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Abstract

Hairy cell leukemia (HCL) is a rare chronic lymphoproliferative disorder characterized by circulating B cells with
cytoplasmic projections, pancytopenia, splenomegaly, and a typical flow cytometry pattern. Recently, the BRAF V60OE
mutation was uniformly identified in one HCL series, which may provide insights into the pathogenic mechanisms. The
disease course is usually indolent but inexorably progressive. Patients require treatment when they have significant
cytopenia or occasionally recurrent infections from immunocompromise. In the mid-1980s, interferon replaced sple-
nectomy as the initial treatment. A few years later, 2 purine nucleoside analogs, cladribine and pentostatin, showed
promising activity in HCL. Complete response rates approached 95% with cladribine given as a single 7-day intrave-
nous infusion. Newer methods of cladribine administration and modified dosing schedules have since been studied.
Pentostatin response rates are comparable. We generally prefer cladribine because of its ease of administration, single
infusion schema, and favorable toxicity profile. Since the introduction of these drugs, which have never been randomly
compared, long-term follow-up studies have confirmed impressive and durable response durations. However, roughly
40% of patients with HCL eventually relapse. In this setting, patients can be re-treated with purine analogs. Rituximab
also has a reasonable response rate in relapsed HCL; it can be given as a single agent sequentially after purine
nucleosides or concurrently. Immunotoxins have robust responses but remain in development. Targeting the BRAF
pathway will be an exciting future area of research. Many patients have minimal residual disease after initial treatment,
but the clinical significance of this remains unknown.
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airy cell leukemia (HCL) is a rare adult

B-cell lymphoid leukemia characterized

by pancytopenia, splenomegaly, and abso-
lute monocytopenia. Morphologically, HCL is char-
acterized by circumferential cytoplasmic projec-
tions (Figure 1). Bone marrow biopsy will reveal
hypercellularity in most cases, with hairy cells hav-
ing nuclei widely separated by abundant cytoplasm,
giving a “fried-egg” appearance (Figure 2). Classi-
cally, tartrate-resistant acid phosphatase activity
confirmed the diagnosis of HCL.! However, immu-
nophenotyping by flow cytometry is now consid-
ered standard practice. Hairy cell leukemia is char-
acterized by the B-cell antigens CD19, CD20, and
CD22. In addition, they coexpress the surface anti-
gens CD11c, CD25, and CD103. Hairy cells gener-
ally lack CD5, CD10, CD21, and CD23. Immuno-
histochemical stains for DBA44 and annexin Al can
also help confirm the diagnosis.

PATHOGENESIS

For decades, the cellular event leading to HCL has
evaded scientists and clinical researchers. Re-
cently, 47 patients with HCL in Italy had whole-
exome gene sequencing performed on leukemic
cells and matched nonleukemic cells.” In every
patient, the well-known BRAF V600OE mutation
was identified. This mutation, more commonly
known for its presence in melanoma, was a sur-
prise finding. Implicated in the RAF-MEK-ERK
kinase pathway, BRAF plays an important role in
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cell proliferation. Interestingly, the VOOOE muta-
tion was not identified in other patients from the
same institution with a variety of other B-cell ma-
lignant tumors. Further characterization of this
pathway in HCL will no doubt lead to clinical
studies of BRAF inhibitors in this disease, which
have already made headlines in BRAF-mutated
melanoma.’

WHEN TO INITIATE CHEMOTHERAPY
Approximately one-quarter of patients are asymptom-
atic at presentation and are referred to the hematologist
for evaluation of an abnormal complete blood cell
count. Patients with HCL may also be symptomatic;
they may have fatigue and dyspnea from anemia or
show easy bruising and mucocutaneous bleeding from
thrombocytopenia. Patients may have constitutional
symptoms such as malaise or weight loss. Massive
splenomegaly can lead to early satiety and increased
abdominal girth. Although peripheral blood flow cy-
tometry can frequently suggest the diagnosis, a bone
marrow biopsy is essential for confirmation and to
quantify the degree of hairy cell infiltration.

We generally initiate treatment for the symptom-
atic patient. In the asymptomatic patient, there are no
absolute criteria for cytopenia, but we generally treat
patients with a hemoglobin level less than 10 g/dL (to
convert to g/L, multiply by 10), platelet counts less
than 100 X 10%/L (to convert to X 103/[.LL, divide by
1), and/or neutrophils less than 1.0 X 10°/L (to con-
vert to /uL, divide by 0.001). We evaluate patients
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FIGURE 1. Peripheral blood smear specimen
showing circumferential cytoplasmic projec-
tions characteristic of hairy cell leukemia
(Wright-Giemsa, original magnification X 1000).
Photomicrograph courtesy of Robert W.
Sharpe, MD, Department of Pathology, Scripps
Clinic, La Jolla, CA.

every 3 to 6 months to closely monitor their disease
with a history, physical examination, and complete
blood cell count with differential.

