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Single-agent rituximab is an effective salvage therapy in pretreated
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Purine analogs (PNAs), most of all cladribine (2-chlorodeoxyadenosine, 2CdA) or pentostatin, represent the
frontline treatment of choice for hairy cell leukemia (HCL), given their ability to control the disease for
significantly long periods.1-6 Patients treated with 2CdA, however, relapse in nearly half of the cases within
the first 10 years, although much longer treatment-free intervals can be seen in patients who attain a
deeper response after frontline therapy. When 2CdA fails to control the disease, treatment-free periods
become much shorter, and half of patients in partial response (PR) require further treatment within 5
years.5,6 There may be room for repeating PNAs, provided sufficient time (at least 2 years) has elapsed
since their previous administration.7 Despite that, many patients do not qualify for retreatment with these
agents, especially if relapses are frequent, if the bone marrow appears markedly hypocellular after 1 or more
courses of PNAs, or if it is highly infiltrated by leukemic cells. Both reduced marrow cellularity and high
disease burden are, in fact, predictors of profound and long-lasting cytopenia under treatment with PNAs.8

For this reason, there has always been a need for agents other than chemotherapy to multiply relapsing
HCL. The dense expression of the CD20 antigen on the surface of hairy cells has attracted the attention
of clinical investigators9,10; weekly administered single-agent rituximab has demonstrated its efficacy in
pretreated patients with HCL in early reports, with documented activity in peripheral blood and bone
marrow.11,12 Consequently, it appeared as a feasible treatment for patients relapsing after repeated
courses of PNAs and, more importantly, when they were clinically contraindicated.

Here, we report our single-center experience with single-agent rituximab in patients with HCL with
symptomatic disease relapse and who have failed at least 1 previous course of PNAs. Rituximab was
administered intravenously at the dose of 375 mg/m2 once weekly for 4 weeks. Responses have been
categorized according to the Consensus Resolution Criteria13 integrated with bone marrow immunohis-
tochemistry for CD20, as reported previously (supplemental Methods).4 The main study objectives were
overall response rate (ORR), time-to-next treatment (TTNT), and overall survival. The study was approved by
our institutional board (Ethical Committee AVEC of Bologna, approval ID 1043/2021/Oss/AOUBo).

Thirty-three patients received 39 courses of rituximab between 1999 and 2019. Four patients received
it twice during the course of their disease, and 1 patient received it 3 times. It was administered as a
median third line of therapy (range, 2-8). First rituximab was given at a median age of 60.9 years (range,
35.4-81.7) and at a median time from diagnosis of 65.1 months (range, 1.9-374.7). Most of the patients
were neutropenic or thrombocytopenic at rituximab start (Table 1), with a median bone marrow
cellularity and disease infiltration of 30% and 80%, respectively. Thirty-one patients were male, and 2
were female. In most cases (71.8%), rituximab was applied as a second line (12 patients) or third or
fourth line (9 and 7 patients, respectively). 2CdA represented the most widely applied agent before
ptember 2023; prepublished online on
ember 2023. https://doi.org/10.1182/

thor, Alessandro Broccoli (alessandro.

al board (Ethical Committee AVEC of
o). All participants gave written informed

consent (when applicable) in accordance with the Declaration of Helsinki to retro-
spectively collect their data.

The full-text version of this article contains a data supplement.

© 2023 by The American Society of Hematology. Licensed under Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0),
permitting only noncommercial, nonderivative use with attribution. All other rights
reserved.

