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1. Deutsche Zusammenfassung
1.1 Einleitung

Die Haarzellleukamie (HCL) gehort zu den low-grade Non-Hodgkin-Lymphomen und
reprasentiert etwa 2 % aller Leukamien. In den 1980er Jahren erzielten die ersten
Behandlungskonzepte mittels Splenektomie und Interferon-a Uberwiegend partielle
Remissionen (PR) mit einer mittleren Uberlebensdauer zwischen 4 und 6 Jahren. Durch
die Einfuhrung der Purin-Analoga (PA) Pentostatin und Cladribine wurde die
Haarzellleukamie eine gut behandelbare Erkrankung. Es werden komplette
Remissionsraten (CRR) zwischen 76-98 % mit einem mittleren Disease Free Survival
(DES) von 16 Jahren erzielt, so dass heute eine normale Lebenserwartung erreicht
werden kann und HCL bedingte Todesfélle selten geworden sind. Dennoch erfordern
insuffiziente Ansprechraten gegeniber PA in ca. 5-10 % mit schlechter Prognose und
Rezidivraten von 30-40 % nach 5-10 Jahren Follow-up alternative
Behandlungsstrategien. Durch zuséatzliche Knochenmarksuntersuchungen nach der
Behandlung mit PA kann die sogenannte Minimal Residual Disease (MRD)
nachgewiesen werden. Die Verwendung von immuntherapeutischen monoklonalen
Antikdrper (mAb) wie Rituximab als Monotherapie oder in Kombination mit einem PA
oder klinische Studien mit rekombinanten Immuntoxinen (RIT) zeigen vielversprechende
Ergebnisse, um diese Probleme zu l|osen. Aktuell erdffnet die Identifizierung der
maoglichen krankheitsverursachenden BRAF V600E-Mutation neue diagnostische und
therapeutische Mdglichkeiten. Dieses Review zeigt einen Uberblick tber aktuelle
Therapieoptionen und Ergebnisse, Ausblicke und eine Zusammenfassung zur

Therapieempfehlung.

1.2 Suchstrategie und Auswabhlkriterien

Die Literatur fur dieses Review wurde durch Recherchen in Medline, PubMed und
Referenzen von relevanten Artikeln mit den Suchbegriffen "hairy cell leukemia” (HCL)
identifiziert. Nur Veroffentlichungen in englischer und deutscher Sprache zwischen 1970

und 2013 wurden aufgenommen.



1.3 Behandlungsmadglichkeiten, Ergebnisse und neue Erkenntnisse
1.3.1 Splenektomie

Die Haarzellleukdmie kann sich klinisch in Form von Oberbauchbeschwerden auf der
Grundlage einer symptomatischen Splenomegalie manifestieren. Splenomegalie tritt bei
bis zu 96 % der Patienten mit Haarzellleukdmie auf (Gedik et al., 2008; Lavrenkov et al.,
2012). Historisch gesehen gilt die Splenektomie als erster effektiver Therapieansatz der
HCL und war bis 1984 Therapie der Wahl mit erzielten Overall Response Rates (ORR)
von 60-100 % (Habermann et al., 2011; Kreitman, 2012). Die Splenektomie hat keinen
positiven Einfluss auf die Knochenmarksinfiltration und Fibrose (Habermann et al.,
2011). Trotz des heutigen Einsatzes effektiver Chemotherapeutika in der Behandlung
der HCL ist die Splenektomie vor allem bei ausgepragter Splenomegalie (z. B. > 10 cm
unter dem Rippenbogen), bei geringem Knochenmarksbefall (Jones et al., 2012), in der
Schwangerschaft (Adeniji et al., 2010; Daver et al., 2012; Rizack et al., 2009) oder bei
Rezidiven oder bei therapierefraktaren Patienten noch immer eine mdgliche

Therapieoption (Habermann et al., 2011).

1.3.2 Interferon-alpha (IFN- «)

Quesada et al. (1984) zeigten, dass sich unter IFN-a die peripheren Blutwerte von HCL-
Patienten verbessern und sogar normalisieren konnen. Die Therapie mittels IFN-a fuhrt
nicht nur zur Reduzierung der Zytopenie und zur Beseitigung von Haarzellen (HC) aus
dem Blut, sondern auch zur Reduktion der Knochenmarksfibrose (Bekisz et al., 2010;
Habermann et al., 1992)

1.3.3 Purinanaloga
1.3.3.1 Pentostatin (2'-Deoxycoformycin, DCF)

In den 1980er Jahren wurde Pentostatin als erstes Purinanalogon in der Therapie der
HCL eingefuhrt (Grever, 2011; Grever und Lozanski, 2011; Mey et al., 2003). Dadurch
konnten bei guter Vertraglichkeit erstmalig andauernde komplette Remissionsraten von
> 75 % erzielt werden (Grever, 2011) und die Prognose der Erkrankung wurde
signifikant verbessert (Lauria et al., 2011; Spurgeon et al., 2009).



Die Uberwiegend retrospektive Analyse von mehreren hundert Patienten erzielte ORR
von > 90 % mit CRR bis zu 82 % (Dearden et al., 2011; Flinn et al., 2000; Maloisel et al.,
2003). Das Langzeit-Follow-up bis zu 16 Jahren bestatigt, dass Pentostatin in der Lage
ist lang anhaltende Ansprechraten auch nach weiteren Therapiezyklen bei Rezidiven zu
erzielen (Dearden et al., 2011). Dennoch kommt es nach der Therapie mit Pentostatin

zu Rezidivraten von bis zu 44 % (Else et al., 2009).

1.3.3.2 Cladribine (2-Chlordesoxyadenosin, 2- CdA)

Das Purinanalogon Cladribine hat sich zum  bevorzugten  First-Line-
Chemotherapeutikum in der Haarzelleukédmie entwickelt (Austein et al., 2009; Huynh et
al., 2009; Lauria et al., 2011). Ein einzelner Therapiezyklus von 5-7 Tagen ist bereits in
der Lage andauernde komplette Remissionen mit CRR von 85-91 % zu erzielen (Naik
und Saven, 2012; Sigal et al., 2010). Die 5-Jahres Progression Free Survival (PFS)
Raten schwanken zwischen 72-84 % und das Overall Survival (OS) nach 12 Jahren
betragt zwischen 75-87 % (Spurgeon et al., 2009). Das Rezidivrisiko nach 4 Jahren
belauft sich auf rund 30 % (Naik und Saven, 2012).

1.3.3.3 Fludarabine und Bendamustine

Fludarabine und Bendamustine werden in erster Linie in der Behandlung der CLL
eingesetzt. Mehrere Fallberichte beschreiben die erfolgreiche Anwendung von
Fludarabine (Johnston, 2011; Gerrie et al., 2012) und Bendamustine (Kreitman et al.,
2011a, 2011b) bei HCL-Patienten, so dass sie im Rahmen klinischer Studien als
therapeutische Option bei Rezidiven oder therapierefraktaren HCL-Patienten zukunfitg

Anwendung finden kénnten.

