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Abstract

In a multicenter prospective Phase II study, we evaluated the safety and efficacy of pentostatin 

followed by donor lymphocyte infusion (DLI) in patients with low donor T-cell chimerism after 

allogeneic hematopoietic cell transplantation (HCT). Thirty-six patients with low donor blood 

CD3 chimerism were enrolled in this study. Thirty-five patients received a total of 41 DLIs 

following a dose of pentostatin, and one patient received pentostatin only. Median donor CD3 

chimerism prompting the initiation of pentostatin/DLI was 28 (5 to 47)%. Responses (defined by 

increases in donor CD3 chimerism ≥10% maintained to day 56 post-DLI) were seen in 16 patients 

(44.4%) with a median rise in CD3 donor chimerism to 64 (48 to 100)%. There was a trend for 

better responses among the 21 patients who received first treatment within 100 days after 

transplant (57% response rate) compared to the 15 patients who received first treatment more than 

100 days after HCT (27% response rate) (p=0.07). Fourteen patients (39%) developed grade II-IV 

acute GVHD, at a median of 10 (0 to 83) days after DLI. Ten patients (28%) developed extensive 

chronic GVHD. Seventeen patients (47%) developed new grade 4 cytopenias after DLI. There was 

no difference in relapse between non-responders and responders. Twenty-eight patients (78%) 

died, most (n= 21) due to relapse. Five of the 16 responders (31%) are alive, all disease-free, at a 

median 60 (range 21 to 132) months after DLI. Six of the 20 non-responders (30%) are alive at 

median of 47 (range 16 to 100) months after DLI, 3 in complete remission. Pentostatin/DLI had 
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acceptable toxicity and appeared to increase low donor CD3 chimerism after HCT but had no 

impact on mortality.
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INTRODUCTION

Allogeneic hematopoietic cell transplantation (HCT) has the potential to provide long-term 

survival and cure in patients with hematological malignancies [1,2]. Nonetheless, low donor 

chimerism and graft rejection, both associated with an increased risk of relapse, remain 

major causes of transplant failure [3–8].

Donor lymphocyte infusion (DLI) is an approach frequently used to treat patients with 

relapsed hematologic malignancies after allogeneic HCT and has been also used 

preemptively in patients with documented low donor chimerism [9–13]. However, DLI alone 

has not been sufficient to improve donor chimerism [11,14]. The hypothesis that led to this 

prospective study was that host immunosuppression prior to DLI might improve efficacy of 

DLI in reversing low donor T-cell chimerism. We chose pentostatin as the 

immunosuppressive drug for this study as it is a purine analog and a potent inhibitor of 

adenosine deaminase (ADA). Administered to humans, pentostatin is lymphocytotoxic and 

preferentially reduces T-cells and, to a lesser extent, B-cells and NK-cells. Recovery of 

immune function occurs slowly over a period of several months but does not seem to be 

associated with an increased incidence of secondary malignancies or opportunistic infections 

[15]. Pentostatin at a dose of 4 mg/m2 administered in a single infusion was chosen, as this 

dose had been shown to be safe without significant toxicity but sufficient to induce in vivo 
immunosuppressive effects when used following HCT for treatment of graft-versus-host 

disease (GVHD) [16].

This prospective study assessed the safety and efficacy of the combined use of pentostatin 

and DLI in HCT patients with low or falling donor T-cell chimerism with the primary 

objective being the prevention of graft rejection. GVHD, infections, and disease response 

were evaluated as secondary objectives.

PATIENTS AND METHODS

Patients with donor CD3 chimerism of 5 to 50% after HCT at the Fred Hutchinson Cancer 

Research Center, VA Puget Sound Health Care System, and the University of Utah Health 

Sciences Center were enrolled. The study was approved by the institutional review boards in 

all institutions, and all patients provided written informed consent. The protocol was 

registered with Clinicaltrials.gov (NCT00096161).
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Donor Chimerism Monitoring after HCT

Peripheral blood chimerism was checked routinely at 1 month, 3 months, and 12 months 

after nonmyeloablative HCT, or more frequently if clinically indicated. Chimerism was 

checked after ablative transplant if clinically indicated.

