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This year marks a decade since the original descriptions of
the JAK2V617F mutation in myeloproliferative neoplasms.1-
4 In the intervening years we have witnessed this finding

influencing diagnostic processes, prognostic determination and
more recently therapeutics. Whilst some perhaps naively antic-
ipated that the benefits of JAK2V617F as a therapeutic target
would parallel those of BCR/ABL inhibitors we have learnt sur-
prising information and delivered substantial benefits to
patients from the results to date. Albert Einstein is credited
with the quote “Any fool can know. The point is to understand... It’s
not that I am so smart. But I stay with the questions much longer” So
what have we learnt from “staying longer” regarding the
molecular pathogenesis of myeloproliferative neoplasms and
the benefits and drawbacks of JAK inhibition?  

Our understanding of the molecular pathogenesis of myelo-
proliferative neoplasms has moved forward at a substantial
pace and a decade on we have a more detailed view of the
degree of molecular complexity of these disorders. Several
novel mutations have been identified, of which the CALR
mutations are probably the most important given their preva-
lence, specificity to the myeloproliferative neoplasms and
apparent impact upon disease behaviors.5-8 In addition, we have
begun to understand, particularly in myelofibrosis, that the
individual mutational profile may have an impact on
prognosis.8 A few weeks ago an elegant paper was published,
delineating for the first time how the order in which certain
mutations occur affects the disease phenotype but also
response to therapy. Ortmann and colleagues showed that in
patients with polycythemia vera and both TET2 and JAK2
mutations that the disease in patients in whom the JAK2muta-
tion occurred first had a more proliferative phenotype but was
also more responsive in vitro to the JAK1/2 inhibitor ruxolitinib.9

These findings from a group also “staying with the question for
longer” influence our thinking on how multiple disease pheno-
types can occur but the relevance to therapeutics is also striking
and has yet to be explored.
In terms of targeted therapies the JAK1/2 inhibitor ruxolitinib

was the first to be applied in the field of myeloproliferative
neoplasms and specifically initially to patients with myelofi-
brosis. Early data with this agent revealed striking responses in
terms of symptom improvement and spleen volume
reduction.10 These benefits were the basis for the phase III stud-
ies known as the COMFORT trials which led ultimately to the
approval of ruxolitinib for the treatment of myelofibrosis by
the Food and Drug Administration in 2011 and the European
Medicines Agency in 2012.11,12 The primary endpoints of these
trials were at 24 and 48 weeks, so longer term data are clearly
vital to assess the impact and safety of such a novel therapy. 
In this edition of Haematologica, Verstovsek and colleagues

report the 3-year efficacy and safety of ruxolitinib therapy in
patients from the COMFORT-I study.13 Three-year follow-up
data from the companion COMFORT-II study were also pub-
lished recently.14 Verstovsek et al. demonstrated that the proba-
bility of maintaining a spleen response was 0.53 at 144 weeks
and that the median spleen volume reduction at 144 weeks
was 34% for the 50% of patients who were originally assigned
to ruxolitinib and who remained on the drug. Overall quality of
life benefits persisted without new emergent side effects or
worsening of anticipated effects of JAK inhibition, namely ane-
mia and thrombocytopenia. Perhaps more importantly
Verstovsek et al. also presented a sophisticated and well-argued
exploratory analysis of the survival benefits of JAK inhibition
with ruxolitinib using two different methods. These analyses
are necessary as both the phase III studies COMFORT-I and
COMFORT-II have, for ethical reasons, permitted patients in
the control arms to cross over to active therapy. The first analy-
sis utilizes the rank-preserving structural failure time method
which demonstrates that cross over from placebo to ruxolitinib
may have led to an underestimation of the survival benefit
from ruxolitinib. Consistent data were obtained from the sec-
ond evaluation performed using the generalized Gamma distri-
bution showing greater probabilities of death in the placebo
group than in the ruxolitinib group. In order to dissect these
methods in detail you will have to turn to the Online

Table 1. Novel agents for the management of myeloproliferative neoplasms.
Class Agent* Target Tested in combination with ruxolitinib