1.3.4 Immuntherapeutika

Klinische Studien mit Immuntherapeutika zeigen vor allem bei der Behandlung von
Patienten mit Resistenzen gegen Purinanaloga, nach Rezidiven oder in der MRD-
Eradikation vielversprechende Ergebnisse (Mey et al., 2003). Aufgrund der Tatsache,
dass verbleibende Haarzellen (HC) fur die Oberflachenantigene CD20, CD22 und CD25
stark positiv sind, dienen diese als Angriffspunkte fir unkonjugierte monoklonale



Antikdrper (mAB) oder rekombinante Immuntoxine (RIT) (Fitzgerald et al., 2011;
Kreitman et al., 2011; Kreitman et al., 2012; Park und Levine, 2012).

1.3.4.1 Anti-CD20 (Rituximab)

Bei MRD-positiven Patienten nach der Behandlung mit Cladribine zeigt sich eine hohe
CD20-Expression von > 100.000 / Zelle (Kreitman et al., 2011), die als Angriffspunkte
fir den humanisierten anti-CD20 mAb Rituximab dienen.

Die Kombination von Rituximab mit einem Purinanalogon fuhrt zu Synergieeffekten mit
CRR bis zu 100 % (Malfuson et al., 2010) und mit einer MRD-Eradikation bis zu 92 %
(Lauria et al., 2009). Da bisher kein eindeutiger Benefit durch die MRD-Eradikation
nachgewiesen werden konnte, ist aufgrund der hohen Kosten fir Rituximab zu
diskutieren, ob eine Kombinationstherapie mit Rituximab als First-Line-Therapie sinnvoll
erscheint (Lauria et al., 2009; Ravandi et al., 2009; Ravandi, 2011). Ravandi (2011)
empfiehlt eine Kombinationstherapie mit Rituximab fiur Patienten mit einem hohen

Rezidivrisiko oder mit therapierefraktarer Erkrankung.

1.3.4.2 Anti-CD22

Die Anti-CD22-Therapie wirkt zielgerichtet gegen Haarzellen, die im Gegensatz zu den
meisten anderen Zellen ca. 40.000 CD22-Molekiile pro Zelle auf ihrer Oberflache
exprimieren (Kreitman et al., 2011b). Das urspringliuche RIT gegen CD22, BL-22 (CAT-
3888), wurde zunehmend weiterentwickelt um das Anwendungsfeld fir Anti-CD22-
Immuntoxine auf haufigere lymphoproliferative Erkrankungen mit einer geringeren
Expression von CD22 auf der Zelloberflache zu erweitern. Moxetumomab pasudotox
(HA-22, CAT-8015) erzielt in einer Phase-I-Studie eine ORR von 86 % mit 46 % CR
ohne MRD (Kreitman et al., 2012).

1.3.5 BRAF V600E-Mutation

Auf der Suche nach HCL-assoziierten Mutationen haben Tiacci et al. (2011a) die BRAF
V600E-Mutation in HC entdeckt. Wahrend die Mutation im BRAF in den gesamten
Tumorzellen aller 47 Patienten mit HCL gefunden worden ist, wurde sie nicht in einer

der 195 untersuchten Proben von Patienten mit anderen peripheren B-Zell-Lymphomen



oder Leukamien wie SMZL gefunden. Die BRAF V600E-Mutation scheint eine wichtige
Rolle in der Pathogenese der HCL, wenn nicht sogar die krankheitsverursachende
Mutation, darzustellen (Burger, 2012; Rinaldi et al., 2013; Tadmor et al., 2012; Tiacci et
al., 2011a, 2011b, 2012; Weston-Bell et al.,, 2013). Die Ergebnisse von 2019
untersuchten Proben fir die BRAF V600E-Mutation in HCL und anderen
hamatologischen Malignomen mit einem Youden-Index von 0,97 und einer Spezifitat
von 97,6 % sprechen fur eine zukinftige Verwendung des BRAF V600E-Status in der
Diagnostik der Haarzellleukamie (Lennerz et al., 2012). Diesbezlglich werden Verfahren
mittels Sanger-Sequenzierung (Tiacci et al., 2012), High-Resolution Melting Analysis
(Boyd et al., 2011), Allel-spezifischer Polymerase-Kettenreaktion (Arcaini et al., 2012;
Szankasi et al., 2013), Pyrosequenzierung (Laurini et al., 2012; Lennerz et al., 2012,
Verma et al., 2012) und immunhistochemische Marker wie Maus-mAb (Klon VE1) als
eine kostengunstige Alternative zu den DNA-basierten Methoden (Andrulis et al., 2012),
oder Immunfarbungen fir Phospho-ERK (Tiacci et al., 2013; Warden et al.,, 2013)
getestet. Diese Erkenntnisse, die moglicherweise zur Pathogenese der Haarzelleukamie
fuhren, bieten zudem neue Therapiemdglichkeiten: Dietrich et al. (2012) berichteten
Uber einen gegen die herkdbmmlichen Therapiemdglichkeiten refraktaren HCL-Patienten,

der erfolgreich mit dem BRAF-Inhibitor Vemurafenib behandelt werden konnte.

1.4 Therapieempfehlung
1.4.1 Initiale Behandlung

Die Purinanaloga Cladribine und Pentostatin gelten ohne Vorliegen von
Kontraindikationen als Therapie der Wahl (Grever, 2010; Naik und Saven, 2012; Jones
et al., 2012). Komplette Remissionsraten von 75-100 % werden erreicht (Malfuson et al.,
2010). Obwohl eine Uberlegenheit in der Wirksamkeit der beiden PA nicht bewiesen ist
(Naik und Saven, 2012; Jones et al.,, 2012), wird Cladribine haufiger als First-Line-
Therapeutikum verwendet als Pentostatin (Grever, 2010). Standardisierte Empfehlungen
zur Dosierung von Cladribine fehlen. Die favorisierten Dosierungsschemata sind die 7-
Tage-Dauerinfusionstherapie mit 0,1 mg/kg pro Tag (Grever und Lozanski, 2011; Naik
und Saven, 2012;) oder intravendse Kurzinfusionen von 0,14 mg/kg pro Tag an funf
aufeinanderfolgenden Tagen (Golomb, 2011). Die alternative subkutane Applikation von



Cladribine erscheint die kostengulnstigste Option (Jones et al., 2012) zu sein und wird
als Therapie der Wahl zunehmend angewendet (Austein et al., 2009). Wenn mdoglich,
sollte die Anwendung von PA bei Patienten mit einer anhaltenden Infektion wegen der
mdoglichen langer andauernden Myelosuppression vermieden werden (Grever und
Lozanski, 2011). Alternativ wird die vorherige Verabreichung von IFN-a zur Erhéhung
der Granulozyten fur eine bessere Immunantwort empfohlen (Grever und Lozanski,
2011). Die Induktionstherapie kann mit 3 x 10° IE taglich gestartet werden, gefolgt von
einer Erhaltungstherapie mit dreimal wochentlich subkutanen Injektionen der gleichen
Dosis (Jones et al.,, 2012). Bei Kontraindikationen gegen PA und IFN-a bietet sich
alternativ Rituximab als First-Line-Therapie an (Malfuson et al., 2010). Torrey et al.
(2011) empfehlen die Therapie mit Pentostatin vor allem bei Patienten, die innerhalb von
12 Monaten nach einem ersten Therapieversuch mit Cladribine ein Rezidiv entwickeln.
Intravendse Dosen von 4 mg/m? konnen alle 14 Tage bis zur Erreichung einer
kompletten Remission plus ein oder zwei Konsolidierungsdosen verabreicht werden
(Grever und Lozanski, 2011; Jones et al., 2012). Bei Patienten mit ausgepragter
Splenomegalie (Jones et al.,, 2012) oder in der Schwangerschaft (Adeniji et al., 2010;
Rizack et al., 2009) sollte die Splenektomie als First-Line-Strategie Verwendung finden.

