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66 Papers from 1987-2004
Gugliotta L, Macchi S, Catani L, Chetti L, Mattioli Belmonte M, Guarini A, Criscuolo D,Tura S.

Recombinant alpha-2a interferon (alpha-1FN) in the treatment of essential thrombocythaemia..
Haematologica. 1987 May-Jun;72(3):277-9

”New Drugs in Hematology”



INTERFERON

v 1957 : IFN is the first cytokine discovered ( Isaacs & Lindemann )
v 1978 : purification,analyses and characterization

v 1980 : Cloning of recombinant human IFN-alpha and beta

v 1983 : First report of efficacy in CML

v'] 1985 : First report of efficacy in ET Linkesch W & Gisslinger H

v' 1986 : FDA approval for treatment of HCL

v'| 1987 : First report of efficacy in MF Parmeggianni L et al
v'| 1988 : First report of efficacy in P Silver RT

v' 2016 : No approval for treatment of MPNs



Burning Questions

Why interferon ?
When Interferon ?



Why Interferon-Alfa ?

30 Years of Clinical Experience
Single Arm Studies
> 1000 Patients
Safe

Efficaceous



When Interferon-Alfa ?

From The Time of Diagnosis
Tumor Burden at The Minimum

Most Efficaceous



Interferons
In Ph-Negative MPNSs

v Interferon alpha-2b ( Introna/Pegintron)
v Interferon alpha-2a (Pegasys)

v AOP2014, a Novel Peg-Proline-Interferon Alpha-
20



The renaissance of interferon therapy for the treatment of myeloid malignancies

Jean-Jacques Kiladjian,’* Ruben A. Mesa,* and Ronald Hoffman®

Centre d'Investigations Cliniques, Hopital Saint-Louis, Assistance Publique—Hépitaux de Paris, Paris, France; 2Université Paris Diderot—Paris 7, Paris, France;
fInserm, CIC 9504, Paris, France; *Mayo Clinic, Scottsdale, AZ; and *Tisch Cancer Institute Mount Sinai School of Medicine, New York, NY

Table 3. Clinical trials of interferon in essential thrombocythemia Table 2. Clinical trials of interferon in polycythemia vera

No. of Response No. of Reduction of Freedom from
First author, year patients ae.%  Firstauthor, year patients PHL, n (%) PHL, n (%)
Giles, 1988 18 100% i
Beluod, 1968 0 \A Cacciola, 1991 11 9(82) 5 (45)
Gugliofta, 1989 10 100 Cimino, 1993 13 10(77) 4(31)
Lazzarino, 1989 26 86 Finelii, 1993 13 11 (85) 11 (85)
Giralt, 1991 13 69 Turi, 1991 11 7 (64) 4 (36)
Gisslinger, 1991 20 85 Papineschi, 1994 11 9(82) 8(73)
Sacchi, 1991 = = Sacchi, 1994 22 21 (95) 21 (95)
Tum, 191 10 O Muler, 1985 15 7 (47) WA
Seewann, 1991 19 80
Kasparu, 1982 o o Taylor, 1996 17 14 (82) 9 (53)
Rametta, 1994 o a5 Foa, 1998 38 19 (50) 11 (29)
Berte, 1996 12 83 Gilbert, 1998 31 MNA MA
Sacchi, 1998 " 100 Stasi, 1998 18 17 (94) 11 (61)
Radin, 2003 7 88 Heis, 1999 a2 28 (87) 2 (B)
Alvarado, 2003 " 100 Radin, 2003 12 5 (42) 1(8)
Saba, 2005 20 > Siver, 2006 55 55 (100) 53 (96)
Langer, 2005 36 75
Samuslsson. 2008 1 . Samuelsson, 2006 21 7/9 (78) LTE)
Jabbour, 2007 o -0 Kiladjian, 2008 37 37 (100) 36 (97)
Quintas-Cardama, 2009 39 81 Quintas-Cardama, 2003 40 32 (80) 28 (70)

. Kiladjian JJ, Mesa RA, Hoffman R. Blood. 2011 ; 5;117(18):4706-15



The renaissance of interteron therapy for the treatment of myeloid malignancies

Jean-Jacques Kiladjian,’-* Ruben A. Mesa,* and Ronald Hoffman®

Centre d'Investigations Cliniques, Hopital Saint-Louis, Assistance Publigue—Hbpitaux de Paris, Paris, France; Université Paris Diderot—Paris 7, Paris, France;
“Inserm, CIC 9504, Paris, France; *Mayo Clinic, Scottsdale, AZ; and 5Tisch Cancer Institute Mount Sinai School of Medicine, New York, NY

Table 4. Clinical trials of interferon in myelofibrosis

No. of Response Spleen size reduction,
First author, year patients rate, % % of patients
Hasselbalch, 1988 10 10
Barosi, 1989 10 9 0
Gilbert, 1998 22 NA 58
Tefferi, 2001 11 0 18
Radin, 2003 31 3 33
Jabbour, 2007 11 9 NA
lanotto, 2009 18 L
Silver, 2009 13 a

. Kiladjian JJ, Mesa RA, Hoffman R. Blood. 2011 ; 5;117(18):4706-15
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Interferon-Alpha2 Significantly Reduces
The JAK2V617F-Allele Burden
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Interferon Alfa Therapy In
CALR-Mutated Essential Thrombocythemia

A Patient 1: CALR Mutation p.K385fs*47
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Figure 1. Evolution of Platelet Count and CALR Mutation Burden during Treatment in Two Patients with Essential Thrombocythemia.

The treatment periods with hydroxyurea or peginterferon alfa-2a are indicated by arrows. CALR mutations were identified with the use
of direct Sanger sequencing, and the CALR mutant allele burden was calculated with the use of DNA fragment analysis and area-under-
the-peak measurement: % of CALR mutant allele burden= (mutated CALR+[nonmutated CALR +mutated CALR]) x 100. Patient 1 har-
bored a 5-base insertion (p.K385fs*47) and received peginterferon alfa-2a at a dose of 90 ug per week for the first 6 months and then

90 ug every other week. Patient 2 had a 52-base deletion (p.L637fs*46) and was treated with 180 ug of peginterferon alfa-2a every 2

weeks for the first year, followed by 180 ug every 3 weeks for the second year.