PI3K pathway inhibitors BKM120/Buparlisib PI3K/Akt/ Yes (both)
RAD001/Everolimus mTOR

Histone deacetylase (HDAC) inhibitors Panobinostat Histone deacetylases Yes (panobinostat)
Vorinostat (different classes)
Givinostat HSP90
Pacrinostat

DNA methyltransferase inhibitors Azacitidine DNA methyltransferase Yes (both)
Decitabine

Hedgehog inhibitors LDE225 Smo Yes (both)
PF-04449913

Telomerase inhibitors Imetelstat Telomerase No
Bone marrow fibrosis inhibitors Pentraxin Damage-associated molecular patterns (DAMP) molecules Yes

and monocytes / macrophages
* Not exhaustive



Supplementary Material for this paper; however, what
emerges is a consistent demonstration of survival benefit
for patients with myelofibrosis who received ruxolitinib in
the COMFORT-I study, which was also reported in the
COMFORT-II study in which the hazard ratio for survival
advantage of ruxolitinib therapy versus control management
was 0.48 (95% confidence interval 0.28-0.85, P=0.009).14

The survival benefits associated with ruxolitinb therapy
are intriguing and have often been attributed to improve-
ments in patients’ performance status. What has also
become clear is that ruxolitinib will generate benefits for
patients regardless of whether they do or do not have the
JAK2 mutation and, as shown in a sub-analysis of COM-
FORT-2, will benefit myelofibrosis patients with a so-called
high molecular risk profile (i.e. having at least one of the fol-
lowing mutations – EZH2, ASXL-1, IDH1/2, SRSF2).15 A
combined analysis from both COMFORT studies has also
been reported, linking a spleen volume reduction of at least
10% by 24 weeks with a survival benefit.16 The story is,
however, likely to be much more complex than this: we
described a patient from our own clinic who achieved a
near complete remission with ruxolitinib therapy and two
further patients have now been reported with a similar
response.17,18 Our patient continued to have minor histolog-
ical abnormalities, a very low level JAK2 clone and a kary-
otypic abnormality. These patients are in the minority but
point to the possibility of changing the disease course even
more dramatically perhaps in patients with a selected as yet
undiscovered molecular signature which is also likely to
include order and size of different clones. 
Histological responses were also reported from COM-

FORT-2 but the data from COMFORT-1 are not currently
available. Such responses may be linked to a further effect
of ruxolitinib therapy: that is, immune modulation. This
may be an important facet of improvement in the disease
but initially has been manifest as increased risk of infec-
tions. Most of these infections are commonly bacterial
(chest or urinary tract infections) or viral (such as shingles)
but rare atypical infections have been reported (reviewed
by Galli et al.19). In this regard the updated data from COM-
FORT-1 are important as there is no increase in the rate of
infection and no atypical infections were observed over
time in this cohort of patients, suggesting that this is not an
increasing risk over time and underlining that rare and atyp-
ical infections, such as have been reported, are precisely
that – rare and atypical.13 Nonetheless in clinical practice it
is important to be aware of them. There is also an increas-
ing view that myeloproliferative neoplasms, and particular-
ly myelofibrosis, are diseases with a significant inflammato-
ry component;20 this argues that the immune dysregulation
documented with ruxolitinib, with its effects on B, T and
NK subsets, may be important.21-25 At least one of these
reports linked these changes with clinical response.25

Beyond its utility in myelofibrosis ruxolitinib has been
reported to demonstrate benefits and is being assessed in a
range of inflammatory conditions such as psoriasis,
rheumatoid arthritis and alopecia totalis.26-28 Importantly,
benefits for treatment of acute graft-versus-host disease
have also been reported.29

