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abstract

PURPOSE Single-agent purine analog, usually cladribine, has been the standard first-line therapy of hairy cell
leukemia (HCL) for 30 years. High complete remission (CR) rates often include minimal residual disease (MRD),
leading to relapse and repeated treatments. Rituximab can clear MRD, but long-term results are unknown and
optimal timing of rituximab undefined.

PATIENTS AND METHODS Patients were randomly assigned to first-line cladribine 0.15 mg/kg intravenously days
1-5 with 8 weekly doses of rituximab 375 mg/m2 begun either day 1 (concurrent, CDAR) or $ 6 months later
(delayed) after detection of MRD in blood. MRD tests included blood and bonemarrow (BM) flow cytometry, and
BM immunohistochemistry.

RESULTS Sixty-eight patients with purine analog-naı̈ve classic HCL were randomly assigned 1:1 to concurrent
versus delayed arms. At 6 months after CDAR versus cladribine monotherapy, CR rates were 100% versus 88%
(P = .11), MRD-free CR rates 97% versus 24% (P, .0001, primary end point), and bloodMRD-free rates 100%
versus 50% (P , .0001), respectively. At 96 months median follow-up, 94% versus 12% remained MRD free.
Compared with CDAR, delayed rituximab after cladribine achieved lower rate (67% of 21 evaluable patients; P =
.0034) and durability (P = .0081, hazard radio favoring CDAR, 0.094) of MRD-free CR. Nevertheless, 12
patients in the delayed arm remained MRD free when restaged 6-104 (median, 78) months after last delayed
rituximab treatment. Compared with cladribine monotherapy, CDAR led to brief grade 3/4 thrombocytopenia
(59% v 9%; P, .0001) and platelet transfusions without bleeding (35% v 0%; P = .0002), but higher neutrophil
(P = .017) and platelet (P = .0015) counts at 4 weeks.

CONCLUSION Achieving MRD-free CR of HCL after first-line cladribine is greatly enhanced by concurrent
rituximab and less so by delayed rituximab. Longer follow-up will determine if MRD-free survival leads to less
need for additional therapy or cure of HCL.

J Clin Oncol 38:1527-1538. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Hairy cell leukemia (HCL) is an indolent B-cell neo-
plasm comprising 2% of leukemias, estimated at
1,100-1,240 new cases per year in the United
States.1,2 Standard first-line purine analogs cladribine
or pentostatin achieve 75%-90% complete remission
(CR) rates.3-5 Relapse occurs at a median 4.5-16
years, depending on the population and whether
follow-up includes bone marrow (BM) tests6 or just
blood counts.3 Repeated courses of purine analogs
achieve high but usually declining rates and dura-
tions of response, toxicity accumulates with retreat-
ment, and evidence of cure is lacking.3,4,7-9 Because
median age at diagnosis is approximately 58 years,10

most can expect to relapse, in many cases repeatedly,
after first-line therapy, although follow-up is often too
short to document this.

Rituximab has modest single-agent activity, with 13%
CRs in relapsed HCL with cytopenias requiring treat-
ment,11 but when combined with purine analog it can
increase CR rate and eliminate minimal residual dis-
ease (MRD).12 Retrospective data showed second- to
seventh-line purine analog-rituximab either concur-
rently in 20 or sequentially in 6 patients achieved 88%
CR.13 In a phase II study from MD Anderson Cancer
Center, 8 weekly doses of rituximab 1 month after
cladribine in 59 untreated patients achieved 100%
CR and 95% 5-year failure-free survival.14,15 MRD,
assessed by BM aspirate (BMA) flow cytometry until
3 months after cladribine, just after completion of
rituximab, was negative in 22 (76%) of 28 evaluable
patients.15

In vitro, cladribine-rituximab synergy involved rituximab
increasing the sensitivity of lymphoma/leukemia cells
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to cladribine.16 However, cladribine is rapidly excreted,17 the
active intracellular 2-chlorodeoxyadenosine triphopsphate
(CdATP) undetectable 48 hours after the last dose, and
thus synergy cannot occur with rituximab begun more than
several days after cladribine. We therefore tested concur-
rent cladribine-rituximab and compared with cladribine
followed at least 6 months later by delayed rituximab if/
when MRD was detected in blood. To determine whether
eradication of MRD might require . 8 weekly doses of
rituximab, both concurrent and delayed arms could re-
ceive a second rituximab course if MRD was detected
in blood at least 6 months after the first.