Patients may also have active infections due to
neutropenia, monocytopenia, or an associated im-
munocompromised state. One must also consider
opportunistic infections, especially atypical Myco-
bacteria and other fungal causes such as Aspergillus.
It may be best to treat the infection before initiating
systemic chemotherapy because often chemother-
apy will initially worsen cytopenia and cause further
immunocompromise.

LONG-TERM OUTLOOK

In deciding when to treat, the practitioner must rec-
ognize that HCL remains an incurable disease, as is
true with other low-grade lymphoproliferative dis-
orders. Although hematologic remissions can be
maintained for extended periods, persistence of
minimal residual disease (MRD) remains a contro-
versial issue. In our experience at Scripps Clinic,
Sigal et al* showed that at 18 years after diagnosis,
roughly half of all long-term complete responders to
cladribine still have MRD. From this cohort of 19
patients followed up on average for nearly 2 de-
cades, 7 patients had no evidence of disease even by
flow cytometry. Very long-term remissions in HCL,
therefore, may be possible.

HISTORICAL PERSPECTIVE ON TREATMENT
OPTIONS

Before the development of modern chemotherapeu-
tics, splenectomy was the treatment of choice for a
disease in which chemotherapy was once consid-
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ered contraindicated because of cytopenia. In one
study of 65 patients undergoing splenectomy, the
combined complete response (CR) and partial re-
sponse (PR) rate was 100%; however, the 5-year
survival rate was only 68%.” In another series of 26
patients, the mean duration of response was only 5
months.® Interpretation of these data is complex,
though, because criteria defining response previ-
ously only included peripheral blood cell counts.
In addition, these were retrospective series in
which splenectomy indications and patient de-
mographics varied widely. Currently, a CR is de-
fined as eradication of hairy cells from the periph-
eral blood and bone marrow by morphologic
analysis only. In 1984, interferon alfa was the first
drug to change the HCL therapeutic landscape.”
Clinical relapse occurred, however, at a mean of 6
months after cessation of therapy.® The CR rates
with interferon are generally low; a large inter-
group study published a decade later noted an
11% CR rate in 159 patients treated with
interferon.”

Shortly after the advent of interferon therapy,
Spiers et al'® showed promising activity of the pu-
rine nucleoside analog pentostatin (2’-deoxycofor-
mycin) in HCL. As a weekly intravenous infusion,
this drug produced a clinical and hematologic re-
mission in 2 patients by 4 months. A group at Ohio
State University documented a CR in 20 of 23 pa-
tients (87%) given a biweekly infusion. The mean
duration of response was 12.6 months, and the drug
was well tolerated."!
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FIGURE 2. Bone marrow biopsy specimen
from patient with hairy cell leukemia showing
hypercellularity with hairy cells having nuclei
widely separated by abundant cytoplasm, giv-
ing characteristic “fried egg” appearance (he-
matoxylin-eosin, original magnification X 600).
Photomicrograph courtesy of Robert W. Sharpe,
MD, Department of Pathology, Scripps Clinic, La
Jolla, CA.
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CLADRIBINE

Soon after the Spiers et al report,'® investigation at
Scripps Clinic showed promising activity for a
newer synthetic purine nucleoside, 2-chlorodeoxyade-
nosine (cladribine). Like pentostatin, cladribine
causes lymphocytotoxicity after intracellular
phosphorylation. Unlike pentostatin, it is resis-
tant to adenosine deaminase. Piro et al'? first re-
ported the use of cladribine in 12 patients. Rang-
ing in age from 36 to 61 years, these patients were
all treated with a dose of 0.1 mg/kg per day for 7
days as a single continuous infusion. Seven pa-
tients had previously undergone splenectomy,
and 5 had received interferon in the past. Eleven
patients achieved a CR, as defined by a hemoglo-
bin level greater than 12 g/dL, a platelet count
greater than 130 X 10%/L, and a neutrophil count
greater than 1.5 X 10%/L. The remaining patient
had a PR. Normalization of peripheral blood cell
counts occurred within 8 weeks, and the median
duration of remission was 15.5 months.

