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Donor lymphocyte infusion (DLI) can pro-
duce durable remissions in patients with
chronic myelogenous leukemia (CML)
who have a relapse after an allogeneic
stem cell transplantation. However, the
best modality to administer DLI is still
unclear. The effect of the initial cell dose
(ICD; ie, mononuclear cells x 108/kg re-
ceived in the first instance) on outcome
was retrospectively analyzed in 298 of
344 patients treated with DLI at 51 cen-
ters. Patients were classified into 3 groups
according to the ICD: 98 in group A
(= 0.20), 107 in group B (0.21-2.0), and 93
in group C (> 2.0). Additional infusions

were given to 62%, 20%, and 5% of pa-
tients in groups A, B, and C, respectively.
A lower ICD was associated with less
graft-versus-host disease (GVHD; A, 26%;
B, 53%; C, 62%; P < .001), less myelosup-
pression (A, 10%; B, 23%; C, 24%;
P = .01), and similar response rate (A,
78%; B, 73%; C, 70%; P = .48). Nonad-
justed estimates of 3-year survival, failure-
free survival, and DLI-related mortality
were 84%, 66%, and 5% respectively, in
group A; 63%, 57%, and 20% in group B;
and 58%, 45%, and 22% in group C. Out-
come analysis was adjusted for patient
age, donor type, sex of donor, sex mis-

match, disease phase at transplantation,
T-cell depletion, interval from transplanta-
tion to DLI, GVHD prior to relapse, relapse
type, and date of DLI. After adjustment,
lower ICD was associated with less GVHD,
less myelosuppression, same response
rate, better survival, better failure-free
survival, and less DLI-related mortality.
Our results suggest that the first DLI dose
should not exceed 0.2 x 108 mononuclear
cells/kg. (Blood. 2002;100:397-405)

© 2002 by The American Society of Hematology

Introduction

Salvage therapy with donor lymphocyte infusion (DLI) can restore
remission in many patients with chronic myelogenous leukemia
(CML) who have a relapse after allogeneic stem cell transplanta-
tion (SCT).16 Because the probability of response decreases with
the disease progression, molecular/cytogenetic monitoring of the
disease after transplantation and prompt therapy with DLI before
the development of hematologic relapse may represent the optimal
management of patients after transplantation.” The efficacy of DLI
in CML has been limited to some extent by the morbidity and
mortality associated with graft-versus-host disease (GVHD) and
myelosuppression, which are frequently observed in responding
patients.:”” The overall probability of mortality in remission was
reported to be as high as 18% at 2 years in 2 separate surveys
conducted in Europe and North America.89

From retrospective data, it might be anticipated that giving DLI
to patients in cytogenetic relapse rather than at later stages would

significantly reduce the risk of developing bone marrow aplasia,
but would not affect the risk of acute GVHD.® However, response
to DLI is not always associated with GVHD, suggesting that the
graft-versus-leukemia (GVL) effect may be independent of the
clinical development of GVHD.8° Starting the transfusion of donor
cells at low cell numbers followed by escalating doses as required
(ie, until achievement of response or development of GVHD) may
reduce the incidence and severity of GVHD, while preserving the
GVL effect.1011 When a previous survey on DLI was conducted by
the Chronic Leukemia Working Party of the European Blood and
Marrow Transplantation Group (EBMT) very few patients having a
relapse after alografting for CML were treated with escalating
doses of DLI before 1994.8 As the escalating dose regimen has
become more frequently adopted in the following years, we wished
to evaluate on alarge scale the impact of the dose schedule of DLI
on patient outcome. Therefore we have analyzed a total of 344
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patients by updating 81 patients included in our previous survey®
and by collecting data from 263 new cases primarily treated from
1994 to 1998. This analysis has identified a significant correlation
of the dose schedule with both safety and efficacy of DLI in
relapsed CML.

Patients and methods

Data collection

On September 2000, EBMT member centers were asked to report and update
their experience with patientstrested with unmanipulated DLI for recurrent CML
after thefirst alogeneic SCT from an HLA-identical sibling or an HLA-matched
volunteer unrelated donor (VUD). The study was approved by the review board
of the Chronic Leukemia Working Party. Patients were included regardless of
disease stage. The reportsincluded the following data: age and sex of the patients
and their donors, histocompatibility and relationship with the donor, date of initia
diagnoss, date of the first SCT, phase of the disease a SCT, conditioning
regimen, GVHD prophylaxis, grade of acute and chronic GVHD &fter SCT, date
of relapse, relapse type at the time of DLI, dates of lymphocyte transfusions,
number of mononuclear cells (MNCs) transfused (at first infusion and cumula:
tive), occurrence and severity of GVHD (acute and chronic) or myel osuppression
(ie, neutropenia, thrombocytopenia) following DLI, response to DLI, type of
remission, date of leukemia recurrence after DLI-induced remission, date of
myeloablative conditioning and second SCT, date and disease Satus at last visit,
and date and cause of death.

As of March 2001, data on 370 patients were reported: 344 patients
treated with DLI before 1999 were included in this study, 26 patientstreated
after 1998 were excluded.

Definitions

DLI. Lymphocytes were collected from the donors by leukaphereses on
one or more occasions. The infusions given on multiple days at less than 7
days apart were counted as one infusion. None of the patients treated with
DLI had GVHD at thetime of infusion or was on immunosuppressive therapy.

The method of administration of DLI was not uniform, therefore we
defined the following objective parameters:

1. The initial cell dose (ICD) indicating the number of MNC/kg
transfused at thefirst infusion

2. The number of additional infusions (NAIls) given after the first
infusion

3. Thetotal cell dose (TCD) asthe cumulative MNC dose/kg transfused
inall consecutive infusions

4. The treatment duration (TD) as the period (in days) between the first
and the last infusion

5. The average interval between infusions (All) was calculated in
patients treated with multiple infusions according to the formula: All =
TD/NAL.