1.4.2 Behandlung bei therapierefraktarer Erkrankung , Rezidiven, MRD

Es gibt keinen internationalen Konsens fir ein standardisiertes Vorgehen bei Rezidiven,
refraktaren Therapieverlaufen oder bei MRD (Malfuson et al.,, 2010). Zu den am
haufigsten verwendeten Optionen in diesen Situationen gehodren wiederholte Zyklen
entweder mit dem gleichen oder dem alternativen PA, IFN-a, Splenektomie,
Therapiekombinationen mit Rituximab oder klinische Studien mit RIT.

Rituximab kann als wochentliche intravendse Infusion von 375 mg/m? fir insgesamt
sechs bis acht applizierte Dosen entweder gleichzeitig oder nach dem PA verabreicht
werden (Jones et al., 2012). Eine MRD-Eradikationstherapie sollte ausschlief3lich im

Rahmen klinischer Studien erfolgen (Jones et al., 2012).
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Hairy cell leukemia: short review, today’s recommendations

and outlook

V Maevis', U Mey?, G Schmidt-Wolf' and IGH Schmidt-Wolf'

Hairy cell leukemia {HCL) is part of the low-grade nen-Hodgkin lymphoma family and represents approximately 2% of all leukemias.
Treatment with splenectemy and interferon-o historically belonged to the first steps of therapeutic options, achieving partial
responses/remissions (PR) in most cases with a median survival between 4 and 6 years in the 1980s. The intreduction of the purine
analegs (PA) pentostatin and cladribine made HCL a well-treatable disease: overall complete response rates (CRR) range from

76 ta 98%, with a median disease-free survival {DFS) of 16 years a normal lifespan can be reached and HCL-related deaths are rare.
However, insufficient response to PA with poorer prognosis and relapse rates of 30-40% after 5-10 vears of fellow-up may require
alternative strategies. Minimal residual disease can be detected by additional examinations of bone marrow specimens after treatment
with PA. The use of immunctherapeutic menoclonal antibodies (mABj like rituximab as a single agent or in combination with a PA
or more recently clinical trials with recombinant immunotoxins (RIT) show promising results to restrict these problems. Recently,
the identification of the possible disease-defining BRAF V600E mutaticn may allow the development of new therapeutic targets.

Biood Cancer Journa! (2014) 4, e184; doi:10.1038/bcj.2014.3; published cnline 14 February 2014

Keywords: hairy cell leukemia; pentostatin; cladribine; rituximab; immunotoxins

SEARCH STRATEGY AND SELECTION CRITERIA
Data for this review were identified by searches of MEDLINE,
PubMed and references from relevant articles using the search
terms ‘hairy cell leukemia’ (HCL). Only papers in English and
German between 1970 and 2013 were induded.

INTRODUCTION

Representing approximately 2% of all leukemias, HCL is a chronic
B-cell lymphoproliferative disorder. In the fellowing, historical
and recent treatment opticns, their results as well as new insights
in the pathophysiology and treatment recommendations are
reviewed.

TREATMENT OPTIONS, RESULTS AND NEW INSIGHTS

Splenic irradiation and splenectomy

Splenemegaly is cne of the most commeon clinical manifestations
of HEL {up to 96% of the patients)? often getling symptomatic in
the form of epigastric discomfort or pain.® Splenectomy was
developed as the first effective therapeutic appreach in the history
of the treatment of HCL and was considered as treatment of
choice until 1984,%° resulting in overall response rates (ORR} of
60-100% as documented in eight major reports.” Achieving a
median response duration of 5-20 menths'® with an overall
survival {OS) rate of 55-70% after 5 years,"™® patients with HCL
benefit from splenectomy compared with non-splenectomized
patients® and respond better and faster to the following therapy.®
It is recommended te wait at least 6 months after splenectomy
before initiating further treatment approaches tc reach full
benefits of splenectomy.'® Nevertheless, splenectomy does not

improve bone marrow infiltration and fibrosis,” and positive
influences of splenectomy with regard to leng-term results are
reported to be uncertain.''®

Despite the fact that more effective chemctherapeutics are
available in the treatment of HCL today, splenectomy still remains a
valid treatment option in certain cases. HCL with a huge
splencmegaly (eg. =10cm below costal margin) but low bene
marrow involvement can be an indication for splenectomy as first-
line reatment.’® In cases of unknown splenomegaly, splenactomy is
not only a therapeutic but alse a helpful diagnestic instrument
to prove the typical transformation of spleen histology.'™"'
Splenectomy can alsc be an alternative intervention for patients
with relapsed or refractory disease.” Furthermore, HCL can be the
reason for rare non-traumatic splenic ruptures.” In these cases,
splenactomy is a necessary treatment method? Owing tc the fact
that HCL is less commen in women at childbearing age and thus
rare in pregnancy, there are no standardized therapy regimens in
this configuration. Then, laparoscopic splenectomy should be
considered as a therapeutic option to protect the fetus from toxic
effects of chematherapy, although there are cnly few data available
with regard ta the use of chemctherapy during pregnancy.®'2!3
In these cases a therapy with dadribine can be initiated after delivery 2

Althcugh splenic irradiation is enumerated together with
androgens, lithium, corticosteroids, chlorambucil or cydo-
phosphamide as unsatisfying treatment approaches before the
intreduction of interferon-o. {IFN-z),'* Lavrenkov et al® reported
the successful use of palliative splenic irradiation te reduce splenic
size and to improve anemia and thrembocytopenia in two
patients with symptomatic splenomegaly in HCL.

In condusion, splenectomy has clearly lost its therapeutic
impaortance after the introduction of IFN-z and later on of purine
analogs (PA). Nevertheless, it should still be remembered as an
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alternative or additional opticn, espedally in symptomatic or
refractory/relapsed disease.”

IFN-o

Initially described as an anti-viral agent in 1957, it tock almost 30
years until the appreval of IFN-2 as the first recembinant cytokine
for the treatment of malignancies.IS Quesada et al.'® showed that
IFN-o. can improve and is even able te normalize peripheral blood
counts in patients with HCL.® The main therapeutical effects on
patients with HCL are not only the reduction of cytopenia and the
elimination of HC frem the blood but alse the reduction of bone
marrow fibrasis.'*'”

Purine analogs

Pentostatin (2 -deoxycoformycin, dcf).  Although early approaches
were carried out in refractory CLL,'® pentestatin, a product of
Streptomyces  antibioticus and a pharmacologic inhibiter of
adenosine deaminase (ADA), was introduced as the first PA in
the therapy of HCL in the 1980s."'%'? It is not only well tolerated
but also leads to durable complete remission rates of > 75%.'8
With the establishment of PA in the therapy of HCL, prognosis was
improved significantly.'**?