Long-term Results

Using this approach of a single infusion of cladri-
bine, we previously described the long-term fol-
low-up in a cohort of 358 patients.'? One-quarter
had previously undergone splenectomies, whereas
nearly 40% had received prior systemic chemother-
apy, including interferon. As portable outpatient in-
fusion pumps became a reality, with the drug ad-
ministered through a peripherally inserted central
catheter, patients were no longer hospitalized. Inde-
pendent of prior therapy, we observed a 91% CR
rate and a 7% PR rate. For those who achieved CR,
the median duration of response was 53 months,
with a range of 1 to 134 months. One-quarter of
patients, however, relapsed at a median of 29
months (range, 6-85 months). Of these 90 patients,
65 received another course of cladribine. There was
still an 88% overall response rate (ORR), and most
of these were CRs.

Cladribine was generally well tolerated. The
main adverse event was febrile neutropenia, occur-
ring in 42% of patients. Although a relatively high
percentage, only 13% had documented infections,
with herpesvirus and staphylococcal organisms be-
ing the main culprits. Grade 3 and 4 neutropenia
occurred in 87%, whereas grade 3 and 4 thrombo-
cytopenia and anemia were less common, at 20%
and 22%, respectively. It took a median of 49 days
before peripheral blood cell counts normalized
(range, 9-378 days). The most common delayed in-
fectious event was cutaneous herpes zoster. Second-
ary malignant neoplasms were also documented,
and when compared with the Surveillance, Epide-
miology, and End Results data, the excess observed-
to-expected ratio was 1.88. This is a small yet statis-

tically significant increase, as has been observed
with other purine nucleoside analogs. In our group,
these were mainly solid tumors. The most common
were adenocarcinomas of the prostate, colon, and
stomach followed by melanomas and various others
in decreasing frequency. At 4 years, the time to treat-
ment failure rate was 18.7%, whereas the overall
survival (OS) rate was 96%. Even in the partial re-
sponders, the 4-year OS rate remained high at 92%.

Mostly from the same HCL cohort, we later re-
viewed data on 207 patients who were monitored
for at least 7 years.'* Again, most (95%) achieved a
CR, whereas 5% achieved a PR. In this group of
patients, the mean first response duration was 98
months (range, 8-172 months). At a median of 42
months, however, 76 patients (37%) had relapsed.
The range of relapse was wide, between 8 and 118
months. When we re-treated these patients with
cladribine, a 92% ORR was achieved. A third of
these patients had a second relapse; we adminis-
tered cladribine to half of them and achieved a 60%
CR rate. Duration of response decreased with each
subsequent course. Even after a third cladribine
course, a mean remission of 15 months was
achieved (range, 10-37 months). Multivariate anal-
ysis showed that shorter disease duration, higher
white blood cell count, and lower hemoglobin level
were all risk factors for treatment failure. The second
malignancy rate, mainly solid tumors, had an excess
observed-to-expected ratio of 2.03 when compared
with Surveillance, Epidemiology, and End Results
data. In fact, having a preexisting malignant tumor
led to a 3.7-fold increased risk of another malignant
tumor. Nevertheless, at 108 months the OS rate was
97%, similar to the general population.

International Experience. Our long-term follow-up
observations have been confirmed at several other
institutions. Chadha et al'” at Northwestern Univer-
sity reported data on 86 patients with a mean fol-
low-up of 9.7 years. A CR was seen in 79%, whereas
all others achieved a PR. Most of these patients
(70%) had no prior therapies. The relapse rate was
36%. For patients in CR, the CR occurred at a me-
dian of 35 months, much less than in our studies. A
second course of cladribine was used to treat 23
patients who relapsed, and 12 of those achieved a
CR. Partial responses were documented in 7 pa-
tients, which is in accordance with our results. Sim-
ilarly, 17% of patients developed a second malig-
nant neoplasm, all solid tumors. For all patients, the
12-year OS rate was 87%. These investigators be-
lieved that their slightly lower CR rates were due to
more stringent criteria, including resolution of
splenomegaly and adenopathy by computed tomog-
raphy criteria.

At the University of Munich, extended results
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were reported by Jehn et al'® in 44 patients with a
median follow-up of 8.5 years. All except 1 individ-
ual (98%) achieved a CR, defined as normalized pe-
ripheral blood cell counts, no morphologic evidence
of HCL in the bone marrow, and lack of measurable
disease. Seventeen patients (39%) have relapsed,
with a median remission duration of 48 months
(range, 8-131 months). Nine patients received a sec-
ond course of cladribine, and half achieved a CR. At
12 years the OS was 79%. This study had strict mon-
itoring criteria, with frequent bone marrow aspira-
tions and biopsies performed. The authors noted
that delayed clearance of HCL in the bone marrow
was common, even 3 to 5 months after completing
cladribine therapy. An 18% second malignancy rate
was observed.