6. The additional cell dose (ACD) was caculated in patients treated
with multipleinfusions with the formula: ACD = TCD — ICD.

Relapse. Relapse was classified into molecular relapse (ie, BCR/ABL
transcripts detected by quantitative reverse transcription—polymerase chain
reaction [RT-PCR] in 2 consecutive tests performed over a minimum of 4
weeks), cytogenetic relapse (ie, presence of one or more Philadelphia
chromosome—positive [Ph*] metaphases at bone marrow cytogenetics), and
hematologic relapse (ie, presence of peripheral blood leukocytosis accom-
panied by a hypercellular bone marrow with Ph chromosome positivity on
cytogenetic analysis). In our study, all patientsin molecular relapse at time
of DLI had increasing levels of BCR/ABL transcripts detected by
quantitative RT-PCR.

The phase of CML was classified in accordance with criteria proposed
by the International Blood and Marrow Transplantation Registry.’2 How-
ever, the appearance of complex cytogenetic abnormalities at hematologic
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relapse was not sufficient alone to define accelerated phase at relapse.
Accelerated or blastic phase was categorized as “transformed.”

Outcome. Acuteand chronic GVHD occurring either prior to relapse or
after DLI were graded according to the standard clinical criteria.l3

Myelosuppression after DLI was defined as a cytopenia (neutrophils <
0.5 X 10%L or platelets < 20 X 10%L) unrelated to disease or chemotherapy.

Response required the absence of Philadelphia chromosome by stan-
dard cytogenetics or negativity for BCR/ABL transcripts by RT-PCR if
standard cytogenetics prior to DLI was not performed or negative.

Survival was calculated from the date of thefirst infusion of donor cells
until death or last follow-up evaluation.

Failure-free survival (FFS) was calculated from the date of the first
infusion of donor cells until death, last follow-up evaluation, or occurrence
of an event such as unresponsiveness to DLI or relapse after response to
DLI. Because of aselection criteria (ie, DLI given before 1999) and period
of data collection (ie, from September 2000 until March 2001), most
patients had afollow-up longer than 18 monthsfrom DL I and in our opinion
this period was adequate to observe the great majority of the events
considered by the FFS curve.

The DLI-related mortality (DLI-RM) was calculated from the date of
the first infusion of donor cells until nonleukemic death or last follow-up
evaluation. Censoring at the date of relapse after DLI, at the date of second
SCT (ie, reinfusion of donor stem cells following a myeloablative
conditioning regimen), or at the date of leukemic death was applied in the
calculation of DLI-RM.

Statistical analysis

The x2 Mann-Whitney U, and Kruskal-Wallis H tests were used to compare
groups as appropriate. The log-rank test was used to compare survival curves,
Survival curves were calculated according to the method of Kaplan and Meier. 4
Logigtic regression analysis was used with GVHD, myelosuppression, and
response asthe dependent variables; aproportiona hazard regression model (Cox
model) was used for surviva, FFS, and DLI-RM.** In each situation the
proportionality assumption was verified both graphicaly and by introducing time
asatime-dependent covariate and testing for asignificant interaction with therisk
factors under study. Due to severe nonproportiondity it isimpossibleto grasp the
influence of ICD in one Cox modd alowing for estimation of dl effects of
interest. We used a landmark anaysis approach by dividing the follow-up time
into 2 periods of interest. Patient survival is described with the standard
techniques conditional on the patient being dive without relgpse a the sart of the
second interva. To evaluate a possibly changing effect of ICD 2 separate sets of
analyseswere performed, onefor each period: first period, from thefirst day with
an infusion of donor lymphocytes to 9 months; second period, from 9 months
until last follow-up (around 12 years). Themedian interval to degth (ie, 9 months)
was chosen as cutoff and al mode sfulfilled the proportionality assumption.

Thereader should bear in mind that the interpretation of the effect of the
various risk factorsin the second period is not the usual one; the analysisis
conditional on being alive at the start of the period and hence adequately
describes the influence of, for example, ICD during that period. However,
the associated hazard ratios (HRs) do not have any reasonable interpretation
at, for example, the moment of starting therapy with DL itself because by
then it is still unknown who will actually survive the first period.

The following possible risk factors were evaluated for their relationship
with the outcome measures: donor type, sex of donor, sex mismatch with
the donor, phase at SCT, GVHD prophylaxis with T-cell depletion for SCT,
interval from SCT to DLI, occurrence of GVHD after SCT, date of DLI,
stage of relapse at time of DLI, and ICD. Moreover, the effect of ICD was
studied in particular using the other risk factors as (potential) confounders.
The effect of ICD on the various outcome measures was thus estimated in 3
ways: crude (univariate: not adjusting for any of the risk factors), adjusted
for al risk factors regardless of their significance (full regression model),
and adjusted for all risk factors with a multivariately significant effect on
the outcome (the result of a backward stepwise elimination carried out
starting with the full regression model). HRs were estimated with 95% ClI
(95CI). Values of P < .05 were considered statistically significant.
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Table 1. Method of administration of DLI

ICD*t
Group Group
Total Group At B8 C||
Objective parameters N =344 N =98 N = 107 N =93

Initial cell dose*t
Median (MNC X 108/kg) 1 0.1 1 35

Range (MNC x 108/kg) 0.002-24 0.002-0.20 0.22-2.0 2.1-244
No. of infusions

Single infusion (no.) 241 38 83 90

Multiple infusions (no.) 103 61 24 5
No. of additional

infusionst

1or2(no.) 52 27 13

3 or more (no.) 27 16 7

Not assessed (no.) 24 18 4
Average interval between

infusionst

Median (d) 44 48 43 44

Range (d) 7-489 15-489 7-131 20-459

Not assessed (no.) 24 18 4 0
Additional cell doset

Median (MNC X 108/kg) 2.0 17 2.5 2.4

Range (MNC X 108/kg) 0.1-79 0.1-20 0.5-79 1.2-7.6

Not assessed (no.) 23 10 0 1
Total cell doset

Median (MNC X 108/kg) 2.0 0.5 15 3.8

Range (MNC X 108/kg) 0.01-80 0.01-21 0.25-80 2.1-24.4

Not assessed (no.) 57 10 0 1

*Assessed in 298 of 344 patients.