Cassinat B. Verger E,Kiladjian JJ. New Eng J Med 2015; 188-189
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Interferon-Alpha

Mechanisms of Action

v Antiproliferative

v’ Proapoptotic

v Antiangiogenic

v Immunoregulatory
v'Inhibition of telomerase



Interferon-Alpha

Immunoregulatory Activities
v" Stimulate the cytotoxic activity of T-cells, NK-cells, monocytes,
macrophages and DC
v Enhanced expression of anti-apoptotic genes in T-lymphocytes

v" Increased expression of tumor-associated and HLA- antigens



Stem Cell Wake Up Call
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* Fibrosis inhibitors

* Anti-VEGF * MMP inhibitors

* VEGF Trap

« VEGF R inhibitors m N\
JAK2 [

« Antiangiogenic and -
cytokine modulators inhibitors | |
-p
| .

IFN-Alpha2 €

Bone remodelling agents

Cytokines /Chemokines [ GFs and GFR inhibitors

Hematopoietic Niches: A Therapeutic Target for IFN ?

v IFN-alpha2 wakes up dormant stem cells , put them in cycle and mobilize them to be
targets for potent tumor killing
v IFN-alpha2 blocks the intramedullary release of cytokines from the bone marrow stroma
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Tumor Burden and Comorbidity Burden in MPNs

100%

Unknown
genetic ?
avent JAK2 V617F, CALR !
Lympho-myeloid precursor
stemodtl O F ET PV | Post PV MF AML
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|
. . . |
Chronic Inflammation ? ——> Chronic phase | Accelerated phase
|

Chronic Inflammation ? Chronic Inflammation ?



MPNSs

ET - PV - PMF

A Human Inflammation Model ?

A Human Cancer Model ?

Chronic Inflammation — Genomic Instability - Clonal Evolution ?
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Chronic inflammation as a promotor of mutagenesis in essential
thrombocythemia, polycythemia vera and myelofibrosis. A human inflammation
model for cancer development?

Hans Carl Hasselbalch*

Oxidative Stress — ROS-Genomic Instability - Cancer

Department of Hematology, Roskilde Hospital, University of Copenhagen, Kegevef 7-13, Roskilde, Denmar k

ARTICLE INFO

Article history:

Received 11 August 2012

Received in revised form 11 August 2012
Accepted 24 October 2012

Available online xxx

Keywaords:

Chronic inflammation
Promotor

Mutations

Essential thrombocythemia
Polycythemia vera
Myelofibrosis

ABSTRACT

The Philadelphia-negative chronic myeloproliferative neoplasms (MPNs) are acquired stem cell neo-
plasms, in which a stem cell lesion induces an autonomous proliferative advantage. In addition to the
JAK2ZVETT mutation several other mutations have been described. Recently chronic inflammation has
been proposed as a trigger and driver of clonal evolution in MPNs. Herein, it is_hypothesized that
sustamed inflammation mag elicit the stem cel] msult I:n.r mu:luclng a state of chronic n:rxldanve Siress

microenvironment forinduction -:rf mutations due to the EETSISEEI‘LI mﬂam mation- Lnduced oxldal:we dam—
age to DMA in hematopoietic cells. Alterations in the epigenome induced by the chronic inflammatory

drive may likely elicit a "epigenetic switch” promoting persistent inflammation. The perspectives of
chronic inflammation as the driver of mutagenesis in MPNs is discussed, including early intervention
with interferon-alpha2 and potent anti-inflammatory agents (e.g. JAK1-2 inhibitors, histone deacety-
lase inhibitors, DNA-hypomethylators and statins) to disrupt the self-perpetuating chronic inflammation
state and accordingly eliminating a potential trigger of clonal evolution and disease progression with
myelofibrotic and leukemic transformation.

@ 2011 Elsewvier Ltd. All rights reserved.




Leukemia (2013), 1-9
© 2013 Macmillan Publishers Limited Al rights reserved 0887-6924/13
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ORIGINAL ARTICLE
A role for reactive oxygen species in JA

neoplasm progression

C Marty'~*, C Lacout’**, N Droin™*~, J-P Le Couédic'*~, V Ribrag’~", E Solary"*~, W Vainchenker"*
J-L Villeval'** and | Plo™**

K2V myeloproliferative

Although other mutations may predate the acquisition of the JAK2Y®'™ mutation, the latter is sufficient to drive the disease
phenotype observed in BCR-ABL-negative myeloproliferative neoplasms (MPNs). One of the consequences of JAK2YS""" is genetic
instability that could explain JAK2"*"""-mediated MPN progression and heterogeneity. Here, we show that JAK2Y®"" induces the
accumulation of reactive o n species (ROS) in the hematopoietic stem cell compartment of a knock-in (K] mouse model and in
patients with JAK2* ™" MPNs. JAK2"®' "-dependent ROS elevation was partly mediated by an AKT-induced decrease in catalase
expression and was accompanied by an increased number of 8-oxo-guanines and DNA double-strand breaks (D5Bs). Moreover,
there was evidence for a mitotic recombination event in mice resulting in loss of heterozygosity of Jak2*®'”*, Mice engrafted
with 30% of Jak2"®*"”" Kl bone marrow (BM) cells developed a polycythemia vera-like disorder. Treatment with the anti-oxidant
N- acetylcysteme NACJ 5|.Jt:-5tan'ﬂall)«r resmred blood parameters and reduced damages to DNA. FLIITh-Eﬂ'T‘IDrE NAC mduced a marked

Almgeﬂwer ﬂverpmducmn of ROS is a mediator of JAKE"“"F mduced DNA damages that pmmﬂte disease pmgmssmn Targetlng
ROS accumulation might prevent the development of JAKZ™"" MPNs.