The irreversible inhibiticn of ADA® causes an intracellular
accumulation of cytotoxic deoxyadenosine triphosphate
metabolites inter alig in HC,?' leading to the inhibition of the
repair system of spontanecusly formed DNA breaks.”?
Conseguences are the activation of p53 and the release of
cytachrome ¢ from mitochendria, initiating apoptosis.®

Efficacy. Table 1 summarizes selected publications of treatment
with pentostatin in HCL?*® The main retrospective analysis of
several hundred patients resulted in ORR = 90% with complete
response rates up to 82%7 " The 5- and 10-year 05
rates were estimated at 90%%° and 68-81%.'%%* The long-term
follow-up up te 16 years confirmed that pentostatin may not only
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induce high response rates but also long-lasting respenses even
in cases of retreatment with pentostatin after relapse®®
Nevertheless, relapse occurs in up to 44% of the patients
treated with pentostatin.”®

Toxicity. In general, treatment with PA like pentostatin is well
tolerated,””'®?"  but causes ?rolonged myelasuppression
inducing immunasuppression®"?’ that seems to be less severe,
aspecially at the beginning of the therapy after administraticn
of pentostatin compared with dadribine.'® Pentostatin causes
a decrease of T cells” and B cells! While a case of
hypereasinophilia with ecsinophilic gastroenteritis has been
reported,’’ more common side effects of pentostatin are
neutropenic febrile episodes, skin rash, pruritus, photosensitivity,
nausea and vomiting and, in particular, cardiotoxicity causing
atrioventricular block, angina pecteris, arrhythmias, extrasystales
or cardiac arrest."*?!

Cladribine (2-chiorodeoxyadenosine). Introduced as the second
effective PA after pentostatin, dadribine has emerzqged as the
preferred first-line chemotherapeutic agent in HCL.'*#%*
Cladribine is resistant against degradation by ADA® It
accumulates intracellularly and gets polyphosphorylated to
its active metabolite cladribine-triphosphate by deoxycytidine
kinase. ™ Thereby, 2-chloredeaxyadenaosine develops its effectiveness,
especially in deoxyaytidine kinase-rich cells like lvymphocytes or
monocytes.”™ Recent results suggest that dadribine causes
cell type-specific effects.®’ Different cytotoxic effects of cladribine-
triphosphate are known: direct DNA effects are caused by
incorperation of cladribine-triphosphate as a fraudulent base
into DNA, leading to a termination of DNA chain eloengation and
to DNA breakages that cannot be repaired because of the
interference of cladribine and DNA repair mechanisms.***** Othar
effects are the inhibition of DNA-palymerase-{3 determining DNA
synthesis,?? or the inhibition of S-adenylhamocysteine hydrolase,
leading te a decrease of DNA methylation®® Apoptosis gets

Table 1. Pentostatin: treatment and long-term follow-up in hairy cell leukemia
Pubtication Administrarion Dosage Paitents Remission rares Median Relapse Risk of 2nd Qurcome
regimen fmg/m n rime of rare (95) cancers (9)
per day) follow-up
fmonihs)
CRR (%) PRR (98 ORR (%)
Flinn® 2000 iw, 142 weeks 4 241 72 N/A N/A 1.6 13 18 Est. 10 years
+ 2 consolidating OS5 81%, RFS
doses (612 months) 679
Maloisel? 2003 i, 142 weeks 4 238 79 16 95 63.5 15 F Est. 10 years
median: 9 doses DFS 58.8%,
{1-18) est. 10 years,
0S 88.7%
Dearden® 2011 =40 v, 4 188 32 14 %96 192 44 13 (for DFS at 5
Else®® Tweek x 44 1/2 C+P) years (C+P)
weeks tll masx. 779, mOFS
response + 1 (C+P)at 16
consolidating dose years: 20+
=148 iw, 1/2 vears for (R4
weeks till max wears for PR
response + 2
consolidating doses
2nd course 4 28 58 33 92 N/A N/A N/A DFS at
5 years
[T+ P) 68%
3rd course 4 4 100 0 100 N/A N/A N7A DFS at
5 years
[T+ P) 58%
Abbreviations: C, cladribing; CRR, complete response rate; DFS, disease-free survival; ORR, overall response rate; P, pentostating PRR, partial response rate.
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initiated through caspase system, with cytechreme ¢ and
apoptotic protease-activating factor.™ In dendritic cells, apoptosis
seems to be induced independent of caspase.®’

Efficacy. Cladribine has a proven high effectiveness in HCL
Selected publications are summarized in Table 22572%32°3%8
A single course of therapy corresponding to a duration of 5-7
days is already able tc achieve complete remissions with durable
respenses: ORR of 87-100%'%*%% and CRR of 85-91%4° have
been reported. The 5-vear progression-free survival (PFS) rates
vary between 72-84% and the OS at 12 years vary between
75—837;:(:.20 The risk of relapse at4 years amounts tc approximately
30%.

Althcugh the long-term follow-up shows long-lasting
remissions, within lenger follow-up the number of relapses
increases.  Then, retreatment with cladribine is a possible
approach.®” Admittedly, response rates and duration of response
after retreatment with a PA are lower and shorter, respectively.*!
Goodman et at™ reported on 207 assessable patients with a
follow-up of at least 7 years. There was an ORR of 100% induding
95% CR after only a single cycle of cladribine with a relapse rate
of 37% after a median time of 42 months.®* A second cycle of
therapy resulted in a response rate of 92% and a relapse rate of
33% during further follow-up.'"® Even after a third or fourth
treatment cycle patients responded to cladribine despite previous
relapses after cladribine.'* The OS at 108 months was 97%, while
3% of the patients had died.'* As the results of Scripps Clinic
demonstrate, where after a median time of 29 months 26%
relapses were documented, relapses in patients with partial
respense (PR) are with 64% vs 24% higher than in those who
achieved CR.'

Despite these results, ~10% of the patients are poor
respenders and ~5% non-responders to PA™* In respect to the
results of an ltalian multicenter clinical trial*® it seems that the
patients who are resistant to dadribine beleng to a minor subset
of classical HCL characterized by unmutated immuncglobulin
heavy-chain variable (IGHV} in immunecglobulin gene analysis and
affiliation of the immunoglchulin genes to the VH 4-34 family with
higher tumor burden and poorer prognaosis, presumably similar to
unmutated subsets in other lymphopreliferative disorders like
CLL.*** Considering these aspects, IG gene analysis may have an
important role in diagnosis and prognesis of HCL.4

Toxicity. Cladribine is generally a well tolerated and highly
effective drug."'*?>3%3% Nevertheless, treatment with cladribine
often leads to myelosuppression and cytopenias in all three cell
lines, potentially arousing severe infections that are in addition to
second malignancies common causes of death.?>**3%384% The
severity of side effects depends on duration and extent of disease
and therapy.”® There may be a relationship between cladribine
treatment and an indreased incidence of second malignancies.’
In general, the risk of developing a secend malignant
disease appears to be higher in patients with HCL with an
incidence of 31.9% compared to expected 23.1% in the general
population ™!