TDefinition in “Patients and Methods.”

fPatients with ICD less than 0.21 MNC X 108/kg.
§Patients with ICD from 0.21 to 2.0 MNC X 108/kg.
|Patients with ICD more than 2.0 MNC X 108/kg.

Results
Method of administration of DLI

Table 1 outlines the method of administration of DLI. The ICD was
available for 298 of 344 patients (87%); the median value was
1 X 10%/kg (range, 0.002-24.4 X 108/kg). The ICD was less than
0.02 X 108in 7 patients, between 0.02 X 108 and 0.20 X 108in 91,
between 0.21 X 108 and 2.0 X 108 in 107, between 2.1 X 10% and
20 x 108 in 93, and above 20 x 108 in 1. Therefore we divided
patients into 3 groups, according to the ICD: group A, less than
0.21 X 108 (98 patients, 33%); group B, 0.21 to 2.0 X 108 (107
patients, 36%); and group C, morethan 2.0 X 108 (93 patients, 31%).

Treatment with DLI included only oneinfusion for 241 patients
(70%), whereasiit included additional consecutive infusionsfor the
remaining 103 patients (30%). Additional infusions were given to
61 group A patients (61%), 24 group B patients (22%), 5 group C
patients (5%), and 13 with unavailable ICD (28%). The NAls, the
All, and the ICD were all available for 68 of 103 patients treated
with multiple infusions: 43 of 61 in group A, 20 of 24 in group B,
and 5 of 5in group C. Forty-four patientsreceived 1 or 2 additional
infusions (27 group A, 13 group B, and 4 group C patients), and 24
had 3 or more additional infusions (16 group A, 7 group B, and 1
group C patients). Additional infusions were given at a median
interval of 44 days (range, 7-489 days). Median Alls were 48, 43,
and 44 days in groups A, B, and C, respectively. Median ACD
(X 10%/kg) was 2 (range, 0.1-79 X 10%/kg): 1.7, 2.5, and 2.4 in
groups A, B, and C, respectively. Median TCD (X 10%/kg) was 2
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(range, 0.1-80 X 108/kg): 0.5, 1.5, and 3.8 in groups A, B, and C,
respectively.

Pre-DLI features and ICD

The frequencies of pre-DLI features both in the entire population
and in ICD groups are reported in Table 2. The ICD groups were
comparable in terms of pre-DLI| features except for donor type,
T-cell depletion, GVHD after SCT, stage of relapse at time of DLI,
and period of DLI. Lower ICD was associated with a higher
incidence of VUD, T-cell depletion, GVHD prior to relapse,
molecular/cytogenetic relapse, and DLI in the years 1988 to 1994.
The median interval from SCT to the last day with an infusion of
donor cells was 32 months (range, 8-145 months): 33, 32, and 33
monthsin groupsA, B, and C, respectively (not shown).

The ICD was assessed in 85 of 96 patients who were given DLI
for molecular/cytogenetic relapse: 35 of 41 treated in the years
1988 to 1995 (group A in 17%, group B in 46%, and group C in
37%) and 58 of 63 treated in the years 1996 to 1998 (group A in
60%, group B in 31%, and group C in 9%; P < .001).

QOutcome

GVHD. Of the 333 evaluable patients, 159 (48%) devel oped acute
GVHD (51 grade |, 64 grade I1, 29 grade |11, 13 grade IV, and 2
more than grade | not otherwise specified) and 58 of 301 assessable
patients (19%) developed chronic GVHD (24 limited, 34 exten-
sive). GVHD according to ICD is shown in Table 3. Acute GVHD
was absent or grade| in 81 of 97 assessable group A patients (84%),
65 of 105 group B patients (62%), and 46 of 90 group C patients
(50%; P < .001). Grade Il to 1V acute GVHD was observed in 6
group A patients (6%), 17 group B patients (16%), and 16 group C
patients (18%; P = .04). Chronic GVHD was observed in 19 of 91
group A patients (21%), 25 of 84 group B patients (30%), and 12 of
61 group C patients (20%; P = 0.27).

Univariate analysis shows that GVHD (ie, acute GVHD grades
I1-1V or all chronic GVHD) isrelated to sex of donor, sex mismatch
with the donor, phase at SCT, period of DLI, stage of relapse at time
of DLI, and ICD (Table 4). The incidence of GVHD was 26%,
53%, and 62% in the A, B, and C groups, respectively (P < .001).
The crude HR of GVHD was 3.1 in group B and 4.6 in group C, as
compared to group A patients (Table 5, univariate). The risk,
adjusted on al variables, increases by afactor of 2.2 (95CI: 1.0-4.8,
P =.047) in group B, and by a factor of 4.0 (95CI: 1.6-9.9,
P =.002) in group C, as compared to group A patients (Table 5,
full model). Sex mismatch with the donor, first chronic phase at
SCT, DLI intheyears 1988 to 1995, and ICD higher than 0.2 X 108
MNCI/kg (ie, group B or group C) were factors associated with a
higher risk of acute GVHD grades|I to IV or chronic GVHD after
DLI (Table 5, reduced model).