Leukemia advance online publication, 26 April 2013; doi:10.1038/leu.2013.102

2"-"&] TF,

Keywords: myeloproliferative neoplasms; JAK
model

reactive oxygen species; N-acetylcysteine; DNA damages; knock-in mouse
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JAK2V617F induces accumulation of ROS
* ROS induces DNA-damage in stem cells

« DNA-damages induce genomic instability
* Genomic instability induces mutations

Marty C, Lacout C, Droin N et al. A role for reactive oxygen species in
JAK2(V617F) myeloproliferative neoplasm progression. Leukemia. 2013 Apr 5.



Smoking iIs a Highly Potent Inflammation Stimulus

Smoking as a contributing factor for development of polycythemia
vera and related neoplasms

Hans Carl Hasselbalch

Department of Hematology, Roskilde Hospital University of Copenhogen, Koegevef 7-13, 4000 Roskilde, Denmark
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Keywards;

Smoking

Chronic myelomonocytic stimul ation
Essential thrombocythemia
Polycythemia wera

Primary myelofibrosis
Myeloproliferative neoplasms MPMs
Thrombasis

Atherosclerosis

NE-kB

JAE-5TAT-signaling

IL-8

ABSTRACT

Smoking may be associated with accelerated erythropoiesis, leukocytosis and thrombocytosis, which
are also hallmarks in patients with polycythemia vera, essential thrombocythemia and early stages of
myelofibrosis (MPMs), The JAK-STAT and NF-xB signaling pathways are activated in both smokers and
in patients with MPMs, Additionally, both share elevated levels of several proinflammatory cytokines,
in wivo activation of leukocytes and platelets, endothelial dysfunction and increased systemic oxidative
stress, Based upon experimental, epidemiological and climical data it is herein argued and discussed, if
smoking may be involved in MPM pathogenesis, considering most recent studies and reviews which are
supportive of the concept that chronic inflammation with NF-«B activation and oxidative stress may have
a major role — both as triggers but also as the driving force for clonal expansion in MPNs,

© 2015 Elsevier Ltd, All rights reserved,




Cytokines

(SCF, HGF, OPN...) Chemokines
(IL-8, SDF-1..)
Proteases

(MMP9, CTK...)

O, Ca* Fibroblasts

FGF-4
Endosteal niche L &S Adipocytes

A simplistic model of hematopoietic stem cell niches

Lataillade JJ, Pierre-Louis O, Hasselbalch HC , Uzan G, Jasmin C, Martyré MC, Le Bousse-Kerdiles MC; French INSERM
and the European EUMNET Networks on Myelofibrosis. Does primary myelofibrosis involve a defective stem cell niche?
From concept to evidence. Blood. 2008 15;112(8):3026-35.



An even more simplistic model of hematopoietic stem cell niches
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Transcriptional Profiling of Whole Blood Identifies a
Unique 5-Gene Signature for Myelofibrosis and
Imminent Myelofibrosis Transformation

Hans Carl Hasselbalch'®, Vibe Skov®, Thomas Stauffer Larsen®, Mads Thomassen®,
Caroline Hasselbalch Riley®, Morten K. Jensen®, Ole Weis Bjerrum®, Torben A. Kruse®

1 Department of Hematalagy, Aoskide Hospital, Unisersity of Copenhagen, Rosidde, Denmark, 2 Depastment of dinical Genetics, Odense Unreesity Hospial, Odense,
Denmark, 3 Depariment of Hematology X, Odense Unieeraty Hospiel, Odense, Denmask, 4 Depastment of Hemaiology L, Hedew Hospitall Uniwersity of Copenbagen,
Herlew, Denmark, 5 Depastment of Hemamlogy L, Rigshospitalet, Univessity of Copenhagen, Copenhagen, Denmark

Abstract

Identifying a distinct gene signature for myekfibrosis may yield novel information of the genes, which are responsible for
progression of essential throm bocythemia and polyoythemia vera towards myelofibrosis. We aimed at identifying a simple
gene signature - composed of a few genes - which were selectively and highly deregulated in myelofibrosis patients. Gene
expression micoaray studies have been performed on whole blood from &9 patients with myeloproliferative neoplasms.
Amongst the top-20 of the most upregulated genes in PMF compared to controls, we identified 5 genes (DEFA4, ELAZ,
OLFMY, CT5G, and AZU1), which were highly significantly deregulated in PMF only. MNone of these genes were significantly
regulated in ET and PV patients. Howewver, hierarchical cluster analysis showed that these genes were also highly expressed
in a subset of patients with ET (n=1} and P¥ (n=4} transforming towards myelofibrosis and/or being featured by an
aggressive phenotype. We hawe identified a simple 5-gene signature, which is uniquely and highly significantly deregulated
in patients in transitional stages of ET and PV towards myelofibrosis and in patients with PMF only. Some of these genes are
comnsidered to be responsible for the derangement of bone mamow stroma in myekofibrosis. Accordingly, this gene-
signature may reflect key processes in the pathogenesis and pathophysiology of myelofibrosis development.

i tati one Hesselbaich MG, Show W, Stau fer Lamen T, Thomassen M, Haaselibadich Rilkey O ot 2l {2014) Transcaptonad Profling of 'Whole Blood identifies 2 Unigue 5-
Gene Signatum for Myelofibrogs and imminent MyeloShmsis Tensformation. PLoS ONE 91 «25547. o 1001271 fpurnal pone 0085547

Editor: Andre wan Wignen, University of Massadhusets Medicd, United States of Amesca
Received Ootoher 2 2005 Aﬂnq:lt-ld December 2, 2013 Published January 13, 2004

Copyright: © 2014 Hascelhalch et 2l This & 2n open-acoess article disributed under the tesms of the Creative Commaons Atshution License, which penmits
uneestriched use, distribution, and spodudion in amy medum, povided the omgind author and source are cosdied .
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A Unigue Five Gene Signature in Myelofibrosis
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Figure 1. Fold changes for the 5 genes in ET, PV, and PMF compared to control subjects. Patient groups and genes are shown on the
®-axis and fold changes on the Y-axis. N5 non-significant; 5: significant. All genes FDR-<0.05.
doi:10.1371/journal pone M0E5567 .g001



Inflammation in The Bone Marrow

Cytokine Storm

Bone Marrow Failure
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Inflammation in The Circulation

_"' ' Circulating Leukocyte —Platelet Aggregates
Microcirculatory Disturbances
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Inflammation in The Spleen
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Myelofibrosis with huge splenomegaly
Anemia: bone marrow failure, hemodilution, pooling, sequestration,
hyperhemolysis, portal hypertension, bleeding



Chronic Inflammation and Oxidative Stress

Clinical Implications ?

