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BHS guidelines for the diagnosis and
the treatment of hairy cell leukaemia

V. Delrieu, MD?, C. Springael, MD, PhD?, K.L. Wu, MD?3, G. Verhoef, MD, PhD*, A. Janssens, MD, PhD*
On behalf of the BHS Lymphoproliferative Working Party*

SUMMARY

Hairy cell leukaemia is a rare chronic B-cell lymphoproliferative disorder characterised by a long natural
course with, in most of cases, an excellent response to a single course of purine analogue monochemotherapy.
Making the right diagnosis, excluding the chemo resistant variant form of hairy cell leukaemia, and making
progresses in the treatment of relapsing and/or refractory disease remains challenging up to date. In recent
years, exciting results with new agents are emerging and clinical trials are ongoing to optimize the management

of hairy cell leukaemia and its variant form.
(BELG J HEMATOL 2017;8(6):222-8)

INTRODUCTION

Hairy cell leukaemia (HCL) is a rare chronic B cell lympho-
proliferative disorder that represents 2% of adult leukaemia’s
and 8% of mature B and T lymphoproliferative disorders.
Median age at diagnosis is 52 years with a male to female
ratio of 4:1." The occurrence of familial forms of the disease
suggests a genetic predisposition in some cases.” The role of
environmental factors such as insecticides remains unclear.

CLINICAL PRESENTATION

Some patients are totally asymptomatic and the diagnosis is
an accidental finding. Other patients may present symp-
toms related to splenomegaly or cytopenia, as infections and
asthenia. Splenomegaly is present in 70-90% of cases while
anemia, neutropenia and thrombocytopenia are found respec-
tively at a frequency of 70%, 75% and 80%. Monocytopenia
is characteristic of the disease and is observed in 90% of

cases.>*

DIAGNOSIS

Hairy cells (HCs) in the peripheral blood are found in almost
95% of cases. Morphology and flow cytometry suggest the
diagnosis but a bone marrow trephine biopsy is required for
confirmation.*

MORPHOLOGY AND FLOW CYTOMETRY
Morphologically the leukemic cells are twice as large as
normal lymphocytes and show an abundant basophilic
cytoplasm with projections distributed around the entire
cell. They have a round kidney shaped nucleus (Figure D).
Monocytopenia is almost always present as well as other
cytopenias.

Flow cytometry is used to detect and confirm HCs in peri-
pheral blood or in the bone marrow aspiration: HC express
the B cell lineage panel (CD19-CD20-CD22 and surface
membrane immunoglobulin) but also 4 specific markers:
CDllc, CD25, CD103 and CD123. These 4 markers define
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the HCL score: one point is given for each marker and a
score of 3 to 4 is observed in 98% of HCL cases.

When HCL is suspected but the bone marrow aspiration
gives a dry tab due to fibrosis, a bone marrow biopsy is
required. The HC infiltration may be patchy and thus
missed in small specimens. Although the marrow is rich in
most patients, 10-20% of cases show hypo cellularity that
may suggest aplasia.® Immunohistochemistry for CD20,
DBA .44 (CD72) and Tartrate-resistant acid phosphatase
(TRAP) is helpful for the diagnosis and Cyclin D1 can be
positive in 50% of cases.>’

CYTOGENETIC AND MOLECULAR BIOLOGY
Most cases show mutations in the immunoglobulin heavy
chain variable genes (IGHV). Patients with the unmutated
form (10%) are poor responders to treatment with single
agent purine analogues and have a shorter overall survival
(0S).% The molecular variant IGHV4-34 is more common
in the variant form of HCL (v~-HCL) but may also occur in
a small percentage of classical cases, where it also confers a
worse prognosis.”

In 2011, Tiacci et al. reported the presence of the V6OOE
mutation in exon 15 (and more rarely in exon 11) of the
BRAF gene.’ This BRAF mutation leads to the activation of
the RAF/MEK-ERK pathway resulting in cell proliferation
and survival.

A BRAF mutation is found in almost 80-100% of patients with
classical HCL. It can be routinely detected by quantitative
Polymerase Chain Reaction (q-PCR) or Next Generation
Sequencing (NGS), two techniques with a good negative
predictive value.*!° Recurrent chromosomal translocations
are rare in HCL and the genomic profile is generally stable.!!

