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icroRNAs (miRs) are short, noncoding RNA

molecules that regulate the expression of

target genes. OncomiRs are miRs that are

overexpressed in certain cancers and play a
role in the onset and development of these tumors, which
display oncomiR addiction. Inhibition of oncomiRs by antimiRs
is therefore an attractive and evolving therapeutic strategy.

The ASH Meeting on Lymphoma Biology was held August 10-13, 2014, to
establish a collaborative forum for the community of lymphoma researchers,
enable them to share data, and ultimately, advance the understanding of
lymphoma pathogenesis and expedite new therapies. With assistance from
ASH, a steering committee of lymphoma experts both organized the meeting

Various approaches to silence the aberrantly expressed miRs and developed a “Roadmap for Discovery and Translation in Lymphoma,” which was recently published
have been used, including peptide nucleic acids (PNAs), in Blood. In this companion article, we will summarize the current landscape of challenges, as well as
which are nucleic acid analogues consisting of nucleobases advances, that provide the backdrop for the roadmap and the priorities (Table; see additional Figure in
connected by intramolecular amide bonds. The PNA backbone online article) at its foundation.

stabilizes the antimiR by preventing nuclease degradation and
increases the binding affinity for the complementary target
sequence.

There are more than 80 unique subtypes of mature lymphoid malignancy, including non-Hodgkin
lymphomas (NHLs), Hodgkin lymphoma (HL), and chronic lymphocytic leukemia (CLL). Many of these
subtypes are rare, with 5,000 or fewer cases occurring in the United States annually. The association
between some subtypes and pre-existing conditions, including immunodeficiencies, autoimmune
disorders, and infections (e.g., HIV, hepatitis C virus, Epstein-Barr virus [EBV]), further complicates both

Notwithstanding recent improvements in RNA-based
treatments, the effectiveness of current antimiR therapy is
hindered by non-specific organ targeting, clearance in the

reticuloendothelial system, and endolysosomal trafficking. Dr. categorization and treatment.!

Christopher Cheng and colleagues from Yale University have

overcome these drawbacks by constructing a novel antimiR Despite this diversity, therapeutic advances in lymphoma have been critically important in cancer
delivery system, which specifically targets tumors, facilitates medicine since the administration of nitrogen mustard to a patient with NHL in 1942. Treatment of
entry into cancer cells via a nonendocytic pathway, and avoids endemic Burkitt lymphoma in the 1950s was one of the first demonstrations that chemotherapy could

clearance by the liver. The researchers exploited the acidic
microenvironment of tumors and the unique properties of

a peptide with a low pH-induced transmembrane structure
(pHLIP), which forms an a-helix under acidic conditions and
facilitates translocation of membrane-impermeable molecules,

cure cancer. Combination chemotherapy with MOPP (nitrogen mustard, vincristine, procarbazine, and
prednisone), developed by investigators at the National Cancer Institute in the late 1960s, cured more
than one-half of patients with HL.
The addition of rituximab to CHOP

Priority Areas for Lymphoma Discovery and Translation,

such as PNA-antimiRs, into cells. (cyclophosphamide, doxorubicin, Divided into Infrastructure and Research*
vincristine, and prednisone) for
To evaluate their new delivery platform, they used a mouse diffuse large B-cell lymphoma INFRASTRUCTURE RESEARCH
model of an inducible miR-155-addicted lymphoma whereby (DLBCL) established the paradigm for Model development Molecular characterization
miR-155 expression 15 Stlmylated in hematologic tissues to TRENGERIIT ST (e by @il St Collaborative biorepositories Genetic dependences
promote tumorigenesis, which can be reversed by adding chemotherapy with immunotherapy.
doxycycline. They first demonstrated that pHLIP, labeled with EBV-directed T cells for post- Advocacy and development Experimental therapeutics
a fluorochrome, Ioca}llzed to |ndu0|'ble [ymphqd tumors in nude transplantation lymphoproliferative Patient stratification
mice, and also localized correctly in mice with disseminated . . . -
disorders was the first curative Immune therapies

lymphadenopathy. The liver was not affected, but some of the
peptide accumulated in the kidneys where it was cleared by

cellular therapy that specifically T

; targeted malignant cells. Antibiotic
renal excretion. treatment of early-stage mucosa- Normal lymphocyte development
These promising results prompted the researchers to create associated lymphoid tumors e e
a pHLIP-antimiR-155 to target lymphoma. The construct (MALT) of the stomach was the first  *Please refer to the online table for specific target examples for each of the
consisted of the pHLIP peptide linked at the C-terminus to the demonstration that modulation of i S ETE [CEE2 e N
PNA antimiR by a disulfide bond. The acidic pH (approximately the gut microbiome can eradicate a neoplastic process. Finally, a deeper understanding of lymphoma

6) of the tumor microenvironment promoted insertion of the
construct into the lipid bilayer of the plasma membrane and
delivered the antimiR to the intracellular cytosol where the
disulfide bond was cleaved to release the free antimiR, which
could then silence the aberrant miR-155.

pathogenesis has guided the development of targeted therapies such as ibrutinib and idelalisib for
patients with CLL, mantle cell lymphoma, and follicular lymphoma.

Based on these advances, approximately 90 percent of patients with HL. and more than 60 percent of
patients with DLBCL in the United States will be cured of their disease. Among patients with low-grade

The in vivo therapeutic efficacy of the construct was lymphomas (e.g., follicular lymphoma, marginal zone lymphomas, small lymphocytic lymphoma/CLL),
assessed using their lymphoma mouse models. Intravenous median survival for patients diagnosed in 2015 is likely to significantly exceed 10 years from diagnosis.
administration of pHLIP-antimiR-155 resulted in a significant As a result, the ultimate goal of providing tolerable and curative therapy to the overwhelming majority
reduction in tumor growth and an increased survival advantage, of patients with lymphoma seems to be realistic within the foreseeable future, but only if significant
which was similar to that of the positive control mice that had challenges can be overcome. These include:

been treated with doxycycline or CHOP to suppress miR-155

expression. Additionally, metastasis of neoplastic lymphocytes 1. Empiric chemotherapy regimens such as CHOP and ABVD (doxorubicin, bleomycin, vinblastine, and
to other organs, including the liver, spleen, and lymph nodes, dacarbazine) remain the backbone of initial therapy for the majority of patients. Curative salvage

therapies largely involve high-dose chemotherapy with or without stem cell transplantation. These
approaches are associated with significant toxicity that precludes their use in patients with significant
comorbidities and in some developing countries where adequate supportive care is not available.

(Cont. on page 2)
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(Cont. on page 13)
Dr. Coetzer indicated no relevant conflicts of interest.
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PRESIDENT’S COLUMN

A Call to Action on Sickle Cell Disease

SH has many strengths, but one of its greatest abilities is its power to convene. Last month, as part of its broader
global initiative, ASH used its convening power to spearhead the ASH Sickle Cell Disease (SCD) Summit: A Call
to Action. This summit, chaired by ASH President-Elect Charles Abrams, was the first meeting of its kind for
our Society and brought together for a full-day discussion of more than 60 experts in SCD, including clinicians and
researchers, federal agency partners, representatives from industry, and other members of the SCD community, to
identify the areas of opportunity and highest priorities to ultimately improve outcomes for individuals with SCD.

The issues facing SCD patients both domestically and globally are multiple. ASH realizes that it cannot effectively deal
with the enormity of these issues alone. However, the Society is well positioned to facilitate, and in some cases lead,
collaborative efforts to impact the lives of individuals with SCD in a positive fashion. ASH has already taken a number
of incremental steps to ensure that patients with SCD receive state-of-the-art care, including releasing the ASH Priorities
for Sickle Cell Disease and Sickle Cell Trait (www.hematology.org/Research/Recommendations/Sickle-Cell/), co-hosting

a briefing on Capitol Hill on SCD, and developing ASH’s clinical quick-reference guides (www.hematology.org/Clinicians/

Guidelines-Quality/Quick-Reference.aspx) based on the National Heart, Lung, and Blood Institute’s Fvidence-Based
Management of Sickle Cell Disease: Expert Panel Report, 2014. But there is still so much more we can do.

The summit set the stage for developing forward-looking initiatives. During the meeting, attendees participated in
interactive discussions in which they identified progressive and provocative strategies that address all aspects of SCD,
including basic, translational, and clinical research, as well as access to care issues, both in North America and around
the world. The discussions identified key partners, including government agencies, patient advocacy organizations,
other medical/scientific societies, foundations, and industry; the summit also identified issues ranging from the effects
of reimbursement on physician specialization in SCD care, to models of community-based care, to education and
training of care providers, to existing gaps in research such as in pain treatment and curative therapies.

A commonly held view of those at the summit was that ASH was to be commended for stepping forward to initiate this
conversation and was in a unique position to have a positive impact due to the worldwide respect the organization
commands in the areas of hematology research, advocacy, and education. Throughout the next few months, ASH will
refine and prioritize the issues pinpointed during this summit and identify other stakeholders who should be involved
to help advance future efforts. In the short term, the Society plans to launch a dedicated SCD page on the ASH website
that will include a list of the Society’s SCD tools and resources, as well as links to federal and other philanthropic
programs and funding opportunities for SCD. In the future, this webpage will also include the Society’s official call to

action on SCD.

Now is the time for a comprehensive response. We look forward to working with ASH members and partners as we

move forward with this critical initiative.

M o) il foassn, M.0.

David A. Williams, MD

A Novel Strategy to Cure OncomiR Addiction

(Cont. from page 1)

mice treated with antimiR-155 alone.

target in clinical studies on mouse models.

was suppressed. The onset of splenomegaly and the development of lymphadenopathy were also significantly delayed. Importantly, the
treated mice showed no clinical signs of distress, toxicity, or renal damage, and this was confirmed by studies on healthy mice using the
highest dose of pHLIP-antimiR-155. These control mice exhibited no significant impairment of liver and kidney function and had normal
white blood cell counts, and body as well as organ mass. PNA antimiRs are cleared by the reticuloendothelial system, which leads to
accumulation in the liver, but mice treated with pHLIP-antimiR-155 showed levels approximately tenfold less in their livers compared with

The mechanisms of tumor induction and subsequent addiction to miR-155 are not well characterized. Similarly, the pathways that facilitate
tumor regression once miR-155 has been removed are still unknown. To investigate these aspects, the researchers performed RNA
sequencing on miR-155-addicted lymphoid tumors and compared the data to regressing tumors. More than 2,000 genes were significantly
up- or down-regulated when miR-155 was silenced, and the majority of these have been associated with cancer or cell adhesion and
migration pathways. A notable example is the BACH1 gene, which codes for a transcription factor, and which was validated as a miR-155

The novel pHLIP-antimiR delivery platform described in this study represents a significant advance in targeted RNA therapy. It has several
advantages, including 1) specificity, since it targets the acidic microenvironment of the tumor and is ineffective in cells with a normal, neutral
pH; 2) low systemic toxicity; 3) efficient delivery of the cargo antimiR, which facilitates the use of low doses of the therapeutic construct;
and 4) versatility, since delivery is not dependent on the sequence of the antimiR and the system can thus be exploited to target multiple
cancer types. Additionally, this approach has therapeutic potential for other pathological conditions in which a localized acidic environment is
produced, such as ischemia, myocardial infarction, stroke, tissue trauma, and sites of inflammation and infection.

DIFFUSION

CORRECTION

On the cover of the March/April 2015 issue, the attribution for the photo of Dr. Dameshek is incomplete. The JAK2 transparency that appears in the
photo was courtesy of Dr. Omar Abdel-Wahab. We thank him for his contribution and apologize for the oversight.
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NEWS AND REPORTS

57th ASH Annual Meeting

and Exposition
December 5-8, 2015, Orlando, Florida

ASH invites you to save the date for the 57th ASH Annual Meeting
and Exposition in Orlando, Florida. As the premier event in malignant
and nonmalignant hematology, this meeting will provide attendees
with an invaluable educational experience. The call for abstracts will be
posted in early May, and the abstract submission site opens June 4.
Annual meeting abstracts are due August 4. Early-bird registration and
housing opens July 22 for members, and registration opens August 12
for non-members.

Visit www.hematology.org/Annual-Meeting for upcoming information
on abstract submission, program sessions, and what's new at this
year's meeting.

ASH Releases Agenda for Hematology Research

The field of hematology has experienced a recent surge in progress thanks to novel technologies,
mechanistic insights, and cutting-edge therapeutic strategies that have driven significant and meaningful
advances in the quality of care. Yet today, numerous specific and critically important research questions
must be answered to gain the insights needed for the field to advance to the next level of care for
hematologic conditions. The 2015 ASH Agenda for Hematology Research that was released on April 29,
2015, is a set of guideposts for the prioritization of research support across the hematology community,
including recommendations for dedicated resources from funding agencies and foundations that will equip
researchers today and in the future to make truly practice-changing discoveries. These priorities include:

» Advancing novel therapies tailored to genetic profiles by integrating genome sequencing and analysis
into the drug discovery pathway

* Fostering new studies to optimize the application of genome editing and gene therapy

* Enriching studies of epigenetic mechanisms to evaluate novel therapeutic targets and to develop new
treatments that may overcome limitations of existing therapies

* Maximizing the potential of immunotherapies to eradicate minimal residual disease
* Evolving stem cell research to enhance therapeutic and diagnostic uses

* Improving the prediction, diagnosis, and treatment of venous thromboembolic disease

The agenda serves as focal point for ASH science advocacy and partnership-building efforts with
organizations that fund, legislate, regulate, and/or implement hematology-related research. The ASH
Committee on Scientific Affairs met with the leadership of the National Cancer Institute; National Heart,
Lung, and Blood Institute; and National Institute of Diabetes and Digestive and Kidney Diseases on April
29, 2015, to discuss the research priorities outlined in the ASH research agenda.