 Driver of clonal evolution , mutagenesis, subclone
formation and myelofibrotic /leukemic transformation
In MPNs ?

 Driver of development of premature atherosclerosis
and early ageing ?

* Driver of development of other inflammation-mediated
comorbidities , including second cancers ?



Chronic Inflammation and Oxidative Stress

Therapeutic Implications ?

* Induction of resistance /refractoriness to treatment ( eg.
more hydroxyurea needed to control (inflammation-
mediated ) leuko-and thrombocytosis ?)’

 Impairment of IFN-signalling ?



How to Quell the Fire ?

 Early intervention when the chance of quelling
the fire Is the very best :

« STOP THE FUEL SUPPLY : Interferon-alpha
« ANTIINFLAMMATION : JAK1-2 inhibitor, statins ?



MPN Inflammation Model
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Two Different Scenarios

No Access IFN-alpha?

Do no harm”
Risk stratification

Normal blood counts

CWion
MW
Normahbone marrow

Minim ' ISease

Access IFN-alpha?2
9%@99
Risk=Stratification

Normal blood counts
Cytogenetic remission
Molecular remission
Normal bone marrow

Minimal residual disease



Two Different Scenarios

No Access IFN-alpha?
STOP HU

Suslalned”
_ComplstedHR—

Mole ISSTON
Norm rrow

Miwmase

Access IFN-alpha?2
STOP IFN

Sustained

Complete HR
Molecular remission
Normal bone marrow
Minimal residual disease

A subset of patients



Two Different Scenarios

No Access IFN-alpha?
HU (>10 yrs)

Risk of
Skin cancer X

MDS/AML X
Second cancer ?

Access IFN-alpha?2
|FN-alpha?2

Risk of



Rationales for Early Intervention with IFN-Alpha2

v Major /Complete Molecular Remissions after Long-Term Treatment ( > 3
-5 years)

v" Sustained Molecular Remissions after Discontinuation of IFN-alpha2
v Minimal Residual Disease

v JAK2V617F ET : the Early Phase of PV in a Subset of Patients

v' “ET “ Early Phase of Myelofibrosis in a Subset of Patients

v' The JAK2V617F-mutation a thrombosis promoter



The Goal ?

,Mlinimal Residual Disease*
,Operational Cure ,,

Cure?



Sustained Molecular Response in Polycythemia Vera
Treated with Interferon Alfa-2b

Figure 1: Bone marrow histomorphology from patient 1 at a) time of diagnosis 1996 and b)
just prior to treatment with IFN alfa-2b. Both panels demonstrate classical PV features with
hyperplasia and clustering of morphological abnormal megakaryocytes. Panel ¢) shows the

morphologically normal bone marrow from August 2007 (after eight years of treatment with

IFN-alfa 2b) with total regression of PV features (Larsen T et al Ann Hematol 2008; 87:
847-850)



Leukemia & Lymphoma

I55M: 1042-8194 (Prime) 102%-2403 (Online) Journal homepage: hitp:/fweew. tandfonline. comdfloililal20

Minimal residual disease after long-term
interferon-alpha2 treatment: a report on
hematological, molecular and histomorphological
response patterns in 10 patients with essential
thrombocythemia and polycythemia vera

Cecilie Utke Rank, Ole Weis Bjerrum, Thomas Stauffer Larsen, Lasse Kjeer,
Karin de Stricker, Caroline Hasselbalch Riley & Hans Carl Hasselbalch

To cite this article: Cecilie Utke Rank, Ole Weis Bjerrum, Thomas 5tauffer Larsen, Lasse Kjar,
Karin de 5tricker, Caroline Hasselbalch Riley & Hans Carl Hasselbalch (2015): Minimal residual

disease after long-term interferon-alpha treatment: a report on hematological, molecular
and histomorphological response patterns in 10 patients with essential thrombocythemia and

polycythemia vera, Leukemia & Lymphoma
T limk 0 this article RHitto-ffdy Aol e/ 10 21091 0A781064 PN095 10AG17571



JAK2VE17F alelle burden, %
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Patient 2: Serial Measurements of JAK2VB17F
during and after discontinuation of interferon-alpha treatment

*Bone marrow samples time, years
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Patient 9: Serial Measurements of JAK2V617F
during and after discontinuation of interferon-alpha treatment




Impalired
Tumor Immune Survelllance
INn MPNs ?

Chronic Inflammation ?
Immune Deregulation ?



Chronic myeloproliferative neoplasms and subsequent cancer risk: a Danish
population-based cohort study

Henrik Frederiksen,!2 Déra Kérmendiné Farkas,! Christian Fynbo Christiansen,! Hans Carl Hasselbalch,® and

Henrik Toft Sarensen’

Dapartmant of Clinical Epidemiology, Aarhus University Hospital, Aarhus, Donmark; “Department of Hematology, Odense Univarsity Hospital, Odense,
Denmark; and *Department of Hematology, Roskilde Hospital, Denmark

Patients with chronic myeloproliferative
neoplasms, including essential thrombo-
cythemia (ET), polycythemia vera (PV),
and chronic myelold leukemia (CML), are
at increased risk of new hematologic ma-
lignancies, but their risk of nonhemato-
logic malignancies remains unknown. In
the present study, we assessed the risk of
both types of malignancies after an ET,
PV, or CML diagnosis. We linked 2 popula-
tion-based nationwide registries, the Dan-
ish National Registry of Patients, cover-