Disease Assessment prior to study enrollment

Disease assessment was performed prior to study enrollment as follows:

• Leukemia, MDS: bone marrow biopsy and aspirate for morphology, flow 

cytometry and cytogenetics/FISH/molecular testing (as clinically indicated).

• Lymphoma: Bone marrow biopsy and aspirate and CT scan

• Multiple myeloma: Bone marrow biopsy and aspirate, SPEP with 

immunofixation, UPEP with immunofixation, and imaging (X-ray, CT, MRI) as 

clinically indicated

Inclusion Criteria

Recipient of an allogeneic HCT from an HLA-matched or one HLA-allele mismatched, 

related or unrelated donor, and donor CD3 peripheral blood chimerism <50% on two 

evaluations (at least 14 days apart) but ≥5%. Chimerism inclusion criteria were: <50% donor 

CD3 peripheral blood chimerism on two separate, consecutive evaluations at least 14 days 

apart; or absolute decreases of donor CD3 peripheral blood chimerism of ≥20% if the 

second test showed <50% donor CD3 cells.

Patients with evidence of disease were eligible if the disease was stable in comparison to 

disease status at time of transplantation.

Exclusion Criteria

Active grade II to IV acute GVHD or extensive chronic GVHD, Karnofsky performance 

score <50%, evidence of relapse or disease progression after transplantation, prednisone 

dose >0.25mg/kg/day, or other immunosuppressive medications (study groups 1A, 1B).

Immunosuppressive Therapy

Patients who enrolled on study group 1 had to be off immunosuppressive therapy (IST) 

besides corticosteroids at the time of study treatment. Patients who were receiving 

immunosuppression therapy other than steroids had immunosuppression therapy 

discontinued one day prior to infusion of pentostatin (without a preceding taper). Patients 

who were on corticosteroids had them tapered to a dosage level less than or equal to 0.25 

mg/kg/day 1to 2 weeks prior to DLI. Patients could not have active GVHD upon enrollment 

to the study. Patients on study group 2 were allowed to be on IST at time of study treatment. 

Based on the study protocol patients were transitioned to the following IST regimen: 

cyclosporine at a dose of 5 mg/kg q12hrs PO based on adjusted body weight from day (−3) 

of DLI, and MMF at 30 mg/kg/d PO based on adjusted body weight from the day of DLI. If 

there was no evidence of GVHD after DLI, MMF was discontinued on day 28 after DLI and 

cyclosporine were discontinued with or without taper at day 56 after DLI.
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Treatment Plan

A single dose of pentostatin (4 mg/m2, adjusted for renal function) was given two days 

before DLI. There were two cohorts that evaluated DLI with (cohort 1) or without (cohort 2) 

prophylactic immunosuppression (IS). The DLI was given at one of two dose levels, A; 1 × 

107 CD3 cells/kg and B; 3 × 107 CD3 cells/kg (Figure 1). For cohort 2, prophylactic 

immunosuppression (IS) with cyclosporine and MMF was given after DLI. Up to 20 patients 

could be enrolled into each study group. The enrollment to the study groups was done 

sequentially based on stopping rules: (i) grade IV acute GVHD >15%, and (ii) <5/10 

responders. Each patient was treated on one study group. Patients could not be treated on 

more than one study group. An optional second pentostatin/DLI (3 × 107 CD3 cells/kg) 

treatment could be given at least 4 weeks after the first treatment. A second Pentostatin/DLI 

treatment was allowed on all study groups. DLI consisted of either fresh or cryopreserved 

unmodified leukapheresis product or cryopreserved G-CSF-mobilized PBSC from the 

original donor.

Definitions

DLI-related GVHD was defined as acute [17] or chronic GVHD [18] requiring treatment. 

Extensive chronic GVHD was defined as generalized skin involvement, or localized skin 

involvement and/or hepatic dysfunction due to chronic GVHD, plus at least one of the 

following: (i) liver histology showing chronic aggressive hepatitis, bridging necrosis, or 

cirrhosis; (ii) eye involvement with Schirmer’s test with less than 5 mm wetting; (iii) 

positive lip biopsy; or (iv) involvement of any other target organ.