Althcugh fever is documented in 40-69% of the patients,
suggesting that a main part of febrile episodes are caused by
cytokine release in HC,' infections cccur especially at the
beginning of the treatment with high incidences of 30-50%.%
Here, the absolute lymphocyte count at diagnosis can be regarded
as a risk factor for the occurrence of severe infections.®? Relatively
high rates of febrile and infectious complications are caused by
the continucus infusicn schedules: grade 3—4 neutrgpenias were
documented in 87% of the 349 patients treated at Scripps Clinic
and febrile episodes in 42%.'"" The adjunctive application of
granulocyte-colony-stimulating factor does not seem to have
pasitive influence on the occurrence of febrile episodes.®™ There is
a rare risk for opportunistic infections owing to a considerable

© 2014 Macmillan Publishers Limited
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suppression of CD4- and CD8-pasitive T lymphocytes by cladribine*®
Occasional cases of various mycobacterial infections, recently
tuberculasis meningoencephalitis, have been reported.®® Nephro-
and dose-dependent neurotexicity rather occur infrequently at
recommended therapeutical dosage.?” More possible adverse
effects are skin rash®® and mild-tc-severe gastrointestinal side
effects such as nausea, vemiting or diarrhea.’

Fludarabine. Fludarabine is like 2-chlerodecxyadenosine, a halo-
genated deoxyadenosine derivative that is primarily a therapeutic
option in CLL. Several case reports have been published
describing activity of fludarabine in HCL, too.?? Recently, Gerrie
et al* published a retrospective analysis of 15 patients with
relapsed or refractery HCL after different previous treatment
attempts including at least ene other PA, who were treated with
40mg/m’ per day fludarabine per os on five consecutive days in
combination with the intravenous injection of 375mg/m’
rituximab, a menoclenal antibody (mAB) that will be discussed
below in detail, on day 1 administered every 28 days for four
cydes between 2004 and 2010."" Without assessing the depth of
respense in most of the cases, the authors report well-tolerated,
safe and effective results after a median follow-up of 35 menths
with 14 progression-free patients, a S-vear PFS of 89%, an OS of
83% and a recurrence rate of 7%.*' These results may offer the
possibility of fludarabine as a therapeutic option in relapsed or
refractory patients with HCL.

Bendamustine. Bendamustine, actually approved for CLL, has
properties of a PA similar to cladribine combined with alkylator
activity.”® Multiple mechanisms of actien lead to a non-cross-
resiﬁsstggce of bendamustine with other cytctoxic agents like
PA>™

Kreitman et a reported a case of multiple resistant and
refractory classic HCL: a 47-year-old patient did neither respond to
cladribine nor splenectomy followed by rituximab and became
refractory to pentostatin after repeated coycles over several
years sa that he was treated with eight cydes of bendamustine
90mg/m? on 2 days, every 4-7 weeks, achieving a PR for
6 months. Randomized trials comparing cembination therapies of
bendamustine and rituximab and pentostatin and rituximab are
engoing.®*

"56

Treatment of choice: cladrbine or pentostatin? A superiority of
either PA could not be proved yet, thus pentestatin and cladribine,
inducing CRR of 76-98%,” can be still regarded as equally
effective.'®'#2%2%3% | ong-term results of the Royal Marsden
Hospital demonstrate a median disease-free survival (DFS) of 16
years for both agents, emphasizing that the DFS of complete
respenders is as five times as long as for partial respenders {DFS
20+ years for CR, 4 years for PR, P 0.0001).% Although there are
no satisfactory studies directly comparing the two agents,® cross-
study analyses resulted in 98% ORR with 21% CRR for cladribine
and 96% ORR with 81% CRR for pentostatin.® Moreover, the long-
term adverse effects of both agents seem to be comparable.'? The
interrupted  schedule of pentostatin may lead to less
myelosuppression and febrile neutropenia, espedially at the
beginning of the therapy. A titration of dose and schedule for
pentostatin may also allow the treatment of patients suffering
from an infection, but what may compensate the disadvantages of
months of outpatient therapy with pentostatin.'®'®?7 On the
other hand, the subcutanecus administration of dadribine has a
short duration®® and is very convenient for patients and clinicians.
Regarding outcome, safety prefile and administration regimen,
the use of cladribine seems to be more advantageous.” Else
et al.*® showed that all of their patients treated with cladribine are
still alive after 10 years compared with 96% of the pentostatin
group. Overall, dadribine is used more commonly for initial
therapy than pentostatin.®”?*** The important questions about an
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increased risk of secend malignandies and a prebably higher risk o oo =
for late infections due to a treatment with cladribine have to E ,E ,E = = Z
undergo further investigations.'? £, BEEuR, o |%
In conclusion, both agents seem 1o be interchangeable E 25 gg E g2 0 “"aJ' g
according to the current state of knowledge so that the choice A 5& oo gf £L|E
of firstline therapy remains to the therapist, his experiences and £ egcgceEas 5|8
the individual settings of the patient, always aiming tc achieve (R, 3 & u‘:—i ~N@gRog E *E g
as this represents the most significant predictor of prelonged 3 daandész-8 =2|t
DFS.'%?% Patients whe achieved and kept CR for at least 5 years E
show a reduced risk of relapse of 25% by 15 years.”™ Nevertheless, e =
relapses ocour in 30-40% of the cases.'®" There is a median g . e S I
relapse-free survival (RFS) <7 years“ and the PFS and DFS curves S 9 f-’_ﬂzgﬂsg ‘f.: §9To E
da not reach a plateau, suggesting that curing HCL with PA is not E CERN - g
passible*'** A persistence of HCL after achieving CR with first-line a 2
treatment defined as minimal residual disease {(MRD) can be £
detected by different methods like immunaphenctypic analysis, 3
immunchistochemical staining or DNA pclymerase chain %E g §
reaction'®?” varying between values from «50%'3*" to nearly iE IR - SV 2
all of the patients after one cycle of dadribine,® depending on SE S TR +
time and method of bone marrow examination.'® = g
u
- 2
Immunotherapeutic approaches S & BRAR § § 8 .% .% g
Clinical trials with immunotherapeutic agents show promising % 2
results, especially in the treatment of patients resistant to, or 5|3 |ocmoo-no~- g
relapsed after, treatment with PA and in the eradication of MRD. g|x® SRR 2
Owing to the fact that residual HC are strengly pesitive for CD20, E =
D22 and CD25, these surface antigens can be used as targets s Flueonegues 5]
either for unconjugated mAB or for recombinant immunotoxins Wi o = =
(RIT), a cempasite drug combining the binding spedificity of the E
variable fragment of an mAB and the cytotoxic effects of a i T
bacterial toxin.***7*% Although RIT are mere cytotoxic than mAB E . R e R <]
alone, even to cells with a rare expression of the target sites,® a = - S 5
problem related to the therapy with RIT is the development of & ;
antidrug antibodies, which neutralize drug activity, shorten half- <
life and may cause life-threatening immune responses in rare 9 ]
cases for which reason therapy has to be terminated in cases of 5 Coegnm—hoo® 2
antibody formation.® Table 3 (refs 62-70) and Table 4 frefs 58,71-73) é ; g
summarize selected studies of immunctherapeutic appreaches. 2=
- B g
Anti-CD20  (rituximab). CD20 is a non-glycosylated  trans- gk AR A e £EE
. . . M " . "= L i e o it 2w
membrane protein with clcum channel function, which is 8E R R R R R E3
probably involved in the regulation and proliferation of normal = E g
B cells and highly expressed cn a great number of B-lymphoid o5
tumor cells."™ 7% Patients who are assessed paositive for MRD after {5 @ B z LN
treatment with dadribine show a high expressicn of CD20 with - % o £ £ = NEG| @ o
more than 100000 sites per cell ** representing a target for the 2 £ 2 (4 ET9 55 & gis s g
humanized anti-CD20 mAB rituximab. S| E E SBEEE =]z g
A dosage of 375mg/m?® of rituximab applicated as weekly R & 2 :
intravencus infusions is common.'®”® However, the optimal 0 83
d‘osing sc_hedu!e h;‘as not been established yet. There may be f:f o RS ﬁ‘ AR g 5
six te eight infusiens necessary to reach a CR and MRD £ |s X % xemx xx xT 4 g
eradication.” gl &% i Ea
" ’ " I = tuLEULU T bl |
It should be menticned that most of the studies reporting on s = z 2EE b Fzz3¢ = =
the efficacy of rituximab are based en small studg groups, often i ettt e 5 E
consisting of not uniformly pretreated patients.'” Although the g g
single use of rituximab in the treatment of HCL achieves CRR of % FRERBEE T §_§‘
10-60%,* the combination of rituximab with a PA, showing g e e 2=
synargistic effects, results in higher CRR up to 100%"° with a high i u %
rate of MRD eradication up te 92%.%? Kreitman® suggests that the o o cha T D a3
z e 3 £ CoO0C OO0 =~ 5
reduced efficacy of the single use of rituximab compared with PA 5 £SSE888888 g1
is based on cellular resistance developments involving the g =9
apcoptotic pathway, immune mediators and/er limited tumor E g g
penetration.* However, the combination of rituximab and PA is g1 = o W oo & B 58
nat enly effective in newly diagnosed and relapsed cases but also . »g gg 3 i e é 5 82
in patients resistant to single use of dadribine and in MRD ol I -g‘g g Ed E‘-E gﬁm 3 E
eradication independently of IGH mutational status*™® An = ERZED08TES e
averview of selectad trials with rituximab is shown in Table 3.577° = <2
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Table 4. RIT in the treatment of HCL
Publication RIT Dosage Schedule Patients CRR (95) PRR f95) ORR (%)
Kreitman”’ 2000 LMB-2 Anti-CD25 2-63pg/kg Q0D x 3 4 25 75 100
Kreitman’> 2005 BL22 Anti-CD22 3-50pug/kg Q0D x 3 31 62 19 81
Kreitman’* 2009 BL22 Anti-CD22 40 ug/kg QoD x 3 36 25 25 50
Aftar 2nd course for 56% of the patients 36 47 25 72
Kreitman®® 2012 HA22 Anti-CD22 5-50pg/kg Q0D x 3 28 46 40 86
Abbreviations: CRR, complete response rate; ORR, overall response rate; QOD, every other day.

