting relapse before this latter
is confirmed morphologically; and the higher predic-
tive value of sequential rather than isolated deter-
minations of chimerism because of the heteroge-
neous character of MC.

Table 2. Distribution of patients at the 120-day landmark in
the groups analyzed, according to the main prognostic pre- and
post-SCT variables.

CC Increasing Decreasing p
MC MC

Number of patients 78 18 8

Sex (M/F) 42/36 12/6 3/5 N.S.1

Age yrs (median) 23.5 20 26.5 N.S.2
< 15 yrs 18 (23%) 6 (33%) 3 (38%) N.S.1
16-35 yrs 45 (58%) 7 (39%) 2 (25%)
>35 yrs 15 (19%) 5 (28%) 3 (38%)

Leukemic lineage
Myeloid 40 (51%) 4 (22%) 6 (75%) N.S.1
Lymphoid 34 (44%) 12 (67%) 2 (25%)
Biphenotypic 4 (5%) 2 (11%)

Clinical status at SCT
1st-2nd CRa 71 (91%) 15 (83%) 7 (88%) N.S.1
>2nd CRa/refractory 7 (9%) 3 (17%) 1 (13%)

Donor type
HLA-identical sibling 65 (83%) 14 (78%) 7 (88%) N.S.1
Matched unrelated 12 (15%) 2 (11%) 1 (13%)
Haploidentical 1 (1%) 2 (11%)

Stem cell source
Bone marrow 60 (77%) 14 (78%) 5 (63%) N.S.1
Peripheral blood 18 (23%) 3 (17%) 3 (38%)

Conditioning regimen
TBIb + chemotherapyc 53 (68%) 10 (56%) 2 (25%) 0.0211

BUCYe± other drugsf 24 (31%) 6 (33%) 6 (75%)
TBIb+ haploidenticald 1 (1%) 2 (11%)

T-cell depletion 6 (8%) 6 (33%) 2 (25%) 0.0101

GVHD prophylaxis
Cyclosporine A + MTXg 69 (89%) 14 (78%) 7 (88%) N.S.1
Cyclosporine A 8 (10%) 2 (11%) 1 (13%)
Other 1 (1%) 2 (11%)

Acute GVHD (II-IV) 37 (47%) 5 (28%) 5 (63%) N.S.1

Chronic GVHD 14 (18%) 1 (6%) 4 (50%) 0.0261

aCR: complete remission; bTBI: total body irradiation; ccyclophosphamide: (71 cases),
etoposide (5) or melphalan (1); dHaploidentical chemotherapy includes antithymocyte
globulin (ATG), fludarabine and thiotepa; eBUCY, busulphan + cyclophosphamide;
fmainly etoposide; gmethotrexate. Comparisons between the three chimerism groups:
1χ2 test; 2Kruskal-Wallis test. NS, not significant.

Table 3. Univariate Cox analysis of prognostic variables for the
probability of relapse, leukemia-free survival (LFS) or overall
survival (OS) after SCT.

Relapse LFS OS
ORa p ORa p ORa p

Sex  
Male 1.03 N.S. 0.97 N.S. 0.90 N.S.

Age 
<15 yrs 0.99 N.S. 1.05 N.S. 1.08 N.S.
>35 yrs 1.27 N.S. 1.98 0.009 2.22 0.003

Leukemic lineage
Non myeloid 1.88 0.032 1.34 N.S. 1.19 N.S.

Clinical status SCT
Active disease 3.11 0.001 2.99 < 0.001 3.50 <0.00

Donor type
Unrelated matched 0.69 N.S. 1.00 N.S. 1.27 N.S.
Haploidentical 3.10 0.063 3.33 0.011 4.30 0.002

Stem cell source
Other than BM 1.07 N.S. 1.10 N.S. 0.97 N.S.

Conditioning regimen
TBI b+ CMTc 1.15 N.S. 0.86 N.S. 0.72 N.S.
CMTc alone 0.87 N.S. 1.14 N.S. 1.38 N.S.
Haploidenticald 3.06 0.068 3.60 0.008 4.97 0.001

T-cell depletion
Yes 1.62 N.S. 2.08 0.005 2.15 0.005

GVHD prophylaxis
No CyA+Mtxe 0.85 N.S. 1.14 N.S. 1.32 N.S.

Acute GVHD (II-IV)
Yes 0.54 0.034 0.64 0.064 0.68 N.S.

Chronic GVHD 
Yes 0.41 0.050 0.45 0.044 0.39 0.023

Chimerism status
Increasing MC 13.14 <0.001 7.26 <0.001 3.89 <0.001
Decreasing MC 0.05 N.S. 0.886 N.S. 1.04 N.S.

aData are expressed as the odds ratio (OR) estimated by the model with respect to the
reference group;bTBI, total body irradiation; cCMT, chemotherapy; dincludes TBI,
antithymocyte globulin (ATG), fludarabine and thiotepa; eCyA+Mtx, cyclosporine A +
methotrexate; N.S., not significant.
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Our results confirm that the appearance of
increasing amounts of recipient cells after SCT
(increasing MC), detected by semiquantitative PCR
amplification of VNTR loci, is followed in most cas-
es by relapse of acute leukemia. These results are in
agreement with previously reported data, for which
MC is of value in predicting relapse after SCT in acute
leukemia.13,14,18,33,34 In common with reports of
chimerism as a predictor of outcome, our work
shares the same method for determining chimerism:
amplification of VNTR by PCR. The high frequency
and polymorphism of VNTR enables an informative
locus to be found in about 95% of patients, and this
PCR amplification is generally accepted as one of
the most sensitive methods in the field.1,2,35 Other
methods, such as conventional cytogenetics7 or ery-
throcyte markers,36 failed to detect an association
between chimerism and outcome in acute leukemia.

