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A B S T R A C T

Purpose
To examine the efficacy and safety of the combination of alemtuzumab and pentostatin in patients
with T-cell neoplasms.

Patients and Methods
We treated 24 patients with a variety of T-cell leukemias and lymphomas with a combination of
alemtuzumab 30 mg intravenously (IV) three times weekly for up to 3 months and pentostatin 4
mg/m2 IV weekly for 4 weeks followed by alternate weekly administration for up to 6 months.
Prophylactic antibiotics including antiviral, antifungal, and antibacterial agents were administered
during the treatment and for 2 months after its completion.

Results
The median age of patients was 57 years (range, 21 to 79 years). Eight patients were previously
untreated, and 16 had a median of two prior therapies (range, one to six regimens). Thirteen patients
responded to treatment (11 complete responses [CRs] and two partial responses), for an overall
response rate of 54%. The median response duration was 19.5 months. Monoclonal T-cell receptor
chain gene rearrangements were detected by polymerase chain reaction in bone marrow of 20 of 22
evaluable patients and became negative in five of seven evaluable patients in CR. Opportunistic
infections caused by pathogens associated with severe T-cell dysfunction were common.

Conclusion
The combination of alemtuzumab and pentostatin is feasible and effective in T-cell neoplasms.
Although infections, including cytomegalovirus reactivation, are a concern, they may be minimized
with adequate prophylactic antibiotic therapy.

J Clin Oncol 27:5425-5430. © 2009 by American Society of Clinical Oncology

INTRODUCTION

T-cell malignancies are uncommon disorders repre-
senting approximately 10% to 15% of lymphoid
neoplasms in adults.1 They include diverse entities
such as T-cell acute lymphoblastic leukemia (T-
ALL), mature leukemias such T-cell prolympho-
cytic leukemia (T-PLL) and T-cell large granular
lymphocytic leukemia (T-LGL), extranodal tumors
such as mycosis fungoides and hepatosplenic
T-cell lymphoma (HSTCL), nodal disorders such
as peripheral T-cell lymphoma (PTCL), and neo-
plasms with mixed patterns such as adult T-cell
leukemia/lymphoma (ATLL). With the exception of
anaplastic large-cell lymphoma and T-LGL, T-cell
malignancies generally have an aggressive clinical
course and a poor prognosis.

T-PLL is characterized by proliferation of
small- to medium-size prolymphocytes with a ma-

ture post-thymic phenotype.2 It is a rare aggressive
leukemia that responds poorly to chemotherapy,
with a median survival time of 7.5 months.3,4 Nucle-
oside analogs such as pentostatin have been used
with limited success, with a 46% response rate in one
study.5 Dearden at al6 reported an overall response
rate of 76%, with a 60% complete response (CR)
rate and 16% partial response (PR) rate in 39 pa-
tients treated with alemtuzumab, including two
previously untreated patients. These responses were
durable, with a median disease-free survival time of
7 months. Survival was longer in patients achieving a
CR, with nine patients remaining alive up to 29
months after the completion of therapy.6 Keating at
al7 treated 76 patients with alemtuzumab and re-
ported a 50% response rate, including a 37.5% CR
rate. The median duration of CR was 8.7 months.
Toxicity was acceptable, including grade 3 and 4
hematologic toxicity in 13% and infection events in
13% of patients.7
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Peripheral and nodal T-cell lymphomas are a diverse group of
diseases.8 Using purine analogs, such as pentostatin and gemcitabine,
response rates of 25% to 60% have been reported in patients with
relapsed disease.9,10 Enblad et al11 treated 14 patients with relapsed
PTCL with alemtuzumab and reported an overall response rate of
36%, including 21% CRs. In another study of alemtuzumab in
patients with relapsed PTCL, a CR rate of 33% was reported.12