Ing all Danish hospitals and the Danish
Cancer Registry, and assessed subse-

lnunhematc-lnglc cancers. Il'he standard-
zed Incldence ratlo for developing a non-

quent cancer risk | hematologic cancer was 1.2 (95% confi-
dence interval [95% CI]): 1.0-1.4) for
patients with ET, 1.4 (95% CI: 1.3-1.5) for

tients with PV, and 1.6 (95% CI: 1.3-2.0

patients diagnosed a chronic my-
eloproliferative neoplasm during 1977-
2008. We compared the incidence of sub-
sequent cancer In this cohort with that
expected on the basis of cancer Incl-
dence in the general ulation (standard-

ized incidence ratio). Overall, ET, PV, and
CML patients were at Iincreased risk of
developing both new hematologic and

for patients with CML. We conclude that
patients with chronic myeloproliferative
neoplasms are at increased risk of devel-
oping a new malignant disease. (Blood.
2011;118(25):6515-6520)
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ORIGINAL ARTICLE

Increased incidence of another cancer in myeloproliferative
neoplasms patients at the time of diagnosis
Helna Pettersson’, Havar Knutsen®, Erik Holmberg®, Bjirn Andreasson’*

'I'I-E'rubu-g',' sectnn, Ulddevalia, MU hospial group, Uddeyalia, Swadan; '1Hu'r|.:|lr_'u'_1;',.' Secton, UBeval Hospital, Dsio, Nonwey, :Hegcrld
Oneslogy Center, Gitebong: *Secton of Hematobgy and Coagulation, Sahlgrenska University Hospital, Goteberg, Sweaden

Abstract

Several studies have repormed an increased incidence of coexistent cancer in  patients with
myeloproliferative neoplasms (MPN), and myelosuppressive treatment has been speculated to be one of
the causes. In this study, we have concentrated on malignancies diagnosed before the MPN diagnosis to
gliminate the possible influence of MPHN treatment. The patients were recruited from the Swedish and
Norwegian cancer registries. One thousand seven hundred and 45 patients from the Swedish MPM
Cuality Registry and 468 patients from the Morwegian National Cancer Registry were included in this
study covering a 3-yr pericd. The results show that primary concurrent cancer is higher among patients
with MPM compared to the general population. When pooled together, the Swedish and the Nonwegian
cohort showed increased prevalence of all types of cancer in general compared with the general
population, standand prevalence ratio (SPR) of 1.20 (85% Cl| 1.07-1.34). Significantly high SPRs were
reached for skin malignant melanoma [1.89 [@5% Cl 1.33-2.62)], prostate cancer [1.39 95% CI 1.11-
1.711. and hematologic cancer [1.49 [95% Cl 1.00-2.12]. In the polyoythemia vera group, the risk of
having pricr malignant melanoma of the skin was significant, with an SPR of 220 (95% C| 1.17-3.771. For
patients with essential thrombocythemia and primary myelofibrosis, no significant risks were found.
Coexisting cancers hawe a high impact on the treatment strategies of MPMN, as it namows down the
treatment options. Chronic inflammation, as a common denominator of MPN with other cancers, can
catalyze sach other's existence and progression.

Key woirds mydopraifaerstve neopiasm, pohyeylhemia wera; essantial thrombody fieama; pamany myehilibrosis; cantes

Comespondence B Andréasson, Secton of Hemstology and Coaguiation, Sshigeensia Unversity Hospetal, 41380 Ghtebosg,
Sweden. Tel: +481 04352 100; Fax: +381E3I5017, e-mail Doanandnes ssoniwgregeo. se
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Chronic Inflammation and Second Cancer in MPNSs

Chronic inflammation, oxidative stress, genomic instability, and clonal evolution

Genetic insult MPN diagnosis Late stage MF AML
Stem cell JAK2V617F Additional driver mutations Additional subclone mutations
e (e.g., ASXL1, SRSF2, CBL, IDH1/IDH2, TP53, and SRSF2)
MPL
s e .
Pre-MPN diagnosis phase Post-MPN diagnosis phase
5-10-15 years? 5-10-15-20 years?
Second cancer Second cancer

Defective tumor immune surveillance?
Premature atherosclerosis?



Leukemia & Lymphoma, October 2013; 54(10): 2269-2273 .
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ORIGINAL ARTICLE: RESEARCH

Whole blood transcriptional profiling reveals significant down-regulation
of human leukocyte antigen class | and Il genes in essential
thrombocythemia, polycythemia vera and myelofibrosis

Vibe Skov!, Caroline Hasselbalch Riley?, Mads Thomassen'!, Thomas Stauffer Larsen?, Morten K. Jensen?,
Ole Weis Bjerrum?, Torben A. Kruse! & Hans Carl Hasselbalch?

Perspectives :

* Down-regulation of HLA-genes is a ”tumor-escape mechanism’ by which tumor
cells escape the attack from potent immune cells e.g. cytotocic T cells and NK-cells)

 Interferon-alpha2 potently upregulate HLA-genes on tumor cells thereby rendering
them accessible for tumor killing by IFN-alpha2

« Early treatment with IFN to enhance tumor cell killing



Interferon Alpha2 in MPNs

v" History of Interferons

v" Biology and Mechanisms of Action

v The Biological Continuum (ET-PV-MF)

v The Novel Concept of Chronic Inflammation in MPNs
v' Early Intervention Concept

v Minimal Residual Disease

v" Interferon Resistance and Intolerability

v" Perspectives



Interferon Resistance

J Interferon Res. 1954 Aug;14(4):187-5.
Interferon antibodies in thrombocythemia.
Merup M. Engman K, Paul C.

AmJ Hematol. 1995 Mar;48(3).163-7.

Alpha-2a interferon therapy and antibody formation in patients with essential thrombocythemia and polycythemia
vera with thrombocytosis.

Tdrmebohm-Roche E, Merup M, Lockner O, Paul .