The priorities outlined here represent some of the most promising strategies for overcoming the limitations
of current therapies and for accelerating momentum to cure hematologic diseases. Dedicated research
funds will enable the pursuit of these compelling opportunities and will prepare the next generation of
scientists in the field to produce high-impact results and, ultimately, to introduce new standards of care.
Such standards will not only transform the diagnosis and treatment of patients with hematologic diseases
today, they will form the basis for continued scientific progress in hematology and other fields of medicine
for years to come.

To learn more about the research agenda, visit www.hematology.org/researchagenda.

Abstract Submission Site for Meeting on
Hematologic Malignancies Opens May 5

The ASH Meeting on Hematologic Malignancies (MHM) will be held in
Chicago, September 17-19. The abstract submission site opens May
5, and abstracts for the meeting are due July 1. Abstracts submitted to
MHM may also be submitted to the 2015 ASH Annual Meeting. Visit
the website for more information about this new clinical meeting. For
more information about MHM and for details on how to register, go to
www.hematology.org/Malignancies.

Learn more about the creation of this meeting directly from the co-
chair in an informational video www.hematology.org/MHMUvideo.

Help ASH Identify New Leaders

Members in good standing can nominate themselves or other
members for leadership and committee positions through May 31,
2015. Vacancies on the Executive Committee for 2016 include the
Vice President and two Councillor positions, including one Councillor
position designated for an individual in clinical practice. The eligibility
criteria for this position have recently been expanded; please visit
www.hematology.org/About/Governance.aspx to learn more about the
Society’s structure and governance and to explore all vacant positions.

To use the online nominations system, visit www.hematology.org/
Nominations. Self-nominations are welcome.

The April 15, 2015, ASH Sickle Cell Disease Summit: A Call to Action brought together more than 60
leaders in sickle cell disease and key federal agency partners to discuss strategies to improve care for
patients with the disease around the world. Left: ASH President-Elect and Summit Chair Dr. Charles
Abrams reports the results of one of the day's breakout sessions. Right: Dr. Alan Schechter discusses
strategies and priorities with fellow attendees. To learn more about this event and future efforts, contact
ASH Government Relations and Practice Manager, Stephanie Kaplan, at skap/an@hematology.org.

2014 ASH Annual Report Now Available

The digital 2014 ASH Annual Report, a celebration of the Society’s
growth and accomplishments over the past year, is now available. Learn
about how the Society continues to refine and expand its programs

to support the science and practice of hematology, delivering new
opportunities, products, and services to support members.

To view online, visit www.hematology.org/annualreport.

Editor Search for Hematology, the ASH Education Program

ASH is in the initial stage of the selection process for the next Executive Editor of Hematology, the ASH
Education Program (term: 2016-2018). Qualified candidates with an MD, MD/PhD, or equivalent who
demonstrate a broad and comprehensive knowledge of translational research and clinical investigation
in hematology and its subspecialty areas; a distinguished research and publication record; high standing
among peers; and proven editing, writing, and reviewing skills are encouraged to apply.

Nominations should be accompanied by a description of the candidate’s editorial experience and a short,
informal endorsement. Nominations must be received on or before June 1, 2015. Submit a letter of intent if
you are interested in the position or provide the name of a potential candidate. Please submit nominations
via email, addressed to:

Editor Search Committee
Hematology, the ASH Education Program
editorsearch@hematology.org

The Hematologist: ASH NEWS AND REPORTS
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Ask the Hematologist

DAVID GARCIA, MD

The Question

Given the recent U.S. Food and Drug Administration (FDA)
approval of edoxaban, the fourth direct oral anticoagulant
(DOAC) to come to the U.S. market since 2010, what
should I know about this class of medications, and what
is their role in patient care? Are there patients for whom
these medications are not (or possibly not) appropriate?

My Response

This is an exciting time for clinicians caring for patients
with (or at risk for) thrombosis, but the amount of
clinical trial data, not to mention the dosing peculiarities,
relevant to the DOACs, can be difficult to digest. Here, |
will try both to provide take-home points about safety
and efficacy relative to other therapies as well as to
address some of the practical management questions I am
frequently asked about DOACs.

One or more of the DOACs has now been approved for
three main indications: 1) the prevention of stroke and
systemic embolism in patients with atrial fibrillation
(AF), 2) the acute and extended treatment of venous
thromboembolism, and 3) the prevention of venous
thromboembolism (VTE) after total knee or hip
arthroplasty (Table).

These medications are small molecules that inhibit

their serine protease target by binding to its active

site (thrombin in the case of dabigatran and activated
factor X [FXa] in the case of rivaroxaban, apixaban, and
edoxaban). There are some very important pharmacologic
differences with warfarin: All these drugs rely, to varying
degrees, on elimination by the kidneys. The prescriber
must consult the package insert of a particular agent to
determine whether his or her patient’s renal function
would be a contraindication to treatment or mandate

a dose adjustment. There are no important dietary
interactions for the DOACs. A possible exception is that
the bioavailability of rivaroxaban seems to be increased
if it is taken with a meal; however, the clinical relevance
of this is uncertain. Although the DOACs can interact
with other medications, the number of potentially
clinically important interactions is small compared to the
corresponding number with warfarin.

My patient taking a DOAC needs to
undergo an elective procedure. How far
in advance of the procedure should I stop
the medication, and do I need to provide
“bridge” therapy?

Unlike vitamin K antagonists (VKAs), all of the DOACs
have both a rapid onset of action and a relatively short
half-life. DOACs induce maximal anticoagulant effect
within two to three hours of the first dose and, unless
renal function is impaired, will essentially disappear from
the plasma 24 to 48 hours after the last dose. Therefore,
periprocedural anticoagulation (“bridging”) with a
parenteral anticoagulant is not necessary for a patient
taking a DOAC unless the patient undergoes a surgery that
will preclude swallowing or gastrointestinal absorption.
Patients with renal impairment will need to interrupt

the DOAC longer (see individual prescribing information
for more details), but others can safely undergo most
interventions as early as 24 to 48 hours after their last
DOAC dose.

My patient has moderate renal
impairment. Does that mean I cannot
prescribe a DOAC?

Although all DOACs depend on renal clearance more than
warfarin does, renal insufficiency is not a contraindication
in all cases. Indeed, an analysis of the subgroup of
patients with moderate renal impairment (creatinine
clearance 30 to 50 mL/min) in the phase III clinical trials
indicates that the DOACs (when dosed according to the
manufacturers’ recommendations) are at least as safe as
warfarin for such individuals.! The thresholds at which
dose-adjustment is required vary depending on the
DOAC; most providers would avoid DOACs altogether

in patients with severe renal impairment (creatinine
clearance < 30 mL/min). That being said, the U.S. FDA has
approved a dose adjustment for apixaban in patients on
hemodialysis. Apixaban is the DOAC that depends least on
renal clearance. On the other end of the spectrum of renal
function, the U.S. FDA has recommended that edoxaban
not be used in AF patients with excellent renal function
(creatinine clearance > 95 mL/min) because of a subgroup
analysis suggesting it may be less effective than warfarin
to prevent stroke or systemic embolism in this subgroup.

When will antidotes for some or all of
the DOACs be available? Should I avoid
prescribing DOACs until antidotes reach
the market?

The lack of experience managing DOAC-associated
bleeding is an understandable concern. However, the
absence of a dedicated antidote should probably not be
a major consideration in the decision to use (or not use)
this class of medications. Outcome data from randomized
phase III clinical trials that included more than 100,000
patients show that, although no antidote was available,
the likelihood of fatal bleeding was lower among the
patients randomized to a DOAC than among the patients
randomized to warfarin. Furthermore, taking a DOAC (as
opposed to warfarin) was not associated with a higher
likelihood of death among patients who experienced

a major bleed. These seemingly counterintuitive
observations are probably explained by several factors:

Condition

DELJLEN EY

Stroke Prevention in
Atrial Fibrillation

Rivaroxaban

Professor of Medicine, University of Washington School of Medicine; Assistant Medical Director for Antithrombotic Therapy at the University of Washington Medical Center, Seattle, WA

1) Despite the availability of vitamin K and plasma
products, warfarin-associated major bleeding has a very
high associated mortality; 2) compared with warfarin, the
DOACs cause 50 percent fewer intracranial bleeds; and

3) the short half-life of the DOACs means that in many
cases of major bleeding, no antidote or “reversal agent” is
needed. These observations notwithstanding, antidotes
and reversal agents in late-phase clinical development
are likely to reach the U.S. market within the next two to
three years. The DOAC antidotes that are furthest in the
development process are andexanet (a factor Xa “decoy”
molecule that is intended for patients on a FXa inhibitor)
and idarucizumab (an antibody fragment targeting the
direct thrombin inhibitor, dabigatran).

What should I do if consulted about a
patient with DOAC-associated bleeding?

Many patients with DOAC-associated bleeding will be
best managed with supportive care such as red blood
cell transfusions and volume support; excellent renal
perfusion will maximize the rate at which the anticoagulant
effect dissipates. Unless a patient has compromised

renal function, the plasma DOAC concentration (and
corresponding drug effect) will have decreased by more
than 50 percent six to 12 hours after the last dose. In the
small minority of patients with DOAC-associated bleeding
who require more aggressive efforts to counteract the
anticoagulant effect immediately, one could consider
prothrombin complex concentrates or recombinant
activated factor VII.2 However, the thrombosis risk
associated with these interventions is not trivial, and the
rationale for their use is based entirely on animal and
other preclinical models.

In which patients should DOACs be
avoided?

In general, DOACs should be used only for approved
indications. Because patients with mechanical prosthetic
heart valves were not included in the phase Il studies,
and because dabigatran was inferior to warfarin in the
only head-to-head comparison that has been done in

this population,® the DOACs should not be prescribed to

Apixaban Edoxaban

Venous Thromboembolism

Treatment

v’ v v v
Acute
Extended \/ \/ \/ -
Knee Arthroplasty - \/ \/ -

Hip Arthroplasty -

v

v -

*Edoxaban and dabigatran are approved for the acute treatment of venous thromboembolism only after an initial 5-day course of
treatment with a parenteral anticoagulant (e.g., low-molecular-weight heparin, fondaparinux, heparin).
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patients with mechanical prosthetic heart valves. There
are also subgroups of patients with (or at risk for) VTE
where routine DOAC use should also be avoided pending
further evidence. Because of their highly prothrombotic
tendencies, patients with active cancer, heparin-induced
thrombocytopenia, and bona fide antiphospholipid
syndrome are other groups for whom I do not think DOACs
should be a first option. Instead, we should work hard

to enroll such patients in clinical trials that will provide
evidence on which we can base future practice.

Conclusion

In summary, the DOACs offer hematologists and well-
selected patients four oral alternatives to warfarin and
other VKAs.*5 Important ongoing trials will tell us more
about how best to manage serious DOAC-related bleeding,
whether DOACs can be safely used in patients with cancer-
associated VTE, and what is the safest way to combine
DOACs with antiplatelet agents (e.g., in patients with
previous acute coronary syndromes). In the meantime,
many patients for whom these medications are indicated
(and for whom cost is not a barrier) will likely choose
them over warfarin because of their convenience and
impressive safety profile.

1. Harel Z, Sholzberg M, Shah PS, et al. Comparisons between
novel oral anticoagulants and vitamin K antagonists in patients
with CKD. J Am Soc Nephrol. 2014;25:431-442.

2. Siegal DM, Garcia DA, Crowther MA. How I treat target-
specific oral anticoagulant-associated bleeding. Blood.
2014;123:1152-1158.

3. Eikelboom JW, Connolly SJ, Brueckmann M, et al. Dabigatran
versus warfarin in patients with mechanical heart valves. N Engl
J Med. 2013;369:1206-1214.

4. Yeh CH, Gross PL, Weitz JI. Evolving use of new oral
anticoagulants for treatment of venous thromboembolism.
Blood. 2014;124:1020-1028.

5. Dzeshka MS, Lip GY. Non-vitamin K oral anticoagulants in
atrial fibrillation: Where are we now? Trends Cardiovasc Med.
2014;S1050-1738:00195-00199.

Dr. Garcia indicated no relevant conflicts of interest.
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Meir Wetzler, MD (1954-2015)

Dr. Meir Wetzler's work in the field of leukemia grew from a complaint. During his 1986 residency in internal
medicine at Kaplan Hospital in Rehovot, Israel, he was assigned a presentation on hypercalcemia. When he told
his mentor that he found the topic boring, “he got very upset with me,” Dr. Wetzler recalled in a 2014 interview
with the Roswell Park Cancer Institute (RPCI) CRS Corners newsletter. “He said, ‘If you don't want to do your
presentation on hypercalcemia, | don’t want to be your mentor anymore.™

That conflict turned out to be fortuitous: When Dr. Wetzler asked the department chair for help in finding an alter-
nate project, he was directed to The Weizmann Institute, where basic research was underway in the evolving field
of oncogenes. Dr. Wetzler ended up studying the breast cancer oncogene Her2/neu under the direction of Dr.
Joseph “Yossi” Schlessinger (now the William H. Prusoff Professor and Chair of Pharmacology at Yale Univer-
sity) — an experience that jump-started Dr. Wetzler's interest in the field of oncology.