Lundin et al13 also demonstrated the activity of alemtuzumab in ad-
vanced mycosis fungoides/Sézary syndrome. HSTCLs are extranodal
neoplasms with an incomplete cytotoxic T-cell phenotype with sinu-
soidal liver, spleen, and low-level bone marrow infiltration.14,15 The
course of the disease is highly aggressive, with poor prognosis and a
median survival time of 16 months.15 Current therapies are ineffective
in most patients.4

The incidence of ATLL is highest in areas where human T-cell
lymphotropic virus I (HTLV-I) infection is endemic (ie, southern
Japan and the Caribbean basin), but it also occurs sporadically in
Africa, Central and South America, and the Southeast United
States.16 ATLL occurs in only 2% to 4% of HTLV-I–infected individ-
uals. It is an aggressive disease with poor prognosis; most patients
survive for less than 1 year.16 Therapy with conventional chemother-
apy has achieved CR rates of 20% to 45%, with a short duration usually
lasting a few months.17,18 Regimens containing pentostatin have been
associated with a significant response rate.19

The low incidence and lack of effective therapy for most patients
with these disorders prompted us to develop a clinical trial combining
two of the most effective agents in treating T-cell neoplasms. Studies in
B-cell lymphoproliferative disorders have suggested that combina-
tions of nucleoside analogs and monoclonal antibodies can effectively
increase the response rate and improve the relapse-free and overall
survival. Here, we report our experience with the combination of
pentostatin and alemtuzumab in patients with T-cell neoplasms.

PATIENTS AND METHODS

Study Objectives

The study was designed to examine the efficacy and safety of the concur-
rent administration of alemtuzumab and pentostatin in patients with T-cell
malignancies. The study end points were the efficacy of alemtuzumab and
pentostatin in achieving CR or PR and the toxicity of the combination.

Eligibility

Patients were eligible if they were 18 years or older and had newly
diagnosed or relapsed or refectory T-PLL, PTCL, HSTCL, or extranodal nat-
ural killer/T-cell lymphoma. Patients with advanced mycosis fungoides,
T-LGL, ATLL, and T-ALL were enrolled onto the study only if they had failed
more standard treatments and had no other therapeutic options. Diagnoses
were based on the revised WHO classification,20 using a combination of
morphologic, flow cytometric, and immunohistochemical techniques along
with serologic evaluation for HTLV-I to rule out ATLL in the appropriate
patients. Patients had to have a performance status of 0 to 2; no active ongoing
infections; and adequate renal, hepatic, and cardiac function, with a serum
creatinine � 2.0 mg/dL, calculated creatinine clearance (CC) � 40 mL/min,
bilirubin � 3.0 mg/dL, serum transaminases � 3� the upper limit of normal,
and a cardiac left ventricular ejection fraction � 30%. All patients provided
written informed consent. The study was approved by the Institutional Review
Board of The University of Texas M. D. Anderson Cancer Center.

Treatment Regimen

Patients received pentostatin 4 mg/m2 intravenously (IV) weekly for 4
weeks then every 2 weeks until they achieved a CR or best response or for up to

10 more doses (total of 14 doses). Hydration with 500 to 1,000 mL of normal
saline before and after each dose of pentostatin was mandatory. One hour after
completion of the first dose of pentostatin, alemtuzumab was started. In the
first week of therapy, alemtuzumab was administered at a dose of 3 mg IV on
the first day and, in the absence of intolerable adverse effects, 10 mg IV on the
second day and 30 mg IV on the third day. Alemtuzumab was then adminis-
tered at a dose of 30 mg IV three times weekly until achievement of CR or best
response or for up to a total of 3 months (Fig 1). Pentostatin dosages were
adjusted according to the CC; if the CC was � 60, 40 to 59, or 35 to 39 mL/min,
then the dose of pentostatin was adjusted to 4, 3, or 2 mg/m2, respectively.
If the CC was less than 35 mL/min, pentostatin was held until the CC was
� 35 mL/min.

Prophylactic antibiotic therapy with antiviral agents (including acy-
clovir, valacyclovir, or valganciclovir),21 antifungal agents (including flu-
conazole, itraconazole, or voriconazole), and anti-Pneumocystis carinii
pneumonia agents (trimethoprim/sulfamethoxazole or appropriate alterna-
tives) was mandatory during the period of therapy and for a minimum of 2
months after its completion.