PATIENTS AND METHODS

Eligibility Criteria

The study was registered (ClinicalTrials.gov identifier:
NCT00923013) and performed in accordance with the
declaration of Helsinki. The National Cancer Institute In-
stitutional Review Board approved the informed consent.
Patients required a diagnosis of classic HCL, purine analog
and rituximab naı̈ve, and needed treatment due to cyto-
penias (neutrophils , 1 3 109/L, hemoglobin , 10 g/dL,
or platelet , 100 3 106/L), lymphocytosis . 5 3 109/L,
symptomatic splenomegaly, or recurrent infections. Pa-
tients were not excluded for severe cytopenias, and those
with infections under treatment were eligible. The clinical
protocol includes other cohorts, including for patients with
once-relapsed classic HCL that are still being accrued,
and for HCL variant, which was previously reported.18

Study Design and Objectives

Patients were randomly assigned to cladribine 0.15 mg/kg
by 2 hour intravenous infusion days 1-5 either concurrently
with rituximab 375mg/m2/wk3 8 (CDAR) or with rituximab
delayed $ 6 months after cladribine, when blood MRD
was detected. Delayed rituximab was also allowed for
HCL-related failure of cytopenias to resolve to neutrophils
1.53 109/L, hemoglobin 11 g/dL, and platelets 1003 109/L,
as required for CR. Patients in either arm could receive
a second course of rituximab $ 6 months after the first
for the same blood-MRD criteria. MRD tests included
BM immunohistochemistry12 and blood and BMA flow
cytometry.19 MRD by immunohistochemistry required
B cells greater than or equal to T cells and most of the
B cells consistent with HCL.12 Consensus polymerase chain
reaction (PCR) was also performed prospectively but was
less sensitive and specific than flow cytometry, as pre-
viously reported.15 We did not find cases where PCR was
more sensitive than flow cytometry. The detection limit of
flow cytometry was 0.002% (Data Supplement). The pri-
mary objective was to determine if concurrent rituximab
would significantly lower MRD 6 months after cladribine,
before delayed rituximab could be given. Originally, the
primary end point included PCR but not BMA studies,
because it was anticipated that BMA would be often

nonevaluable. However, because 6-month BMA was
evaluable in all patients, the amended primary end point
included flow cytometry of the blood and BMA and im-
munohistochemistry of the BM biopsy. BM studies were
performed at 4 weeks, 6 months, and yearly for 2.5 years
after cladribine and biannually thereafter. Blood flow
cytometry was performed 4 weeks after cladribine, quar-
terly for 1 year, semiannually for 2.5 years, and annually
thereafter. Blood counts were performed every 3months for
2.5 years and semiannually thereafter. Patients are being
followed indefinitely on this schedule. Response was
assessed as described.4,20 The hemoglobin needed for CR
was 11 g/dL, and patients were considered in CR regardless
of cytopenias if negative for MRD by all tests.

Statistical Analysis

Fisher’s exact test was used to determine the difference
between arms for dichotomized variables. Wilcoxon rank-
sum test compared continuous variables. MRD-free du-
ration was defined from the date when all criteria of MRD
negativity were fulfilled, with an event noted at first as-
sessment of relapsed MRD and censoring at last follow-up
if not. Log-rank compared Kaplan-Meier survival curves.
All analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC), with 2-sided significance level 5%.