Myelosuppression. Myelosuppression was observed in 63 pa-
tients (18%): neutropenia and thrombocytopeniain 46, neutropenia
alone in 6, and thrombocytopenia aone in 11. Univariate analysis
shows that myelosuppression is significantly related to stage of
relapse at time of DLI (P = .009) and to ICD (P = .01; Table 4).
The incidence of myelosuppression was 10%, 23%, and 24% in
groups A, B, and C, respectively. The crude HR of myelosuppres-
sionwas 2.7 ingroup B and 2.8 in group C, as compared to group A
patients (Table 5, univariate). The adjusted risk increased by a
factor of 2.7 (95Cl, 1.1-7.0, P = .03) in group B and by a factor of
2.4 (95CI, 0.8-6.6, P = .10) in group C, as compared to group A
patients (Table 5, full model). T-cell depletion at SCT, transformed
relapse, and ICD higher than 0.2 X 108 MNC/Kkg (ie, group B or
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Table 2. Features prior to DLl and ICD

BLOOD, 15 JULY 2002 - VOLUME 100, NUMBER 2

ICD*
Group At Group Bt Group C8§ Not available
Totaln = 344 n =098 n = 107 n =293 n =46
Features % % % % % P||
Patient age
Younger than 40y 54 61 45 53 61 .22
40y and older 46 39 55 47 39
Donor type
SIB 79 70 79 90 72 <.01
VUD 21 30 21 10 28
Sex of donor
Male 67 73 56 69 72 .53
Female 33 27 44 31 28
Sex match with the donor
Matched 55 62 41 59 65 71
Mismatched 45 38 59 41 35
Phase at SCT
First chronic phase 79 84 79 77 74 .28
More advanced 21 16 21 23 26
T-cell depletion at SCT
No 58 38 53 75 82 <.01
Yes 42 62 47 25 18
Interval SCT-first infusion
Fewerthan2y 44 46 47 39 45 .32
More than 2y 56 54 53 61 55
Acute GVHD after SCT
Grade 0 44 33 46 51 53 .03
Grade | 30 36 27 29 22
Grades II-1V 26 32 27 20 25
Chronic GVHD after SCT
None 69 64 70 73 67 31
Limited 22 28 20 19 23
Extensive 9 8 10 7 9
GVHD after SCT
None 38 25 40 42 51 .04
Grade | and/or limited 32 38 31 33 20
Grade higher than | and/or extensive 30 37 29 25 29
Stage of relapse at DLI
Molecular/cytogenetic 30 42 32 19 24 <.01
Hematologic 52 49 47 60 52
Transformed 18 9 21 21 24
Date of DLI
1988-1995 53 26 55 80 57 <.01
1996-1998 47 74 45 20 43

SIB indicates sibling donor.

*Definition in “Patients and methods.”

tPatients with initial cell dose <0.21 MNC X 108/kg.
fPatients with initial cell dose from 0.21 to 2.0 MNC X 108/kg.
§Patients with initial cell dose >2.0 MNC X 108/kg.
||[Comparing different features in ICD groups A, B, and C.

group C) werefactors associated with ahigher risk of myel osuppres-
sion after DLI (Table 5, reduced model).

Response. A complete response with DLI was achieved in 239
patients (69.5%). Response rates were 78%, 73%, and 70% in
groups A, B, and C, respectively (P = .48). The number of
responders treated with a single infusion versus the number of
responders treated with multiple infusions was 35 versus 41 in
groupA, 63 versus 15in group B, and 63 versus 2 in group C. There
was no significant effect of the ICD on response rate (Table 4 and
Table 5, univariate and full model). VUD, more advanced phase at
SCT, T-cell-replete SCT, clinical evidence of the disease at relapse
(ie, hematologic relapse or transformed relapse) were factors
associated with a lower probability of response to DLI (Table 5,
reduced model).

Survival. Two hundred sixteen patients were alive at a median
of 48 months from the first infusion (range, 1-142 months): 177 in
continuous remission after DLI, 11 relapsed after response to DL,
and 28 nonresponsive to DLI. Death occurred in 128 patients (77
nonresponsive to DLI, 38 responsive to DLI, and 13 relapsed after
DLI) at amedian of 9 months from thefirst infusion (range, 0.5-73
months); 62 died of progressive disease, 15 died of complications
related to a second SCT performed after DLI, 49 died of complica-
tions related to DLI, and 2 died of other causes. The actuaria
probability of survival was 0.77 (95CI, 0.73-0.82) at 1 year, 0.66
(95Cl, 0.60-0.71) at 3 years, 0.58 (95CI: 0.52-0.64) at 5 years, and
0.55 (95CI: 0.48-0.62) at 10 years (Figure 1A).

In univariate analysis male donor, SCT in first chronic phase,
interval from SCT to DLI longer than 2 years, period of DLI 1996
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Table 3. Incidence of GVHD after DLIin ICD groups

ICD*
Group At Group Bf Group C§
GVHD % % %
Acute
None 66 44 39
Grade | 18 18 11
Grade Il 10 22 30
Grade Il 6 11 10
Grade IV 0 5 8
Yes, not graded 0 0 2
Chronic
None 79 70 80
Limited 11 8 12
Extensive 10 22 8

*Definition in “Patients and methods.”

tPatients with initial cell dose <0.21 MNC X 108/kg.
tPatients with initial cell dose from 0.21 to 2.0 MNC X 108/kg.
§Patients with initial cell dose >2.0 MNC X 108/kg.

to 1998, less advanced stage of relapse at time of DLI, and lower
ICD were significant favorable factorsfor survival after DLI (Table
4). Nonadjusted estimates of survival at 1 to 3 years were 0.94 to
0.84, 0.75 to 0.63, and 0.65 to 0.58 in groups A, B, and C,
respectively (P < .001; Figure 1B). The crude HRs in the first
period were 4.7 in group B and 6.1 in group C, as compared to
group A patients (Table 5, univariate).

Multivariate analysis indicated that the rapidity of death in the
first period increases by afactor of 3.2 (95CI, 1.0-10.3, P = .038)

Table 4. Outcomes according to pre-DLI factors and the ICD: univariate analysis
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in group B and by a factor of 6.6 (95CI, 2.0-21.4, P = 0.002) in
group C, as compared to patients in group A (Table 5, full model).

The VUD, female donor, sex mismatch with the donor, clinical
evidence of relapse at time of DLI (ie, hematologic relapse or
transformed relapse), and ICD higher than 0.2 X 108 MNC/kg (ie,
group B or group C) were unfavorable prognostic factorsin thefirst
period (Table 5, reduced model).