Response Criteria

CR was defined as the disappearance of all evidence of disease detectable
by morphology of peripheral blood and bone marrow and computer tomog-
raphy scanning at the end of therapy, if indicated. Hematologic parameters
required an absolute neutrophil count � 1.5 � 109/L, hemoglobin � 12 g/dL
for males and � 11 g/dL for females, and platelets � 100 � 109/L without
growth factor or transfusion support. PR was defined as 50% or more reduc-
tion in detectable disease, but short of CR, maintained for 1 month or at least
50% reduction of sum of the products of the diameter of all lesions for 1
month. For patients with CTCL, a 50% reduction in the Sézary cell count and
a 50% improvement in skin score were considered criteria for PR.

Assessment of Response

Upon enrollment onto the study, all patients had a complete history and
physical, CBC count, complete metabolic panel, bone marrow aspirate and
biopsy with cytogenetic and immunophenotypic studies including evaluation
of CD52 expression, T-cell receptor (TCR) gene rearrangement analysis by
polymerase chain reaction (PCR) using a multicolor capillary electrophoretic
technique,22 skin biopsy if indicated, chest x-ray and computer tomography
scans if indicated, assessment of left ventricular function, and assessment of
CD4/CD8 lymphocyte subsets, immunoglobulin levels, and cytomegalovirus
(CMV) status by antigenemia.

During the study, all patients had a CBC and complete metabolic panel
weekly for 4 weeks and then every 2 to 4 weeks, CMV antigenemia weekly, and
assessment of CD4/CD8 lymphocyte subsets and immunoglobulin level at
best response. To assess tumor levels, bone marrow biopsy and aspirate with
flow cytometric characterization was performed every 3 months, and TCR-�
PCR in blood or bone marrow was performed to assess best response.

Toxicity Assessment

Hematologic and nonhematologic toxicity was graded according to the
National Cancer Institute Common Terminology Criteria of Adverse Events
(version 3). In view of the prolonged lympholytic action of both agents,
infectious complications were evaluated during and up to 6 months after the
cessation of the regimen. We followed established institutional protocols for
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Fig 1. Treatment regimen. Pentostatin (P) was administered weekly for 4
weeks, then every 2 weeks for up to 14 doses. After the initial 3-day dose
escalation, alemtuzumab (A) was administered three times weekly for up to 3
months. D, day; W, week.
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work-up and therapy of presumed or documented infections. CMV antigen-
emia was performed routinely in patients with a new febrile episode, but
surveillance was conducted on a weekly basis in asymptomatic patients while
on therapy.

Statistics

The trial was designed to have a maximum sample size of 60 patients.
With 60 patients, the SE of the estimated overall response rate is 6%, assuming
that the overall response rate is approximately 50%. However, because of the
rarity of T-cell neoplasms, we accrued 24 patients in an approximately 4-year
period, and the trial was terminated. With a sample size of 24 patients, the SE
of the estimated overall response rate is 10%. Objective response and grade 3
and 4 opportunistic infections were monitored simultaneously using the
Bayesian approach of Thall et al.23 The Kaplan-Meier method was used to
estimate disease-free survival and overall survival.

RESULTS

Patient Characteristics

From October 2004 to May 2008, 24 patients were enrolled onto
the study, including 13 patients with T-PLL, three patients with PTCL,
three patients with HSTCL, two patients with T-ALL, two patients
with T-LGL, and one patient with ATLL. The baseline characteristics
of these patients are listed in Table 1. The median age of patients was 57
years (range, 21 to 79 years), median baseline WBC count was 24.8 �
109/L (range, 0.6 to 279.5 � 109/L), median platelet count was 120 �
109/dL (range, 9 to 285 � 109/dL), and median serum �2-
microglobulin was 3.9 mg/L (range, 1.7 to 10.8 mg/L). Twenty-one
patients had bone marrow involvement at presentation; nine patients
had splenomegaly, and eight had lymphadenopathy. Presence of ex-
tramedullary disease was confirmed by biopsy/histopathology in nine
patients and included lymph nodes (n � 5), skin (n � 5), liver (n � 1),
gastric mucosa (n � 1), and spleen (n � 1). All of the tumors ex-