Summary. Cladribine has an excellent safety and ef-
ficacy profile in HCL that has been studied at multiple
institutions internationally, with follow-up approach-
ing a decade. We inform patients that they can expect
a2 95% ORR, an 85% CR rate, and that their chance of
relapse at 4 years is approximately 30%.

Alternative Methods of Administration

Subcutaneous. A number of investigators have
studied various routes of cladribine administration
as clinical alternatives. In 1995, Juliusson et al'”
from Sweden first reported on a 7-day daily subcu-
taneous injection of cladribine in 73 patients. An
81% CR rate was observed after 1 or 2 courses, and
with a 20-month median follow-up, no relapses
were indentified. Plasma levels of the drug were
monitored and were similar to levels achieved after
intravenous administration. The Swiss investiga-
tors reported results using 5 daily doses of subcu-
taneous cladribine at 0.14 mg/kg per day in 62
patients.'® Forty-seven patients (76%) achieved a
CR, whereas 13 patients (21%) achieved a PR, for
an ORR of 97%. The median time to treatment
failure was 38 months. With follow-up of nearly 4
years, median OS has not yet been reached. Ad-
verse effects were similar to those in our experi-
ence, with neutropenia observed in most patients.
When fevers occurred, the infectious agent was
not identified in most patients.

Weekly. Cladribine can also be given on a weekly
schedule. First studied in 25 patients with HCL at a
dose of 0.15 mg/kg intravenously once a week for 6
total weeks, cladribine produced a CR rate of 76%,
whereas the rest of the cohort achieved a PR.'® In-
terestingly, only 4 of 25 patients developed a neu-
trophil count less than 0.5 X 10%/L. In a separate
group of 30 patients at the same Italian centers with
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a starting neutrophil count of less than 1.0 X 10%/L,
similar results were obtained.>® At 5 years of follow-
up, the mean duration of response was 35 months
(range, 6-58 months). In such an indolent disease,
the authors concluded that delayed doses are safe
and effective, especially in patients with severe neu-
tropenia at diagnosis in whom infectious complica-
tions still remain.

With 10 years of follow-up, Zinzani et al*" re-
ported on 2 nonrandomized trials comparing the
weekly and daily intravenous routes. Thirty-seven
patients received either 5 daily 2-hour doses of 0.14
mg/kg or 5 weekly doses. Patients receiving daily
cladribine had a 72% rate of grade 3 to 4 neutrope-
nia, with weekly patients having a significantly
lower rate of 38%.

No significant differences were observed, how-
ever, in 2 prospective randomized trials. The Polish
Adult Leukemia Group reported results from a ran-
domization of 132 untreated HCL patients at 14
centers to receive 5 daily doses of cladribine at 0.12
mg/kg or 6 weekly doses.”” No differences were
found in PR, ORR, OS, or progression-free survival
(PFS) rates between the 2 arms. The CR rates were
76% and 72% in the daily and weekly arms, respec-
tively, a finding that was also not statistically signif-
icant. Importantly, no differences were found in
neutropenia or even progression to neutropenia in
both arms. Infection rates were also similar. One of
the unique aspects of this large study was that all
patients were untreated. A second prospective ran-
domized trial compared cladribine, 0.14 mg/kg, for
5 daily doses with 5 weekly doses.?” In this Swiss
study of 100 patients, no significant differences
were found in rates of grade 3 to 4 neutropenia (90%
vs 80%), infection, or hospitalization within 10
weeks from treatment. The overall best response
rate was 86% in both groups. The time to first infec-
tion or fever, however, was significantly longer in
the weekly group. Also, in patients starting out with
neutrophil counts greater than 1.0 X 10%L, those
who received weekly cladribine developed signifi-
cantly less grade 3 to 4 neutropenia. This finding
may warrant further investigation in nonneutro-
penic patients.

Reduced Dose. The total cumulative dose of cladri-
bine administered in these studies is approximately
the same. With such excellent response rates, a
lower dose has been considered. Forconi et al**
from the Italian Cooperative Group enrolled 148
patients with HCL into a prospective clinical trial
comparing subcutaneous cladribine at 0.1 mg/kg
per day for 5 vs 7 days. No differences were found in
hematologic toxic effects between the 2 trial arms;
however, infections and fevers were more common
in the 7-day trial arm (23.9% vs 10.4%; P=.03).
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Hospitalization rates were also higher. However, the
ORR was not significantly different between the 2
arms. At 3 years of follow-up, no differences in OS,
treatment-free interval, or relapse-free survival have
been observed between the 2 arms. This study dem-
onstrates that a 25% reduction in the cladribine
dose may be equally effective, although longer fol-
low-up will be necessary to make firm conclusions.