The effect of the ICD on the rapidity of death in the second
period was not significant in all analyses (Table 5): HRs of groups
B and C were 1.2 (95CI, 0.5-2.8, P = .628) and 1.3 (95CI: 0.5-3.1,
P = .582), respectively (Table 5, full model). More advanced
phase at SCT and date of DLI in the years 1988 to 1994 were
unfavorable prognostic factors in the second period (Table 5,
reduced model).

FFS. A total of 178 patients (52%) were alive and in continu-
ous remission at amedian of 1493 days (range, 32-4257 days) from
the first infusion of donor cells, and 166 patients (48%) had failure
of DLI at amedian of 265 days (range, 15-1996 days) from the first
infusion. The type of failure was no responseto DLI in 92 patients,
toxic death in 49, relapse after response to DLI in 23, and death
from other causes in 2. The actuarial probability of FFS was 0.73
(95Cl, 0.68-0.77) at 1 year, 0.53 (95CI, 0.47-0.58) at 3 years, 0.49
(95Cl, 0.43-0.54) at 5 years, and 0.48 (95Cl, 0.42-0.54) at 10 years
(Figure 2A).

In the univariate analysis, FFS was significantly related with
phase at SCT, T-cell depletion, interval from SCT to DLI, stage of
relapse at timeof DLI, and ICD (Table 4). Nonadjusted estimates at
1 to 3 years were 0.86 to 0.66, 0.67 to 0.57, and 0.54 to 0.45 in

GVHDt Myelosuppressiont Responset Survival FFS DLI-RM
Factors* % P % P % P %atly %at3y P %atly %at3y P %atly %at3y P
Sex of donor
Male 38 <.01 19 .92 70 .64 82 71 <.01 75 54 .10 9 13 .01
Female 58 19 67 70 55 67 48 15 21
Sex match with the donor
Matched 36 <.01 18 .58 67 43 78 68 .52 74 52 .81 8 13 .33
Mismatched 57 20 71 77 63 70 52 13 17
Phase at SCT
First chronic phase 47 .04 19 .76 75 <.01 83 73 <.01 78 59 <.01 10 15 .26
More advanced 32 17 48 57 38 52 28 15 19
T-cell depletion at SCT
No 40 .10 16 .14 63 <.01 74 64 44 69 47 .01 12 15 .35
Yes 50 22 80 82 68 78 62 10 17
Interval SCT-first infusion
Fewerthan2y 48 .33 19 .64 65 12 70 58 <.01 64 45 .01 13 17 .49
More than 2y 42 17 73 83 72 79 59 9 14
Date of DLI
1988-1995 55 <.01 22 .07 69 .67 75 60 .03 70 51 41 11 19 .19
1996-1998 32 14 71 80 72 76 54 11 13
Stage of relapse at DLI
Molecular/cytogenetic 32 .01 12 <.01 87 <.01 87 81 <.01 85 68 <.01 8 9 .04
Hematologic 51 19 71 85 71 80 55 10 17
Transformed 49 28 37 39 27 31 19 28 33
ICD%
Group A8 26 <.01 10 .01 78 .48 94 84 <.01 86 66 <.01 2 5 <.01
Group B|| 53 23 73 75 63 67 57 13 20
Group C1 62 24 70 65 58 54 45 18 22

*Factors such as patient age, donor type, and GVHD after SCT are left off because they were not related with any of the outcomes.

TAcute GVHD grades Il to IV and/or chronic GVHD.
FDefinition in “Patients and methods.”

§Patients with ICD less than 0.21 MNC X 108/kg.

||Patients with ICD dose from 0.21 to 2.0 MNC X 108/kg.
fPatients with initial cell dose more than 2.0 MNC X 108/kg.
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Table 5. Effect of the ICD on the various outcome measures after DLI