pressed CD52 by flow cytometric or immunohistochemistry evalua-
tion of involved tissue with a median bone marrow expression of 98%
(range, 37% to 100%). Monoclonal TCR-� or TCR-� gene rearrange-
ments were identified by PCR in bone marrow specimens of 20 of 22
evaluable patients.

Sixteen patients had received prior therapy (median, two prior
regimens; range, one to six prior regimens). Three patients with PTCL
and two patients with T-ALL had achieved prior responses to combi-
nation chemotherapy (range, 1.5 to 2.1 years) but were refractory to
their immediate prior treatments. Among the 13 patients with T-PLL,
eight patients had prior treatment with a median of two regimens
(range, one to six regimens); the agents used included gemcitabine,
fludarabine, single-agent pentostatin or alemtuzumab, and combina-
tion chemotherapy with hyperfractionated cyclophosphamide, vin-
cristine, doxorubicin, and dexamethasone. Two patients with T-PLL
had received prior single-agent alemtuzumab with CRs lasting 1 and 2
years. None of the other prior regimens (including single-agent pen-
tostatin in three patients) had produced responses of significant dura-
tion in the remaining six patients with T-PLL. Previously treated
patients with other histologies (ATLL and T-LGL) were refractory to
their immediate prior treatment.

Response

Thirteen patients (54%) achieved a response (11 CRs and two
PRs), including nine of 13 patients with T-PLL, one of one patient with
ATLL, two of three patients with HSTCL, and one of two patients with
T-LGL (Table 2). None of the two patients with T-ALL and none of the
three patients with PTCL achieved a response. The median duration of
follow-up was 31 months (range, 2 to 43 months). The median overall
survival and progression-free survival times for all patients were 9
months and 5.3 months, respectively. The median event-free survival
duration for the responding patients was 19.5 months (Fig 2). The
overall response rate for patients with T-PLL was 69%, including a CR
rate of 62%. The median overall survival and progression-free survival
times for patients with T-PLL were 10.2 months and 7.8 months,
respectively. The median event-free survival time for the responding
patients with T-PLL was 20 months (Fig 3). Of the three patients with
HSTCL, two with no prior therapy achieved a CR, and one who was
heavily pretreated did not respond. The single patient with ATLL had

Table 2. Best Response by Tumor Type

Diagnosis
No. of

Patients

CR PR OR

No. % No. % No. %

T-PLL 13 8 62 1 8 9 69
HSTCL 3 2 67 0 0 2 67
PTCL 3 0 0 0 0 0 0
T-LGL 2 0 0 1 50 1 50
T-ALL 2 0 0 0 0 0 0
ATLL 1 1 100 0 0 1 100
Total 24 11 46 2 8 13 54
Previously treated 16 7 43 1 6 8 50
Untreated 8 4 50 1 12.5 5 62

Abbreviations: CR, complete response; PR, partial response; OR, overall
response; T-PLL, T-cell prolymphocytic leukemia; HSTCL, hepatosplenic T-cell
lymphoma; PTCL, nodal peripheral T-cell lymphoma; T-LGL, T-cell large
granular lymphocytic leukemia; ATLL, adult T-cell leukemia/lymphoma; T-ALL,
T-cell acute lymphoblastic leukemia.