Because there are no conclusive long-term fol-
low-up randomized studies demonstrating a signif-
icant improvement with the standard dosing of
cladribine, we give the drug as a single continuous
intravenous infusion of 0.1 mg/kg per day for 7 days
in our patients. Pharmacokinetic data suggest
greater lymphotoxicity with prolonged exposure to
cladribine than with brief exposure.>> However, in-
travenous dosing of 0.14 mg/kg for 2 hours for 5
consecutive days is also reasonable.

PENTOSTATIN
As previously mentioned, a second purine nucleo-
side analog, pentostatin, has also been rigorously
studied in this disease. Given as a bolus intravenous
dose of 4 mg/m?> every other week, in the initial
reports it took a mean of 8 courses to achieve a CR,
with a range of 4 to 15 courses.'' Doses were with-
held in patients with worsening renal function or
when the white blood cell count was less than 1.5 X
10°/L (to convert to /uL, divide by 0.001). Main
toxic effects included nausea, vomiting, myelosup-
pression, fever, erythematous pruritic papular rash,
and mild conjunctivitis. Infections were unusual. In
one of the first long-term follow-up studies of pen-
tostatin, 23 of 24 patients who initially achieved a
CR were alive at a median of 82 months (range,
54-104 months).?® However, 11 patients had re-
lapsed at a median of 30 months (range, 7-80
months). No serious infections occurred in this
group, and the second malignancy rate was small.
From a French study of 50 HCL patients, with most
having had prior treatments, an ORR of 96% was
noted.”” However, the CR rate was only 44%. In this
study, the median number of cycles given was 12. At
amedian of 38 months of follow-up, the OS rate was
86%. Of 7 deaths, 2 were due to pentostatin toxicity
and 1 was due to infection. There was a 10% second
malignancy rate. Interestingly, of the untreated pa-
tients who initially responded to pentostatin, none
had disease progression at 21 months of follow-up.
An Intergroup National Cancer Institute study
in 1986 randomized patients between pentostatin
and interferon. Initial results showed significantly
higher CR rates with pentostatin compared with in-
terferon (76% vs 11%).° Longer-term follow-up at a
median of 9 years, including crossover from patients
in whom interferon failed, confirmed the effective-
ness of pentostatin.?® Inclusion criteria were similar

to many of the cladribine studies, with one impor-
tant difference: active infections were not consid-
ered an exclusion criterion. Mostly because of re-
sponse failure, interferon patients eventually crossed
over to the pentostatin arm. A total of 241 patients
were treated with pentostatin. The 10-year OS rate
was 81%. A confirmed CR was seen in 72%; these
patients had a relapse-free survival rate of 67%.

Alarge, multicenter, retrospective French study of
238 patients showed similar results, but more infor-
mation was collected on relapsed patients.>® In this
group, nearly two-thirds of patients had received
prior treatment with interferon. It took a median of
9 cycles of pentostatin to achieve a CR, which was
79%. The ORR was 96%. In those with an initial CR,
the relapse rate was 14%. Ten of these patients who
relapsed were re-treated with pentostatin, with 8
having a CR and 2 a PR. Nineteen different patients
who relapsed were treated with cladribine, resulting
in 11 CRs, 4 PRs, 2 deaths during treatment, and 1
nonresponder. On the other hand, 9 patients who
did not respond to 6 initial courses of pentostatin
received cladribine, with 7 achieving a CR or PR. A
second malignancy rate of 7.5% in this group was
not higher than in the general population.

CLADRIBINE VS PENTOSTATIN

To date, no randomized studies have compared the
2 purine analogs in this rare leukemia. The Royal
Marsden Hospital compared the 2 drugs in a retro-
spective fashion.?® Between 1992 and 1997, 165
patients were treated with pentostatin, whereas a
much smaller group of 45 received cladribine.
Among all patients, a statistically significant differ-
ence was found in the disease-free interval, with
pentostatin patients having a median time to relapse
of 51.5 months (range, 14.2-105.4 months) vs 23.5
months (range, 7.2-58.6 months) in the cladribine
group. However, 115 patients had received prior
interferon, and when including only untreated pa-
tients, this apparent difference no longer persisted.
The CR rates were similar in both groups. Longer
follow-up of 16 years was reported in the same
group and confirmed the high CR rates, but relapse
rates were similar between both groups.”' Median
PFS was 10.5 years and not significantly different
between both groups. At 15 years, the relapse rate
was 47% in the pentostatin group and 48% in the
cladribine group. In re-treated patients, again no
difference was found between the 2 agents. In this
cohort, the second malignancy rate was similar to
the general British population.