IMAGING

Ultrasonography or CT-scan can be performed to check
for hepato- and splenomegaly, which is generally present.
Enlarged lymphadenopathies are seen in only 10% of cases.

DIFFERENTIAL DIAGNOSIS

Variant form of Hairy Cell Leukaemia (v-HCL) and Splenic
red pulp Small B cell Lymphoma (SRPL) are the two entities
that need to be distinguished from HCL (Table 1).!*

VARIANT FORM OF HCL (V-HCL)

v-HCL is a rare entity that represents 10% of all HCL cases.
This disorder must be dissociated from the classical HCL
especially because of its different molecular signature and
the poor clinical outcome of patients with ¢-HCL. It mainly
affects old men with a median age of 71 years. Leucocytosis

FIGURE 1. Morphology of hairy cells (from Jolimont Hospital

Laboratory of Hematology).

is generally high in more than 90 % of cases. Monocytopenia
is absent. The HCL score is low with strong expression of
CDllc and CD103 but weak CD25. The BRAF mutation
is also absent, while TP53 mutations can frequently be
detected.”” The IGHV is more frequently unmutated with the
IGHV4-34 rearrangement. In addition to this, there is a high
prevalence of Mitogen-activated protein kinase 1 (MAP2K1)
mutations in this patient population.*

SPLENIC RED PULP SMALL B CELL

LYMPHOMA (SRPL)

SPRL is a rare entity that has recently been included in the
updated WHO classification." It affects men (sex ration, 1,
64) with a median age of 77 years and is characterized by a
lymphocytosis with a heterogeneous phenotype close to
v-HCL with a weak CD25, and a strong CD11c expression.
The karyotype frequently reveals a 7q deletion. BRAF muta-
tions are absent. There is no clear therapeutic recommen-
dation for these patients but the clinical course is generally
indolent. Usually SPRL patients do not receive treatment or
they can be managed with splenectomy. In rare cases rarely
cytotoxic chemotherapy with or without rituximab is used.*!®

DIAGNOSTIC RECOMMENDATIONS

* Complete blood count and morphology of the blood smear

¢ Flow cytometry Pane: B cell panel, CD25, CD11c, CD103
and CD123

* Bone marrow aspiration and biopsy

* Chest and abdominal imaging

* BRAFY%F mutation by q-PCR

* Mutational status IGVH and expression of IGHV4-34
(at relapse)

* TP53 mutation (at relapse)

\/O LU l\/I E8OCTOBER20176



TREATMENT

PROGNOSTIC FACTORS

Different clinical variables have been associated with a worse
prognosis in terms of event free survival (EFS) and overall
response rate (ORR): the degree of cytopenia (haemoglobin
below 10 g/dl or platelet less than 100.10°1), presence of
lymphadenopathy, absence of complete remission (CR) post
treatment, an unmutated IGHV profile and IGVH4-34 variant,
and the presence of a TP53 mutation.

However, these parameters do not affect the first-line treat-
ment choice, which is based on Purine Nucleoside Analo-
gues (PNA).'7

TREATMENT INDICATIONS

Indications for treatment are symptomatic splenomegaly,
presence of cytopenia (haemoglobin <10g/dl, platelets
<100.10%/L, neutrophils <1.10°/L) and recurrent or severe
infections. According to some experts, severe monocyto-
penia could be an indication for early treatment, even in
asymptomatic patients, because of a high risk of opportu-
nistic infections.>*

In the absence of treatment indications (10% of patients),
clinical status and blood analysis should be re-evaluated
every three months during the first year of diagnosis and
every six months thereafter.

FIRST-LINE TREATMENT

The first-line treatment for HCL is based on PNA mono-
therapy (cladribine and pentostatin). Both agents induce a
CRin a high proportion of cases (75-90%). For most patients,
a CR is followed by a disease-free survival (DFS) of more
than ten years in clinical studies.*!*!

Cladribine (2-CDA)

Cladribine is the most commonly used drug for the treat-
ment of HCL, with alternative routes and schedules of admi-
nistration. There has been no randomised trial comparing
intravenous (IV) versus subcutaneous (SC) administrations
but the complete and overall response rates are similar for
both routes and schedules. There is no difference in the inci-
dence of infectious complications or haematological toxicities.
The subcutaneous daily (0.14 mg/kg/d during 5 days) and
the 2-hour intravenous infusion (0.14 mg/kg/d during 5
days) are the preferred schedules to allow for outpatient
care. Another possibility is continuous IV infusion (0.1 mg/
kg/d) for seven days.