RESULTS

Patient Characteristics

Sixty-eight patients were enrolled in the study from April
2009 to May 2014 and randomly assigned 1:1 to con-
current or delayed rituximab (Fig 1; Data Supplement). Age
at enrollment was 29-77 (median, 48) years (Table 1). Most
had baseline neutropenia (median, 0.81 3 109/L) and
thrombocytopenia (median, 69 3 109/L), without sig-
nificant differences between arms (Table 1). Baseline
hemoglobin was lower in the concurrent arm (P = .037),
possibly related to slightly more females in that group,
who overall had slightly lower baseline hemoglobin than
males (medians, 11.1 v 12.7 g/dL; P = .08). One patient
had prior splenectomy after splenic rupture, leaving 67
patients evaluable for baseline spleen diameter, mea-
sured by computed tomography. Two patients in the con-
current CDAR arm had active infection (pneumonia and
intra-abdominal) at the time of initial treatment (Data
Supplement), controlled by antibiotics in one and di-
agnosed and treated after enrollment in the other.

Status at 4 Weeks and 6 Months

At 4 weeks, 62% and 9% of patients achieved negative
MRD after CDAR and cladribine monotherapy, respectively
(P , .0001; Table 2). Across the 68 patients in both arms,
MRD by BMA flow cytometry was more sensitive than BM
immunohistochemistry or blood flow cytometry (P, .0001;
Fisher’s exact test), and no patients negative by BMA flow
cytometry were positive by these 2 other tests. Thus, MRD-
free CR was equal to the rate of patients MRD free by BMA
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flow cytometry. At 6 months, all but 4 in the delayed arm
achieved CR (100% v 88%; P = .11; Table 2). MRD-free
CR at 6 months, the primary end point of the study, was
achieved by 33 (97%) versus 8 (24%) patients in the
concurrent and delayed arms, respectively (P , .0001).
The one patient with positive MRD after CDAR was unusual
in having both classic (CD25 and CD11c bright positive)
and variant (CD25 negative and CD11c-dim) phenotype of
HCL cells in the BMA at 1 and 6 months, but only classic
HCL at 1.5 years and thereafter.

Status After 6 Months but Before Delayed Rituximab

In the delayed arm, after the 6-month restaging time point
but before delayed rituximab, 1 patient first achieved CR
at 1.5 years with persistently positive BM immunohisto-
chemistry; 4 additional patients became negative by blood
flow cytometry at 7, 9, 7 and 10 months; and 3 additional
patients achieved MRD-free CR at 54, 18, and 18 months
(Fig 2A; patients 31, 5, 27, 28, 31, 16, 22, and 32,

respectively). Consistent with Figure 2A, patients 5, 27,
and 28 became blood MRD-free on the day that delayed
rituximab was begun. These 3 patients were blood
MRD positive at only 0.781, 0.241, and 0.118 cells/mm3

1-2 months before delayed rituximab. Overall, 33 (97%) of
34 after CDAR versus 11 (32%) of 34 after cladribine
monotherapy achieved MRD-free CR (Table 2; P , .0001).
As shown in Figure 3A, without delayed rituximab, 1 (3%) of
33 patients in the concurrent arm versus 7 (64%) of 11
patients in the delayed arm (P , .0001) became MRD
positive by BMA flow cytometry. Median MRD-free survival
was 72.0 months after cladribine monotherapy and not
reached after CDAR (hazard ratio [HR], 0.038; 95% CI,
0.005 to 0.31; P, .0001). The one relapse after CDAR was
the patient diagnosed 23 years before with prior interferon
treatment and higher baseline disease burden than others;
he was MRD free at 1 and 6 months but not at 18 months.
Of 34 patients after CDAR and 20 after cladribine mono-
therapy who became blood MRD free and were followed

Purine analog naïve
hairy cell leukemia

(N = 68)

Cladribine monotherapy
(n = 34)

Delayed rituximab
(n = 22)

When blood
MRD positive
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FIG 1. Consort diagram. Sixty-eight patients were randomly assigned 1:1 to concurrent or delayed rituximab with
cladribine. One and 22 patients in concurrent and delayed arms received a first course of delayed rituximab, re-
spectively. Six patients received a second course of delayed rituximab in the delayed arm. Patients labeled as MRD-
negative wereminimal residual disease (MRD) free by all tests, blood and bonemarrow aspirate (BMA) flow cytometry,
and bonemarrow biopsy immunohistochemistry. Patients labeled as bloodMRD-negative were MRD-positive by BMA
flow cytometry but negative by blood flow cytometry.
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without delayed rituximab, the median duration of blood
MRD free status was longer after CDAR compared with
cladribine monotherapy (unreached v 78.7 months; HR,
0.053; 95%CI, 0.007 to 0.42;P= .0001; Fig 3B). Thus, both
rate and durability of MRD-free remissions were superior
after CDAR versus cladribine monotherapy, whether pa-
tients are followed by blood and BM or peripheral
blood alone.