Safety was defined as <15% grade IV acute GVHD.

Response was defined as an increase of at least 10% in donor CD3 cell chimerism, 

maintained to day 56 after DLI.

Study Endpoints

Primary endpoint—Safety and effectiveness of DLI and pentostatin was observed in 

achieving sustained engraftment after graft rejection or low chimerism.

Secondary endpoints—Grades II-IV acute GVHD, chronic GVHD, relapse/progression, 

and survival were observed.

Statistical Methods

Overall survival and progression free survival (PFS) after DLI were estimated by the 

Kaplan-Meier method. Cumulative incidence of relapse after DLI was estimating using 

standard competing risk methods. Analyses of time-to-event endpoints was by Cox 

regression. Response to DLI was analyzed by chi-squared test. The power of these analyses 

was limited by small sample size and was generally <50% even for hypothetical differences 

in response rate as large as 30%; thus, negative differences should be interpreted with 

caution.
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RESULTS

Patient Characteristics and Treatment Summary

Table 1 summarizes the patient characteristics. Thirty-six patients were treated. Diagnoses 

included acute myeloid leukemia (n=13), non-Hodgkin lymphoma (n=4), chronic 

lymphocytic leukemia (n=7), chronic myeloid leukemia (n=2), myelodysplastic syndrome 

(n=6), myeloproliferative disorder (n=2), multiple myeloma (n=1), and non-Hodgkin 

lymphoma + myelodysplastic syndrome (n=1). Twenty-three patients had evidence of 

underlying disease at time of study enrollment by lymphadenopathy (n=8), bone marrow 

morphology (CLL (n=2); myelofibrosis (n=6)) or minimal residual disease detected by flow 

cytometry/cytogenetics/FISH (n=7). Patients received nonmyeloablative (n=34) or ablative 

(n=2) conditioning, followed by PBSCs from HLA-matched related (n=17) or unrelated 

(n=19) donors, or one HLA-allele mismatched unrelated donor (n=2). Median age at HCT 

was 56 (35 to 72) years. Thirty-five patients received a total of 41 DLIs. One patient 

received pentostatin without DLI due to development of extensive rash following pentostatin 

administration, with skin biopsy consistent with GVHD.

Figure 2 summarizes the study treatment. Twenty patients were treated in group 1A, ten 

patients were treated in group 1B, and six patients were treated in group 2A. The transition 

from group 1B to group 2A was done after 10 patients per the study stopping rules, as less 

than 5 of 10 patients on group 1B responded. Due to low accrual, the study was closed while 

accruing patients into group 2A. Thus, no patients were enrolled in group 2B. DLI was given 

at a median of 96 (54 to 339) days after HCT. Six patients received a second pentostatin/DLI 

treatment at a median of 61 (39 to 155) days after first DLI.

Donor Chimerism after DLI

Table 2 summarizes the patients’ responses to study intervention. Median donor CD3 

chimerism before pentostatin/DLI was 28% (range 5 to 47%), as measured at a median of 13 

(range 3 to 21) days before DLI. Response was seen in 16 patients (44.4%) with a median 

increase in CD3 donor chimerism to 64% (range 48 to 100%) (Figure 3). Per study protocol, 

efficacy was defined as an increase of at least 10 percentage points in donor T-cell 

chimerism from the time of enrollment, maintained to day 56 after the last DLI. Among the 

16 responders, the percentage increase in median chimerism by day 56 after DLI was 35% 

(range 11 to 95%). Fifteen of the 16 responders continued to have improved chimerism 

beyond day 56 after DLI, with a median maximum chimerism improvement of 61% (range 

16to 95%). Best response was achieved among patients treated in group 1A with 12 (60%) 

responders. Two of 10 patients (20%) treated in group 1B responded, and two of six patients 

(33%) treated in group 2A responded. There was a trend for better efficacy among the 21 

patients who received their first treatment within 100 days after transplant compared to the 