In patients with a partial response (PR) at 4-6 months after
the first treatment, a second course of PNA should be given
to achieve CR with or without rituximab (not reimbursed in
Belgium).?°
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Pentostatin

Pentostatin is usually given at the dose of 4 mg/m?* IV every
2 weeks until CR, plus one or two consolidation courses. CR
is generally reached after 8-10 cycles. The renal function
must be normal (creatinine clearance more than 60 ml/min)
and should be re-evaluated before each treatment cycle.
There is no randomised clinical trial (RCT) comparing
cladribine and pentostatin, but efficacy data suggest similar

results.'’

Rituximab

Rituximab can be administrated safely and successfully in
combination with PNA as first-line therapy with a deeper
response in term of minimal residual disease (MRD). How-
ever, long-term follow up is necessary to determine whether
this combination leads to an improvement in DFS and overall
survival (OS). It is generally given at the dose of 375 mg/m?
for a total of 8 weekly administrations, starting 4 weeks after
the end of cladribine.

In v-HCL and in HCL patients with unmutated IGHV, the
combination rituximab/PNA is associated with a higher CR
rate than PNA monotherapy.*

Interferon alpha

[FN-a still has a place in the treatment of pregnant patients
and in patients with severe neutropenia (neutrophils
< 0,2.10%L) and/or uncontrolled active infection.''® The
recommended dose is three million units three times/week.
An alternative treatment option for patients with uncontrol-
led infection consists of rituximab monotherapy.

Splenectomy

Indications for splenectomy have changed since PNA therapy
entered clinical practice. A huge splenomegaly (more than
10 cm under costal margin) in the presence of low-level bone
marrow infiltration is still a considerable indication with long
lasting remissions."” It can also be an option for pregnant
patients.

Response evaluation

Response evaluation must be performed at least four to six
months after treatment. The evaluation consists of a complete
blood count, a bone marrow evaluation (aspirate with flow
cytometry and biopsy), and imaging (if aberrant at diagnosis).
The definition of CR includes normalisation of the peripheral
blood count with no circulating hairy cells, absence of orga-
nomegaly, and the absence of HCs at immunochemistry
staining of the bone marrow biopsy (Very Good Response if
biopsy is not performed).’®**

CR with MRD negativity leads to a longer remission and is



Characteristic findings HCL

Clinical features Median age 52 years

Men > women
Indolent

Splenomegaly,
Monocytopenia

Frequent leukopenia/
cytopenia
Morphology Large lymphocyte

Abundant cytoplasm
Characteristic projections

Kidney shaped nucleus
Fibrosis

Dry tap frequent
Annexin A1+

Bone marrow biopsy

Immunophenotype CD19+ CD20+ CD22+
CD1C+++
CD103+++
CD25++++

(CD123+)

HCL Score 3-4/4

Cyclin D1 expression + (50%)

Molecular biology/
cytogenetic

BRAFV6% (80-100%)
IGHV mutated
IGHV4-34 rarely

No recurrent abnormality

defined by immunohistochemical and flow cytometry tech-
niques. However, the precise role of the MRD analysis in
routine practice is unclear and there is no consensus regar-
ding the clinical significance of MRD detection in HCL.*?
A partial response (PR) is defined by a normal peripheral
blood count, regression of organomegaly with at least 50%
and the presence of residual HCs in marrow or blood.

Supportive treatment
Patients treated with PNA should receive irradiated blood
components to prevent transfusion-associated graft-versus-

V-HCL

Median age 71 years
Men > women

Refractory to treatment

Splenomegaly
No monocytopenia

High lymphocytosis

Medium lymphocyte

Abundant cytoplasm with
some hairy projections

Round nucleus with a pro-
minent nucleolus

Mild fibrosis
Aspiration +
Annexin Al-

CD19+ CD20+ CD22+

CD11c +++
CD103 ++
CD25 -

0-2/4

No BRAF mutation
IGHV unmutated
IGHV4-34 frequent
MAP2KT mutation +
TP53 mutation, del(17p)

host disease.*

B PBA S UIDELIN
TABLE 1. HCL differential diagnosis.