Author information

«<

Abstract

In ten patients with essential thrombocythemia and polycythemia vera with thrombocytosis we have investigated the therapeutic effect of recombinant
alpha-2Za interferan (Roceron-A) given subcutaneously in @ maintenance dasage of 3 million units three times weekly. The aim was to normalize the
platelet count (< or = 400 x 10{3)/L}. One of the secondary aims was to study platelet activity measured as beta-thrombaglobulin (beta-TG) in urine
All but one patient could administer the injections and in all patients a significant reduction in platelet values was seen. The treatment was
discontinued in three patients due to side effects of interferon, two bhecause of hair loss {(one with irreversible alopecia). and one because of
depression. Three patients developed antibodies to alpha-2a interferon and a concomitant rise in the platelet level; in one patient therapy was
switched to leukocyte alpha-interferon with an excellent response. The initial levels of heta-TG were elevated in 910 patients and were significantly
reduced at & months in 4/5 patients not developing antibodies. Six patients are still on alpha-interferon therapy with a leng-term follow-up of 3-3.5
years. We conclude that alpha-interferan therapy may be an alternative in patients with thromhbocytosis and/or complications necessitating treatment



Interferon Resistance

Buxhofer-Ausch V, Gisslinger H, Berg T, Gisslinger B, Kralovics R.

Acquired resistance to interferon alpha therapy associated with homozygous MPL-
W515L mutation and chromosome 20q deletion in primary myelofibrosis.

Eur J Haematol. 2009 Feb;82(2):161-3.



The Molecular Heterogeneity of MPN is Complex

Variability in Molecular Responses to IFN-alpha

« TET2 clones persist in some patients

 Additional clones may impair the response to IFN-alpha2



Regular Article

CLINICAL TRIALS AND OBSERVATIONS

Molecular analysis of patients with polycythemia vera or essential
thrombocythemia receiving pegylated interferon «-2a

Alfonso Quintds-Cardama,’ Omar Abdel-Wahab,® Taghi Manshounr," Quti Kilpivaara,=~ Jorge Cortes,’ Anne-Laure Roupie,”
Su-Jiang Zhang.® David Harris,” Zeev Estrov,’ Hagop Kantarjian,” Ross L. Levine,” and Srdan Verstovsek'

' Department of Leukemia, MD Anderson Cancer Center, Houston, TX; *Human Oncology and Pathogenesis Program and Leukemia Service, Department
of Medicine, Memorial Sloan-Ketterdng Cancer Center, New York, NY; *Department of Medical Genetics, Genome-Scale Biology Research Program,
University of Helsinki, Helsinki, Finland; and “Deparment of Hematology, The First Affiliated Hospital of Manjing Medical University, Jiangsu Province
Hospital, Nanjing, China

KE‘}' Points Pegylated interferon «-2a (PEG-IFM-x-2a) has previously been shown to induce
hematologic and molecular responses in patients with polyecythemia vera (PV) or
* Treatment with PEG-IFN-«-2a | essential thrombocythemia (ET). Here we present a follow-up of a phase 2 trial with PEG-

in PV and ET results in a high IFN-x-2a treatment in 43 PV and 40 ET patients with detailed molecular analysis. After
rate of complete hematologic a mediani'ulluw—up of 42 manms, cnmplete hematuluglc mspansewm achieved in76% of

and molecular responses.

* Patients failing to achieve
complete molecular remission
tended to have higher
frequencies of mutations in
genes other than JAKZ.

significant reduction in JAK2VE17F allele burden mmpared with JAKZmutant/TET2 wild-

type patients. These data demonstrate that PEG-IFN-«-2a induces sustained CMR ina subset of PV or ET patients, and that genotypic
context may influence clinical and molecular response to PEG-IFN-«-2a. (Blood. 2013;122(6):893-901)




RESEARCH ARTICLE

Molecular responses and chromosomal aberrations
in patients with polycythemia vera treated
with peg-proline-interferon alpha-2b

Micole C.C. '1'11..:3111_.1 Klaudia Bagimskjﬂi Tiina Eerg,i Bettina Gisslinger,: Martin S-::ha]]j.rlgj1 Doris Chen,*

Veronika Eux_‘t‘m-fnzr-J"q.l.m"_'I:L,:""l Jozef 'I'halen5 Ernst Sd‘ﬂDEgLE Guenther A Gasﬂf Diominik an".."u:u]f,'_"S Karin ST_redcer,g
Alexander Egle,” Thomas Melchardt,” Sonja Burgstaller,” Ella Willenbacher,” Oleh Zagrijtschuk,'® Christoph Klade,'
Richard GreiLg Heinz L'}iss].i.ﬂgnn‘:t:,2 and Robert Kralovics'™*

Fifty-one polycythemia vera (PV) patients were enrolled in the phase |/l clinical study PEGINVERA to receive
a new formulation of pegylated interferon alpha (peg-proline-IFNa-2b, AOP2014/P1101). Peg-proline-IFNx-2b
treatment led to high response rates on both hematologic and molecular levels. Hematologic and molecular
responses were achieved for 46 and 18 patients (90 and 35% of the whole cohort), respectively. Although
interferon alpha (IFN) is known to be an effective antineoplastic therapy for a long time, it is currently not
well understood which genetic alterations influence therapeutic outcomes. Apart from somatic changes in
specific genes, large chromosomal aberrations could impact responses to IFMNa. Therefore, we evaluated the
interplay of cytogenetic changes and IFNxz responses in the PEGINVERA cohort. We performed high-
resolution SNP microarrays to amalyze chromosomal aberrations prior and during peg-proline-IFNa-2b
therapy. Similar numbers and types of chromosomal aberrations in responding and non-responding patients
were observed, suggesting that peg-proline-IFNx-2b responses are achieved independently of chromosomal
aberrations. Furthermore, complete cytogenetic remissions were accomplished in three patients, of which
two showed more than one chromosomal aberration. These results imply that peg-proline-IFNa-2b therapy is
an effective drug for PV patients, possibly including patients with complex cytogenetic changes.