Table 1. Baseline Patient Demographics and Clinical Characteristics

Characteristic

Patients (N � 24)

Median Range

Age, years 57 21-79
Sex, No. of patients

Male 14
Female 10

Performance status, No. of patients
0-1 22
2 2

Prior therapy
No. of patients 16
No. of regimens 2 1-6

�2-microglobulin, mg/L 3.9 1.7-10.8
WBC �109/dL 24.8 0.6-279.5
Platelets �109/dL 120 9-285
Bone marrow involvement, No. of patients 21
Lymphadenopathy, No. of patients 8
Splenomegaly

No. of patients 9
Size, cm 1-10

Hepatomegaly
No. of patients 3
Size, cm 1-5

Alemtuzumab and Pentostatin in T-Cell Lymphoid Neoplasms
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a CR.24 Monoclonal TCR chain rearrangements became negative in
five of seven evaluable patients in CR. Only three patients had an
allogeneic stem-cell transplantation after achieving a CR, including
two patients with T-PLL and one patient with HSTCL.

Toxicity

The main adverse effects of the pentostatin plus alemtuzumab
combination were severe (grade 3 or 4) infections (Table 3). Only

six patients (25%) had no infectious complications. The median
peripheral-blood absolute CD4� and CD8� T-cell counts before
treatment were 400 and 650/�L, respectively (range, 12 to 127,413/�L
and 13 to 108,538/�L, respectively). Three to 6 months after therapy,
the median CD4� and CD8� peripheral-blood T-cell counts de-
creased to 81 and 56/�L, respectively (range, 3 to 304/�L and 0 to
284/�L, respectively). Opportunistic infections caused by pathogens
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Fig 2. (A) Overall survival for the entire group. (B) Progression-free survival for
the entire group. (C) Event-free survival for responding patients.
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Fig 3. (A) Overall survival for patients with T-cell prolymphocytic leukemia
(T-PLL). (B) Progression-free survival for patients with T-PLL. (C) Event-free
survival for responding patients with T-PLL.
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associated with severe T-cell dysfunction were common. CMV reacti-
vation was particularly frequent, encountered in nine (38%) of 24
patients. One pancytopenic patient had human herpes virus type 6
detected by PCR in the bone marrow, and another patient developed
cystitis with BK virus detected by PCR in the urine. Most patients
(seven of nine patients) had rapid resolution of CMV antigenemia
with pre-emptive ganciclovir or foscarnet. CMV disease (eg, colitis or
pneumonia) was not documented. No patient developed varicella
zoster infection. Viral pneumonia (influenza in two patients, respira-
tory syncytial virus in two patients, and parainfluenza and herpes
simplex virus in one patient each) was seen in six patients. Opportu-
nistic mycoses (invasive mold infection in four patients and fungemia
in one patient), Mycobacterium avium complex pulmonary infection
(two patients) and disseminated nocardiosis (one patient) were com-
mon. No patient developed Pneumocystis jiroveci pneumonia.

Bacterial pneumonia (typically caused by a Gram-negative rod;
n � 3), septicemia (n � 2), colitis (n � 2; documented as caused by
Clostridium difficile in one patient), and perirectal cellulitis (n � 1)
were seen, typically associated with pancytopenia. Mixed infections
(� one pathogen) and multiple sequential infections were common.
Polymicrobial pneumonia or sepsis with multiple organ failure in the
setting of refractory leukemia and cytopenia was a common terminal
event. However, only five patients died during or within a month of
completion of treatment from infections (hence thought to be directly
related to the treatment).

Grade 3 or 4 thrombocytopenia occurred in nine patients, grade
3 or 4 neutropenia occurred in 11 patients, and two patients developed
grade 4 anemia. Grade 4 renal toxicity occurred in four patients. Other
toxicities were mainly grade 1 or 2, including infusion reactions in
nine patients, GI adverse events in 15 patients, fatigue in six patients,
edema in three patients, and elevation of hepatic transaminases in
four patients.

Dose reductions were not necessary in any patients. However, in
five patients, both agents were held during the course of treatment as a
result of persistent cytopenias (n � 3) and persistent fever or pneu-

monia (n � 2). In these five patients, neither drug was resumed, and
all five patients died.