Effect of Delayed Rituximab

In addition to 1 patient in the concurrent arm, 24 patients
in the delayed arm qualified for delayed rituximab, in one
case because of persistent thrombocytopenia attributed to
HCL, and in the other 23 because of positive blood flow
cytometry. Median time to qualify for first delayed rituximab
was 9.0 months in the delayed arm. Two patients are in the
process of receiving first delayed rituximab, which was so
far received by 1 and 22 patients in concurrent and delayed
arms, respectively. Twenty-one patients in the delayed arm
are so far evaluable for MRD after delayed rituximab. A total
of 35 and 28 courses of rituximab have been administered
to patients in the concurrent and delayed arms, respectively.
The one patient in the concurrent arm remained MRD
positive after delayed rituximab and had hematologic
relapse 1 year later, requiring next treatment.

Of 21 evaluable patients in the delayed rituximab arm, 14
(67%) became MRD-free, significantly less than the 33
of 34 who became MRD free after concurrent rituximab
(P = .0034; Table 2). Four (29%) of 14 delayed MRD-
free patients had MRD relapse with median follow-up of
65.5 months after achieving MRD-free CR, resulting in

shorter durability of MRD free after delayed than after
concurrent rituximab (HR, 0.094; 95% CI, 0.010 to 0.84;
P = .0081; Fig 3C). So far, of 6 patients in the delayed arm
who received a second course of delayed rituximab, 4
became and 2 remain MRD free, and 3 became blood
MRD positive without yet requiring treatment (Table 2;
Fig 1). Figure 2 shows the timing of delayed rituximab and
MRD status of patients showing MRD-free CR by CDAR
more frequent and durable, summarized in Table 2 and
quantified in the Data Supplement. With a median follow-
up of 96 months, 32 (94%) patients in the concurrent arm
versus 16 (47%) patients in the delayed arm were MRD-
free (P , .0001; Table 2). Only 4 patients (12%) remain
MRD free after cladribine monotherapy. Of the 18 patients
in the delayed arm with MRD, 9 have not yet had delayed
rituximab because of negative blood flow cytometry. Not
including these 9 patients, a still-higher percentage of
patients in the concurrent arm (94% of 34) versus the
delayed arm (64% of 25) were MRD free at last follow-up
(P = .0055). These results will change once these patients
become eligible for and receive delayed rituximab.

Toxicity

All patients experienced some treatment-related toxicity,
but, as shown in Table 3 and the Data Supplement, most
nonhematologic toxicity was grade 1-2. Despite the rituximab,
there were no significant differences in cytopenias other
than thrombocytopenia. As shown in Figure 3D, neutrophils
decreased in both arms to median nadirs of 0.546-0.6493
109/L by 2 weeks (P = .81) but rapidly recovered. To
prevent or treat infusion reactions with rituximab, patients
in the concurrent arm received methylprednisolone