In view of these similar outcomes and lack of
prospective randomized trials, we prefer cladribine
as the first-line treatment for HCL. Cladribine is
given as a single continuous infusion for 7 days as an
outpatient regimen, rather than multiple bolus
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treatments of pentostatin during a 3- to 6-month
period. The drug is well tolerated and has an excel-
lent safety record. In patients who experience re-
lapse, we readminister cladribine if the disease-free
interval is longer than 18 months. Otherwise, be-
cause cross-reactivity has not been shown, it is rea-
sonable to change patients to pentostatin therapy.
We do not perform any further cancer screening
tests other than those recommended by national
agencies such as the US Preventative Services Task
Force for normal matched population controls. The
characteristics of cladribine and pentostatin are
summarized in the Table.

PURINE ANALOG RELAPSE AND RESISTANCE

Rituximab

Hairy cells, like most B cells, express CD20. We
performed a phase 2 study of the monoclonal CD20
antibody rituximab in patients relapsing after
cladribine treatment, with a median of 73 months
since their last infusion (range, 20-140 months).>?
Patients were treated with rituximab, 375 mg/m?,
intravenously every week for 4 weeks. None of the
24 patients treated had refractory disease, although
8 had received 2 prior courses of cladribine. Because
of the delayed response of rituximab in indolent
lymphomas, we evaluated patients at 6 months.
Three patients achieved a CR, with no morphologic
evidence of hairy cells in the bone marrow, although
immunohistochemical analysis revealed MRD in all
patients. Another 3 patients had a PR. Two of these
6 responders eventually relapsed, at 14 and 16
months. Half of all those treated experienced a fe-
brile infusion reaction, and 1 elderly patient died of
a ruptured diverticular abscess. A nonsignificant
trend toward a better response to rituximab was
seen in patients with a lower hairy cell burden in the
Marrow.

Other groups have reported higher response
rates with rituximab, albeit in less heavily pretreated
individuals. In the first report describing rituximab
for treatment of HCL published more than a decade
ago, Hagberg and Lundholm reported an ORR of

TABLE. Comparison of Cladribine and Pentostatin

Variable
Dose
Route
CR rate, %
Notable toxic effects
PFS at 4 years, %

Cladribine
0.1 mg/kg per day for 7 days
IV (continuous or bolus), subcutaneous, or oral
79-98
Febrile neutropenia, myelosuppression, immunosuppression
50-88

CR = complete response; IV = intravenous; PFS = progression-free survival.

72
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64%, including 6 CRs, in 11 patients.>> The higher
rates could have been attributed to the inclusion of
untreated patients in their study. The Swiss Group
for Clinical Cancer Research also evaluated ritux-
imab in 25 patients relapsing after prior cladribine
treatment.>* Four weekly doses at 375 mg/m? were
administered to 24 patients, with 1 patient only re-
ceiving 1 infusion because of a dermal vasculitic re-
action. The ORR was 80%), with a 32% CR rate. The
median remission duration was just less than 3
years. Besides the expected infusional reactions seen
with rituximab, more serious adverse events oc-
curred in 7 patients. These events include one death
from cardiac failure a day after the first infusion and
another death from gastrointestinal bleeding 3
months after treatment.

At M.D. Anderson Cancer Center in Houston,
TX, 15 patients, including those refractory to treat-
ment with primary nucleoside analog, were given
rituximab at the same dose for 8 weeks, with an
additional 4 doses given to those showing an initial
response.”” Eight patients (53%) achieved a CR,
with an ORR of 80%. At a median of 32 months of
follow-up, progression of disease occurred in 42%.
Although these studies included small numbers of
patients, their results suggest that 8 to 12 doses may
be superior to previously used regimens.

Sequential Therapy

The question then arises, as it has with other indo-
lent B-cell malignant neoplasms, should rituximab
be used as the front-line treatment? Should it be
combined with cladribine, or should it be given se-
quentially? Ravandi et al*® treated 13 patients with
HCL, 11 whose conditions were newly diagnosed,
with cladribine at a dose of 5.6 mg/m? intravenously
daily for 5 days followed by 8 weekly doses of ritux-
imab. One patient had received cladribine 9 years
earlier and subsequently relapsed, whereas the
other had a variant HCL treated with chloram-
bucil. One month after cladribine therapy and
again after rituximab, an additional bone marrow
biopsy was performed to evaluate for MRD using
flow cytometry and polymerase chain reaction. All

Pentostatin
4 mg/m? every other week for 8-12 doses
IV bolus
72-79
Nausea, rash, myelosuppression, immunosuppression
72-76

Mayo Clin Proc. ® January 2012:87(1):67-76 m doi:10.1016/j.mayocp.2011.09.001

www.mayoclinicproceedings.org



HAIRY CELL LEUKEMIA

patients achieved a CR. One month after cladribine
therapy, MRD was detected in 5 of 11 evaluable
patients. One month after rituximab therapy, how-
ever, MRD was detected in only 1 of 12 evaluable
patients. No patients have relapsed, although fol-
low-up at the time of the report was only 14 months.
No unexpected toxic effects occurred.