A 1980 graduate of Hebrew University's Hadassah Medical School in Jerusalem, Dr. Wetzler later won a fellow-
ship in medical oncology at MD Anderson Cancer Center in Houston. Before coming to the United States, he
began research in the field of leukemia and immediately got hooked. He subsequently completed a second fel-
lowship in clinical immunology/biologic therapy, also at MD Anderson.

In 1994 Dr. Wetzler moved to Buffalo, New York, to join RPCl's Leukemia Section. His research focused on the
role of the signal transducer and activation of transcription (STAT) protein in leukemogenesis; cellular and hu-
moral immune response to leukemia-associated antigens; and cytogenetics in acute myeloid leukemia and acute
lymphoblastic leukemia.

He had an overarching interest in improving the standard of care for patients with leukemia, and this fed his
enthusiasm for making newer biologic and immunotherapeutic options available to his patients. He was actively
involved in promising early-stage clinical trials of novel therapeutics, and at the time of his death, served as princi-
pal investigator on several clinical trials at RPCI. With Dr. Mary Reid, Director of Collaborative Research at RPCI,
Dr. Wetzler co-chaired RPCI's Scientific Review Committee (SRC). Together they helped reduce by 40 days the
process of taking a protocol from SRC submission to activation.

Following Dr. Wetzler's death on Feb. 23, 2015, Greg Stephens, Executive Director of the National CML Society,
noted in a Facebook post that Dr. Wetzler “made himself available at all hours of the day and night and shared
his knowledge freely and abundantly.” Comments posted on local media websites included accolades from his
patients and their family members, praising his passion and compassion.

Through RPCI's affiliation with the School of Medicine at the State University of New York at Buffalo, Dr. Wetzler
mentored many young physicians and researchers. A physician now on the faculty at M.D. Anderson recalls how
Dr. Wetzler “drew the BCR-ABL chromosomal translocation to teach me how CML develops, on my first visit [to
RPCI] ... | would not be where | am if it were not for his mentoring.”

Dr. Wetzler lived up to his assertion that every member of his team was equally valuable. “| have an outstanding
team,” he previously stated. “That's what makes me smile every morning.”

He encouraged his colleagues to fulfill their potential, and he then helped them do just that. Linda Lutgen-Dunck-
ley, Pathology Resource Technician in Dr. Wetzler's lab, said he adjusted her work hours to accommodate her
family life after the birth of her son, and he later enabled her to work a flexible schedule so she could pursue a
bachelor’s degree in biology. Ms. Lutgen-Dunckley will graduate in May of 2016.

Dr. Wetzler was an accomplished athlete who completed many triathlons, including the Ironman, which combines
a 2.4-mile swim, a 112-mile bicycle course, and a marathon (26.2 miles), with no breaks in between. He also

had a humorous and playful side, evidenced when he and his team participated in the annual Gelatin Splash to
benefit the Leukemia and Lymphoma Society of Western New York. They wore themed costumes while sliding
into a pool of gelatin, raising thousands of dollars in pledges. Over the years, Dr. Wetzler appeared as Superman,
Shrek, Jack Sparrow from “Pirates of the Caribbean,” and, in drag, as Edna Turnblad from the film “Hairspray.”

Dr. Wetzler was a member of the CML Clinical Practice Guidelines Committee of the National Comprehensive
Cancer Network and was named numerous times to the Castle Connolly Medical Ltd. list of America’s Top Doc-
tors. At the time of his death, he was Chief of RPCl's Leukemia Section and Medical Director of Clinical Services
in the Department of Medicine.

Dr. Wetzler inspired us all in so many different ways; RPCI and the cancer community have lost a dedicated son.
Those of us who have had the privilege of working and interacting with him are better people for it. He will be
sorely missed.

Dr. Wetzler is survived by his wife, Chana; daughters, Mor and Shira; and sons, Adam and Modi. RPCI has estab-
lished the Meir Wetzler Memorial Fund for Leukemia Research in his honor. Visit http://giving.roswellpark.org/wetzler.

— Alex Adjei, MD, PhD, FACP
Professor and Chair of the Department of Medicine, Senior Vice President of Clinical Research, The Katherine
Anne Gioia Chair of Cancer Medicine, Roswell Park Cancer Institute, Buffalo, New York
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MINI REVIEW

Desialylated Platelets: A Missing Link in Hepatic Thrombopoietin Regulation

RENATA GROZOVSKY, PhD," HERVE FALET, PhD,2 AND KARIN M. HOFFMEISTER, MD?

1. Research Fellow, Hematology Division, Brigham and Women's Hospital and Harvard Medical School, Boston, MA
2. Instructor in Medicine, Harvard Medical School; Associate Biologist, Brigham and Women's Hospital, Boston, MA
3. Associate Professor, Hematology Division, Brigham and Women's Hospital, Harvard Medical School, Boston, MA

In the early

1900s, Dr. James
Homer Wright

and colleagues
observed that
areduction in the “dust of the blood” (platelets) is
associated with bleeding.! Today we know that while their
primary function is hemostasis, platelets also participate
in antimicrobial host defense, inflammation, and tissue
repair. Chronic inflammation is often associated with
reactive thrombocytosis, and responses to acute infections
may be accompanied by sudden thrombocytopenia,
making platelets bellwethers of health and disease. A
steady platelet supply is ensured by continuous platelet
production and clearance of =10!! platelets daily. The rate
of production rises sharply under conditions of platelet
destruction to maintain levels of 150,000 to 400,000 platelets
per microliter of blood. Platelet production and clearance
therefore must be tightly regulated to avoid spontaneous
bleeding or arterial occlusion and organ damage.

Platelet production (thrombopoiesis) is a complex process
that requires differentiation of hematopoietic stem cells into
specialized progenitors and their organized interplay with
the bone marrow microenvironment and hematopoietic
cytokines.? A major milestone in understanding the
molecular mechanisms of thrombopoiesis was the
discovery of thrombopoietin (TPO) in 1994. TPO is the
primary regulator of platelet production, supporting the
survival, proliferation, and differentiation of bone marrow
megakaryocytes.? Since the discovery of TPO, many
molecular mechanisms of thrombopoiesis have been
identified, including the development of polyploidy and
pro-platelet formation, and the final fragmentation of the
megakaryocyte cytoplasm to yield blood platelets. However,
a principal unanswered question regarding thrombopoiesis
is how TPO production is regulated under steady-state and
pathologic conditions.

Historically, TPO regulation has been explained by a two-
step model: 1) hepatocytes are the major source of TPO,
which is released into circulation in a constitutive manner;
and 2) circulating plasma TPO binds to its high-affinity
receptor Mpl, expressed on the surface of platelets and
megakaryocytes, resulting in subsequent degradation of
TPO. Thus, the removal and destruction of circulating TPO
has been thought to be mediated solely by expression of
Mpl on circulating platelets and marrow megakaryocytes.>*
This reciprocal relationship between platelet number and
circulating TPO level is clearly evident in patients undergoing
bone marrow transplantation and in Mpl’-mice. However,
several human and mouse phenotypes lend credence to

the assertion that platelet TPO metabolism is not the sole
determinant of plasma TPO levels. For example, serum TPO
levels are lower than expected in patients with immune
thrombocytopenia (ITP)® and are higher than expected in
patients with essential thrombocythemia (ET).® Interestingly,
some patients with myeloproliferative neoplasms (MPNs)
with increased platelet numbers exhibit decreased Mpl
expression on the surface of their platelets, which results

in decreased TPO uptake and therefore increased plasma
TPO levels.” Mpl"" Pf4-Cre mice that specifically lack Mpl on
megakaryocytes and platelets but that normally express Mpl
on stem/progenitor cells, display profound megakaryocytosis
and thrombocytosis with a remarkable expansion of
megakaryocyte-committed and multipotential progenitor
cells.? In this mouse model, where circulating platelet
numbers are high and megakaryocyte counts are significantly
increased, the blood TPO levels are not as low as would be
expected if Mpl expression on platelets and megakaryocytes
were the only mechanism regulating TPO levels. It appears
therefore that platelet numbers and TPO levels are regulated
in a complicated fashion.

A number of inflammatory states (e.g., ulcerative colitis,
rheumatoid arthritis, ovarian cancer) are associated

with increased blood TPO levels and thrombocytosis.*!
The inflammation-induced increase in TPO expression is
mediated by interleukin (IL)-6, which stimulates TPO mRNA
expression both in hepatocytes in vivo and in HepG2 and

Hep3B cells in vitro.!! Hepatic TPO regulation by IL-6 is
well characterized, but the ligand-receptor pair regulating
hepatic TPO production at steady state has remained
elusive.

A new model that helps to explain the regulation of

blood TPO levels and thrombopoiesis is the clearance of
senescent, desialylated platelets via the hepatic Ashwell-
Morrell receptor (AMR), which enhances hepatic TPO
production.!? Studies have shown that platelet surface
glycans mediate platelet clearance.® Sialic acid is normally
considered as a “do not eat me” signal. Most cell surface
glycans are presumably fully capped by sialic acid residues
(i.e., fully sialylated). A recent study identified loss of sialic
acid as a determinant of senescent platelet removal.'?

This study shows that platelets lose sialic acid during
circulation, likely due to upregulation of platelet intrinsic
lysosomal sialidases, Neul and Neu3.!* Desialylated
platelets are cleared via the hepatic AMR, a transmembrane
heteroligomeric glycoprotein complex composed of ASGPR1
(CLEC4H1, HL-1) and ASGPR2 (CLEC4H2, HL-2) subunits.
This highly conserved receptor has been largely regarded
as an endocytic receptor, and its regulatory role has
remained unclear since its discovery four decades ago.'®
Specifically, mice lacking either the ASGPR1 or ASGPR2
subunit do not accumulate plasma proteins or lipids
lacking sialic acid, which has been the predicted outcome.’
However, it was a surprising discovery that platelets with
reduced o2,3-linked sialic acid due to sepsis, cold storage
(in vitro aging), or in mice lacking the sialyltransferase
ST3GallV, are cleared by the hepatic AMR."

The notion that loss of sialic acid determines platelet life
span is not entirely novel.’*! However, our recent study
elucidates the specific mechanisms by which senescent,
desialylated platelets regulate hepatic TPO mRNA
production in vivo via the AMR.'? This feedback mechanism
presents the desialylated platelet-AMR pair as the critical
control point for TPO homeostasis and shows that hepatic
TPO production is regulated and not constitutive. In
support of this notion, injection of desialylated platelets
into rabbits stimulates platelet production,'” presumably by
stimulating liver TPO secretion.

These findings led to the discovery that removal of
senescent, desialylated platelets drives hepatic TPO
mRNA expression via JAK2 and STAT3 phosphorylation,
and translocation of the latter to the nucleus.!? Sequence
analysis shows that the TPO promoter contains STAT3
binding sites; however, their function remains to be

Figure
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Comparison between the AMR and IL-6R signaling
pathways leading to TPO mRNA expression. Binding
of desialylated platelets to the hepatic AMR composed

of 1 ASGPR2 and 2 ASGPR1 subunits activates JAK2.
IL-6 binding to its hepatic receptor composed of 1 gp80
and 2 gp130 subunits activates gp130-associated JAKT.
Both JAK1 and JAK2 phosphorylate STAT3, resulting in

its translocation to the nucleus where it stimulates mRNA
expression of TPO and acute phase response proteins. It is
unclear whether JAK2 directly associates with ASGPR1 and
whether STAT3 directly binds to the TPO promoter.

investigated. Interestingly, the AMR signaling cascade
shares similarities with that of the IL-6 receptor (IL-6R).
Binding of IL-6 to its hepatic receptor engages the signal
transducing subunit gp130, leading to STAT3 tyrosine
phosphorylation and activation by gp130-associated JAKI.
Thus, both desialylated platelets and IL-6 lead to STAT3-
mediated hepatic TPO mRNA expression downstream of the
AMR-JAK2 and IL-6R-JAK]1 signaling cascades, respectively. It
remains to be determined whether JAK2 and STATS3 directly
associate with the AMR or require gp130 (Figure).

Hepatic STAT3 controls the transcription of mRNA for acute
phase plasma proteins. It is therefore tempting to speculate
that acute phase proteins are produced in response to AMR
ligation, which would establish clearance of desialylated
platelets as a component of the acute phase response.
Consistent with this hypothesis, the AMR-mediated removal
of desialylated platelets improves the probability of host
survival during sepsis.!® Separate studies have shown that
liver regeneration following injury is promoted by platelets!®
and requires AMR and hepatic STAT3 function. Thus, the
platelet-AMR-JAK2-STAT3 signaling cascade may connect
desialylated platelets to inflammatory responses.

The most compelling evidence showing that TPO expression
is promoted via the AMR-STAT3-JAK2 pathway is based on
the experiments using JAK1/2 inhibitors. Disruption of the
AMR-JAK2 signaling cascade by JAK1/2 inhibitors AZD1480,
TG101348, and BMS911543 adversely affects hepatic TPO
mRNA expression and secretion in hepatocytes in vivo,

and in HepG2 cells in vitro.'? JAK1/2 inhibitors target
wild-type and V617F-mutant JAK2, and are clinically used

in MPNs."” Common on-target JAK-inhibitor-associated
toxicities include anemia and thrombocytopenia, which
relate to JAK2’s essential role in red blood cell and platelet
production. Our data indicate that JAK inhibitors could
additionally cause thrombocytopenia by inhibiting TPO
production downstream of the hepatic AMR-JAK2 signaling
cascade. Clinical studies are necessary to investigate this
notion, particularly regarding plasma TPO levels in patients
with MPNs following JAK1/2 inhibitor treatment.