SRPL

Median age 77 years
Men > women

Indolent

Splenomegaly
No monocytopenia

High lymphocytosis

Large lymphocyte

Abundant basophilic
cytoplasm with polar villi

Mild fibrosis
Aspiration+

Annexin Al-

CD19+ CD20+ CD22+
CD11c ++

CD103 +
CD25 +

0-2/4

No BRAF mutation
IGHV mutated

del(7q)

Prophylactic treatment against herpes reactivation and pneu-

mocystis infections are also required. Cotrimoxazole (or pen-

tamidin aerosol) and acyclovir should be started preferably

one week after the end of cladribine (to differentiate rash

due to cladribine or cotrimoxazole). Both treatment should

be continued until the increase of lymphocytes count above
1 x10°%/L or CD4 > 0.2 x10%/L.»
Myeloid and erythroid growth factors can be used according

the Belgian reimbursement criteria but are not recommended

as prophylaxis.
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FIGURE 2. Treatment recommendations.

RELAPSE/REFRACTORY DISEASES

The choice of second-line treatment depends on the duration
of response to the first-line treatment.

In case of a late relapse (i.e. after 2 years of remission), patients
can be retreated with the same agent. This treatment is still
effective as second- and third-line therapy in the majority of
patients.”* However, the CR rate and the median duration of
response tend to be lower with each line of therapy.!**°

In patients with an early relapse (i.e. within two years), the
alternative PNA (alone or in combination with rituximab)
can be used if available and after exclusion of v-HCL,
IGHV4-34 variant or a TP53 mutation. The association
between PNA and rituximab (6-8 administrations weekly)
concurrently or sequentially can improve the CR rate in
heavily pre-treated patients.'**'*°?” More studies are however
needed to confirm these results.

Bendamustine-rituximab (Bendamustine 70-90 mg/m? day
1 - rituximab, 375 mg/m?* day 1 and 15, 6 cycles, every 4
weeks) in repeated-relapses HCL show an ORR of 100%

\/O |_U M E8 OCTOBER2017

with a CR of 50-60%.% Fludarabine and rituximab (fluda-
rabine 40 mg/m?* orally day 1 to 5 adapted to the renal
function and rituximab, 375 mg/m? on day 1 every four
weeks for four cycles) is also effective as shown in a small
retrospective study.”’

Other treatment options, including novel agents and combi-
nation regimens are currently under clinical evaluation for
the treatment of patients who are refractory/relapsing after
PNA and rituximab. The oral BRAF inhibitor, vemurafenib,
has been tested in a double American and Italian cohort
with promising responses and an acceptable tolerability.*
The ORR reached 96-100% with a CR rate around 35 and
42%. Unfortunately, the duration of the response was short
and relapses were frequent. An ongoing study evaluating
the combination of vemurafenib with rituximab shows
faster and higher CR rates (86%).*! To avoid the emergence
of resistance related to NRAS mutations, a phase II study
currently investigates the combination of a BRAF inhibitor,
(dabrafenib), with a MEK inhibitor (trametinib).?®



KEY MESSAGES FOR CLINICAL PRACTICE

detection of the BRAF"5°F mutation (q-PCR).

must be performed 4-6 months after therapy.

should be assessed.

or fludarabine must be considered.

1 Diagnosis is made by flow cytometry (HCL score), bone marrow biopsy and molecular biology with the

2 First line treatment of classical HCL is based on PNA monotherapy (only cladribine available in Belgium)
(different administration routes and schedules with same efficacy and tolerability). Response evaluation

3 Splenectomy or IFNa stay a valuable option in particular cases.

4 In patients with an early relapse, or in not-responding patients. The TP53 and IGHV mutational status

5 In early relapsers (<2 years) a treatment combination including rituximab and a PNA, bendamustin,

6 Patients with a late relapse (>2 years) can be retreated with the same agent.

7 Novel agents including ibrutinib, BRAF inhibitors (with or without a MEK inhibitor) and recombinant
immunotoxins are promising in refractory/relapsing patients.