Am. J. Hematol. 80:288-294, 2015, © 2014 Wiley Periodicals, Inc.

High hematological and molecular responses (48 (90%)and 18 (35%o) patients, respect.)
Responses achieved independently of chromosomal aberrations
Complete cytogenetic remissions in three patients

Them N er al . Am J Hematol 90; 288-294,2015



DALIAH

A Danish Study of Low-Dose Interferon-alpha2
versus Hydroxyurea in Ph-Negative
Myeloproliferative Cancer

A National Multicenter Study on The Efficacy, Toxicity and QoL

200 Patients Included
Data Analysis Ongoing



Side Effects of Interferon

Headach
Malaise

Fever Use Low Dose :

Chills
Fatique

Myaligia
Low Back Pain

Joint Pain

Nausea
Anorexia
Confusion
Depression

Pegasys 45 ug x 1 sc/week
Peglintron 30 ug x 1 sc/week

10-20 % side effects

% Patients with Side Effects



Toxicity — Side Effects - Autoimmunity
Response Patterns

the subgroup of patients with severe side effects ( drop out) -
a better and more rapid reponse to IFN ?

The subgroup of patients with autoimmunity during treatment
with IFN — a better and more rapid response to IFN 7



Combination Therapy

Interferon Alpha2 + JAK Inhibitor
In Polycythemia Vera and Myelofibrosis



Leukemia Research Beports 3 (2004) 73-75

Leukemia
Research
Reporis

Contents lists available at ScienceDirect

Leukemia Research Reports

journal homepage: www.elsevier.com/locate/Irr

Case report

Combination therapy with interferon and JAK1-2 inhibitor is feasible: (!)cmm
Proof of concept with rapid reduction in JAK2V617F-allele burden
in polycythemia vera

M.E. Bjern **, K. de Stricker®, L. Kjer?, K Ellemann *, H.C. Hasselbalch ?

* Department of Hematology, Roskilde University Hospital, Kegevef 7-13, 4000 Roskide, Denmark
b Department of Pathology, Odense Unfversity Hospital, Sdr. Boulevard 29, 5000 Odense, Dermark
© Department of Neurology, Roskilde University Hospital Kegeve] 7-13, 4000 Roskilde, Denmark

ARTICLE INFO ABSTRACT

Article history: We report a 55 year old woman with post-ET PV for 12 years, who experienced resolution of severe

Received 13 March 2014 constitutional symptoms within 3 days, a marked reduction in splenomegaly and a rapid decline in the

?;'f:"d“'ig;‘;““-““d form JAKZ2WVETTF allele burden during combination therapy with interferon-alphaZa and mxolitinib. Within
¥

4 weeks the patient achieved complete hematological remission with normalization of peripheral blood
counts and within 10 months the JAK2VE17F-allele burden was reduced from 90% to 28%. Such a rapid
decline in the JAK2VE17F allele burden is highly unusual in PV-patients during low-dose IFN-alpha2
Keywards: monotherapy and this finding warrants a prospective study with combination therapy.

Polycythemia vera @ 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

-‘rzﬂﬁ;{:'f::.l IE:: r':;;_d" . license (http://creativecommons.org/licenses/by-nc-ndj3.0/).

Irvte eferon
Ruxolitinil

Accepted 19 May 20014
Available online 1 August 2014
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Safety and Efficacy of Combination Therapy of
Interferon-Alpha2 + JAK1-2 Inhibitor in the
Philadelphia-Negative Chronic Myeloproliferative
Neoplasms

Preliminary Results from the Danish Combi-Trial - an
Open Label, Single Arm, Non-Randomized Multicenter
Phase Il Study

Stine Ulrik Mikkelsen?!, Lasse Kjer?!, Vibe Skov!, Mads Emil Bjarn?, Christen
Lykkegaard Andersen?, Ole Weis Bjerrum?, Nana Brochmann?, Daniel El Fassi?,
Torben A Kruse*, Thomas Stauffer Larsen?, Torben Mourits-Andersen®, Claus
Henrik Nielsen?, Niels Pallisgaard!, Mads Thomassen* and Hans Carl Hasselbalch?!
1Roskilde University Hospital, Roskilde, Denmark; 2Rigshospitalet, University Hospital
of Copenhagen, Copenhagen, Denmark; 3Herlev University Hospital, Copenhagen,
Denmark; “Odense University Hospital, Odense, Denmark; >Sydvestjysk Hospital,
Esbjerg, Denmark
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Conclusions

« Combination therapy with IFNa2 and ruxolitinib is
highly efficacious in patients with PV or
hyperproliferative MF

« Combination therapy was generally well tolerated
without any unexpected toxicities

* The results of this interim analysis suggest that
combination therapy with IFNa2 and ruxolitinib may
be a promising new treatment option in MPN patients



MPNs and Inflammation

Targeting The Malignant Clone and Inflammation

Both IFNa and JAK2 inhibitors reduce the high levels of inflammatory cytokines that
may be responsible for disease initiation and progression; accordingly, there is a strong
rationale for a combination of the two substance classes

This combination may result in a mutual augmentation of effects, leading to an increased
efficacy compared with single-agent therapy.