TABLE 1. Patient Characteristics at Baseline
Characteristic Concurrent Delayed P

No. of patients 34 34

Males, No. (%) 26 (76) 29 (85) .54

Age, years 51 (29-77) 45 (32-75) .20

WBCs, 3 109/L 2.65 (0.13-27.9) 2.95 (0.67-43.4) .39

Absolute lymphocytes, 3 109/L 1.29 (0.29-25.2) 1.64 (0.26-40.3) .26

Absolute neutrophils, 3 109/L 0.79 (0.13-6.10) 0.86 (0.18-2.86) .72

Absolute neutrophils , 1.0 3 109/L, No. (%) 21 (62) 21 (62) 1.00

Hemoglobin, g/dL 11.8 (6.8-15.9) 12.8 (8.4-15.3) .037

Hemoglobin , 10 g/dL, No. (%) 9 (26) 3 (9) .11

Platelets 3 109/L 70 (22-211) 68 (25-144) .65

Platelets , 75 3 109/L, No. (%) 18 (53) 19 (56) 1.00

Maximum spleen size, cm 15.3 (7-27) 14.8 (7.5-26) .39

Circulating leukemic cells, 3 106/L 66 (0.32-23,000) 114 (1.3-32,505) .83

Marrow leukemia infiltration, % 80 (15-95) 80 (30-95) .87

Months from diagnosis to treatment 1.9 (0.1-276.7) 2.1 (0.5-36.9) .84

NOTE. Data presented as median (range) unless otherwise noted. There were 34 patients in each group except for spleen size in the
concurrent group, because 1 patient had prior splenectomy due to splenic rupture. The percentages of patients with grade$ 3 neutropenia and
grade $ 2 anemia and thrombocytopenia are included.
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60 mg intravenously, consistent with increasing neu-
trophils from days 1-5. Filgrastim was received by 12
patients in the concurrent arm and 14 patients in the
delayed arm. Platelets dropped on day 2 to a median

of 29 3 109/L in the CDAR arm (Fig 3E), resulting in
more frequent grade 3/4 thrombocytopenia versus
cladribine monotherapy (59% v 9%; P , .0001).
Though rapidly reversible without significant bleeding,

TABLE 2. Efficacy of Cladribine With Concurrent Versus Delayed Rituximab
Measure Cladribine Plus Concurrent Rituximab Cladribine Plus Delayed Rituximab P

Patients enrolled and treated 34 34

Status at 4 weeks

BMBx IHC negative 31 (91) 16 (47) .0002

Blood flow cytometry negative 32 (94) 17 (50) .0001

BMA flow cytometry negative 21 (62) 3 (9) .0001

MRD negative, all 3 tests 21 (62) 3 (9) .0001

Status at 6 months

ORR 34 (100) 34 (100) 1.0

CR 34 (100) 30 (88) .11

BMBx IHC negative 34 (100) 28 (82) .025

Blood flow cytometry negative 34 (100) 17 (50) .0001

BMA flow cytometry negative 33 (97) 8 (24) .0001

MRD negative, all 3 tests 33 (97) 8 (24) .0001

After 6 months but before delayed rituximab

CR rate 34 (100) 31 (91) .24

BMBx IHC negative 34 (100) 28 (82) .025

Blood flow cytometry negative 34 (100) 23 (68) .0001

BMA flow cytometry negative 33 (97) 11 (32) .0001

MRD negative, all 3 tests 33 (97) 11 (32) .0001

MRD relapse 1 of 33 (3) 7 of 11 (64) .0001

MRD-free survival, median Unreached 72.0 months .0001

Qualified for first course of delayed rituximab 1 (3) 24 (71) .0001

Median time to qualify for delayed rituximab Unreached 9.0 months .0001

Subsequent end points

Median potential follow-up, months 96.2 96.5

Received first course delayed rituximab 1 (3) 22 (65) .0001

MRD free after first rituximab 33 (97) 14 of 21 (67) .0034

Patients receiving second course delayed rituximab 0 6 (18)

MRD free after second rituximab 0 of 1 4 of 6 (67)

MRD relapse after second rituximab 2 of 4 (50)

MRD free at last follow-up 32 (94) 16 (47) .0001

In complete remission at last follow-up 33 (97) 32 (94) 1.0

In hematologic remission at last follow-up 32 (94) 33 (97) 1.0

NOTE. Data presented as No. (%) unless otherwise noted. Of the 22 patients in the delayed arm receiving the first course of delayed rituximab,
all were positive by blood and BMA flow cytometry except 1 patient negative by blood flow cytometry who received delayed rituximab per protocol
because of persistent cytopenias attributed to HCL. After cladribine, 17 were blood MRD free at 6 months and 23 were blood MRD free before
rituximab, including 3 who were blood MRD free on the day that delayed rituximab was started. Thus, 20 patients were evaluable for blood MRD-
free survival before rituximab. BMAMRD by flow cytometry could not be quantified for patients with “dry” taps, which included 1 after concurrent
CDAR and 2 after cladribine monotherapy at the 4-week time point. Patients with a dry tap could not be considered MRD-negative by BMA flow
cytometry. Of the 2 patients in the concurrent arm not in hematologic remission at last follow-up, one died with a secondary malignancy while still
MRD-free from HCL, and one had HCL relapse.