In conclusion, recent evidence has shown that the hepatic
AMR recognizes circulating desialylated platelets under
steady-state conditions. Senescent, desialylated platelets
and the AMR are the elusive physiological ligand-receptor
pair regulating hepatic TPO mRNA production, resolving
the longstanding mystery of steady state hepatic TPO
regulation. This feedback mechanism, which recruits
hepatic JAK2 and STATS3, contributes to our understanding
of the mechanisms of thrombocytopenia observed in
patients with MPNs treated with JAK1/2 inhibitors.

The authors indicated no relevant conflicts of interest.
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THE HEMATOLOGIST ADVOCATE

HEADLINES FROM

ASH Committee on Government Affairs Visits Congress to
Discuss Research Funding and Physician Payment Reform

Following its March 17, 2015, meeting in Washington, DC, the ASH Committee on Government
Affairs visited more than 30 congressional offices on March 18 to explain to members of
Congress and their staff the impact National Institutes of Health (NIH) funding cuts have

on research to find cures and treatments for patients with serious hematologic diseases.
ASH Committee members also educated Congressional members and staff on the need to
repeal the current Sustainable Growth Rate (SGR) formula and reform Medicare payment for
physician services (see developments on SGR repeal below).

Congressional meetings are an important component of ASH’s advocacy efforts, providing an
opportunity for Members of Congress and their staff to gain insight on issues of concern to
hematologists. However, the Society needs the help of all members to bring issues important to
the future of hematology to the attention of the U.S. Congress and other governmental agencies.

ASH strongly encourages members to let the ASH Government Relations, Practice, and
Scientific Affairs Department know when you are in Washington, DC, and are available to meet
with your congressional delegation. ASH staff can assist by arranging appointments so that
your voice is heard in the halls of Congress. You can also participate in the Society’s advocacy
efforts by visiting the ASH Advocacy Center and by joining the ASH Grassroots Network.
Contact ASH Legislative Advocacy Manager Tracy Roades at troades@hematology.org, or visit
www.hematology.org/Advocacy for additional information on ASH’s advocacy efforts.

Left-Right: Dr. Timothy Graubert (Massachusetts General
Hospital), Dr. Steven Allen (Monter Cancer Center),

Dr. Alan Rosmarin (University of Massachusetts),
Representative Jim McGovern (D-MA), Dr. Jonathan
Hoggatt (Massachusetts General Hospital), and Dr. Paul
Frenette (Gottesman Institute for Stem Cell Biology and
Regenerative Medicine at Albert Einstein College of
Medicine) during one of the March 18 ASH Committee
on Government Affairs meetings on Capitol Hill.

ASH Committee on Government
Affairs members Dr. Gregory
Vercellotti (University of Minnesota),
Dr. Brea Lipe (Kansas University
Medical Center), and Dr. Troy Lund
(University of Minnesota) outside
ASH headquarters in Washington,
DC, prior to departing for Capitol Hill
on March 18.

ASH Committee on Government Affairs Chair Dr. Alan
Lichtin (Cleveland Clinic) and Committee members

Dr. Hillard Lazarus (Case Western Reserve University/
University Hospitals), Dr. Katherine Walsh (Ohio State
University), and Dr. Raymond Hohl (Penn State Hershey

Cancer Institute) in front of the U.S. Capitol during a break
between meetings with congressional offices on March 18.

ASH Committee on Government
Affairs member Dr. Bart Lee

Scott (Fred Hutchinson Cancer
Center) visiting with Senator Maria
Cantwell (D-WA).
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Congress Passes Bill to Permanently Repeal SGR,
Reform Medicare Physician Payment System

In early 2015, ASH advised members on the status of the SGR, the payment formula that
each year leads to potential cuts in Medicare physician payment and each year is averted
by Congressional action. Although ASH expected to again see Congressional action on a
temporary fix, given the new Congress and the April 1 deadline, surprising developments
eventually led to the March 19, 2015, introduction of a bill, the Medicare Access and CHIP
Reauthorization Act of 2015 (H.R. 2), which would permanently address the issue. H.R. 2
repeals the SGR, a flawed formula mandating scheduled reductions in Medicare physician
payments, and replaces it with a 0.5 percent annual physician pay increase for the next five
years. The legislation also establishes a merit-based incentive payment system starting

in 2018 that will recognize physician performance related to quality measure reporting,
resource use, meaningful use of electronic health records, and clinical improvement
activities. On March 26, the House of Representatives passed H.R. 2 with extraordinary
bipartisan support. Upon its return from a two-week recess, the Senate cleared the bill

by a 92-8 vote and sent the measure to the White House for President Obama’s signature.
Visit www.hematology.org/Newsroom to read a statement from ASH President Dr. David A.
Williams on the passage of the Senate bill.

Legislation to Address Specialty Tier Drug Cost-Sharing
Introduced in House

In late March, Representatives David McKinley (R-WV) and Lois Capps (D-CA) reintroduced
the Patients’ Access to Treatments Act (H.R. 1600) in the House of Representatives. The
bill, identical to legislation introduced in the last Congress by Representatives McKinley
and Capps, seeks to prevent private health insurance plans from imposing higher costs for
medications in the specialty drug tier (Tier IV). The legislation represents an important first
step toward removing the burden of excessive cost-sharing for Americans who need high-
cost, specialty-tier medications. This legislation would make critical, life-saving medications
- some of which can cost thousands of dollars per month - affordable for patients. Instead
of paying a percentage of the cost of these drugs, from 25 to 33 percent or more, patients
would have a much lower, fixed co-payment. H.R. 1600 would require drugs in Tier IV to be
priced as those in Tier III, typically at a $50 co-pay. Representatives McKinley and Capps
are working to find sponsors for a Senate version of the bill.

ASH has been working with the Coalition for Accessible Treatments, a group of 32 patient
and provider groups dedicated to ensuring that all Americans have access to critical life-
changing and life-saving medications, to support the Patients’ Access to Treatments Act for
the past year. The Society issued a statement applauding the bill’s introduction on March
25, 2015, and urging congressional support for the legislation.

High drug prices are a major issue facing patients with hematologic conditions such as
leukemia, lymphoma, and hemophilia, and ASH will continue to advocate for passage of the
Patients’ Access to Treatments Act. Additionally, as part of the Society’s efforts to ensure
patient access to safe and effective hematologic drugs that are expensive and often in
specialty tiers, ASH has developed a resource on its website that provides a consolidated
list of resources for physicians and patients trying to access high cost hematologic drugs.
The High-Cost Hematologic Drug Access webpage (www.hematology.org/Clinicians/Drugs/
Programs/) includes:

¢ Patient assistance (drug access) program information available through patient groups,
foundations, and pharmaceutical companies, with direct links to specific details and
forms for obtaining each therapy

¢ Templates of appeal letters ASH members can download and use to justify the use of
high cost drugs to insurance companies

¢ Links to the Consult a Colleague Program for physicians with further questions

e A callout box to ASH’s advocacy campaigns related to drug access

17. Karpatkin S, Shulman S. Asialo platelets enhance thrombopoiesis.
Trans Assoc Am Physicians. 1980;93:244-250.

18. Lesurtel M, Graf R, Aleil B, et al. Platelet-derived serotonin
mediates liver regeneration. Science. 2006;312:104-107.

19. LaFave LM, Levine RL. JAK2 the future: therapeutic strategies

2012;366:610-618. 2012;119:1263-1273. for JAK-dependent malignancies. Trends Pharmacol Sci.
11. Wolber EM, Fandrey J, Frackowski U, et al. Hepatic 15. Grewal PK. The Ashwell-Morell receptor. Methods Enzymol. 2012;33:574-582.

thrombopoietin mRNA is increased in acute inflammation. 2010;479:223-241.

Thromb Haemost. 2001;86:1421-1424. Acknowledgment

12. Grozovsky R, Begonja AJ, Liu K, et al. The Ashwell-Morell
receptor regulates hepatic thrombopoietin production via JAK2-
STAT3 signaling. Nat Med. 2015;21:47-54.

1977;82:231-233.

The Hematologist: ASH NEWS AND REPORTS

16. Reimers HJ, Greenberg J, Cazenave JP, et al. Experimental
modification of platelet survival. Adv Exp Med Biol.

This work was supported by National Institutes of Health
grants HL107146 and HL089224 (K.M.H.); and the Brigham
Research Institute Fund to Sustain Research Excellence (H.F.).

7



D1 11 L

Too Many RBCs or Platelets Stall Blood Flow in Cerebral Capillaries

Santisakultarm TP, Paduano CQ, Stokol T, et al. Stalled cerebral capillary blood flow in mouse models of essential thrombocythemia and polycythemia vera revealed

by in vivo two-photon imaging. J Thromb Haemost. 2014;12:2120-2130.

he myeloproliferative neoplasms (MPNs) polycythemia vera (PV) and essential
thrombocythemia (ET) are associated with cerebrovascular complications.
Although thrombosis in PV and ET is a frequent cause of more serious
neurological complications, reduced microvascular blood flow seems to have
an important role in transient, reversible CNS deficits such as headaches, dizziness,
vision loss, dysphasia, and focal paresis. The higher incidence of these temporary
neurologic problems in PV appears to involve increased red blood cell (RBC) numbers
and aggregation contributing to whole-blood hyperviscosity." In PV with increased
platelets, and in ET, increased neurological problems appear to involve increased platelet
numbers and activation, resulting in enhanced platelet aggregation.? Blood hyperviscosity
with accompanying reversible neurological deficits is also commonly encountered in
secondary polycythemias, including those found in chronic pulmonary diseases, elevated
carboxyhemoglobin levels, altitude sickness, and exogenous EPO or testosterone
therapies.? Studies of tissue clearance of labeled isotope ('**Xe dissolved in saline and
injected intravenously) demonstrated phlebotomy-reversible decreases in cerebral blood
flow in subjects with various ailments who had hematocrits in

The demonstration by Dr. Santisakultarm and colleagues of stalled blood flow in
increased percentages of cerebral capillaries in PV and ET provides a mechanism other
than thrombosis for focal cerebral hypoxia and subsequent microinfarction. The abrupt,
spontaneous resolution of these capillary stalls with re-established rapid blood flow may
explain the frequent but transient central nervous system symptoms including headaches,
dizziness, vision loss, dysphasia, and focal paresis that are associated with PV, ET, and
secondary polycythemia. Stalled blood flow in cerebral capillaries may also help explain
how increased hematocrit is associated with reduced reperfusion and enhanced infarct
size on serial MRIs following ischemic strokes.” Therefore, stalled cerebral capillary
blood flow may play a role in microinfarcts and in exacerbation of ischemic damage from
compromised blood flow in larger cerebral vessels.

1. Kwaan HC, Wang J. Hyperviscosity in polycythemia vera and other red cell abnormalities. Semin Thromb
Hemost. 2003;29:451-458.

2. Michiels JJ, Berneman Z, Schroyens W, et al. Platelet-mediated erythromelalgic, cerebral, ocular and
coronary microvascular ischemic and thrombotic manifestations in patients with essential thrombocythemia
and polycythemia vera: a distinct aspirin-responsive and Coumadin-resistant

the 47 percent to 53 percent range compared with matched
controls with hematocrits in the 36 percent to 46 percent range.®
Fluorescein angiography in PV patients with transient blindness
demonstrated retinal arterial-venous transit times that were

twice those of normal controls, and phlebotomy and hydroxyurea
treatment of the patients with PV corrected the delayed transit
times.*

Figure

Direct 3-dimensional observation of the murine cerebral cortical
blood flow in microvascular beds from the penetrating arterioles
through capillary beds to ascending venules was developed using
2-photon excited fluorescence (2PEF) microscopy and stacking of
2-dimensional images.® In these images, the motion of the RBCs,
which are unstained, is tracked through fluorescently labeled
plasma. RBCs in normal cerebral capillaries had pulsatile flow
rates of about 1 mm/s.® Dr. Thom Santisakultarm and colleagues,
who developed the 3-dimensional method of 2PEF microscopy

in the laboratory of Dr. Chris Schaffer, now report the effects

of polycythemia and/or thrombocythemia on cerebral capillary
blood flow using mouse models of PV, ET, mixed MPN (see
definition below), and secondary polycythemia due to exogenous
erythropoietin (EPO) administration. In the murine MPN models,
the ratio of human mutant JAK2 V617F relative to the wild-type
mouse JAK2 (after transplantation of hematopoietic cells from
JAK2 V617F transgenic mice) determined whether the phenotype
was PV (polycythemia only) for high ratios, ET (thrombocythemia
only) for low ratios, or “mixed” MPN (combined thrombocythemia
and polycythemia) for intermediate ratios.® The flow rates and
vessel diameters of the examined cerebral microvascular beds
were surprisingly similar for all of these disease models and wild-
type controls. The blood flow rates were slightly skewed in the PV
mice, with slowest capillary rates ranging from 0.1 to 0.2 mm/s.
However, the striking difference between each of the disease
models and wild-type mice was in the percentage of capillaries
with stalled blood flow (Figure). About 3 percent of cerebral

arterial thrombophilia. Platelets. 2006;17:528-544.