Last year the Food and Drug Administration approved the
use of ruxolitinib for the treatment of a different group of
patients with myeloproliferative neoplasms – patients with

polycythemia vera who are intolerant or resistant to hydrox-
ycarbamide. This approval followed the RESPONSE study
that demonstrated benefits in blood count control, avoid-
ance of phlebotomy, reduction in spleen size and symptom
improvement.30 It will be interesting to study the benefits of
such therapy in detail for these patients who are likely to
have less complex disease at a molecular and cellular level.
For patients with polycythemia vera, even those resistant to
hydroxycarbamide, a single therapy is likely to deliver ben-
efits although these need to be more clearly addressed in
terms of impact on thrombosis and transformation risk. 
But for myelofibrosis although ruxolitinib therapy has

made an impact we have a considerable amount of work
still to do with a large number of unanswered questions
remaining. For example, might a more specific JAK2 or
indeed mutation-specific JAK2V617F inhibitor deliver more
benefit for patients? Two agents, pacritinib, assessed in PER-
SIST-1 (NCT01773187) and PERSIST-2 (NCT02055781), and
momelotinib, for which the relevant phase III studies are
SIMPLIFY-1 (NCT01969838) and SMPLIFY-2
(NCT02101268), are of interest. However, apart from these
agents if our ultimate goal is to achieve a cure for myelofi-
brosis we will probably, as for most hematologic malignan-
cies, need to utilize a combination strategy. A number of
studies investigating combinations are underway (Table 1);
however, one of the next most important steps in this field
will be to agree appropriate assessment tools. Spleen volume
has become a standard so, is improvement a greater number
of patients achieving 35% reduction or is better response
defined by higher overall mean/median response? If we find
an agent or combination that delivers molecular responses
how would this be defined? If we continue to use quality of
life improvement as a target, a likely risk is that side effects
from additional therapies may mask such improvements. 
Once again we are at the stage of needing to make a

stepped improvement with a second agent such as pacri-
tinib, momelotinib, or the telomerase inhibitor imetelstat or
push the boundaries of clinical and scientific research with
combinations and novel endpoints. It seems we need to
continue to follow the advice of Albert Einstein but, as
Verstovek et al. demonstrate, many patients with myelofi-
brosis are currently already deriving major benefits from
ruxolitinib therapy.
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The therapy of chronic lymphocytic leukemia (CLL) is
in an era of momentous change from chemotherapy
towards targeted therapy. The first phase was the

introduction of monoclonal antibodies, especially the anti-
CD20 antibodies rituximab, ofatumumab, and obinu-
tuzumab in combination immunochemotherapy. More
recently, small molecular inhibitors have emerged which
target the B-cell receptor signaling pathways (ibrutinib and
idelalisib), BCL-2 (ABT-199), and immunomodulation
[immunomodulatory drugs (IMiDs), lenalidomide]. In this
rapidly changing landscape, what is the role of the anti-
CD20 monoclonal antibody ofatumumab in CLL?  

Ofatumumab in relapsed/refractory chronic
lymphocytic leukemia 
Ofatumumab recognizes a different epitope to rituximab

that includes both the large and small extracellular domains
of CD20, and has a slower dissociation rate compared to rit-
uximab. These characteristics have suggested potentially
superior activity.1,2 Single agent ofatumumab was first uti-

lized in relapsed/refractory (R/R) CLL and demonstrated
overall response rates of approximately 50%, though these
mainly consisted of partial responses. As such, the United
States Food and Drug Administration (FDA) granted accel-
erated approval for the use of ofatumumab in previously
treated CLL in October 2009. In April 2010, the European
Medicines Agency (EMA) recommended a conditional mar-
keting authorization for the use of ofatumumab in fludara-
bine- and alemtuzumab-refractory CLL.  
These approvals were largely based on two trials: Coiffier

et al. (2008)3 and Wierda et al. (2010).4 The first trial was a
phase I-II dose escalating multicenter study of ofatumumab
in 33 patients with R/R CLL who had received a median of 3
prior treatment regimens. They reported an overall response
rate (ORR) of 48% (13 of 27 patients) with no complete
responses (CR). The median progression-free survival (PFS)
was 106 days. Grade 3 or more adverse events included
infection, thrombocytopenia and neutropenia. The second
trial was a phase II international trial using ofatumumab in
fludarabine- and alemtuzumab-refractory (FA-ref) CLL and in
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