Abbreviations: BMA, bone marrow aspirate; BMBx, bone marrow biopsy; CR, complete remission; HCL, hairy cell leukemia; HR, hematologic
remission; IHC, immunohistochemistry; MNC, mononuclear cells; MRD, minimal residual disease; ORR, overall response rate.
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platelets were transfused prophylactically only in patients
in the concurrent arm, 12 (35%) of 34, for platelet counts
below 8-10. By 4 weeks, however, counts were higher
after CDAR versus cladribine monotherapy for both
neutrophils (P = .017) and platelets (P = .0015). One
patient in the concurrent arm was diagnosed with met-
astatic cutaneous squamous cell carcinoma 4 years after
treatment and died at age 82 years of pulmonary fibrosis
or metastases but remained HCL MRD-free. The other 67
patients are being followed.

DISCUSSION

To test the synergy of cladribine and rituximab in HCL,
patients receiving first-line cladribine were randomly
assigned between concurrent CDAR and delayed rituximab,
with the latter group receiving rituximab$ 6 months later if/
when MRD was evident in blood. Although the potential
advantage of CDAR was synergy, the potential advantages
of the delayed group included receiving rituximab with
minimal HCL burden, with partially recovered immunity
including B and T lymphocytes, with less risk of throm-
bocytopenia and platelet transfusions, with less or no need
for steroid prophylaxis of infusion reactions, and in some
patients, avoiding rituximab altogether. We found that
CDAR was superior to cladribine monotherapy with re-
spect to both rate (97% v 33%) and durability (median,
unreached v 72 months) of MRD-free CR. MRD-free CR
could usually be achieved by delayed rituximab, although
the rates and durability of MRD-free CR were less and
shorter than those achievable by CDAR. Toxicity was
comparable in both arms, the main difference being rapid-
transient thrombocytopenia in the concurrent arm not as-
sociated with significant bleeding. By 4 weeks, both neu-
trophils and platelets were significantly higher in patients
receiving concurrent treatment than in those receiving
delayed treatment.

This study supports the data from Chihara et al14 and
Ravandi et al15 that 100% CR rates can be achieved by
addition of rituximab 1 month after cladribine, as all patients
in both arms of the current study did initially or eventually
achieve CR. The 79% of 28 patients MRD free by all tests at
3 months15 was intermediate between the 97% and 24%
in the current study assessed at 6 months after cladribine
(Table 2). Recently published guidelines recommend purine
analog monotherapy as first-line treatment and rituximab
combined with purine analog for relapsed patients.20,21 The
long-term efficacy and safety data from the current study,
combined with data from Chihara et al,14 support the use of

combination chemo-immunotherapy with cladribine and
rituximab, at least as an option for first-line treatment of HCL.
Concurrent cladribine-rituximab is preferred over purine
analog monotherapy for HCL variant because of the poor
complete and overall response rates to purine analog
monotherapy in that disease, versus high CR rates with
CDAR.14,15,18

Although CDAR proved superior to cladribine and delayed
rituximab in eradicating MRD, it is notable that many pa-
tients in the delayed group became MRD free, with 10
(71%) of 14 MRD-free patients remaining MRD free at
a median of 65.5 months (Figs 2A and 3C). Together with
two patients remaining MRD free after 2 courses of delayed
rituximab, 12 patients in the delayed arm remain MRD free
at amedian of 71.3months after their last course of delayed
rituximab. Thus, if one received cladribine monotherapy
and has MRD by blood flow cytometry, delayed rituximab is
an option supported by this trial with the goal to become
MRD free. One patient was eligible for delayed rituximab
only because of thrombocytopenia attributed to residual
disease despite negative blood flow cytometry. However,
residual post-treatment thrombocytopenia and spleno-
megaly may occur from fibrosis rather than residual dis-
ease,22 so such patients can likely be followed without
additional therapy. It is possible that patients with MRD only
by BMA flow cytometry could become negative more du-
rably if delayed rituximab were started before positive blood
cytometry. Some patients negative by blood flow cytometry
also became negative by marrow flow cytometry after the
6-month time point without additional therapy, although
they eventually became MRD positive (Table 2; Fig 2A;
patients 16, 22, and 32). Thus, although blood MRD as
a trigger for delayed rituximab leads to frequent clearing of
MRD, and assessment of blood flow cytometry is a con-
venient method to follow patients, earlier time points for
delayed rituximab could be investigated.