Our data show that patients with MC do not form
a homogeneous group, so that MC as such can rep-
resent either a positive or a negative prognostic fac-
tor, depending on serial determinations. Grouping
patients into those with increasing and those with
decreasing MC is a common feature of previous stud-
ies showing a predictive value for chimerism.10,14,18

The semiquantitative properties of the method
employed allow this simple but useful classification,
since MC patients can behave very differently; in
fact, the outcome of patients with decreasing MC did

not differ from that of patients with CC, whereas
subjects with increasing MC had a high probability
of relapse and death. The inclusion of patients with
both decreasing and increasing MC in a single group
in some studies could have masked the recognition
of chimerism as a risk factor for SCT outcome.21

Although univariate analysis showed that several
variables have a significant influence on SCT out-
come, the high predictive value of chimerism, as
determined in the present work, is more prominent
when submitted with the other prognostic variables
to multivariate analysis. Chimerism was the most
powerful variable to explain the probability of
relapse, and both leukemia-free survival and overall
survival. Other important risk factors, such as age,
pre-SCT situation or GVHD, lost part of their statis-
tical significance in the presence of chimerism sta-
tus.

Only three of the variables recorded show an
unbalanced distribution in the chimerism groups and
so could have influenced the outcome analysis. The
conditioning regimen with radiotherapy (less fre-
quent in the group with decreasing MC), and T-cell
depletion of the infusion product (more frequent in
both MC groups), have both been described
before.36,37 The greater myeloablative effect of total
body irradiation may reduce the number of recipient
residual cells after SCT;6,34,36 some of the patients
who would otherwise have been included in the
decreasing MC group therefore reverted directly to
the CC group. With regard to T-cell depletion, this
has been associated with tolerance to the donor
implant and the presence of long-term mixed
chimerism.37-39 However, none of these variables was
significant risk factors and their distribution failed to
correlate with outcome.

Chronic GVHD was the only significant risk factor
for outcome (in multivariate LFS and OS) associated
with chimerism status. It was more frequent in those
groups with better outcome (CC and decreasing MC)
and was almost absent in the group with increasing
MC. The protective effect of chronic GVHD has
repeatedly been described and is based on its rela-
tion with the graft-versus-leukemia effect of donor
cells.40,41 It should be emphasized that detection of
recipient cells by chimerism mostly anticipated
relapse by at least two months. A similar delay
between chimerism and relapse has been observed in
other studies18,42 and this may be enough to begin
therapeutic measures, such as tapering immunosup-
pression or DLI. The efficacy of these rescue treat-
ments has been thoroughly demonstrated33,43,-45

Finally, although useful for predicting relapse,
chimerism status is not wholly predictive; in our
series, about 25% of patients (25 out of 93) suffered
a relapse shortly after demonstrating complete donor
chimerism. This situation has been reported else-
where.13,18,34 The time schedule, previously suggest-
ed as an explanation for these cases, cannot be

Table 4. Results of multivariate analysis for the probability of
relapse and overall survival (OS) after SCT using the Cox pro-
portional hazard regression model adjusted for time-dependent
covariates.

Relapse LFS OS
ORa p ORa p ORa p

Age (>35 yrs) − − 1.94    0.019 1.99 0.014
(1.12-3.38) (1.15-3.46)

Non-myeloid lineage 1.48    N.S. − − − −
(0.79-2.70)

Active disease at SCT 2.74    0.014 2.16 0.020 2.92 0.001
(1.23-6.10) (1.13-4.13) (1.54-5.55)

Haploidentical donorb 0.39    N.S. 0.63 N.S. 0.87 N.S.
(0.09-1.60) (0.20-2.01) (0.27-2.73)

T-cell depletion − − 0.96   N.S. 1.22 N.S.
(0.48-1.91) (0.63-2.37)

Acute GVHD (II-IV) 0.55    0.071 0.74 N.S. − −
(0.29-1.05) (0.45-1.23)

Chronic GVHD 0.30 N.S. 0.34 0.046 0.34 0.044
(0.07-1.30) (0.12-0.98) (0.12-0.97)

Increasing MC 10.47  <0.0001 5.91 <0.0001 2.53 0.002
(5.45-20.1) (3.35-10.4) (1.41-4.56)

aData are expressed as the odds ratio (OR) estimated by the model with respect to the
reference value; bHaploidentical donor type and haploidentical conditioning regimen
are considered the same variable because of their covariance.
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applied to our study, since most of the relapsed
patients had had a CC sample in the two months
prior to their relapse. Although the four patients with
extramedullary relapse belonged to the CC group,
relapse still appeared in a number of other patients
with no change in chimerism status. In these cases,
a possible explanation could reside in the sensitivi-
ty of present methods. Promising results have recent-
ly been reported using quantitative real-time PCR
techniques.46,47 Further studies using these more sen-
sitive tools might help to clarify these open ques-
tions.
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What is already known on this topic
The value of evaluating chimerism status in the

prediction of leukemic relapse after allogeneic stem
cell has been controversial in patients with acute
leukemia.  Early prediction of upcoming relapse may
be of value for the early control of leukemia while it
still remains as minimum residual disease.  

What this study adds
This study by Barrios et al. examined this very

important question in a large series of patients, and
clearly showed the significant relationship between
chimerism status and subsequent leukemic
relapse/mortality.