DISCUSSION

T-cell malignancies are rare and are often resistant to conventional
chemotherapy. Pentostatin and alemtuzumab are two of the most
effective agents for the treatment of T-lymphoid neoplasms. Alemtu-
zumab was evaluated for the treatment of patients with relapsed
T-PLL in two clinical trials; the reported CR rates were 37.5% and
60%, and the median survival times were 13 and 7.5 months.6,7 In
both studies, survival was significantly longer for patients achieving a
CR (median of 24 and 14.8 months for patients achieving CR com-
pared with 9 and 7.5 months for patients achieving PR).6,7 Dearden et
al25 reported a 100% CR rate in 11 previously untreated patients with
T-PLL. Hopfinger et al26 treated 16 patients with T-PLL with a com-
bination of fludarabine, cyclophosphamide, and mitoxantrone fol-
lowed by alemtuzumab. The response rate was 68% after fludarabine,
cyclophosphamide, and mitoxantrone and improved to 90% after
consolidation with alemtuzumab. In this trial, we treated 13 patients
with T-PLL, including eight patients who had a median of two prior
regimens (range, one to six regimens). The overall response and CR
rates were 69% and 62%, respectively, with a median response dura-
tion of 20 months and median overall survival time of 10.2 months.
The results compared favorably with those reported with alemtu-
zumab or pentostatin alone. The responses lasted longer than the
responses in two previously reported trials of alemtuzumab in
patients with T-PLL (20 months v 4.5 and 10 months).6,7 Our trial,
compared with the report by Keating et al,7 also achieved a higher
overall response rate (69% v 50%, respectively), CR rate (62% v
37.5%, respectively), and median overall survival time (10.2 v 7.5
months, respectively). The regimen was also effective in patients with
other T-cell neoplasms except patients with relapsed T-ALL or PTCL.
However, because of the small numbers of patients treated, no defin-
itive conclusions can be made.

Combination of alemtuzumab with chemotherapy has been pre-
viously evaluated in patients with chronic lymphocytic leukemia
(CLL). Alemtuzumab was administered in combination with fludara-
bine, cyclophosphamide, and rituximab in 31 heavily pretreated pa-
tients with CLL.27 The overall response rate was 55%, with 23% of
patients achieving CR. Despite the increase in the incidence of myelo-
suppression, no significant increase in the incidence of major infec-
tions over that seen with the fludarabine, cyclophosphamide, and
rituximab combination alone was observed.27

Pentostatin has been combined with cyclophosphamide and rit-
uximab for chemotherapy-naïve and previously treated patients with
CLL.28,29 In the salvage study, the overall response rate was 75%,
with 25% of the patients achieving CR. The regimen was well tolerat-
ed with myelosuppression as the main toxicity. In the chemotherapy-
naïvepatientsusing pentostatin, cyclophosphamide, and rituximab, an
overall response of 91%, including 41% CR, was reported.30 Whether
the addition of alemtuzumab to this regimen would be beneficial
remains unclear; our study suggests that although feasible, this has to
be carefully balanced for the potential for increased risk of opportu-
nistic infections.

We conclude that the combination of alemtuzumab and pen-
tostatin in treating patients with T-cell neoplasms is relatively safe and

Table 3. Toxicity

Adverse Event

Grade 1 or 2 Grade 3 or 4

No. of Patients % No. of Patients %

CMV reactivation 9 38
HSV pneumonia 1 4
RSV pneumonia 1 4
Parainfluenza pneumonia 2 8
Bacterial pneumonia 3 12
Sepsis 4 16
Urinary tract infection 1 4
Epididymitis 1 4
Thrombocytopenia 9 37
Neutropenia 11 45
Anemia 2 8
Fever of unknown origin 4 16
Hepatic 3 12
Renal 4 16
Tumor lysis syndrome 1 4
Infusion reactions 9 37 0 0

Abbreviations: CMV, cytomegalovirus; HSV, herpes simplex virus; RSV,
respiratory syncytial virus.
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feasible with manageable toxicity. In patients with T-PLL, the response
rates and duration seem to be superior to single-agent therapy.
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