3. Thomas DJ, Marshall J, Russell RW, et al. Effect of haematocrit on cerebral
blood-flow in man. Lancet. 1977;2:941-943.
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study with fluorescein angiography. Br J Haematol. 2013;161:745-747.
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dependent pulsatile blood flow in cortical blood vessels in mice. Am J
Physiol Heart Circ Physiol. 2012;302:H1367-H1377.
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capillaries were stalled in wild-type mice, whereas percentages of
stalled cerebral capillaries were 14 percent in “mixed” MPN, 18
percent in ET, 19 percent in EPO-treated animals, and 27 percent
in PV mice. An additional fluorescent label allowed identification
of leukocytes and platelets as well as unlabeled RBCs. Platelet
aggregates were associated with 50 percent of stalled capillaries
in ET, whereas RBC aggregates were associated with 48
percent, 50 percent, and 65 percent of stalled capillaries in mixed
MPN, PV, and EPO-treated mice, respectively. Serial monitoring
demonstrated prolonged persistence of the stalled capillaries

Sequential 2PEF images that demonstrate
flowing (left panels) and stalled (right
panels) capillaries in the cerebral cortex
(images captured every 0.3 s for a total of
1.2 s of observation). Texas Red-dextran
was intravenously injected to label blood
plasma (bright), leaving the cellular
components unlabeled (dark).

Figure reprinted from Santisakultarm TP et al, J
Thromb Haemost. 2014;12:2120-2130.

ranging from a median of 30 minutes in ET mice to more than two
hours in MPN mice. Capillary stalls that were observed during

their resolution had an abrupt onset of reduced flow for a few seconds or less, followed by

re-establishment of rapid blood flow.
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The Tumor Microenvironment as a Key to MPN Pathogenesis

Kleppe M, Kwak M, Koppikar P, et al. JAK-STAT pathway activation in malignant and nonmalignant cells contributes to MPN pathogenesis and therapeutic response.
Cancer Discov. 2015;5:316-331.

en years ago, multiple groups published ground-breaking work describing the counts, reduced spleen weights and reticulin fibrosis, and prolonged survival. In fact,
somatic activating JAK2 V617F mutation and its central role in the pathogenesis complete hematopoietic STAT3 deletion mimicked the effects of JAK1/2 inhibition by
of myeloproliferative neoplasms (MPN).' Further studies identified JAK-STAT ruxolitinib.
pathway mutations in the thrombopoietin receptor (MPL) and the calreticulin gene
(CALR) in JAK2-nonmutated MPN.57 The pivotal role of aberrant JAK-STAT signaling in The authors sought to determine whether JAK inhibitors exert their effects on the
MPN has provided the rationale for the development of JAK kinase inhibitors. The JAK1/ malignant MPN cell population alone, or also on nonmalignant cells in the tumor
JAK2 inhibitor ruxolitinib was recently approved for patients with hydroxyurea-resistant or microenvironment. They examined this question by transplanting lethally irradiated
intolerant polycythemia vera (PV), which follows its initial approval for myelofibrosis (MF) recipient mice with MPLWS15- STAT3-deleted BM with Stat3 wild-type BM. In contrast
in 2011. In both MF and PV, core benefits include improvement of systemic symptoms to the effects observed with pan-hematopoietic Stat3 deletion, tumor-specific Stat3
and splenomegaly. It has been observed that MPN patients have markedly elevated levels deletion did not reduce disease severity or attenuate inflammatory cytokine production.
of proinflammatory cytokines, and that ruxolitinib (and well as other JAK inhibitors) is These data indicate that aberrant STAT3 signaling and cytokine production from both
associated with a decrease of cytokine levels.® However, the exact mechanisms by which the malignant clone and nonmalignant hematopoietic cells in the BM microenvironment
JAK inhibitors impact the production of cytokine levels have been largely speculative. In a contribute to the MPN phenotype (Figure).® The authors extended these observations by
collaborative study originating from the Memorial Sloan Kettering Cancer Center, Dr. Maria analyzing cytokine mRNA expression using NanoString technology in sorted MPLWS5L-
Kleppe and colleagues use single-cell cytokine profiling of mouse models and patient mutant (GFP+) and wild-type (GFP—) BM cells. They found that MPLW5'5L-positive
samples to show that the attenuating effects of JAK inhibitors on cytokine secretion is only myelofibrosis cells express high levels of several inflammatory cytokines, including
efficacious if it occurs in both nonmalignant and malignant cell populations. IL-6; cytokines such as CCL2 and TNF-a were derived from both GFP-positive and
GFP-negative populations; other cytokines such as IL-12 and CXCL9, were derived
Using two mouse models of MF (MPLY5'®- bone marrow [BM] transplanted mutant predominantly from nonmutant cells. These findings of increased and heterogeneous
mice and JAK2V8'7F knock-in mice), the authors show that proinflammatory cytokines are cytokine secretion from mutant and nonmutant cells were corroborated in a murine
elevated in the serum and/or BM supernatant of these mice, and that short-term ruxolitinib model of JAK2V®'7F-positive disease and a patient with JAK2V®'7F-positive primary
treatment could normalize serum cytokine levels. Next, the authors performed single-cell myelofibrosis.
cytokine profiling experiments that demonstrated aberrant cytokine secretion profiles of
MF murine and human bone marrow cells compared to control BM cells. These findings This work by Dr. Kleppe and colleagues sheds light on the complex interactions between
included: 1) an increased fraction of cytokine-secreting cells, 2) increased per-cell malignant cells and supporting cells in the BM microenvironment of MPN. These
cytokine secretion, and 3) co-secretion of multiple cytokines. The authors showed that findings may also extend to other cancers since inflammation arising from pathologic
sorted mature myeloid cells and megakaryocyte/erythroid progenitor (MEP) cells both had cytokine elaboration is a cardinal feature of many tumors. Numerous questions are
increased fractions of cytokine-secreting cells and increased per-cell cytokine secretion generated from this work. For example, how do differences in cell-specific cytokine
in MF compared to controls. The two cell types, however, had discrete cytokine secretion secretion profiles influence the phenotype and severity of MPNs? What role do host
profiles: mature myeloid cells primarily secreted TNF-a and CCL3, whereas MEP were genetic factors versus diseases-specific variables (e.g., JAK2 mutant allele burden) play
the predominant source of IL-6 and IL-10. Similar techniques performed on circulating in initiating and perpetuating the aberrant cytokine storm? Given the common tendency
granulocytes from patients with MF confirmed these results. These studies support the for disease persistence to develop over time with JAK inhibition, it will be important
idea of functional heterogeneity regarding cell-specific cytokine secretion in MF. to interrogate whether these pathways can be therapeutically exploited to improve

outcomes for patients.
The authors next turned their attention to examining the signaling pathways that promote
cytokine production in MF. Experiments demonstrated constitutive STAT3 activation in cell 1. Bax‘lef ElelfSC?,“ LZ/!' szpbeLll PJ, f‘Qaéo';?g;géfO?:t?%%q of the tyrosine kinase JAK2 in human
lines, MPLW5'SL mutant mice, and in the BM of patients with MF. STAT3 phosphorylation myeloprolierative disoraers. Lancet o . '
was reduced by JAK1/2 inhibition in western blot analysis from MPLWs15L mouse 2. Kralovics R, Passamonti F, Buser AS, et al. A gain-of-function mutation of JAK2 in myeloproliferative
y A o I WESter y . \ disorders. N Engl J Med. 2005;352:1779-1790.
splenocytes. In murine MPL -positive mice transplanted with BM from either control

8 . . . 3. Levine RL, Wadleigh M, Cools J, et al. Activating mutation in the tyrosine kinase JAK2 in polycythemia
or Stat3-knockout mice, the authors demonstrated that Stat3 deletion reduced cytokine vera, essential thrombocythemia, and myeloid metaplasia with myelofibrosis. Cancer Cell.

production, and ameliorated MF disease features in vivo, including lower white blood cell 2005:7:387-397.
4. James C, Ugo V, Le Couedic JP, et al. A unique clonal JAK2 mutation
leading to constitutive signaling causes polycythaemia vera. Nature.
Fi 2005;434:1144-1148.
igure
Ruxolitinib/ Tumor specific 5. Klampfl T, Gisslinger H, Harutyunyan AS, et al. Somatic mutations
N ) of calreticulin in myeloproliferative neoplasms. N Engl J Med.
Stat3 deletion Stat3 deletion 2013;369:2379-2390.
6. Nangalia J, Massie CE, Baxter EJ, et al. Somatic CALR mutations in
Malignant Non-malignant Malignant Non-malignant Malignant Non-malignant myeloproliferative neoplasms with nonmutated JAK2. N Engl J Med.

2013;369:2391-2405.

7. Pikman Y, Lee BH, Mercher T, et al. MPLW515L is a novel somatic
activating mutation in myelofibrosis with myeloid metaplasia. PLoS Med.
2006;3:e270.
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8. Verstovsek S, Kantarijan H, Mesa RA, et al. Safety and efficacy of
INCB018424, a JAK1 and JAK2 inhibitor, in myelofibrosis. N Engl J Med.
r 2010;363:1117-1127.
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Constitutive activation of STAT3 in malignant and nonmalignant cells drives aberrant cytokine secretion in
MPN. Stat3 deletion in a MPN mouse model bone marrow cells normalizes the production of cytokines, recapitulating the
therapeutic effects of JAK inhibition therapy with ruxolitinib. In contrast, selective tumor-specific deletion of Stat3 fails to
abrogate cytokine production, indicating that JAK inhibition in both malignant and nonmalignant populations is required for
therapeutic efficacy.

Reprinted from Cancer Discovery, 2015, 5/3, 316-331, M. Kleppe et al, JAK-STAT Pathway Activation in Malignant and Nonmalignant Cells
Contributes to MPN Pathogenesis and Therapeutic Response, with permission from AACR.
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Diagnostic Advances in Multiple Myeloma:
The Role of Magnetic Resonance Imaging
Dimopoulos MA, Hillengass J, Usmani S, et al. Role of magnetic

resonance imaging in the management of patients with multiple
myeloma: a consensus statement. J Clin Oncol. 2015;33:657-664.

ultiple myeloma (MM) is a diagnosis based on the presence of a

monoclonal protein, plasmacytosis, and any one or more of the

CRAB criteria including lytic lesions, renal insufficiency, anemia,

and/or hypercalcemia.” Until recently, the standard of care for the
evaluation of MM-related bone disease had been whole-body x-ray (WBXR).
The International Myeloma Working Group has revisited this definition very
recently, incorporating, along with free light chain ratio and degree of marrow
plasmacytosis, the presence of focal lesions on sensitive imaging techniques.?
In this recent consensus statement by Dr. Meletios Dimopoulos and colleagues,
the International Myeloma Working Group (IMWG) has issued new evidence-
based recommendations for the use of magnetic resonance imaging (MRI) for
the evaluation of plasma cell disorders.

The consensus statement recommends the use of MRI to define symptomatic
MM.2 This is now incorporated into the new definition of symptomatic MM.?
Evidence provided in the recent publication supports the conclusion that
patients with lesions detected on MRI are at higher risk of progression to
symptomatic MM#*® and should be treated for MM. The statement further
supports the use of MRI as the gold-standard method for the detection of bone
marrow involvement by MM. MRl is also defined as the modality of choice to
evaluate painful lesions, particularly in the axial skeleton, and to detect spinal
cord compression. MRl is further recommended to distinguish between benign
versus malignant MM-related osteoporotic vertebral fractures.

A solitary plasmacytoma of the bone (SBP) is defined by the presence of a
solitary bone lesion in the absence of a clonal plasma cell population on bone
marrow biopsy and lack of CRAB criteria. The majority of patients with this
condition will ultimately progress and subsequently require systemic therapy
for the treatment of MM. MRI is a more sensitive modality for the detection of
occult lesions and is now recommended as part of the staging procedure in
patients with SBP. The IMWG did not change its recommendation regarding
the routine work-up of monoclonal gammopathy of undetermined significance
and does not recommend MRI as part of the routine work-up. The authors of
the consensus statement also highlight the role of MRI as a prognostic tool
in the evaluation of MM but do not recommend the routine use of MRI for this
purpose.

Historically, the use of MRI has been limited by cost, prolonged acquisition
time, patient discomfort due to claustrophobia, and the exclusion of patients
with metal devices. Whole-body MRI (WB-MRI), a method that does not
require contrast, has been developed, circumventing or mitigating a number of
these limitations. However, this technique is not widely available as of yet. The
alternative to MRI when a more sensitive imaging modality is needed is positron
emission tomography combined with computed tomography (PET-CT). Like,
MRI, PET-CT is a more sensitive imaging modality than WBXR for the detection
of active focal lesions.® In one prospective study, PET-CT was inferior to MRI in
the detection of diffuse pattern bone marrow involvement’; however, head-to-
head, MRI was not found to be superior to PET in the detection of focal lesions
in another.®

The IMWG consensus statement provides guidelines for the judicious use

of MRI in the diagnostic evaluation of MM. The use of advanced skeletal
imaging to better classify patients with asymptomatic MM and SBP will

refine management of these diseases. Information gathered by such testing is
practice-changing whereby a patient population at a high risk of progression is
identified and considered for treatment. The use of WB-MRI, where available, is
an excellent option with the added advantage of less radiation exposure.
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Look, Ma! No Complement!