15 patients who received their first treatment more than 100 days after HCT (57% vs. 27% 

responders) (p=0.07). Eleven patients (31%) rejected their graft. Diagnosis, disease status at 

time of DLI, donor CD3 chimerism at time of DLI, and prophylactic IS after DLI did not 

seem to affect the response to the study treatment (Table 3). One of six patients responded to 

a second pentostatin/DLI treatment.
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DLI-Related Complications

GVHD—Table 4 summarizes GVHD development in the different study groups. Fourteen 

patients (39%) (12 responders) developed acute GVHD after DLI [grade II (n=10), III (n=3), 

IV (n=1)] at a median of 9 (−1 to 83) days after DLI. One patient developed grade II skin 

GVHD after pentostatin, and DLI was aborted. Of the 16 patients who developed acute 

GVHD after pentostatin/DLI, three had a prior history of GVHD. Thirteen patients (36%) 

developed chronic GVHD, of whom 10 (28%) developed extensive chronic GVHD at a 

median of 112 (13 to 347) days after DLI. One patient developed de novo extensive chronic 

GVHD. Among the six patients who received prophylactic IS after DLI one patient 

developed acute GVHD (grade II), and none developed chronic GVHD. There was no 

statistically significant difference in acute GVHD after DLI among patients who received or 

not prophylactic IS (HR=0.30 (0 to 2.4), p=0.18).

Cytopenia—Seventeen patients (47%) (nine non-responders; eight responders) developed 

new grade 4 cytopenias after DLI; nine patients developed both grade 4 neutropenia (ANC < 

500/mcl) and grade 4 thrombocytopenia (<25,000/mcl); four patients developed isolated 

neutropenia; and four patients developed isolated thrombocytopenia. Median time between 

DLI and neutrophil nadir was 22 (2 to 100) days, and neutropenia lasted for median of 7 (1 

to 52) days. Twelve patients received platelet transfusions started at median of 33 (1 to 98) 

days after DLI. Ten of the 17 patients who developed grade 4 cytopenias after DLI relapsed, 

six of whom were non-responders.

Infections—Twenty-six patients developed infections within 100 days after DLI. The 

median number of infections per patient was 1 (range 0 to 9). Eleven patients developed 

bacteremia, three patients developed bacterial pneumonia, three patients developed fungal 

pneumonia, and eight patients had CMV reactivation. Infection was the primary cause of 

death in three cases.

Relapse after DLI

Nineteen patients (53%) experienced disease progression or relapse after DLI. Among the 

20 non-responders 12 relapsed (60%), compared to seven of 16 responders (44%) (HR 0.64 

(0.3 to 1.6), p=0.35) (Figure 4A). Ten of the 17 patients (59%) who developed grade 4 

cytopenias after DLI relapsed, 6 of whom (60%) were non-responders. Thirteen of 24 (54%) 

patients who had evidence of disease at time of study intervention and six of 12 (50%) 

patients without evidence of disease at time of treatment experienced disease progression.

Survival after DLI

Twenty-eight patients died at a median of 522 (67 to 2028) days after DLI. Causes of death 

were relapse (n=21), respiratory failure/infections (n=4), grade IV GVHD (n=2), or other 

causes (n=1). Five of the 16 responders (31%) are alive at median of 60 (range 21 to 132) 

months after DLI, all in CR. Six of the 20 non-responders (30%) are alive at median of 47 

(range 16 to 100) months after DLI, 3 (50%) in complete remission (Figure 4B). Three of 

the six patients (50%) who received prophylactic IS after DLI died, two of them due to 

disease progression. Twenty two of the 30 patients (73%) who did not receive prophylactic 

IS died, 13 due to disease progression.
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DISCUSSION

Low donor CD3 cell chimerism after transplant is associated with increased risk of graft 

rejection and relapse [3–8]. Although DLI has been used in patients with documented low 

donor chimerism [9–13], DLI alone has not been sufficient to improve donor chimerism 

[11,14]. Therefore, in this study we have examined the effect of adding pentostatin before 

DLI on donor CD3 chimerism.