Before this trial we could not find prospective data on rates
of MRD after cladribine monotherapy, using multicolor flow
cytometry in addition to immunohistochemistry of BM.
Chihara et al14 reported an MRD-free rate of 19% by flow
cytometry 1 month after cladribine and before rituximab,
which is close to our rate of 9% (Table 2). Sigal et al23

reported 9 (2.5%) out of 358 patients treated with cladribine
monotherapy were MRD free a median of 16 years later,
and there were probably additional long-term MRD-free
patients from this cohort. We found 4 patients still MRD
free 53-96 (median, 65) months from cladribine mono-
therapy, and MRD relapses as late as 78 months. Our data

FIG 3. (Continued). cladribine given on day 1. At each time point for D and E, 68 patients were evaluable, except 1 in the
concurrent arm and 2 in the delayed arm on day 2, and 1 in the concurrent arm and 1 in the delayed arm each on days 3
and 15. Day 15 was 6 4 days. Median neutrophil and platelet counts for CDAR versus CDA arms were 0.96 versus
0.8 (P = .60) and 29 versus 70 (P , .0001) for day 2, 0.705 versus 0.842 (P = .67) and 47 versus 69 (P = .0028) for
day 5, 0.634 versus 0.616 (P = .98) and 143 versus 113 (P = .062) for 2 weeks, and 1.339 versus 1.025 (P = .017)
and 178 versus 130 (P = .0015) for 4 weeks.
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TABLE 3. Adverse Events Related to Cladribine and/or Rituximab

Adverse Event

Concurrent Arm
Cladribine Plus

Rituximab (n = 34)
Delayed Arm Cladribine

Alone (n = 34)
Delayed Rituximab
Course 1 (n = 21)

Delayed Rituximab
Course 2 (n = 6)

All Grade 3/4 All Grade 3/4 All Grade 3/4 All Grade 3/4

Hematologic

Low CD4 count 29 (85) 19 (56) 32 (94) 20 (59)

Lymphopenia 26 (76) 25 (74) 25 (74) 22 (65) 3 (14) 1 (5)

Leukopenia 23 (68) 22 (65) 26 (76) 25 (74) 3 (14) 1 (5) 1 (17) 1 (17)

Thrombocytopenia 23 (68) 20 (59) 3 (9) 3 (9) 1 (5)

Neutropenia 13 (38) 12 (35) 17 (50) 16 (47) 2 (10) 1 (17) 1 (17)

Febrile neutropenia 13 (38) 13 (38) 11 (32) 11 (32)

Anemia 12 (35) 3 (9) 11 (32) 4 (12) 2 (10)

Low haptoglobin 2 (6) 1 (3) 1 (3) 1 (3)

Epistaxis 1 (3) 1 (5)

Low fibrinogen 2 (6)

GI and hepatic

Elevated transaminases 13 (38) 1 (3) 8 (24) 2 (10)

Abdominal-pelvic pain 3 (9) 7 (21) 1 (5)

Nausea/vomiting 3 (9) 6 (18)

Gamma-glutamyl transferase elevation 3 (9) 2 (6)

Elevated bilirubin 3 (9) 1 (3) 1 (5)

Diarrhea 2 (6) 2 (6)

Alkaline phosphatase 3 (9)

Anorexia 2 (6)

Constitutional and pain syndromes

Infusion reaction 25 (74) 1 (3) 7 (33)

Fatigue 4 (12) 5 (15) 1 (5)

Headache 2 (6) 7 (21) 1 (3) 2 (10)

Rigors/chills 2 (6) 6 (18)