Bruneau S, Néel M, Roumenina LT, et al. Loss of DGK: induces endothelial cell
activation and death independently of complement activation. Blood. 2015;125:1038-
1046.

n a 2013 Diffusion article,’ I highlighted the report by Dr. Mathieu Lemaire and
colleagues on recessive mutations in DGKE, the gene for diacylglycerol kinase-¢, as
a cause of atypical hemolytic uremic syndrome (aHUS).2 Recall, aHUS is a form of
thrombotic microangiopathy (TMA). TMA is a histopathologic term for a distinctive lesion
of small vessels characterized by swelling and detachment of the endothelium, accumulation
of protein and cellular debris in the subendothelium, and obstruction of vessels by fibrin
and platelet-rich thrombi. TMA also refers to the conditions themselves that produce the
histopathologic TMA lesion (the “thrombotic microangiopathies”). The phenotypic spectrum
of TMA includes microangiopathic hemolytic anemia, thrombocytopenia, and ischemia
and injury of organs (especially the kidney, in the case of aHUS). Practically, aHUS refers
to a form of TMA that is not thrombotic thrombocytopenic purpura (TTP; which can be
differentiated from HUS in most cases by a severe reduction in ADAMTS 13 activity in TTP
but not HUS), not HUS caused by Shiga toxin (verocytotoxin) —producing Escherichia coli
(STEC-HUS), and not a secondary form of aHUS, like S. pneumoniae-related HUS. The
2013 report by Dr. Lemaire and colleagues was noteworthy because abnormal activation
of the alternative pathway of complement was then a feature of all known specific forms of
primary aHUS. Indeed, some have used the term aHUS to be synonymous with complement-
mediated HUS (complement-HUS). In contrast, the patients with DGKE-related aHUS
had no evidence of complement dysregulation. This distinction is important therapeutically,
because complement-directed therapy with eculizumab is an effective life- and kidney-sparing
therapy for many patients with aHUS, but it does not appear to benefit most patients with
DGKE-related aHUS.

In a new report in Blood, Dr. Sarah Bruneau and colleagues (some of whom contributed

to the report by Dr. Lemaire and colleagues) describe mechanisms by which inactivating
mutations of DGKE could cause aHUS without dysregulation of the complement system.?
DGKe is an intracellular lipid kinase, present in glomerular endothelial cells, podocytes, and
platelets, that preferentially phosphorylates arachidonic acid-containing diacylglycerol (DAG)
and terminates DAG-mediated signaling. Although the exact regulatory roles of DGKe are
not known, arachidonic acid-containing DAG is known to activate protein kinase C (PKC), so
loss of DGKe in endothelial cells could increase the activation of PKC and signaling through
downstream networks, such as MAP kinase-mediated pathways.

Using cultured endothelial cells, Dr. Bruneau and colleagues showed that siRNA knockdown
of DGKE induces ICAM-1, E-selectin, and tissue factor expression through the upregulation
of p38-MAPK-mediated signals, findings consistent with the activated and prothrombotic
endothelial phenotype of aHUS. DGKE knockdown also induced endothelial cell apoptosis
and impaired endothelial cell migration and angiogenic responses, supporting the hypothesis
that inactivating DGKE mutations could promote the development and maintenance of
vascular endothelial injury. In contrast, endothelial injury is caused by abnormal activation
and deposition of complement in most other forms of aHUS. The investigators then showed
that DGKe knockdown modulated the expression of some endothelial cell membrane
complement-regulatory proteins, markedly decreasing MCP (CD46) and slightly increasing
DAF (CD55) expression. Notably, it did so without increasing C3b deposition on those cells.

In summary, the experiments of Dr. Bruneau and colleagues bolster the argument that DGKe
deficiency, caused by inactivating, recessive DGKE mutations, results in activation and
damage of endothelial cells and causes aHUS independently of complement activation. Of
note, consumption of serum C3 has been reported in some patients with DGKE-associated
aHUS. The authors speculate that apoptotic DGKe-deficient endothelial cells could release
microparticles that promote cleavage of circulating C3, and that this secondary activation of
complement could amplify the endothelial damage that results from inactivation of DGKE.
Some patients with DGKE-associated aHUS have also been reported to harbor additional
mutations in genes of the complement system, which could modify disease severity and
possibly explain the low serum C3 levels of some patients. Complement-directed therapy
with eculizumab may not be effective for patients with isolated DGKE mutations. However,
this possibility should not prevent or delay empiric therapy with eculizumab when a

clinical diagnosis of aHUS is first made, because genetic diagnosis takes time, and some
patients with DGKE-associated aHUS may have secondary complement dysregulation.
Empiric eculizumab therapy can be stopped at a later time if it proves ineffective, and if a
non—-complement-mediated form of aHUS is eventually established. Finally, the reports of
aHUS associated with mutations in THBD (thrombomodulin),® PLG (plasminogen),® and
DGKE indicate that both the complement and coagulation systems can play a role in the
development of aHUS.
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Immunomodulation: An Interesting
Off-target Effect of Ibrutinib

Sagiv-Barfi I, Kohrt HE, Czerwinski DK, et al. Therapeutic antitumor
immunity by checkpoint blockade is enhanced by ibrutinib, an inhibitor
of both BTK and ITK. Proc Natl Acad Sci USA. 2015;112:E966-E972.

ntibodies that can inhibit negative regulators of T-cell activation
have been the subject of great interest recently, with blockade
of CTLA-4 and PD-1 or of PD-L1 showing impressive results in
clinical trials for a number of solid tumors, as well as Hodgkin
lymphoma.” There is also emerging evidence that small molecules with
activity in lymphoma, such as inhibitors of phosphoinositide-3-OH kinase
(PI-3K) p110 delta, may have effects upon T-cell responses,? raising
the possibility of additive or even synergistic effects between these
different classes of drugs. This study from the laboratory of Dr. Ronald
Levy at Stanford University extends this idea to the Bruton tyrosine
kinase inhibitor ibrutinib, which has shown activity against chronic
lymphocytic leukemia, mantle cell lymphoma, activated diffuse large
B-cell lymphoma and lymphoplasmacytic lymphoma, by inhibition of the
signaling pathways downstream of the B-cell receptor. Ibrutinib is also
an inhibitor of interleukin-2 inducible T-cell kinase (ITK), which is an
important mediator of survival for Th2 cells. These investigators therefore
hypothesized that ibrutinib might act as an immunomodulator by altering
the balance of Th1/Th2 response to tumors.

Initial experiments established that the syngeneic lymphoma cell line
A20 is insensitive to ibrutinib, both in vitro and in vivo, with no evidence
of cell killing or reduced tumor growth at doses up to 10 uM. Similarly,
A20 is not killed in vitro by anti—PD-L1 antibodies, despite expressing
high levels of the antigen, although there was evidence of slight growth
retardation in vivo. However, the combination of ibrutinib and anti-PD-L1
demonstrated much more substantial therapeutic effects in vivo, with
around half the mice cured after treatment of established lymphoma.
This effect was lost if the mice were depleted of T cells, suggesting an
active immune response. This was confirmed by the demonstration of
intracellular interferon-y in splenic T cells co-cultured with irradiated A20
cells, which was only detectable when the T cells came from animals
treated with the ibrutinib/anti—PD-L1 combination.

Further experiments confirmed similar findings with the ibrutinib-
insensitive J558 myeloma cell line and with two solid tumor cell lines:
4T1, a triple-negative breast cancer; and CT26, a colon cancer, neither
of which express Bruton tyrosine kinase. The in vivo therapeutic effect
was more impressive with the CT26 model, which is known to express

a murine leukemia virus antigen AH1. In mice treated with the ibrutinib/
anti—PD-L1 combination, AH1-specific CD8 cells were detectable in

the peripheral blood by MHC tetramer staining. Re-challenge of cured
animals with further doses of 108 CT26 cells demonstrated the presence
of immune memory, with resistance to their engraftment.

This study adds further evidence to the view that molecules that can
affect signaling pathways in malignant lymphocytes may also have
potent effects upon the normal cells of the immune system. That this
could be shown in a tumor model where the malignant cells lack any
Btk expression is particularly interesting, and it suggests that ibrutinib
may be able to augment weak T-cell responses in tumors that respond
less well to immunomodulating antibodies. The translation of this idea to
clinical investigation is appealing, though previous experience of severe
liver toxicity when vemurafinib was combined with ipilimumab highlights
the risks of uncontrolled autoimmunity and the need for caution in trial
design with this class of agents.

1. Ansell SM, Lesokhin AM, Borrello |, et al. PD-1 blockade with nivolumab in relapsed or
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Ebola Infection in Mice

Liidtke A, Oestereich L, Ruibal P, et al. Ebola virus disease in mice transplanted with human
hematopoietic stem cells. J Virol. 2015 [Epub ahead of print].

he current Ebola outbreak that started in March of last year in West Africa has caught the

attention of the world. The deaths attributed to this disease during the last year have now

surpassed all of the other known Ebola outbreaks combined. As of March 4, 2015, the

World Health Organization (WHO) has reported 23,934 total confirmed cases of Ebola,
with 9,792 cumulative deaths. In the three hardest hit countries, Guinea, Liberia, and Sierra Leone,
491 of these deaths were health workers caring for sick patients.

While Africa has undoubtedly been the most affected, Ebola is no longer a disease with borders,
as the Centers for Disease Control and Prevention (CDC) confirmed the first laboratory-verified
case of Ebola in the United States on September 30, 2014, in a man who traveled to Dallas,
Texas, from Liberia. He died on October 8, 2014, and subsequently, two health-care workers at
Texas Presbyterian Hospital tested positive for Ebola. A fourth case, in a physician who had served
with Doctors Without Borders, was confirmed in New York City. Though he diligently tracked his
exposure risk this physician still was infected by the virus. His personal account of his experience is
worth reading.'

Several therapies to treat or prevent Ebola are under development, though none have passed
phase | development.? Largely, our ability to develop and test novel therapies for subsequent
clinical trials is based on small animal models of disease. Advances in Ebola research have been
slowed by the lack of an appropriate small animal model, leaving only animal models such as
non-human primates (NHP) that are considerably more expensive, lack the plethora of tools and
reagents that we can use with rodents, and are often mired with ethical concerns. To infect mice
with Ebola, researchers have used a mouse-adapted strain of Ebola Zaire, which was formed by
infecting newborn mice with Ebola and serially passaging the virus in progressively older suckling
mice, eventually obtaining a plaque-purified virus that was lethal for adult mice.® However, while the
adult mice can be infected, they die very quickly and don't demonstrate the classic symptoms of
disease that are exhibited in human infection.

Last October, a report in Science* out of the Katze lab from the University of Washington was able
to recapitulate many of the human disease symptoms, by infecting a genetically diverse strain of
mice from the Collaborative Cross mouse,® which was generated from founders from five classical
inbred strains. While traditional laboratory mice represent approximately 15 percent of the genetic
variability in mice, the Collaborative Cross strains capture roughly 90 percent of the common
genetic variation amongst the three subspecies of mice. Using these genetically diverse mice
resulted in some infected animals with symptoms, such as hemorrhagic disease or fatal hepatitis,
similar to what is observed in man. However, this model was still only possible with mouse-adapted
virus and not with the actual human strain.

A new report published in the Journal of Virology from Dr. Anja Ludtke and colleagues from the
Heinrich Pette Institute, Leibniz Institute for Experimental Virology in Germany, describes a mouse
model now capable of being infected with the human variant of Ebola Zaire. To accomplish this
model, the research team took advantage of an immunodeficient mouse strain, NSG, and irradiated
and subsequently transplanted these mice with human CD34+ cells. After eight to 12 weeks
post-transplantation, these mice then had a functioning human hematopoietic system with fully
differentiated human lymphocytes and myeloid cells. Depending on the individual transplantation,
mice varied in their degree of human chimerism, and were separated into a “low” engraftment
group (20% to 40% human chimerism) and a “high” engraftment group (>40% human chimerism).
These groups of mice were infected with the human Ebola Zaire virus, resulting in death in 75
percent of the low group and 100 percent of the high group by day 20 post-infection. As is
observed in human disease, both groups of infected mice had high viremia, with blood viral titers of
up to 10° focus-forming units (FFU)/mL at the peak of disease. Intriguingly, necropsies of infected
mice showed liver steatosis, and in one animal, the authors observed areas of focal hemorrhage
and necrosis in the liver. Splenomegaly was also seen in the Ebola-infected mice, along with
considerable lymphocyte infiltrates in the spleen and lipid droplet deposits in the liver.

This demonstration of a humanized mouse capable of being infected with human Ebola Zaire
represents the first small animal model of the disease that reproduces the typical features of
Ebola infection in humans, including viremia, cell damage, liver steatosis, signs of hemorrhage,
and lethality. This study adds to the growing list of humanized mouse models to study infections,®”
including the humanized BLT (bone marrow, liver, and thymus) mouse now used for HIV research,
that will help to reduce the amount of expensive and limited NHP research typically used in these
fields. Given the presence of a human immune system capable of being infected with the human
virus, this new mouse model of Ebola disease may serve as a viable research tool for preclinical
development of novel antivirals and vaccines to combat this deadly epidemic.
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Clinical Trials Corner

Antibody Therapy for the Treatment of
Relapsed ALL

STUDY TITLE: Risk-Stratified Randomized Phase III Testing
of Blinatumomab (IND# 100135, NSC#765986) in First
Relapse of Childhood B-Lymphoblastic Leukemia (B-ALL)

CLINICALTRIALS.GOV IDENTIFIER: NCT02101853
SPONSOR: National Cancer Institute
COORDINATOR: Children’s Oncology Group

PARTICIPATING CENTERS: Multiple sites in the United
States and other countries

ACCRUAL GOAL: 598 patients

STUDY DESIGN: A risk-stratified randomized phase III trial
will test whether the incorporation of blinatumomab into

a multiagent chemotherapy regimen improves disease-

free survival (DFS) for patients with a first relapse of
B-lymphoblastic leukemia (B-ALL). Patients aged one to

30 years are risk-stratified based on the site and timing

of relapse as well as response to a uniform first block

of standard re-induction chemotherapy. Subjects are
subsequently randomized 1:1 to receive a blinatumomab-
containing multiagent chemotherapy regimen versus a
control regimen consisting of a multiagent chemotherapy
alone. Subjects with treatment failures are non-randomly
assigned to receive blinatumomab, and eligible intermediate-
and high-risk subjects proceed to hematopoietic stem

cell transplantation (HSCT) following three treatment
blocks (Figure). Secondary outcomes include rates of
negative minimal residual disease (MRD), rates of second
morphologic remission, proportion of patients who proceed
to HSCT after treatment with blinatumomab, and safety and

feasibility of rapid taper of immune suppression following
HSCT in subjects with MRD = 0.01 percent pre- and/or post-
HSCT with no acute graft versus host disease (GVHD).