These researchers updated their experience in
45 HCL patients, 38 with untreated disease.”” In
24% of patients, MRD was detected at the comple-
tion of cladribine and rituximab treatment. These
studies demonstrate the effectiveness of rituximab
in reducing or eradicating MRD. However, the clin-
ical value of MRD eradication remains to be demon-
strated. As noted in the Scripps Clinic study, many
asymptomatic patients with normal blood cell
counts nearly 20 years after cladribine therapy still
demonstrate MRD.*

Cervetti et al*® treated patients with rituximab
sequentially after cladribine treatment but only ad-
ministered the monoclonal antibody when MRD
was detectable. With this protocol, rituximab was
administered anytime from 1.5 to an astounding
113 months after cladribine (mean, 4.3 months).
Twenty-seven patients were treated at a single Ital-
ian institution with cladribine induction. Patients
younger than 60 years were treated with 5 mg/m?
intravenously daily for 5 days, whereas older pa-
tients received 5 mg/m?* intravenously weekly for 6
weeks, akin to some of the data presented earlier.
The ORR was 89% after cladribine. When MRD was
detected, rituximab was given at 375 mg/m” every
week for 4 doses. Two months after rituximab treat-
ment, the ORR was 100%, and at a median fol-
low-up of 3 years, a so-called molecular response
was seen in 70%. Five-year PFS was 83%. The qual-
ity of hematologic response to rituximab signifi-
cantly affected PFS, with a 2-year PES of 94% in
those with an initial CR and only 50% in those with
a PR (P<<.001). Interestingly, MRD status also influ-
enced PFS rates. Two-year PFS was 30% in MRD-
positive patients and 100% in MRD-negative pa-
tients (P<<.001). Although this is a small study
without OS information, the controversy regarding
MRD eradication in HCL remains unresolved.

Concurrent Therapy

In many other B-cell malignant neoplasms, ritux-
imab is combined with conventional chemotherapy
without major adverse effects. Else et al*® from the
Royal Marsden group in Britain have shown combi-
nation therapy with purine analogs to be safe and
effective in relapsed HCL patients. Fourteen patients
were treated concurrently, whereas 4 patients were
treated sequentially. Patients were not uniformly
treated; 12 received pentostatin and 6 received
cladribine. Patients were also given 4 to 8 weekly

doses of rituximab. The ORR was 100%, with 16 of
18 achieving a CR. At a median follow-up of 3 years,
all 16 of these relapsed patients maintained their CR
status. In 13 patients, MRD was evaluated, and all
tested negative for MRD after treatment. When com-
pared with their original disease-free survival after
first-line treatment, rituximab combination treat-
ment resulted in significantly longer remission rates.
This study did not compare concurrent ritux-
imab with sequential therapy. It demonstrates, how-
ever, that combination therapy is safe, as has been
shown in other indolent B-cell disorders. With HCL
being such a rare chronic leukemia, prospective ran-
domized data evaluating first-line rituximab will be
hard to come by. Furthermore, the high CR rates
seen with cladribine and the economics of monoclo-
nal antibodies make the use of combination therapy
of questionable value. However, the possibility of
combination treatments leading to deeper, longer-
lasting remissions warrants further investigation.

SUPPORTIVE CARE

Hematopoietic Growth Factors

Neutrophil growth factors have been applied to re-
duce complications from cladribine-induced severe
neutropenia because it occurs in 30% to 40% of
patients. At Scripps Clinic, we performed a phase 2
trial investigating filgrastim at a dose of 5 ug/kg per
day subcutaneously for 3 consecutive days before
cladribine administration, then daily after cladribine
was finished until resolution of neutropenia.*® We
treated 35 patients and compared them with histor-
ical controls. The median nadir neutrophil count
was roughly 0.5 X 10%L compared with 0.3 X
10%L in patients not receiving filgrastim (P=.04).
After a median of 10 days of filgrastim, the time for
neutrophils to recover to greater than 1.0 X 10%/L
was shortened from 22 days in the historical control
arm to 9 days. However, we noted no differences
with regard to the number of febrile days or hospi-
talization rates. Therefore, routine use of filgrastim
is not recommended. Because the rates of severe
anemia from cladribine are low, we similarly do not
recommend prophylactic erythropoietin-stimulat-
ing agents, although this has never been prospec-
tively studied.