Else et al™ reported in a retrospective review of 18 patients
who could be successfully treated with four to eight weekly
intravencus infusions of 375mg/m? rituximab after cne to six
courses of either pentostatin (n=12) or cladribine (n=6}
achieving an ORR of 100% with 89% durable CR and significant
lenger DFS after combination therapy compared with first-line
treatment with PA? Regarding these results, combination
therapy with rituximab seems not conly to be safe and effective
but also beneficial in comparison to single use of a PA™ A
supericrity of either PA has not been proved yet, thus the
combinaticn drug should be chosen with regard to previocus
treatment.”™

The question whether rituximab should be applicated
simultanecusly or sequentially to the PA has not been answered
vet® Although the cencurrent therapy of rituximab and a PA in
comparisen with the sequential administration in patients with
CLL seems to result in higher response rates (90% vs 77%), and
also in higher rates of toxic events (grade 3-4 neutropenia 74% vs
41%, infusion-related toxidity 20% vs 0%),*"7""® the long-term
results for both treatment regimens tend to have a similar
outcome.”™’® With respect to the retrospective review of eight
patients by Else et at.®® a concumrent schedule of rituximab
together with a PA in recurrent/refractory HCL may achieve higher
and more durable CR but probably with a higher risk of infectious
complications.”® Combining a 5-day schedule of 5.6mg/m? 2-h
infusions of dadribine with a sequential course of rituximab of
cight weekly infusicns of 375mg/m® started 1 month later,
Ravandi et al® achieved a CRR of 100% after completion of the
therapy in their phase Il study including 36 patients either with
HCL or the variant form (i = 5), suggesting that this schedule may
increase CRR. Kreitman et al*° prefer the sequential administration
of rituximab 6 menths after a 5- to 7-day course of dadribine
because earlier application may reduce efficacy and
increase toxicity with respect te the myelosuppressive effects of
cladribine. Moreaver, infusional reactions requiring steroids, which
may block rituximab, were not cbserved in the recommended
schedule.”

Known side effects of rituximab are reversible grade 34
infections including neutropenic fever, cellulitis, herpes zoster
dermatitis, grade 1-2 nausea, rash, fatigue, weight loss®™ or
gastrointestinal bleeding caused by thrombocytepenia.' Despite
significantly low levels of CD4-positive lymphocytes and
immunoglcbulin G, opportunistic infections are rarely observed
in most dlinical studies.”™ Because of the lower toxicity prafile,
rituximab may be an alternative option in relapsed patients to
avoid the cumulative toxicity of repeated courses of PA™®

Owing te the fact that there is no evident benefit for the
eradication of MRD and owing to the high costs for rituximab, the
question whether all patients with newly diagnosed HCL should
receive a treatment with a combination therapy includin
rituximab as first-line therapy cannot be answered yet??®®
Ravandi’® regards rituximab as an ideal agent for the eradication
of MRD with the potential in extending RFS and recommends a
combinaticn therapy for patients with a high risk of relapse or
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refractery disease, such as patients with unmutated IGHY and VH
4-34 gene rearrangement.”® However, standardized indications for
a firstline use of rituximab have te be established.

Anti-CD25. LMB-2 was the first RIT with reported efficacy in
HCLA*® It is composed of the variable regions of the anti-CD25
mAB anti-Tac and the truncated form of pseudomenas exotoxin
PE38."*5% In a phase | trial, four patients with HCL achieved one CR
and three PR after a total dose of =60ug/kg per cyde?'
Owing to the fact that RIT may be preferable treatment options for
multiple relapsed or refractory patients, including patients with
the CD25-negative HCL-V, research is focused cn RIT targeting
CDZZ.I""IQ'SS

Anti-CD22. CD22 is a B-cell-specific surface antigen of mature B
lymphecytes that is neither on normal tissues nor on early
pregeniter B cells, nor on hematopoietic stem cells*® but
with a median of 40000 sites per cell strongly expressed on
probably all HC®® Toxic effects of anti-CD22 therapeutics
are thus directed substantially against the mature B-cell
paol, reducing myelotoxicity.” Hence, especially neutropenic,
immunocompremised or old patients may benefit from
therapy with anti-CD22 immunotherapeutics.” Although initial
investigations with unconjugated anti-CD22 mAB did not
convince,™ the first developed RIT targeting CD22, BL-22
(CAT-3888), consisting of a single-chain variable fragment of the
anti-CD22 RFB4 antibody fused to a truncated form of
pseudomenas exctoxin called PE38, showed more successful
resulis®® and its application in HCL developed to the most
successful use of RIT.5? The mechanism of action is simplified
based on the binding of the variable fragment of the RIT to its
target on the cell surface and the initiatien of cell death via
inhibiticn of protein synthesis by ADP ribosylation of elengaticn
factor 2 and via activation of caspase system through the bacterial
toxin in the cytoscl after internalizaticn of the RIT-CD (duster of
determination) complex via the endocytic compartment and the
endoplasmic reticulum,>**”