Recombinant immunotoxins

The Moxetumomab pasudotox is a recombinant immuno-
toxin composed of an anti-CD22 monoclonal antibody
fused with the Pseudomonas exotoxin A. After fixation on
the HC, the toxin is internalized and induces cell death.
This immunotoxin has been tested in a phase I/1I study in
relapsing HCL patients and shows impressive results with
an ORR 88% and CR rate of 64% in 33 patients. The treat-
ment was well tolerated but two patients developed reversible
haemolytic uremic syndrome. The results of the phase III
study are awaited.?? This treatment could be an interesting
alternative for v-HCL patients without BRAF mutations who
are not responding to BRAF inhibitors.

Bruton tyrosin kinase inhibitors

As shown in the preliminary results of an ongoing phase 11
study, ibrutinib can induce remissions in both classical HCL
and in v-HCL, including relapsed and refractory patients.
Moreover, the drug is associated with a good safety profile.
CRs is not observed in the v-HCL patients but only in the
classical form.* Finally, an allogenic stem cell transplantation
can also be a treatment option (Figure 2).**

CONCLUSIONS

HCL is a rare B cell lymphoproliferative entity with an
exceptionally long-term natural course in most patients. The
treatment of HCL is based on PNA monotherapy. For non-

responders or for patients with v-HCL, other therapeutic
strategies are required to improve the disease outcome. One
of these strategies consists of the association of PNA and
rituximab. Other novel agents are promising in this setting.
Clinical trials are needed to confirm these results.

REFERENCES

1. Morton LM, Wang SS, Devesa SS, et al. Lymphoma incidence patterns by
WHO subtype in the United States, 1992-2001. Blood. 2006;107.265-76.

2. Berstein L, Newton P, Ross RK. Epidemioclogic of Hairy cell leukemia in Los
Angeles County. Cancer Res. 1990;60:3605-9.

3. Jones G, Parry-Jones N, Wilkins B, et al. Revised guideline for the diagnosis
and management of hairy cell leukemia and hairy cell variant. Br J Hematol.
2011;156:186-95.

4. Grever MR, Abdel-Wahab O, Andritsos LA, et al. Consensus guidelines for
the diagnosis and management of patients with classic hairy cell leukemia.
Blood. 2017;129(5):5663-60.

5. Matutes E, Morilla R, Owuzu-Ankomahk, et al. The immunophenotype of hairy
cell leukemia. Proposal for a scoring system to distinguish HCL from B-cell
disorders with hairy or villous lymphocytes. Leuk Lymphoma. 1994;14:57-61.

6. Bartl R, Frisch B, Hill W, et al. Bone marrow histology in hairy cell leukemia.
Indentification of subtypes and their prognostic significance. Am J Clin Pathol.
1983:79-531.

7. Went PT , Zimpfer A, Pehrs AC, et al. High specificity of combined TRAP and
DBA.44 expression for Haiy cell leukemia. Am J Surg Pathol. 2005;29(4):474-8.
8. Forconi F, Sozzi E, Cencini E, et al. Hairy cell leukemias with unmutated IGHV

genes define the minor subset refractory to single agent cladribine and with

VOLUMES8ocroserz017



_ QI

more agressive behavior. Blood. 2009;114:4696-702.

9. Tiacci E, Trifonov V, Schiavoni G, et al. BRAF mutations in Hairy cell leukemia.
N Engl J Med. 2011;364:2305-15.

10. Tiacci E , Schiavoni G, Forconi F, et al. Simple genetic diagnosis of hairy
cell leukemia by sensitive detection of the BRAF-VBOOE mutation. Blood.
2012;119:192-5.

11. Jain P, Pemmaraju N, Ravandi F. Update on biology and treatment options
for hairy cell leukemia. Curr Treat Options Oncol. 2014;15(2):187-209.

12. Summers TA, Jaffe ES. Hairy cell leukemia diagnosis criteria and differential
diagnosis. Leuk Lymphoma. 2011;56:6-10.

18. Hockley SL, Else M, Morilla A, et al. The prognostic impact of clinical and
molecular features in hairy cell leukemia variant and splenic marginal zone
lymphoma. Br J Haematol. 2012;1568:347-454.