RATIONALE: While outcomes for pediatric patients with
newly diagnosed B-ALL have improved dramatically in
recent decades, outcomes for relapsed disease remain poor.
This has prompted efforts to incorporate novel agents into
traditional treatment regimens, including several new classes
of immunotherapeutics (Barth M, et al. 2012;159:3-17; Ai J. Br
J Haematol. 2015;168:471-480). Potential advantages of this
class of agents include their unique mechanisms of action
and non-overlapping toxicity profiles.

Blinatumomab is a bispecific T-cell engager (BiTE®) single-
chain antibody construct that directs CD3-positive T cells

to CD19-expressing leukemic blasts to effect cell lysis.
Preliminary results with this agent have been promising,

and the U.S. Food and Drug Administration (FDA) granted
accelerated approval for blinatumomab for the treatment

of adults with Philadelphia chromosome-negative relapsed
or refractory precursor B-cell ALL in December 2014
(Sanford M. Drugs. 2015;75:321-327). In a recently completed
multicenter, single-arm, open-label phase Il trial in 189 adults
with relapsed or refractory B-ALL (NCT(01466179), 43 percent
of patients achieved a complete remission or complete
remission with partial hematological recovery within the first
two cycles of single-agent blinatumomab. Notably, 82 percent
of responders achieved MRD negativity (< 10%), and 52
percent who had not had a previous transplant were able to
proceed to HSCT (Topp MS, et al. Lancet Oncol. 2015;16:57-
66). Blinatumomab has also been investigated as a single
agent in pediatric patients. In a recently completed phase I/
trial, children younger than 18 years of age with a second or
greater number of marrow B-ALL relapses, refractory B-ALL,
or any marrow relapse after HSCT received blinatumomab by
28-day continuous infusion for up to five cycles (Gore L, et al.
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Blood. 2014;124:abstr 3703; von Stackelberg A, et al. Blood.
2014;124:abstr 2292). Notable toxicities included neurological
events and cytokine release syndrome (CRS). The MTD was
established at 15 pg/m?/day in the phase I stage of the study.
To decrease the risk of CRS, a stepwise dosing schedule

of 5 pg/m?/day for seven days followed by 15 pg/m?/day

was recommended for the phase Il portion of the study.
Complete remissions were achieved within the first two
cycles in 39 percent of children treated with stepwise dosing
in both phase I and II (n = 70), and 48 percent achieved MRD
negativity, with a median relapse-free survival of 5.2 months.
Grade 3 or 4 CRS developed in only 6 percent of patients, and
overall side effects were generally reversible.

Based on this demonstrated safety and promising single-
agent activity in highly refractory patient populations,

the Children’s Oncology Group developed this phase

Il randomized trial incorporating blinatumomab into a
traditional chemotherapy-based regimen for relapsed B-ALL.
The majority of patients receive blinatumomab after they
have achieved a second remission, thereby reducing the risk
of CRS. MRD pre- or post-transplant and the lack of acute
GVHD portend a greater risk for treatment failures (Pulsipher
MA, et al. Blood. 2014;123:2017-2025), and this trial also is
investigating whether rapid taper of immunosuppression will
improve outcomes in these cases.

COMMENT: There are several noteworthy features of this
trial. In addition to investigating a promising new agent, this
trial represents a paradigm shift away from studies designed
to test a new agent in small subsets of relapsed ALL patients
(e.g., low risk, high risk) using non-randomized historical
control outcome comparisons. This trial will improve
efficiency for participating centers as it will encompass all
B-ALL relapses and the limitations associated with historical
outcome comparisons will be avoided. Another unique
feature of this trial is the investigation of the feasibility of

a post-transplantation intervention (i.e., rapid tapering of
immune suppression) in an effort to reduce subsequent
relapses among those with the highest risk features. Finally,
this trial includes a number of interesting correlative studies
that offer promise for refining risk assessment, abrogating
toxicities, and predicting response to blinatumomab.

-Elizabeth Raetz, MD

Dr. Raetz indicated no relevant conflicts of interest.

A New Challenger for FCR in CLL:
Ibrutinib + Rituximab

STUDY TITLE: A Randomized Phase III Study of
Ibrutinib (PCI-32765)-Based Therapy vs Standard
Fludarabine, Cyclophosphamide, and Rituximab (FCR)
Chemoimmunotherapy in Untreated Younger Patients
With Chronic Lymphocytic Leukemia (CLL)

CLINICALTRIALS.GOV IDENTIFIER: NCT02048813
SPONSOR: National Cancer Institute

COORDINATOR: Cancer Trials Support Unit, National
Cancer Institute

PARTICIPATING CENTERS: More than 600 sites in the United
States

ACCRUAL GOAL: 519

STUDY DESIGN: This is a phase Ill randomized trial, with a
two-to-one randomization to the ibrutinib arm (arm A) of 346
patients and to the FCR control arm (arm B) of 173 patients.

Inclusion criteria include a diagnosis of CLL according to
the National Cancer Institute or International Workshop on
CLL criteria, no prior chemotherapy or antibody therapy
for CLL or for small lymphocytic lymphoma, at least one
criterion for initiation of treatment, ages 18 through 70
years, ECOG performance status 0 to 2, life expectancy of
12 months or longer, no deletion of 17p13 by fluorescence
in-situ hybridization (FISH), and adequate renal and
hepatic function. The acceptable criteria for initiation of
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treatment include anemia, thrombocytopenia, symptomatic
or progressive lymphadenopathy or hepatosplenomegaly,
weight loss, moderate fatigue, fever, and night sweats.
Exclusion criteria include active hemolytic anemia,
corticosteroids = 10 mg prednisone daily, active prior
malignancy with certain exceptions, major surgery or
radiation therapy within four weeks, active hepatitis,
pregnancy, cardiac disease, or a cerebrovascular accident.
Treatment on arm A consists of oral ibrutinib with IV
rituximab for seven cycles, then continuous oral ibrutinib
until disease progression; arm B consists of six cycles of
fludarabine and cyclophosphamide IV daily for three days
and rituximab on day 1 of each cycle except split dosing on
days 1 and 2 for cycle 1.

The primary objective of the trial is to assess the ability of
ibrutinib-based induction therapy to prolong progression-
free survival (PFS) as compared with FCR, the standard
chemoimmunotherapy regimen. Secondary objectives
include evaluation of overall survival (OS), relative toxicity,
quality of life (both short and long term), correlation of
pretreatment characteristics with outcomes, longitudinal
evaluation of minimal residual disease (MRD), genetic
examination and monitoring of clonal evolution, examination
of T-cell function, and signaling networks downstream of
the B-cell receptor. A prognostic model that incorporates
clinical and biologic characteristics will be used to predict
PFS and OS. Laboratory specimens will be collected for
biomarker and diagnostic analysis, and relapse specimens
will be collected to analyze for mechanisms of resistance.

RATIONALE: FCR has exhibited a high response rate — 95
percent overall with a 72 percent complete response

(CR) - and an excellent duration of response with median
time to progression of 80 months, especially for patients
who achieve a CR without MRD, for whom the median

time to progression is 89 months (Tam CS, et al. Blood.
2008;112:975-980). In two meta analyses of upfront regimens
for CLL, FCR has been the leader in terms of PFS and/or

OS (Messori A, et al. Ann Hematol. 2015 [Epub ahead of
print]; Ladyzynski P, et al. Cancer Treat Rev. 2015;41:77-93).
However, FCR is an intensive regimen, with a high rate of
serious adverse events, such as cytopenias and infections.
In particular, FCR can be difficult for older patients (Shah

N, et al. Leuk Lymphoma. 2014;1-12 [Epub ahead of print]),
and as 70 is the average age at diagnosis of CLL, the regimen
is perceived as too toxic for many individuals. Moreover,
prolonged cytopenias (19% lasting > three months; Tam

CS, et al. Blood. 2008;112:975-980), and therapy-related
myelodysplastic syndrome/acute myeloid leukemia are ever-
present concerns (Benjamini O, et al. Leuk Lymphoma. 2014
[Epub ahead of print]).

Ibrutinib, a Bruton tyrosine kinase inhibitor, has been a
successful therapy for several B-cell malignancies, and it has
received U.S. Food and Drug Administration approval for
mantle cell lymphoma with at least one prior treatment, CLL
with at least one prior treatment, upfront CLL with dell7p,
and Waldenstrom macroglobulinemia. These approvals
have been in rapid succession between November 2013 and
January 2015, with impressive results even as a single agent.

There are ongoing trials in follicular lymphoma, central
nervous system lymphoma, multiple myeloma, diffuse large
B-cell lymphoma, and other cancers, as well as combination
trials for many indications. The combination of ibrutinib
and rituximab has been studied in phase II trials in CLL
(Burger JA, et al. Lancet Oncol. 2014;15:1090-1099). There
have also been reports that ibrutinib interferes with the
response of CLL cells to rituximab in laboratory studies (Da
Roit F, et al. Haematologica. 2015;100:77-86; Borge M, et al.
Haematologica. 2015 [Epub ahead of print]), which may have
implications for the efficacy of the combination in the clinic.

COMMENT: FCR has remained the standard intensive
treatment for CLL for a decade, but IR will certainly be a
formidable opponent in the randomized study. It remains
to be seen whether there will be similar rates of failure
and development of resistance and whether there will be
different rates of PFS and OS. Moreover, the trial includes
laboratory correlative studies that will likely reveal clinical
features and, possibly, biomarkers or molecular signatures
associated with response to the two regimens.

—Pamela S. Becker, MD, PhD

Dr. Becker is a member of the Southwest Oncology
Group, and her institution will be participating in the
trial.

Navigating Future Challenges in Lymphoma: A Map for the Road Ahead

(Cont. from page 1)

2. The outcomes for some patients, including many with
peripheral T-cell lymphomas (PTCL) or with “double-hit
lymphomas” that harbor rearrangements of both MYC and
BCL2, remain dismal.

3. The investigation of rare lymphoma subtypes is limited by
inadequate numbers of representative cell lines and in vivo
models, and by the incomplete characterization of genetic,
epigenetic, transcriptional, proteomic, and metabolomic
landscapes across each subtype. Notably, DLBCL was
the only lymphoma subtype included in The Cancer
Genome Atlas (TCGA) project, and DLBCL sequencing was
prematurely discontinued because of a lack of adequate
sample procurement.

4. Insufficient collaboration exists across centers, which
reduces both the cross-fertilization of expertise and the
availability of specimens.

Each of these challenges limits the expedient development
of novel therapies for patients with lymphoma. Yet,

National Institutes of Health (NIH) funding for research and
cooperative trial groups has been significantly curtailed.

To address this disconnect between available funding and
the extraordinary opportunity for advances in lymphoma
treatment, experts within the lymphoma biology community
gathered to establish a set of priorities for future research
and infrastructure efforts. The roadmap developed by

the steering committee of the ASH Meeting on Lymphoma
Biology includes a list of such priorities for future research
and infrastructure that are meant to facilitate the next
generation of major advances in lymphoma treatment. These
priorities are intended to drive funding allocations at the NIH
and other governmental agencies, to support advocacy, and
to direct effort and resources toward the areas of greatest
potential benefit.

The priorities outlined in the roadmap are generally
ambitious but are intended to be realistic targets for a
five-year funding cycle. For example, the roadmap calls

for the whole genome sequencing, RNA sequencing, and
phosphoproteome analysis of = 500 primary specimens (with
paired germline sequencing) from each common lymphoma
subtype and = 50 from each less common subtype. While
this number of samples will not allow for a comprehensive
catalog of the lymphoma landscape, it will capture a very
large fraction of the heterogeneity across lymphomas.
Similarly, genome-wide screens across all relevant lymphoma
cell lines will help define a broad range of dependencies

and synthetic lethal interactions with current therapies
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that can be exploited with novel agents. Recent studies
demonstrating the remarkable activity of some immune
therapies in patients with mature lymphoid malignancies®*
indicate that efforts to understand and modulate both the
immune response and lymphoma microenvironment should
also be high priorities.

The establishment of cell line and in vivo models for
subtypes that currently lack models (e.g., many low-grade
lymphomas and subtypes of PTCL) is a high priority. As
techniques advance for generating these reagents, the
number of representative models should increase with our
understanding of the genetic and epigenetic underpinnings
of lymphoma. Optimally, the models and associated genomic
characterization would be available from repositories

that foster the greatest possible distribution to both
academic and industry investigators. Models for this kind
of distribution (e.g., ATCC, JAX, WiCell) already exist and,
with appropriate safeguards for patient confidentiality and
informed consent, could be extended to large numbers of
lymphoma cell lines, primary cell cultures, patient-derived
xenografts, genetically engineered mouse models, and
spontaneous tumor models.