Using intravencus application schedules with drug
administration of 3-40 ug/kg as the maximum-tolerated dose
every other day {QOD) for three doses repeating cyde every 21-28
days, Kreitman et al.°” reached CRR of 47-61% in phase | and Il
trials with BL-225? Toxicity profile induded the occurrance of a
reversible hemolytic uremic syndrome in 13% of the patients in
the phase | trial and in 6% of the phase Il trial.'® As a median RFS
of approximately 7 years of follow-up was documented in these
trials, a significant efficacy of BL-22 in relapsed/refractory HCL
could be determined.®”

To expand the field for the application of anti-CD22
immunotexins to more common lymphoprcliferative diserders
with fewer expression of CD22 on cell surface, an RIT with up tc a
50-fold higher gytotoxicity cwing te a higher affinity to CD22 was
developed out of BL-22 by mutagenesis studies, called
Moxetumomab pasudotox (HA-22, CAT-8015).*" Kreitman et ai.>®
pursued a phase | trial with HA-22 induding 28 patients with
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relapsed/refractory HCL whao were treated with 5-50 pg/kg every
other day for three doses and median four cycles {(range 1-16)
resulting in an ORR of 86% including 46% durable CR without
MRD.”® CR could not be achieved in pricr splenectomized patients,
suggesting that splenectomy should be aveided in cases where
HA-22 is a treatment option.”® Neutralizing antibodies were
detected in 5% after ene cyde and totally in 38%, indicating that
retreatment of most of the patients until maximum response ma
be feasible without menitering neutralizing antibodies.™
Although neo dose-limiting toxicity occurred, drug-related toxicity
was documented in 25-64% induding grade 1-2 hypoalbuminemia,
aminotransferase elevations, edema, headache, hypotensicon,
nausea and fatigue®® Considering efficacy and safety of
Moxetumomab pasudotox, Kreitman et at®®*” and Kreitman and
Pastan™%® aim further trials to approve the drug for treatment
in HCL.®4®

Anti CD-52 {alemtuzumab).  Alemtuzumab is theoretically useful
in HCL bhecause of the common expression of CD52 on HC, but
causes prolenged immuneosuppression.?”

BRAF V600E mutation

Searching for HCL-associated mutations, Tiacci et al® discovered
the BRAF V6OOE mutation in HC2® Therefore, leukemic and normal
cells of peripheral blood of an index patient with HCL were
analyzed and validated by Sanger sequencing in 47 additional
assays of patients with HCL. Although the mutaticn in BRAF was
found in the entire tumar cells of all of the 47 patients with HCL, it
did not appear in cne of the 195 additional examined samples of
patients with other peripheral B-cell lymphomas or leukemias like
SMZL.® In conclusion, BRAF V600E mutation seems to have an
important rele in the pathegenesis of HCL if it is not even the
disease-defining genetic event.¥ 3% Although the BRAF V6OOF
mutation is already described with lower frequency in other
human cancers, such as melanomas (50%),%*%® papillary thyraid
cancers (40-60%),2%% colorectal cancers (8-10%).°% Langerhans
cell histiocytosis (57%)®° and more rarely in non-small-cell
carcinoma of the lung and ovarian cancers,™ this variant of
BRAF mutations is not known in other B-cell disorders. 3 It is a
missense mutation in the prote-oncogene BRAF, replacing valine
to glutamic acid at position 600 of the protein®® and leading
to an enhanced constitutive activation of the BRAF kinase, a
serine-threonine protein kinase® %82 that is involved in the
RAS-RAF-MEK-ERK and mitogen-activated protein kinase signaling
pathways, which regulate cell survival, preliferation and
differentiation. ™ Tiacci et al®™®' could alse demonstrate that
downstream targets of BRAF kinase like phosphorvated ERK are
ubiquitcus expressed in HC. Thereby, this mutation can be
regarded as the key trigger of MEK-ERK pathway activation in
HCL, representing a critical event in the pathogenesis of
HCL.M'EE'QI

Althcugh Tiacdi's findings of the presence of the BRAF V600E
mutation in HCL and the absence in cther B-cell lymphoprolifera-
tive disorders were confirmed in further testings, ™™ ¥i et al™
found wild-type BRAF not only in all his patients with HCL-V or
expressing IGHV 4-34 but also in 11 of 53 patients with classic HCL,
suggesting that HCL-V, HCL expressing IGHV 4-34 and subgroups
of dassic HCL differ in terms of pathogenesis® % Whereas
Lennerz et al.'" reported a case of a CD5-positive variant of HCL
with BRAF wild type, several cases of BRAF V600E-negative HCL
have been reported.'” The lack of BRAF V60OE mutation in
different HCL cell lines indicates either that these do not seem to
be of authentic HCL origin as expected in previous models®*%% or
that they belong to miner subsets of HCL.

Regarding the results of 2019 cases tested for the BRAF V60OE
mutation in HCL and other hematological malignancies with a
Youden index of 0.97 and a specificity of 97.6%, analysis of the
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BRAF V60OE status may be a useful diagnastic methad in HCL.'™
In this respect, Sanger sequencing® high-resolution melting
analysis assay,'™ allele-specific pelymerase chain reaction,' ®'™
pyroseguencing-based  appreaches™'™'"™  and  immuno-
histochemical markers such as mouse mAB {cdone VE1) as an
inexpensive alternative to DNA-based methods,'™ or the
immunastaining for phospho-ERK,®"'% are under investigation.
Regarding these approaches, the diagnostic use of BRAF V600E
mutation may simplify the differentiation of HCL to HCL-like
disorders, such as SMZL, HCL-V and IGHV 4-34 cases so that
the indication for a therapy with PA can be found more
aasi Iy .84,873&] 0a

These new insights of the pathegenesis of HCL may also allow
new therapeutic options, especially for patients whe need an
alternative to PA because of nen-sufficient response, persistence
of BRAF-V600E at partial remissicn, relapse or toxic side effects of
chematherapy. The use of active BRAF inhibitors like BRAF V600E
inhibitors #8843 and/or MEK inhibitors,® which have alread
been used very effective in BRAF V600E mutated melanomas,*
could be an alternative to PA. Dietrich et al.'™ reported on one
patient suffering from HCL refractory to conventicnal treatments
who could be successfully treated with the BRAF inhibitor
vemurafenib: starting at low doses of 240mg two times daily
followed by a slow dose escalation, CR could be achieved on day
43 of 56 days of treatment, supperting the hypothesis that BRAF
V6OOE represents the disease-causing event in HCL and offers a
promising therapeutic target' *® Prolonged remission at 6 months
after treatment without evidence for MRD has been
documented.'™ More off-trial use of low-dose vemurafenib in
HCL resulting in ene complete''” and one partial''' remission has
been reported. Recently, Simalikalactone E, an extract of an
Amazeonian antimalarial agent, has been identified as a potent
BRAF V600E inhibiter.''? BRAF inhibitors are specifically directed
against BRAF mutated cells causing apoptosis by interruption of
MEK-ERK signaling dearing CDZO-onsitive HC whilst probably
sparing normal hematopoiesis.'™ However, it has to be
menticned that BRAF inhibitor-induced remissions are often
short lived.®”

In conclusion, the role of BRAF V60OE mutaticn in pathogenesis,
diagnosis and therapy in HCL has to be defined in further
investigations.