14, Waterfall JJ, Arons E, Walker RL, et al. High prevalence of MAP2K1 mutations
in variant and IGHV4-34 expressing hairy-cell leukemia. Nat Genet. 2014;46:8-10.
16, Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the World
Health Organisation classification of lymphoid neoplasms. Blood. 2016;127:2375-90.
16. Travesre-Glebhen A, Bassegio L, Salles G, et al. Splenic diffuse red pulp
small-B cell lymphoma: toward the emergence of a new lymphoma entity.
Discov Med. 2012;71:253-65.

17. Robak D, Matutes E, Catovsky D, et al. Hairy cell leukemia: ESMO clinical
practice guidelines for diagnosis, treatment and follow up. Ann of Oncol.
2015;26:100-7.

18. Cornet E, Delmer A, Feugier P, et al. Recommendations of the SFH (Frenche
Society of Haematology) for the diagnosis, treatment and follow up of hairy cell
leukemia. Ann Hematol. 2014,93:1077-983.

19. Else M, Dearden CE, Matutes E, et al. Long term follow up of 233 patients
with hairy cell leukemia, treated initially with pentostatin or cladribine, at a median
of 16 years from diagnosis. Br J of Heamatol. 2009;145:733-40.

20. Daerden CE, Else M, Catovsky D. Long term results for pentostatin and
cladribine treatment of hairy cell leukemia. Leuk Lymph. 2011;62:21-4.

21. Else M, Dearden CE, Catovsky D. Long-term follow-up after purine analogue

therapy in hairy cell leukaemia. Best Pract Res Clin Haematol. 2015;28:217-29.

22. Chihara D, Kantarjian H, O'Brien S, et al. Long-term durable rémission by
cladribine followed by rituximab in patients with hairy cell leukemia: update of a
phase Il study. Br J Haematol. 2016;5:760-6.

23. Thompson PA, Ravandi F. How | manage patient with hairy cell leukaemia.
Br J Haematol. 2017;177(4):543-56.

24, Treleaven J, Gennery A, Marsh J, et al. Guidelines on the use of irradiated
blood components prepared by the british Commitee for Standards in Heama-
tology blood transfusion task force. Br J of Heamtol. 2011;1562:35-51.

25, Maevis V, Mey U, Schmidt-wolf G, et al. Hairy cell leukemia : Short review,
today’s recommendations and Outlook. Blood Cancer J. 2014;4.184.

26. Zinzani PL, Pellegrini C, Stefoni V, et al. Hairy cell leukemia. Evaluation of the
long term outcome in 121 patients. Cancer. 2010;116:4788-92.

27. Else M, Osuiji N, Forconi F, et al. The role of rituximab in combination with
pentostatin or cladribine for te treatment of recurrent/refractory hairy cell leukemia.
Cancer. 2007;110:2240-7.

28. Burotto M, Stetler-Stevenson M, Arons E, et al. Bendamustine and rituximab in
relapsed and refractory hairy cell leukemia. Clin Cancer Res. 2013;19(22):6313-21.
29. Gerrie AS, Zypchen LN, Connors JM. Fludarabine and rituximab for relap-
sed or refractor hairy cell leukemia. Blood. 2012;119:1988-91.

30. Tiacci E, Park JH, De Carolis L, et al. Targeting mutant BRAF in relapsed or
refractory Hairy-cell Leukemia. N Engl J Med. 2015;373(18):1733-47.

31. Tiacci E, Carolis L, Zaja F, et al. Vemurafenib plus rituximab in hairy cell
leukemia : A promising chemotherapy free regimen for relapsed or refractory
patients. Blood. 2016;128:1214.

32. Kreitman J, Pastan I. Immunoconjugates in the management of hairy cell
leukemia. Best Pract Res Clin Haematol. 2015;28:236-45.

33. Jones J, Andritsos L, Kreitman RJ, et al. Efficacy and safety of the Bruton
Tyrosine Kinase inhibitor Ibrutinib in Patients with Hairy Cell Leukemia: Stage 1
of a phase Il study. Blood. 2016;128:1215.

34. Zinzani PL, Bonifazi F, Pellegrini C, et al. Allogenic transplantation could be

an option in selected patients. Clin Lymphoma Myeloma Leuk. 2012;12:287-9.

ALL PUBLISHED BJH ARTICLES ARE AVAILABLE ON OUR WEBSITE:

WWW.ARIEZ.COM

As well as all published articles from our other medical journals.

\/O |_U M E8 OCTOBER2017