14 NOVEMBER 2023 • VOLUME 7, NUMBER 21

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
https://doi.org/10.1182/bloodadvances.2023010742
https://doi.org/10.1182/bloodadvances.2023010742
mailto:alessandro.broccoli6@unibo.it
mailto:alessandro.broccoli6@unibo.it
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode


Table 1. Clinical details and outcomes by line of treatment

Second line Third line Fourth line Fifth line Sixth line Seventh line Eighth line

Patients, n 12 9 7 5 4 1 1

Male, n 12/12 8/9 6/7 5/5 4/4 1/1 1/1

Leukocytes (mm−3) 2 250 1 740 2 600 1 800 2 950 1 600 5 900

Neutrophils (mm−3) 660 1 160 1 300 740 1 350 1 072 2 000

Hemoglobin (g/dL) 13.4 11.3 13.1 11.6 12.7 11.7 7.6

Platelets (mm−3) 72 000 89 000 56 000 100 000 97 000 77 000 21 000

Splenomegaly 33% 33% 0 20% 0 0 0

Last therapy before rituximab Cladribine (100%) Cladribine (89%)
Rituximab (11%)

Cladribine (86%)
Interferon (14%)

Cladribine (60%)
Interferon (40%)

Rituximab (50%)
Cladribine (25%)
Pentostatin (25%)

Rituximab (100%) Cladribine (100%)

Early interruption of rituximab, n 1 (death) None 1 (cytopenia) None 1 (cytopenia)
1 (infusion reaction)

None None

Next therapy after rituximab Cladribine (50%)
Rituximab (25%)

Vemurafenib (25%)

Cladribine (60%)
Interferon (20%)

Rituximab + vemurafenib (20%)

Vemurafenib (20%)
Pentostatin (40%)
Chlorambucil (20%)
Cladribine (20%)

Rituximab (50%)
Cladribine (25%)
Interferon (25%)

Interferon (50%)
Cladribine (25%)
Rituximab (25%)

None None

Overall response 75.0% 88.9% 57.1% 80.0% 50.0% 100% 0

Complete response 41.7% 33.3% 0 20.0% 25.0% 100% 0

Further treatment 36.4% 55.6% 71.4% 80.0% 100% 0 0*

Month to relapse, range 2.6-24.9 2.5-109.0 1.2-28.8 10.0-37.5 1.5-193.7 N/A N/A*

N/A, not assessable.
*Patient deceased in the post-rituximab follow-up.
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rituximab administration: all patients treated with rituximab as sec-
ond line received 2CdA as frontline approach, as well as 89% and
86% of those treated in third and fourth line, respectively.

Out of 39 courses, a complete response (CR) was obtained in
28.2% of cases, a PR in 23.1% and a minimal response (MR) in
20.5%, yielding an ORR of 71.8%. In 28.2% of patients, we
observed no response. Among the 12 patients treated in
the second line, the ORR was 75.0%, with a CR in 41.7% of the
cases. All these patients received 2CdA as frontline treatment of
HCL, obtaining with this agent a CR, PR, and MR rate of 8.3%,
33.3% and 16.7%, respectively. Rituximab was given at a median
time from 2CdA of 5.98 (range, 1.23-115.8) months. More spe-
cifically, 4 patients (2 unresponsive to 2CdA and 1 in PR) received
rituximab within 3 months from the initial 2CdA, and all but 1
obtained a CR. The only patient who obtained a CR with 2CdA
received rituximab after 65.2 months, although with no response.
Likewise, a patient in PR after 2CdA who received rituximab after
115.8 months from initial treatment did not achieve a response.
Importantly, 63.6% of the patients in this group did not require any
further treatment for HCL after salvage rituximab.

ORR with rituximab remains high in patients treated in the third or
higher line, although the higher the line, the lower the proportion of
CR. Similarly, the proportion of patients who require further treat-
ment after rituximab increases along with the number of previous
lines of treatment they have received. Notably, significantly long
treatment-free periods may be exceptionally obtained in highly
pretreated cases: 109.0 months in a patient treated with rituximab
in the second line, 114.5 months in 1 treated in the fourth line, and
193.7 in 1 treated in the sixth line.

Median TTNT calculated on all 39 courses was 33 months, with a
proportion of patients of 65% and 32% being treatment free at 2
and 15 years, respectively. Median progression-free survival was
24 months (15% at 15 years), whereas the median overall survival
was 154 months (43% at 15 years) (Figure 1). Fourteen patients
had died, mainly because of disease progression (85.7%). One
patient who underwent splenectomy earlier during the disease died
because of pneumonia-related septic shock, whereas 1 patient
died because of secondary acute myeloid leukemia.