Combination therapy might allow the use of lower doses of each agent

Ultimately, the question arises of whether this combination may exhibit a disease-
modifying or curative effect

The ability of IFNa to induce molecular responses and the role of inflammation in the
initiation and progression of MPNs undoubtedly make such a combination therapy one
of the most promising new strategies in the management of MPNs

Koschmieder S, Mughal T1, Hasselbalch HC et al. Myeloproliferative neoplasms and inflammation:
whether to target the malignant clone or the inflammatory process or both.
Leukemia. 2016 ; 30(5):1018-24.
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Hepatology

Joumal of Hepatology 45 (2006) 271-27%
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Oxidative stress inhibits | FN-a-induced antiviral gene expression
by blocking the JAK-STA'T pathway

Danilo Di Bona'?*, Marco Cippitelli**, Cinzia Fionda®*', Calogero Camma'-?,
Anna Licata', Angela Santoni®*, Antonio Craxi’

"Cattedra ¢ Unitd Operativa di Gasiroenteralogia, Dipartimento Blomedico ¢ &l Meadicing Specialistica, University of Palermo, Palerma Ttaly
*IBIM, Consiglio Nazional dafle Ricerche, Palermo, Raly
1J'.Illf,::nﬁu'r.ru-'.s.rrr af Experivenial Medicine and Pathology, Tsnltuie Pasteer-Fordazione Cenel Bologretil Unversiiy "La Saplenza’, Rome, Taly
4Regm Elena Cancer Fstiticte, Rowie, Tialy
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JAK1-2 Inhibition + Statins
Quelling the Fire

The Inflamed Bone Marrow Statins and Anti-inflammation

 Inhibit leukocyte activation
 Inhibit platelet activation

 Inhibit release of pro-
Inflammatory cytokines
(eg. IL-6, TNF-alfa)

Statins inhibit JAK2V617F-dependent cell growth

Statins enhance JAK?2 inhibition



SV, Antiviral Research

g ¥
FI SFVIFR journal homepage: www.elsevier.com/locate/antiviral

Statin therapy improves response to interferon alfa and ribavirin in @me
chronic hepatitis C: A systematic review and meta-analysis

Qiangian Zhu®, Na Li*, Qunying Han* Pingping Zhang®, Cuiling Yang®, Xiaoyan Zeng*®, Yanping Chen?,
Yi Lv™, Xi Liu*, Zhengwen Liu*“*

* Department of Infections Diseess, Pirst Affiliated Hospital, $choal of Medicne, Ki'an jissong University, $'an 710061, Shasmd, (hina

® Department of Hepainbiliary Surgery, Firct Affiliated Hospital, School of Medicine, il Jissong University, ¥'an 710061, Shaamd, China
© Institute of Advaned Surgical Technology and Enginesring Mi'an fastong University, Xilm 710061, Shaamyi, Ching

ARTICLE I NFO ABSTREACT

Article hishary: - The treatment of inteferon alfa (IFM-2) amd ribavinn for chronke kepatitis © vins (HOV) infection
Rea=ived § Decmber 2012 achieves limited sustained vimlogical resgponse (SVEL We oonducted a systematic review and met a-amal-
Reviser 7 April 2013 vais o explore the efficacy of adding stating to IFM-3 and ribavinn therapy for ch romc hepat itis O Studiss

Accepted 9 April 2013

Availabie arline 16 April 2013 with data pertinent to the affect of statins on chronic bepatitis C were reviewsad, and randomized con-

trodled trials (RCTs) evalwating the efficacy of the addition of stating oo IFM-2and ibavirin were incledead
i meta- anahysis. The primany euboome me asure was SVE. Sacondany outcome measures wene rapid wno-

gﬁ:::;ﬂm c logical response (EVER) and early 'u.l'i.m-lqg ical response iEvR]: The literat e was .q.mlenur.iujly ﬂa:-:.n:aui
Treatment thinouegh Octolser 20012, After screening of the 1724 non-duplicated entries, 54 potentially rel evant studies
Statin wane fully reviewsd Of those, 18 studies were relevant and 5 BCTs met the incleson criteria for meta-
Imberferon alf amalysis. In companison with 1FM-2 and ribavinn therapy, the additdon of statins sgificanty increased
Ribawirin SR (DE= 202, 95% CI: 138-294) EVE (DOE=351, 953 C: 1.08-1142) amd EVE (DR = 1.89, 95K Cl:

1.20-298). The SVR increase remained stgnificant for HOV genotype 1 (DR=2.11, 95% C 1.40-3.181
There were no senificant increases in adverse svents and withdrawalks with the addition of stating In
concluson, the addition of santins to IFN-2 and ribavirin improves SWVE EVE and BYR without additiomnal
adverse events and thus may be considered as adjuvant to IFN-2 and ribavirin for choonic hepatitis C
Statins might also be wsed for HOW genotypes other than genotype 1 of in patients in whom the use
of protease |nhibitors is contraindicated or not indicatad.

LI N [P R SR IR R I ——— |



Combination Therapy

Interferon Alpha2 + Ruxolitinib + Statin




MPN Inflammation Model

IFNa + JAK1/2 inhibitors IFNa + JAK1/2 inhibitors
+ Statins PV + Statins

IFNa + JAK1/2 inhibitors
+ Statins

Leukocyte an let activation
t Inflamm ytokines

Premature
atherosclerosis

IL-4, IL-8
IL-11, HGF

Leukemic transformation

Leukocyte and platelet activation
t Inflammatory cytokines

Chrofiic

Chronic

nflammation

infla ation

JAK2 46/1

generator \

Switch off Switch on
HGF: hepatocyte growth factor; IL: interleukin; TNF: tumour necrosis factor



Interferon Alpha2 in MPNs

v" History of Interferons

v" Biology and Mechanisms of Action

v The Biological Continuum (ET-PV-MF)

v The Novel Concept of Chronic Inflammation in MPNs
v' Early Intervention Concept

v Minimal Residual Disease

v" Interferon Resistance and Intolerability

v' Perspectives
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The Inflamed Bone Marrow
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Myelofibrosis with huge splenomegaly
Anemia: bone marrow failure, hemodilution, pooling, sequestration,
hyperhemolysis, portal hypertension, bleeding






The Interferon Story
The Ugly Duckling Becoming The Beautiful Swan
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The Ugly Duckling . A Fairy Tale by Hans Christian Andersen



Combination Therapy Interferon-alpha2 + Ruxolitinib
The Beautiful Swan Becoming Even More Beautful ?
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The Ugly Duckling . A Fairy Tale by Hans Christian Andersen



Hans Christian Andersen

Photograph taken by Thora Hallager, 1869

Born 2 April 1805
Odense, Funen, Denmark
Died 4 August 1875 (aged 70)
Copenhagen, Denmark
Occupation '\Writer
Language Danish
Nationality Danish
Genre Children's literature, travelogue
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