Back or bone pain 3 (9) 1 (5) 1 (17)

Myalgia 3 (9) 2 (6)

Neuropathy 3 (9) 2 (6)

Throat pain 2 (6) 2 (6)

Diaphoresis 1 (3) 3 (9) 1 (5)

Allergic rhinitis 2 (6)

Flushing 2 (6)

Oral/esophageal pain 2 (6)

Immune, infection and cardiopulmonary
(not including febrile neutropenia)

Rash/pruritus 7 (21) 5 (15) 1 (3)

Infection 3 (9) 1 (3) 4 (12) 1 (3) 1 (5)

Dyspnea/cough 2 (6) 3 (9)

Hypoxia 1 (3) 1 (3)

Palpitation 1 (3) 1 (3)

Troponin elevation 1 (3) 1 (3)

(continued on following page)
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are consistent with those of Sigal et al23 in that there may be
subset of patients with long-termMRD-free CR by cladribine
monotherapy, although the percentage appears limited.

A central question is whether MRD affects long-term out-
come in HCL like other hematologic malignancies.24-28 We
reported that duration of CR to moxetumomab pasudotox
was greatly enhanced by eradication of MRD,29 although
those patients were multiply relapsed, and first relapse
would occur more slowly. Most trials of first-line purine
analogs in HCL do not report a median progression-free or
relapse-free survival because of limited follow-up. Else et al3

reported median progression-free survivals of 10.5, 9, and
6.5 years, and relapse-free survivals of 16, 11, and 6.5
years after purine analog monotherapy in first, second, and
third lines, respectively. Thus, if MRD is not eradicated,
HCL is expected to relapse and require additional treat-
ment, in some cases several times, and patients today still
die of resistant multiply relapsed HCL. In that study, of 90

CRs with baseline platelets , 100 3 109/L or hemoglobin
, 10 g/dL, 28% clinically relapsed by 6.5 and 50% by 10.5
years.3 Because 94% of CRs remain MRD free 2.5-9.5
(median, 6.5) years after CDAR (Fig 3A), and 78% of
these 32 patients had baseline platelets , 100 3 109/L,
their outcome with respect to clinical relapse may soon
appear obviously superior to historical patients treated
with cladribine monotherapy. Because of the effectiveness
of delayed rituximab, it will take much longer to determine
a difference in clinical relapse between randomly assigned
groups, and the difference between the delayed group and
historical patients receiving cladribine monotherapy may
become obvious before that time. If elimination of MRD can
prevent or delay eventual relapse and need for additional
therapies, future efforts may be directed toward elimi-
nating MRD early using anti-CD20 antibodies combined
with a nonchemotherapy agent, such as vemurafenib or
moxetumomab pasudotox.30,31
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TABLE 3. Adverse Events Related to Cladribine and/or Rituximab (continued)

Adverse Event

Concurrent Arm
Cladribine Plus

Rituximab (n = 34)
Delayed Arm Cladribine

Alone (n = 34)
Delayed Rituximab
Course 1 (n = 21)

Delayed Rituximab
Course 2 (n = 6)

All Grade 3/4 All Grade 3/4 All Grade 3/4 All Grade 3/4

Other

Hypoalbuminemia 10 (29) 6 (18) 1 (5) 1 (17)

Edema 3 (9) 2 (6)

Elevated creatinine 1 (3) 1 (3)

Hyperuricemia 1 (3) 1 (3) 1 (3)

Hypophosphatemia 1 (3) 1 (3) 1 (3)

NOTE. Data presented as No. (%). Listed are adverse events at least possibly related to treatment that were either grade 3-4 or reported in. 1 patient. A full
list of toxicities is in the Data Supplement. The one patient in the concurrent cladribine-rituximab group who received delayed rituximab had no adverse
events. The first 5 concurrent patients did not receive prophylactic steroids before rituximab and required steroids for significant infusion reactions, including
in the first patient hypertension, dyspnea, high troponin, and mild decreased ejection fraction resolving by day 3. The 29 remaining patients in the concurrent
arm received prophylactic methylprednisolone 60 mg intravenously before rituximab.
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