The results of our prospective study demonstrated that treatment with pentostatin and DLI in 

patients with low donor T cell chimerism after allogeneic HCT had acceptable toxicities and 

the potential to improve donor T cell chimerism, with a trend for better response if DLI was 

given within 100 days after transplant. There was a trend of lower relapse rate among 

patients who responded to the study intervention compared to non-responders, but the 

difference was not statistically significant.

In the pediatric population it has been demonstrated that chimerism-based pre-emptive 

immunotherapy with fast withdrawal of immunosuppression and DLI allows patients with 

early post-transplant mixed chimerism to achieve similar survival rates as patients who 

achieved full donor chimerism spontaneously [13]. It was also demonstrated in the pediatric 

population that delayed intervention resulted in increased risk of relapse [18].

In the adult population, Dey et al. administered prophylactic DLI after discontinuation of 

immunosuppression to 16 patients with hematological malignancies 35 to 44 days after 

nonmyeloablative bone marrow transplant. Eleven patients, all with pre-DLI donor T-cell 

chimerism ≥40%, converted to full donor chimerism at median of 32 days after DLI, one 

patient had stable chimerism, and 4 patients, all with initial donor T-cell chimerism ≤20%, 

lost their graft [11]. Similar to the findings by Dey el al., our group has previously shown 

that DLI was ineffective in reversing donor T cell chimerism when the baseline level was 

<40% [14]. Our current study included only patients with ≤50% donor T-cell chimerism, and 

12 of the 16 responders had baseline donor T-cell chimerism of <40%. Thus, our results 

suggest that adding pentostatin to DLI may improve the DLI efficacy in reversing of donor 

T-cell chimerism.

Recently, Solomon et al. used preemptive DLI without withdrawal of IS to improve donor T-

cell chimerism in older recipients of alemtuzumab-containing reduced-intensity unrelated 

donor HCT [12]. Twenty-five of 36 patients on that study received DLI for <50% donor T-

cell chimerism at a median of 62 days after HCT. Sixteen of the 25 patients who received 

preemptive DLI improved their donor chimerism. Solomon et al. reported estimated 2 years 

OS of 57% and DFS of 38%. They reported no cases of grade III/IV acute GVHD after DLI, 

but reported 20 cases (56%) of chronic GVHD. In our current study, three responders 

developed grade III GVHD, and one responder developed grade IV GVHD. Prophylactic IS 

did not seem to decrease the risk of DLI-related acute GVHD, but might have decreased the 

risk of chronic GVHD as none of the six patients who received prophylactic IS developed 

extensive chronic GVHD after DLI. Two of the six (33%) patients who received 

prophylactic IS responded, compared to 14 of 30 (47%) patients who did not receive 

prophylactic immunosuppression, but the difference was not statistically significant. There 
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was no difference in relapse and survival between the two groups. Our group has previously 

demonstrated that DLI-related GVHD is DLI dose related, and seems to be lower than 

transplant-related-GVHD [19]. Due to the lower toxicity from GVHD after DLI compared to 

GVHD after HCT, DLI is usually administered without prophylactic immunosuppression. 

The lower incidence and severity of DLI-related GVHD compared with GVHD after 

transplant may be due to a number of factors, including: (i) the presence of mixed chimerism 

at the time of DLI, which may imply an active state of immune tolerance that decreased the 

risk of GVHD; and (ii) the distance between DLI and prior exposure to cytotoxic drugs, 

which may result in less tissue damage and cytokine release before DLI compared to time of 

transplant, and thus result in lower risk of GVHD after DLI. Based on our findings, we 

recommend considering not to administer prophylactic IS if pentostatin-DLI is given for 

treatment of low donor T cell chimerism after DLI.

The small study population limits our ability to draw definitive conclusions from this study. 

However, the acceptable toxicity and the potential of improving donor T-cell chimerism, 

especially if pentostatin/DLI is given within 100 days after transplant, support the 

consideration of early treatment with pentostatin/DLI in patients with low donor T-cell 

chimerism after HCT.
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HIGHLIGHTS

• Pentostatin/DLI was well tolerated by patients with low donor chimerism.

• Increased donor chimerism was observed in 44% of patients.