Among the 5 patients who received rituximab more than once, all
responded after the first course, obtaining a CR in 80.0% and a PR
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Figure 1. Time to next treatment and survival analysis. (A) TTNT calculated on each tr

Progression-free survival determined on 33 patients from the initiation of the (first) treatmen

determined on 33 patients from the initiation of the (first) treatment with rituximab to the d
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in 20.0% of the cases. Nevertheless, the ORR after the second or
later course was only 50.0%, with a CR, PR, and MR rate of 16.7%
each, respectively. The median TTNT following the first rituximab
was 38.5 months in these patients, ranging from 15.0 to
205.0 months. In all but 1 case, rituximab was given in 2 consec-
utive lines of treatment, given the favorable response obtained with
the first course and the lack of valid alternatives at the time it was
administered again. The patient who received rituximab 3 times
was treated on his fifth, sixth, and eighth lines, with an initial PR and
no response thereafter.

Literature on rituximab in HCL is rather scarce, and the available
data mainly refer to a limited number of patients treated as first-line
salvage (supplemental Table).12,14-18 Our monocentric study, to
the best of our knowledge, is the largest experience with rituximab
in the treatment of relapsed or refractory HCL, exploring its activity
both as first salvage and later rescue treatment, and it also con-
centrates on rituximab retreatment. Patients with less than CR or
no response to frontline 2CdA could improve their status with
subsequent rituximab in half of the cases. Importantly, the highest
impact was seen when administered earlier after the conclusion of
the frontline course of 2CdA, as more than 60% of the patients
treated as second line did not require further treatment for HCL
after rituximab. Retreatment was, in contrast, rather unsuccessful,
despite the high quality of responses (CR in 80.0% and PR in
20.0%) obtained upon first administration: CR and PR were each
achieved in 1 patient of 6 retreatments, and in half of the cases, no
response was obtained. There is no unequivocal explanation why
rituximab did not work in previous responders; a possible mecha-
nism could be the downregulation of the CD20 antigen because of
previous rituximab exposure.

Published studies mainly report on rituximab administered for
4 weeks,12,14,15,17,18 whereas 1 report by Thomas et al16 deals with
rituximab administered for 8 consecutive weeks. Comparisons among
studies are difficult because of the heterogeneity of disease char-
acteristics at treatment inception. Most patients treated with ritux-
imab × 8 as their first salvage, for example, had a previous favorable
response to 2CdA, and on the contrary, patients treated with ritux-
imab as the second line in our study did not; this may account for the
higher CR rate obtained in the former series.16 Having said that, it is
therefore hard to draw a conclusion on which rituximab schedule
should be regarded as the most effective.
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The bulk of our data has been collected in the past 20 years, often
before the introduction of new drugs and in a setting of poor treat-
ment alternatives besides interferon or repeated PNAs. More recently,
in fact, vemurafenib and moxetumomab have modified the treatment
scenario of patients with relapsing and refractory HCL.19-21 In addi-
tion to these, ibrutinib and zanubrutinib have also shown some activity
in the context of multiply relapsing disease.22,23 For this reason, rit-
uximab now seems mainly confined to frontline treatment, concomi-
tantly with 2CdA, or as an early rescue in case PNAs fail to maintain a
negative level of minimal residual disease.24

Although effective, most of the newer agents have never received
formal approval for HCL treatment by regulatory authorities. Only
moxetumomab was approved by the Food and Drug Administration
(FDA) in 2018 for the treatment of adult patients with relapsed and
refractory HCL after at least 2 previous treatment lines, including a
PNA. Despite that, the producer has recently decided to remove
the drug from the market, not because of its efficacy or safety, but
because of its very low clinical uptake since FDA approval because
of the availability of treatment alternatives and possibly to the
complexity of administration. New agents are therefore not easily
available in many geographic areas, including several, if not all,
European countries. This means that the treatment of relapsed and
refractory HCL in many places in the world still relies on the use of
more conventional agents, among which rituximab should play a
pivotal role.
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