BLOOD, 15 JULY 2002 - VOLUME 100, NUMBER 2

Outcome measures after DLI

Myelo-
GVHD* suppressiont  Responset Survival FFS DLI-RM
First Second First Second First Second
periodt periodt periodt periodt periodt periodt
Factors Category HR (95% Cl)
Univariatet
ICDt Group At 1 1 1 1 1 1 1 1 1
Group B§ 3.1(1.7-5.7) 2.7(1.2-5.9) 0.8(0.4-1.5) 4.7(1.8-12.4) 1.4(0.7-3.0) 2.7(1.2-5.7) 1.2(0.7-2.1) 5.9(1.3-26.3) 4.2 (0.9-19.6)
Group C|| 4.6 (2.4-8.9) 2.8(1.2-6.2) 0.7 (0.4-1.3) 6.1(2.3-16.0) 1.6 (0.8-3.4) 4.1(2.0-8.7) 1.3(0.7-2.3) 8.0(1.8-35.4) 3.2(0.6-16.2)
Full modelt
ICDt Group At 1 1 1 1 1 1 1 1 1
Group B§ 2.2(1.0-4.8) 2.7(1.1-7.0) 1.4(0.6-3.2) 3.2(1.0-10.3) 1.2(0.5-2.8) 2.0(0.8-5.0) 1.1(0.6-2.2) 9.1(1.1-77) 6.1(1.1-33.5)
Group C|| 4.0 (1.6-9.9) 2.4(0.8-6.6) 1.5(0.6-3.7) 6.6 (2.0-21.4) 1.3(0.5-3.1) 3.6 (1.4-9.0) 1.2(0.6-2.6) 17.8 (2.0-160) 4.2 (0.6-27.8)
Reduced modelt
ICDt Group A% 1 1 1 1 1 1 1 1 1
Group B§ 21(1.1-43) 2.8(1.2-6.4) 11(05-2.3) 4.0(1.4-11.8) 1.3(0.6-2.7) 2.2(1.0-5.0) 1.2(0.7-2.2) 11.3(1.5-88) 6.5 (1.4-30.4)
Group C|| 3.3(1.5-7.2) 3.0(1.2-7.2) 1.2(0.5-2.6) 7.0(2.3-20.8) 1.2(0.6-2.6) 3.7 (1.6-8.1) 1.4 (0.8-2.5) 16.1(2.1-124) 4.4 (0.9-22.4)
Patient age <40y NS NS NS NS NS NS NS NS NS
=40y
Donor type SIB NS NS 1 1 NS NS NS NS NS
VUD 0.4 (0.2-1.0) 2.7 (1.1-6.3)
Sex of donor Male NS NS NS 1 NS NS NS 1 NS
Female 2.0(1.1-3.5) 2.0 (0.9-4.5)
Sex match with Matched 1 NS NS 1 NS NS NS 1 NS
the donor Mismatched 2.4 (1.4-4.3) 2.0 (1.1-3.5) 2.0 (0.9-4.5)
Phase at SCT First chronic 1 NS 1 NS 1 NS 1 NS NS
phase
More 0.3(0.1-0.7) 0.5 (0.2-0.9) 3.0(1.6-5.4) 2.4 (1.4-4.1)
advanced
T-cell depletion No NS 1 1 NS NS NS NS NS 1
at SCT Yes 25(1.3-5.0) 2.1(1.1-4.2) 4.7 (1.6-14.1)
Interval SCT-first <2y NS NS NS NS NS 1 NS 1 NS
infusion >2y 0.4 (0.3-0.8) 0.5(0.2-1.1)
Date of DLI 1988-1995 1 NS NS NS 1 NS NS NS NS
1996-1998 0.5 (0.3-1.0) 0.4 (0.2-0.9)
Stage of relapse Molecular/ NS 1 1 1 NS 1 NS NS NS
at time of DLI cytogenetic
Hematologic 1.9(0.8-4.2) 0.3(0.1-0.6) 1.6 (0.6-4.3) 1.4 (0.6-3.0)
Transformed 4.0 (1.5-10.4) 0.1 (0.03-0.2) 10.5 (4.1-27) 6.2 (2.9-13.4)

NS indicates not significant.

*Acute GVHD grades Il to IV and/or chronic GVHD.
TDefinition in “Patients and methods.”

fPatients with ICD less than 0.21 MNC X 108/kg.
§Patients with ICD from 0.21 to 2.0 MNC X 108/kg.
Patients with ICD more than 2.0 MNC X 108/kg.

groupsA, B, and C, respectively (P = .002; Figure 3B). The crude
HRs in the first period were 2.7 in group B and 4.1 in group C, as
compared to group A patients (Table 5, univariate).

The adjusted risk of failure or death in the first period increases
by a factor of 2.0 (95CI: 0.8-5.0, P = .124) in group B and by a
factor of 3.6 (95Cl, 1.4-9.0, P = .006) in group C, as compared to
patients in group A (Table 5, full model). An interval from
transplantation to first infusion shorter than 2 years, clinical
evidence of relapse at time of DLI (ie, hematologic relapse or
transformed relapse), and ICD higher than 0.2 X 108 MNC/kg (ie,
group B or group C) were unfavorable prognostic factorsin thefirst
period (Table 5, reduced model). The ICD did not influence FFS
significantly in the second period: HRs of groups B and C were 1.1
(95CI, 0.6-2.2, P=.701) and 1.2 (95CI, 0.6-2.6, P = .582),
respectively (Table 5, full model). More advanced phase at SCT
was the only unfavorable prognostic factor in the second period
(Table 5, reduced model).

DLI-RM. Forty-nine patients died of GVHD or infections
following therapy with DL at amedian interval of 189 days (range,
23-1996 days) from the first infusion. Thirty-seven patients were
either in cytogenetic or molecular remission at the time of
DLI-related death: 1 was given DLI at molecular relapse, 8 at
cytogenetic relapse, 21 at hematologic relapse, and 7 at trans-
formed relapse. The other 12 patientsdied of DLI-related complica-
tions either in marrow aplasia or in hematologic remission: 1 was
given DLI at cytogenetic relapse, 8 at hematologic relapse, and 3 at
transformed relapse.

Forty-eight patients were censored before the last follow-up: 23
because of relgpse occurring at a median of 385 days (range, 55-1499
days) from DLI and 25 because of asecond SCT performed at amedian
of 477 days (range, 83-1249 days) from DLI. Sixty-four patients were
censored at time of death, which was caused by the diseesein 62 & a
median of 124 days (range, 15-4257 days), and by other causes in
another 2 patients a 247 and 993 days, respectively. The actuaria
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Figure 1. Probability of survival after DLI. Check marks indicate censored patients.
(A) In all patients (n = 344); (B) in groups of initial cell dose: group A, less than or
equal to 0.2 X 108 MNC/kg (n = 98, dotted line); group B, 0.21 to 2.0 X 108 MNC/kg
(n = 107, thin line); group C, more than 2 X 108 MNC/kg (n = 93, thick line).

probability of DLI-related death was 0.10 (95CI, 0.07-0.14) at 1 yesr,
0.16 (95ClI, 0.12-0.20) at 3 years, 0.21 (95Cl, 0.15-0.26) a 5 years, and
0.22 (95CI: 0.16-0.28) at 10 years (Figure 3A).

The DLI-RM was significantly related with sex of donor, with
stage of relapse at time of DLI, and with ICD in the univariate
analysis (Table 4). Nonadjusted estimates at 1 to 3 years were 0.02
to 0.05, 0.13 to 0.20, and 0.18 to 0.22 in groups A, B, and C,
respectively (P = .002; Figure 2B). The crude HRs in the first
period were 5.9 in group B and 8.0 in group C as compared to
group A patients (Table 5, univariate).

The adjusted risk in the first period increased by a factor of 9
(95ClI, 1.1-77, P = .043) in group B and by afactor of 17.8 (95ClI,
2-160, P = .010) in group C as compared to patients in group A
(Table 5, full model). In the same period, female donor, sex
mismatch with the donor, an interval from transplantation to first
infusion shorter than 2 years, and ICD higher than 0.2 X 108
MNC/kg (ie, group B or group C) were unfavorable prognostic
factors (Table 5, reduced model).