• Grade II-VI acute GVHD was developed by 39% of patients (grade III/VI 

11%)

• 28% of patients developed extensive chronic GVHD

• Pentostatin/DLI did not have impact on mortality
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Figure 1. Study design
Up to 20 patients could be enrolled into each study group. The enrollment to the study 

groups was done sequentially based on stopping rules: (i) >15% grade IV aGVHD; (ii) 

<5/10 responders.
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Figure 2. 
Study treatment.
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Figure 3. 
Chimerism before and after DLI
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Figure 4. Outcome
A) Relapse/progression. B) Progression-free survival.
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Table 1

Patient Characteristics

Characteristic N (%) /Median (range)

Patient number 36

Gender (male/female) 31/5

Patient age at HCT, years, median (range) 56 (35–72)

Diagnosis, No.

 Acute myeloid leukemia 13

 Myelodysplastic syndrome 6

 Chronic lymphocytic leukemia 7

 Non Hodgkin lymphoma 4

 Chronic myeloid leukemia 2

 Myeloproliferative disorder 2

 Multiple myeloma 1

Non Hodgkin lymphoma and myelodysplastic syndrome 1

Disease status at time of study intervention

 CR 13

 Not in CR* 23

Donor source

 HLA-matched related 17

 HLA-matched unrelated 18

 1-allele HLA-mismatched unrelated 1

Transplant conditioning intensity

 Nonmyeloablative (fludarabine/TBI) 34

 Myeloablative

  Busulfan/Cyclophosphamide 1

  Fludarabine/TBI/anti-CD45 Ab 1

GVHD prophylaxis after transplant

 MMF/cyclosporine 25

 MMF/cyclosporine/sirolimus 2

 MMF/tacrolimus 6

 MF/tacrolimus/sirolimus 2

 Cyclosporine/methotrexate 1

Acute GVHD before DLI

 None 30

 Grade II-III 6

Time from HCT to DLI

 ≤100 days 21

 >100 days 15

% of donor CD3 chimerism at time of DLI, median (range) 28 (5–47)

*
Evidence of disease: residual lymphadenopathy (n=8), bone marrow morphology (CLL (n=2); myelofybrosis (n=6)), minimal residual disease 

detected by marrow flow cytometry/cytogenetics/FISH (n=7).
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Table 3

Factors Associated with Response

N % Response P

Diagnosis

 Lymphoid malignancy 13 38%

 Myeloid malignancy 23 48% 0.59

Disease status at DLI

 No evidence of disease 13 38%

 Evidence of disease 23 48% 0.59

CD3 donor chimerism at DLI1

 ≤27% 18 37%

 >27% 17 56% 0.25

Time from HCT to study intervention

 <100 days 21 57%

 >100 days 15 27% 0.07

DLI dose

 1×107 CD3/kg 26 54%

 3×107 CD3/kg 10 20% 0.07

Donor

 Related 17 47%

 Unrelated 19 42% 0.77

Patient age at treatment intervention*

 ≤56 years 18 61%

 >56 years 18 28% 0.04

Donor age at HCT*

 ≤45 years 17 41%

 >45 years 16 44% 0.88

ANC count at DLI (×103/μL)*

 ≤ 2.15 17 29%

 >2.15 17 59% 0.08

Lymphocyte count at DLI (×103/μL)*

 ≤0.46 16 25%

 >0.46 16 63% 0.03

Immunosuppression after DLI

 No 30 47%

 Yes 6 33% 0.55

*
Divided at median
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Table 4

GVHD after Study Intervention According to Study Group

Study Group No. of Patients Acute GVHD* Extensive Chronic GVHD†

1A 20 10 (50%) 8 (6 also developed acute

Grades II (n=6), III (n=3), IV (n=1) GVHD)

1B 10 3 (30%) grade II 2 (also developed acute GVHD)

2A 6 1 (17%) grade II 0

*
Median time for acute GVHD after DLI: 9 (-1 - 83) days (one patient developed GVHD after pentostatin administration)

†
Median time for chronic GVHD after DLI: 112 (13 – 347) days
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