Alternative approaches

Kreitman* and Jones et a reported a case of a patient with
multiple relapsed HCL refractory te PA and rituximab wheo
could reach CR after treatment with the non-selective cyclin-
dependent kinase inhibitor flavepiridel as part of a phase Il study
for the treatment of indolent B-cell malignancies induding
HCL.“'”B

Phase | and |l trials targeting the B-cell receptor signaling
pathways have already been tested in nen-Hedgkin lymphoma
such as CLL or mantle cell lymphoma. Sivina et a.''* showed that
Bruton's tyrasine kinase inhibitors such as ibrutinib have the
potential to block B-cell recepter signaling, proliferation and
survival in primary HCL and HCL cell lines i vites.''* Further
investigations are needed to prove the therapeutical potential of
these agents in HCL.

Kivasu et al.''® reported on a patient suffering from HCL who
was refractory to several treatment appreaches inter alia tc a
combination therapy of cladribine and rituximab but who could
be successfully treated with a combination of allogeneic
hematopoietic stem cell transplantation followed by four weekly
doses of 375mg/m? rituximab.''® Regarding a case report
of Zinzani er al,''® allogeneic stem cell transplantation may
be an alternative strategy in HCL patients resistant to
chemcimmunotherapy.''® Further experiences with stem cell
transplantation in HCL are limited to few case reports.''®''”

'|'I'\3
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TREATMENT RECOMMENDATIONS
Initial treatment

When there are no centraindications, PA are still recommended
as treatment of choice,'%*** yielding CRR of 75-100%.7°
Although a superiority in the efficacy of the two PA has not been
proved vet,'™*® dadribine is used more often as first-line agent
than pentostatin because of its advantageous administration and
safety profile®” Condusive recommendaticns for the dosage of
cladribine are lacking. The most favered dosing schemes are the
7-day continucus infusion schedule of 0.1mg/kg per day,'**® or
the administration of shert intravenous infusicns of 0.14mg/kg
per day for five consecutive days.® The altemative subcutanecus
application of cladribine seems to be the most cost-effective
cption'® and is already used as treatment of chaice.”®

If possible, the application of PA should be delayed in patients
with an ongeing infection owing tc the possible prolonged
myelosuppression aggravated, especially through cladribine.'®
An alternative strategy in this situation is the previous
administration of IFN-a to increase granulocyte levels for a
better anti-infective response of antibiotic or anti-funﬁgal
therapy.'®®® Induction therapy can be started with 3 x10°|U
daily until maximum response followed by a maintenance therapy
with thrice weekly subcutaneous injections of the same dose.'”
A reduced regimen only consisting of thrice weekly aJJpIication of
IFN-2. is recommended for very cytopenic patients.'” If there are
contraindications against PA and IFN-x, which often can be
difficult to handle in clder patients because of flu-like symptoms,
fatigue, depressicn, immune disturbances or cardiac arrhythmia,
rituximab may be an alternative as first-line strategy.™

Torrey et al.*® recommend the use of pentostatin, especially in
patients who relapse within 12 months after a first treatment
approach with cladribine. The most common regimen for
pentostatin is based on an intravencus dose of 4 mg/m? every
14 days until CR plus one or two consolidating injections if
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applicable.'™'® In cases of severe neutropenias or engaing
infactions, there is the possibility for a delayed application.'®?”
Contraindications for a therapy with the renal cleared
pentostatin are a serum dreatining = 1.5mg/dl'® or a dearance
<60ml/min.'® Nevertheless, at a dearance of 40-60 ml/min,'® the
dosage of pentostatin can be reduced to 2 mg/m.'™'? In every
case, renal function has to be cbserved during therapy and 1.51
fluid hydration with each dose should be administered.'™*
In patients with huge splenomegaly'® or in pregnancy,'?'?
splenectomy may be considered as first-line strategy. If
treatment is necessary, alternative therapeutic options in
pregnant HCL patients are IFN-2®"%"% or mAB (rituximab)?
depending on individual multitude factors. Figure 1 gives an
overview of the management of HCL.

After normalization of blood counts, a bone marrow examina-
tion 4-6 months after therapy with cladribine or after eight te nine
courses of pentostatin is recommended to evaluate response.'”
Grever” recommends a careful follow-up of the patient within the
first year after achieving CR including menthly te gquarterly
intervals depending on blood values. Before starting (rejtreatment
at suspected relapse, a bone marrow specimen should be
examinated.””

Treatment of relapsed, resistant and residual disease

There is nc international consensual agreement for a standardized
procedure for relapsed, refractory or patients with residual disease
in HCL, vet.”® The most commanly used options in these situations
include repeated cycles either with the same or the alternative PA,
IFM-z, splenectomy, combination therapies with rituximab or
clinical trials with RIT.

Naik and Saven® recommend repeated cycles with cladribine in
late relapses with RFS intervals > 12-18 months and limit the use
of pentostatin for early relapses after cladribine within 6 months.
After first-line treatment with either cladribine or pentostatin, the
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administration of the alternative PA is reccommended in early
relapses within 2 years after the first treatment cycde'™'* and a
repeated cycle of the same PA for relapses that appear after
2 years or in cases of resicual disease.'” Subseguent cycles of PA
result in lower response rates {70-90%) with shorter duration and
may induce the risk for prelonged CD4 lymphopenia, bone
marrow hypoplasia with cytopenia and opportunistic infections
awing to the prolonged immuno- and myelosuppression.”™

Te aveid the accumulation of such adverse effects of further
treatment with PA, combination or consolidation chemotherapy
with rituximab can be pursued as an alternative strategy.'®™® By
default, 375 mg.r’m2 rituximab are applicated as a weekly
intravencus infusion for six to eight doses in total either
concurrently or sequentially to PA.'® In cases of refractory HCL
rituximab alone or in combination with a PA, the participation in a
dinical trial with RIT,** or splenectomy or splenic irradiation,’ may
be successful possibilities. In regard toe the centroversial role of
MRD, the eradication of MRD is not recommended generally, but
only as part of clinical trials.'”

Suppertive care
Before the initiation of chemotherapy, all sources of infection
should be rehabilitated.® Pneumaocystis jirovecki prophylaxis with
960mg co-trimoxazeol three times weekly, especially when
CD4-positive T-cell counts decrease <200/ul>'"® and herpes
prophylaxis with 200mg acyclovir three times daily, especially
for patients with prior herpetic infections, is recommended for
lymphopenic patients at least until counts =1 x 10%.'°

Saven et al® do neither recommend a routine use of
granulocyte-colony-stimulating factor based on their findings in

a phase Il study investigating the influence of filgrastim
on cladribine-induced severe neutropenia ner prophylactic
erythropeietin-stimulating agents because of the rareness of

severe dadribine-induced anemia. However, filgrastim may be an
optien in patients with previcus life-threatening infections or with
severe neutropenia with high risk for infection.'®

If transfusions of blood products are necessary in patients once
treated with pentastatin or cladribing, all of the preducts have to
be irradiated to reduce the occurrence of transfusion-related
graft-versus-host-disease.”""
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