Antimicrobials

Prophylactic antimicrobial drugs should be used ju-
diciously. In general, we do not prescribe antibiot-
ics, antifungals, or antivirals in the otherwise
healthy patient with HCL undergoing treatment.
However, for patients with prior life-threatening in-
fections or those at high risk of developing one, we
generally administer these antimicrobial and granu-
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locyte colony-stimulating factor drugs to support
them through their neutropenic phase.

EXPERIMENTAL THERAPIES

Inevitably, a rare patient will be refractory to all ap-
proved treatments. Immunotoxin conjugates were
first studied at the National Cancer Institute. These
drugs combine a toxin with a monoclonal antibody.
A decade ago, the drug BL22, which contains an
anti-CD22 variable domain conjugated with the
Pseudomonas exotoxin, produced a CR in 11 of 16
patients treated.*' Two patients developed a revers-
ible, severe hemolytic uremic syndrome. A phase 2
trial in 36 patients, though, produced a CR rate of
47% after 2 cycles of the drug, with 8% developing
hemolytic uremic syndrome.** A recent phase 1 trial
of moxetumomab, a National Cancer Institute drug
with higher CD22 affinity, demonstrated a response
rate of 47% in 32 heavily pretreated patients.** Con-
jugated immunotoxins have an increasing role in
HCL management, as with other hematologic malig-
nant neoplasms. Other treatments have also been
reported in HCL, including alemtuzumab and ben-

MAYO CLINIC PROCEEDINGS

damustine.***> Novel BRAF inhibitors such as ve-
murafenib, which has shown improved survival in
metastatic melanoma,” warrant investigation as
well. As mentioned previously, the distinctive
V600E mutation may be ubiquitous in HCL.? Our
general treatment algorithm for HCL is depicted in
Figure 3.

RECOMMENDATIONS

First described by Bouroncle et al*® in 1958, HCL
used to be a difficult-to-treat malignant neoplasm
with a generally poor prognosis. With purine ana-
logs, patients with HCL can now achieve high CR
rates and lead normal lives, with survival approxi-
mating that of the general population. This is an
astonishing achievement. Because of ease of admin-
istration, good tolerability, and long-term safety
data, we recommend cladribine as first-line therapy
for HCL. Only patients with significant cytopenia,
symptoms, or recurrent infections should be
treated. Cladribine should be given on an outpatient
basis as a single, 7-day, continuous, intravenous in-
fusion at a dose of 0.1 mg/kg per day. The main

‘ New diagnosis of HCL ’

(Signiﬂcant cytopenias or symptomatic splenomegaly

‘ Cladribine (or pentostatin)® ]

Relapsed or refractory HCL requiring
treatment

Prior response <18 months |
Hypoplastic bone marrow

Prior response >18 months

Prior severe opportunistic infection I

Retreatment with cladribine

Rituximab

’ (or pentostatin)®

Interferon, splenectomy, or experimental

therapies

FIGURE 3. Treatment algorithm.

“Cladribine preferred because of its ease of administration, favorable toxicity profile, and higher

complete response rates.

PIndicates consider switching to other purine analog given lack of cross-resistance. HCL. = hairy cell leukemia.
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adverse event to be aware of is febrile neutropenia.
Because no prospective randomized studies have
been performed, we reserve pentostatin for patients
who have experienced early relapse with cladribine
therapy, typically at less than 6 months.

For late relapses, we administer a second course
of cladribine, with further courses to follow if sub-
sequent relapse-free intervals are longer than 12 to
18 months. In the appropriate setting, sequential
rituximab therapy should be considered, especially
for patients believed to be at high risk of relapse.
Rituximab monotherapy is also useful for patients
unable to tolerate the myelosuppression or immu-
nosuppression after purine analogs. A rare patient
may still respond to interferon or splenectomy.
Patients refractory to treatment should be consid-
ered for clinical trials, with new conjugated im-
munotoxins representing an exciting area of drug
development.

The MRD status in patients with HCL remains
controversial. To date, we remain unconvinced that
routinely administering monoclonal antibodies to
eradicate MRD achieves clinically meaningful re-
sults. Likewise, the cause of the increased incidence
of secondary malignant neoplasms remains con-
troversial. Whether purine analogs or the disease
itself contributes to this is unknown. Neverthe-
less, the outlook of HCL has changed significantly
during the past 2 decades from a disease treated
with supportive care and splenectomies to one
that responds completely to a single infusion of
cladribine chemotherapy.

Correspondence: Address to Alan Saven, MD, Division of
Hematology and Oncology, Scripps Clinic, 10666 N Torrey
Pines Rd, La Jolla, CA 92037 (saven.alan@scrippshealth.org).
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