The crude HRs in the second period were 4.2 in group B and 3.2
in group C, as compared to group A patients (Table 5, univariate).
The adjusted risk in the second period increased by a factor of 6.1
(95Cl, 1.1-33.5, P = .036) in group B and by afactor of 4.2 (95CI:
0.6-27.8, P = .139) in group C, as compared to group A patients
(Table 5, full model). GVHD prophylaxiswith T-cell depletion and
ICD higher than 0.2 X 108 MNC/kg (ie, group B or group C) were
unfavorable prognostic factors in the second period (Table 5,
reduced model).

Subsets analyses. The significant prognostic effect of the ICD
on GVHD, myelosuppression, survival, FFS, and DLI-RM and the
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absence of a significant influence of 1CD on response to DLI were
al confirmed when the dtatistical analysis was conducted on
HLA-identical sibling and VUD transplants, separately.

Discussion

Previous studies of DLI in CML relapse showed that the major
factor for response is relapse type.l® The response to DLI is often
associated with the development of GVHD, but the incidence of
severe GVHD is reduced when an escalating dose rather than a
bulk dose regimen is used.’>13 However, it is not clear if an
escalating dose regimen can induce durable remissions or is
suitablefor al patients.

This retrospective analysis of 344 patients from 51 centers
affiliated with the EBMT confirms that adoptive immunotherapy
with donor lymphocytes is an effective treatment of patients with
CML who have arelapse after allogeneic SCT and suggeststhat the
method of administration of DLI can influence the outcome
independently of other relevant factors.

The administration of DLI was heterogeneous with respect to
the number of infusions and mononuclear cell dose given at each
infusion. Our data suggest that, irrespective of theinitial cell dose,
the treatment was stopped or continued with additional infusions
according to disease response or the effect on the patient. Re-
sponses were achieved with multiple infusions irrespective of the
initial cell dose. This fact would bias a comparison of patients
treated with a “single bulk dose” with patients treated with
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Figure 2. Probability of FFS after DLI. Check marks censored patients. (A) In all
patients (n = 344); (B) in groups of initial cell dose: group A, less than or equal to
0.2 X 108 MNC/kg (n = 98, dotted line); group B, 0.21-2.0 X 108 MNC/kg (n = 107,
thin line); group C, more than 2 X 108 MNC/kg (n = 93, thick line).

20z AeN Lz uo 1sanb Aq ypd°26€00020% 18U/ LGESIL/L6€/2/00 L /Ppd-8JoiE/POO|qARU sUOKED!IgNdYSE//:d)Y WOl papeojumoq



404  GUGLIELMI et al

A

1.0

0.5

Proportion DLI-RM

[CHEVEE UL U W G ¥

0.0
o 1+ 2 3 4 5 6 7 8 9 10 11 12

1.0

0.5

Proportion DLI-RM

PO TR TV FME WY Y

LU TTRNE TS VTR ¢ G VL U S ENnY
T

0o 1t 2 3 4 65 6 7 8 9 10 11 12

0.0

Years

Figure 3. Probability of DLI-RM after DLI. Check marks indicate censored patients.
(A) In all patients (n = 344); (B) in groups of initial cell dose: group A, less than or
equal to 0.2 X 108 MNC/kg (n = 98, dotted line); group B, 0.21-2.0 X 108 MNC/kg
(n = 107, thin line); group C, more than 2 X 108 MNC/kg (n = 93, thick line).

“escalating doses.” Similarly, the prognostic effect of the number,
dose, and frequency of additional infusions could not be correctly
measured. Therefore, assuming that any patient who started
therapy with donor lymphocytes was deemed to proceed with
further infusions as appropriate, we focused our analysis on the
prognostic effect of the ICD.

The ICD was related to severa other features, suggesting that
the strategy of treatment with donor lymphocytes was frequently
chosen according to donor type, T-cell depletion, GVHD prior to
relapse, relapse type, and year. Therefore, in our multivariate
analysis, the effect of the ICD on outcome was also adjusted for
these 5 factors, independently of their individual prognostic effect.
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According to our analysis, the ICD did not influence response to
DLI; however, the lower the starting dose, the higher the number of
infusions given to achieve a response. The incidence and severity
of GVHD as well as the incidence of myelosuppression after DLI
increased with a higher 1ICD. GVHD and myelosuppression
induced by DLI were frequently associated with nonleukemic
death; thus, the ICD affected both survival and FFS as a conse-
quence of its effect on DLI-related mortality. Noteworthy, ICD
similarly affected survival, DLI mortality, and FFS.

Success of DLI was limited in the early 1990s by the significant
toxicity and mortality associated with this form of treatment, as
opposed to therapy with interferon-a (IFN-).1518 Cytogenetic
complete response to IFN-a alone can be achieved both in
cytogenetic and in hematologic relapse, but the achievement of
molecular remissions remains anecdotal. Therefore, most of these
patients will be exposed to an increased risk of relapse and
transformation as opposed to patients treated with DLI.1°

A significant change in the approach to relapse and in the
modality of giving DLI wasregistered in EBMT centers during the
1990s. In the early period of 1988 to 1995, very few patients were
treated with DLI at molecular/cytogenetic relapse and the cell dose
administered was usualy more than 0.2 X 108 MNC/kg. Lower
doses and treatment before the onset of the hematologic relapse
became more frequent thereafter. These changes in the approach
to treating relapse may well explain the improvement in survival
after relapse which was observed in the EBMT registry datain the
late 1990s.2°

Our results demonstrate that patients with relapsed CML who
start DLI, with adose higher than 0.2 X 108 MNC/kg, are exposed
to significant morbidity and mortality. The incidence of major
untoward effects can be markedly reduced by starting with a cell
dose below or equal to 0.2 X 108 MNC/kg. Starting with a low
dose is therefore important to reduce toxicity of DLI, but our data
suggest that, with a low starting dose, dose escalation is often
necessary to achieve aresponse.

Furthermore, factors such as donor type, sex of donor, disease
phase at transplantation, T-cell depletion, interval from transplanta-
tion to DLI, GVHD prior to relapse, and relapse type should be
taken into account in future prospective studies.

Acknowledgments

The authors are extremely grateful to Anjavan Biezen and Nelleke
Tazelaar for their assistance in collecting and analyzing data and
to the transplant centers (listed in “ Appendix”) that reported patients.

1. Kolb HJ, Mittermdiller J, Clemm Ch, et al. Donor
leukocyte transfusions for treatment of recurrent
chronic myelogenous leukemia in marrow trans-

al. Donor leukocyte infusions for chronic myeloid
leukemia relapsed after allogeneic bone marrow
transplantation. J Clin Oncol. 1993;11:513-519.

Graft-versus-leukemia effect of donor lymphocyte
transfusions in marrow grafted patients. Blood.
1995;86:2041-2050.

plant patients. Blood. 1990;76:2462-2465. 5. Helg C, Roux E, Beris P, et al. Adoptive immuno- 9. Collins RH Jr, Shpilberg O, Drobyski WR, et al.

2. Drobyski W, Keever C, Roth M, et al. Salvage
immunotherapy using donor leukocyte infu-

therapy for recurrent CML after BMT. Bone Mar-
row Transplant. 1993;12:125-129.

Donor leukocyte infusions in 140 patients with
relapsed malignancy after allogeneic bone mar-

sions as treatment for relapsed chronic 6. Porter DL, Roth MS, McGarigle C, Ferrara JLM, row transplantation. J Clin Oncol. 1997;15:433-
myelogenous leukemia after allogeneic bone Antin JH: Induction of graft-versus-host diseases 444.
marrow transplantation: efficacy and toxicity of immunotherapy for relapsed chronic myeloid leu- 10. Mackinnon S, Papadopoulos EB, Carabasi MH,

a defined T-cell dose. Blood. 1993;82:2310-
2318.

3. Hertenstein B, Wiesneth M, Novotny J, et al. In-
terferon-alpha and donor buffy coat transfusions
for treatment of relapsed chronic myeloid leuke-
mia after allogeneic bone marrow transplantation.
Transplantation. 1993;56:1114-1118. 3383.

4. Bar BMAM, Schattenberg A, Mensink EJBM, et

kemia. N Engl J Med. 1994;330:100-106.

7. Van Rhee F, Lin F, Cullis JO, et al. Relapse of
chronic myeloid leukemia after allogeneic bone
marrow transplant: the case for giving donor
leukocyte transfusions before the onset of
hematologic relapse. Blood. 1994;83:3377-

8. Kolb HJ, Schattenberg A, Goldman JM, et al.

et al. Adoptive immunotherapy evaluating esca-
lating doses of donor leukocytes for relapse of
chronic myeloid leukemia after bone marrow
transplantation: separation of graft-versus-leu-
kemia responses from graft-versus-host dis-
ease. Blood. 1995;86:1261-1268.

11. Dazzi F, Szydlo RM, Craddock C, et al. Compari-
son of single-dose and escalating-dose regimens

20z AeN Lz uo 1sanb Aq ypd°26€00020% 18U/ LGESIL/L6€/2/00 L /Ppd-8JoiE/POO|qARU sUOKED!IgNdYSE//:d)Y WOl papeojumoq



BLOOD, 15 JULY 2002 - VOLUME 100, NUMBER 2

of donor lymphocyte infusion for relapse after al- 15. Arcese W, Mauro FR, Alimena G, et al. Interferon
therapy for Ph1-positive CML patients relapsing
after T-cell depleted allogeneic bone marrow
transplantation. Bone Marrow Transplant. 1990;5:

lografting for chronic myeloid leukemia. Blood.
2000;95:67-71.

12. Speck B, Bortin MM, Champlin R, et al. Alloge-

DONOR LYMPHOCYTE INFUSION FOR RELAPSED CML 405

assessment in patients with Ph* chronic myelog-
enous leukemia at first relapse after allogeneic
stem cell transplant. An EBMT retrospective anal-
ysis. Blood. 2000;95:3328-3334.

neic bone marrow transplantation for chronic 309-315. ) -
. . . . 19. D F lo RM, NC, |. D | f
myelogenous leukemia. Lancet. 1984;1:665- 16. Higano CS, Raskind WH, Singer JW. Use of al- 9. DazziF, Szydio . Cross NC, et al yrabl_lty ©
. responses following donor lymphocyte infusions
668. pha-interferon for the treatment of relapse of

13. Glucksberg H, Storb R, Fefer A, et al. Clinical
manifestations of graft-versus-host disease in
human recipients of marrow from HL-A-matched

chronic myelogenous leukemia in chronic phase
after allogeneic bone marrow transplantation.
Blood. 1992;80:1437-1442.

for patients who relapse after allogeneic stem cell
transplantation for chronic myeloid leukemia.
Blood. 2000;96:2712-2716.

sibling donors. Transplantation. 1974;18: 17. Arcese W, Goldman JM, D’Arcangelo E, et al. 20. Guglielmi C, Arcese W, Brand R, et al. Survival of

295-304.

14. Matthews DE, Farewell VT. Using and Under-
standing Medical Statistics. Basel, Switzerland:

Outcome for patients who relapse after allogeneic
bone marrow transplantation for chronic myeloid
leukemia. Blood. 1993;82:3211-3219.

patients with Ph+CML relapsing after an alloge-
neic BMT is improving in the nineties. [abstract].
Bone Marrow Transplantation. 2000;25(suppl 1):

Karger; 1996. 18. Guglielmi C, Arcese W, Hermans J, et al. Risk S13.

Appendix

The appendix lists the responsible individual, center, city, and state by
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