In parallel with strengthening multicenter collaboration to
expand our understanding of lymphoma biology, similar
efforts to improve infrastructure are required with respect
to therapeutics. As an increasing number of biologically
defined subsets of lymphoma are elucidated, identifying
patients appropriate for rationally designed trials will
become more challenging. Current therapies are either
curative or able to induce long remissions across a range

of lymphomas. Thus, the identification of patients who

are likely to have poor outcomes with current therapies

is a high priority. This may involve the development of
prognostic indices that incorporate biologic determinants of
risk with clinical factors. Validated indices can then be used
to stratify patients in clinical trials. Novel study designs and
biomarker-driven endpoints are also necessary, as is the
participation of many sites to accrue adequate numbers

of patients. Streamlining the current regulatory and
administrative processes to conduct clinical trials is critical,
as the translation from the laboratory to the clinic remains
unnecessarily slow. Additionally, clinical trials should
incorporate re-biopsies as a routine standard whenever
possible. This is essential for supporting the identification
of response biomarkers, the elucidation of mechanisms of
therapeutic resistance, and the development of primary
resistance models that can be tested with next-generation

agents. Only a small fraction of current studies meet this
standard, and funding to support re-biopsies and correlative
studies remains difficult to procure.

Finally, advocacy for lymphoma research and clinical trial
participation is as essential as ever. An ironic consequence
of success in the treatment of lymphomas is that the

public health need for newer therapies has diminished in
comparison with epithelial malignancies, which are not only
more common, but also associated with higher mortality
rates. During the last two decades, a larger fraction of
research funding has come from non-governmental sources,
including societies such as the Leukemia and Lymphoma
Society, American Cancer Society, and ASH. Supporting the
growth of these organizations and maintaining pressure on
federal, state, and local governments to support lymphoma
research will be essential to accomplish many of the other
priorities and thereby to improve the treatment of patients
with these diseases.

The published roadmap is simply a template and will mature
as new priorities develop and others are accomplished.
Another ASH Meeting on Lymphoma Biology is planned

for June 2016. Suggestions from the research community,
pharma, advocacy groups, and patients for the current
roadmap are welcome and can be posted at www.
hematology.org/lymphoma-roadmap. Read this article online
at www.hematology.org/TheHematologist/Features/4003.aspx
and download an exclusive podcast with the authors and
other web-only content.

Dr. LaCasce indicated no relevant conflicts of interest.
Dr. Weinstock is a paid consultant by Novartis and
Roche; he receives research support from Novartis.
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Post-Fellowship Career Decision-Making in a Changing

Hematology Practice Landscape

TEJASWINI DHAWALE, MD

Senior Hematology and Oncology Fellow, University of Washington/Fred Hutchinson Cancer Research Center, Seattle, WA

A survey of practice-based hematologists
that was recently commissioned by ASH’s
Committee on Practice highlighted the
changing nature of clinical hematology.
Fellows completing their training will
inevitably encounter a dynamic landscape as they enter
the workforce. With this in mind, it is worth examining
the unique opportunities and challenges that hematology
fellows face during this transition, and how fellows may
be modifying their clinical training in response to these
changes.

Workforce Shortage Predictions and Job
Opportunities

In ASH’s Committee on Practice survey, one in four
respondents (24%) indicated that they were considering
retirement in the next five years. Over the next 10 years,
the physician retirement rate, combined with changing
population demographics and Medicare use patterns are
estimated to increase the overall demand for hematology
and oncology services by 40 percent, whereas the supply
of full-time equivalent hematologist-oncologists may only
grow by 25 percent.! Additionally, with the implementation
of the Affordable Care Act, approximately 25 million
Americans will gain insurance coverage by 2017.2 These
newly insured individuals are projected to increase
demand for hematology-oncology services by 500,000 visits
in 2025 alone.!

Though practicing physicians have voiced concern that
physician shortages will lead to demands for increased
physician productivity, current fellows in training view
the open job market as one with increasing employment
opportunities and job security. In fact, 42 percent of
physicians responding to ASH’s survey indicated they are
actively recruiting new hematologists into their group.?
While practices owned by academic medical centers are
the most active in recruiting new physicians, 40 percent of
fellows training at academic institutions are choosing to
pursue diverse opportunities in private practice, industry,
and government.*

Blurred Lines and Practice Changes

Interest in alternative career paths may not only be driven
by decreased federal research funding, but also by the
fact that the distinction between careers in academic and
nonacademic practice careers is becoming less clear.
Opportunities for both research and patient care can

now be found throughout traditional private practice,
industry, and academic settings. In fact, an impressive

95 percent of practice-based hematologists participate

in clinical research.? Fellows considering careers in
practice-based hematology are more likely take note of
declining reimbursements for medical services, increasing
costs related to running private practices, and the trend
toward practice affiliation with large institutions when
contemplating practice-based careers. In response to
these changes, fellows are not only adapting their career
decisions, but also choosing to modify their training
environment.

Who is the Hematology Fellow?

The average hematology fellowship graduate enters the
workforce having spent a minimum of 10 years in graduate
training (four years of medical school, three years of
internal medicine or pediatric residency, and three years
of fellowship training). A small subset will have advanced
degrees, including PhDs, and will enter training much older
than their counterparts. Most fellows commencing training
are in their mid-30s, and many have young families. The
degree of educational debt varies, but one nationwide

14

study found that 37 percent of hematology-oncology
fellows have more than $100,000 of debt.* Women make
up 48 percent of fellows in hematology-oncology training
programs, and international medical graduates comprise
43 percent.’

Factors influencing career paths are a function of
individual fellows’ professional goals, expectations of
personal time, financial obligations, and mentorship.
Some fellows prioritize financial compensation, restricted
call duties, predictable work hours, and time for leisure
activities, while others may choose job opportunities
based on their desire to teach, interest in research, or
perception of academic prestige.®%?

Emerging Trends in Post-Fellowship Career
Choices

Despite the diversity of factors that influence fellows’
career paths, there appear to be several emerging
trends. Most fellows (69%) report that geographical
location is one of the most important factors informing
subsequent career choices.® While job openings are
available throughout the United States, desirability and
compensation vary considerably. At present, there is a
greater demand for jobs within large metropolitan hubs
where the job market is relatively saturated. As a result,
fellows are often seeking jobs in higher-cost-of-living
environments with a paucity of opportunities, rather than
less-densely populated areas where compensation and
demand may be higher.

Interestingly, the factors of relative compensation and/
or loan burden may not be as strong in influencing
post-fellowship career choices as previously thought.
One study conducted by Dr. Leora Horn and colleagues
demonstrated that a higher percentage of fellows with
an interest in academic careers had cumulative debt
loads of greater than $100,000 when compared to their
counterparts pursuing nonacademic careers.*

Beyond compensation, it appears that many new job
seekers are increasingly conscious of controllable lifestyle
factors. In fact, when the American Society of Blood and
Marrow Transplantation polled fellows asking whether
increased compensation or improved work-life balance
(WLB) would motivate their entry into the field, it was
apparent that WLB was a more potent factor in driving
career decisions.’ The priority that fellows place on WLB
should come as no surprise since many have spent the
preceding five years of training working 60 to 80 hours

a week while concurrently raising children, caring for
aging parents, and investing time in personally meaningful
activities. Various studies have shown that fellows

suffer higher rates of burnout and emotional exhaustion
when compared with population control samples, so it

is natural for these factors to influence post-fellowship
career plans.

Fellows are Changing Their Training in
Response to This Changing Landscape

Given these changes in the hematology workforce, fellows
are modifying their training agendas. With the knowledge
that mentorship is critical to optimizing future career

fit, fellows are seeking mentors with whom they not only
share professional interests, but who are also able to
model balance in their personal lives. Engaging in “team-
based” science is one method to increase efficiency and
productivity while still protecting personal time. To
achieve this, fellows may align themselves with mentors
who are able to provide connections with productive
collaborative groups. Similarly, on the clinical side,
fellows are recognizing the need to balance organizational

PERSPECTIVE

pressure for increased productivity with the maintenance
of WLB. To that end, in programs throughout the United
States, fellows are learning how to work collaboratively
with advanced practice providers to deliver team-based
care.

Fellowship is a privileged time during which trainees
have the flexibility to augment and diversify their
marketable skill set. In this regard, fellows’ pursuit

of advanced degrees or classes in education,
epidemiology, pharmacology, and clinical research

is now commonplace. For example, the University of
Washington created a Clinical Biostatistics class that
incorporates expert teaching from both academic and
industry settings. Industry has likewise created training
opportunities; for example, Genentech’s Clinical Fellows
Program provides a one-year training grant that allows
fellows to complete their own clinical research project,
while obtaining training in decision-making about novel
therapeutics.!’

Persistent Challenges

The current training experience offered by most
hematology programs provides minimal exposure to less
traditional career choices. Additionally, fellows often
complete their training without sufficient knowledge of
the administrative and business demands of practice,
promotion requirements for distinct career paths, and
funding requirements. Without this exposure, fellows
may underestimate the demands of their chosen

careers and subsequently experience significant career
dissatisfaction.57

To address these shortcomings, the ASH Trainee Council,
working with the Committee on Training, has developed a
number of tools and programs to help fellows during this
period of transition. During the ASH annual meeting, both
early and later-career speakers from academia, industry,
government, and community-based practice provide
didactics and break-out sessions that focus on mentoring,
the diversity of career tracks, early career development,
and job-seeking strategies. The Council has also created
Career Development Timelines (www.hematology.org/
Career/Timelines) tailored to the unique needs of MDs
and MD-PhDs to help them transition from training to
their first job. Additionally, the Council maintains a Grants
Clearinghouse list on the ASH website (www.hematology.
org/Fellows/Grants2015) to highlight funding opportunites
during and after the fellowship period.

The role of social media and networking could be further
developed to help fellows find their ideal work niche.
Online professional networking hubs such as Doximity
and LinkedIn could be used to connect fellows not only to
jobs, but to more formal mentoring as well. Online social
networks and media have the advantage of overcoming
geographical barriers to showcase the diversity of

career opportunities in hematology—from newly minted
hematologists to medical students contemplating future
careers.

Epilogue

Fellows are entering the workforce during a time when
the demand for physician productivity will sharply rise
due to major shifts in population demographics and
insurance coverage. How fellows choose to practice
hematology will ultimately be a function of their ability
to understand the changing landscape. It is therefore
imperative that fellows are provided with, and actively
seek, opportunities to decipher the social, economic, and
political forces currently affecting practice. With such
insight, fellows, working together with their local training
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Dr. Bob Léwenberg (Editor-in-Chief) and Dr. Nancy Berliner
(Deputy Editor-in-Chief) have combined efforts to identify
some of the most outstanding Blood articles that have
appeared either in print or online during the two-month
interval between issues of The Hematologist. The goal is
to underscore the remarkable research that is published in
Blood and to highlight the exciting progress that is being
made in the field.

JANUARY 29, 2015

Peffault de Latour R, Fremeaux-Bacchi V, Porcher R, et

al. Assessing complement blockade in patients with
paroxysmal nocturnal hemoglobinuria receiving eculizumab.
Blood. 2015;125:775-783.

Paroxysmal nocturnal hemoglobinuria (PNH) is a clonal
disorder associated with intravascular and extravascular
complement-mediated hemolysis. Intravascular hemolysis
is effectively controlled by eculizumab, but there are few
data reflecting monitoring of the effect of the drug. In this
week’s Blood, Dr. Régis Peffault de Latour and colleagues
report that effective complement blockade can be moni-
tored quite simply by assessment of 50 percent hemolytic
complement activity, which correlates with lactate dehy-
drogenase levels and need for breakthrough transfusions.
This should prove an invaluable method for monitoring
effectiveness of eculizumab and distinguishing inadequate
dosing from other causes of breakthrough hemolysis, no-
tably extravascular hemolysis.

Balakumaran A, Mishra P, Pawelczyk E, et al. Bone marrow
skeletal stem/progenitor cell defects in dyskeratosis
congenita and telomere biology disorders. Blood.
2015;125:793-802.

Telomere biology disorders (TBDs) are a heterogeneous
group of syndromes caused by germline mutations in genes
required for telomere biology. Manifestations of TBDs range
from isolated bone marrow failure to multisystem disor-
ders. The frequent development of aplastic anemia (AA)
has been attributed to telomere attrition in hematopoietic
stem cells. In this week’s Blood, Dr. Arun Balakumaran and
colleagues demonstrate that skeletal stem/progenitor cells
from patients with TBDs are unable to support hematopoi-
esis and give rise to a marrow that mirrors some histologic
features of AA marrow. They suggest that telomere dysfunc-
tion in bone progenitors may also contribute to AA through
dysfunction of the bone marrow microenvironment.

FEBRUARY 19, 2015

Pettirossi V, Santi A, Imperi E, et al. BRAF inhibitors reverse
the unique molecular signature and phenotype of hairy

cell leukemia and exert potent antileukemic activity. Blood.
2015;125:1207-1216.

The V600E kinase-activating mutation of BRAF profoundly
shapes the distinct identity of hairy cell leukemia (HCL)
among B-cell neoplasms. BRAF V600E acts as a defining
and driving mutation in this form of chronic leukemia.
The plenary paper by Dr. Valentina Pettirossi and col-
leagues in this week’s Blood explores the mechanistic
basis and molecular impact of target inhibition in hairy
cell leukemia. The investigators demonstrate the signifi-
cance of the BRAF-MEK-ERK pathway in the biology of
HCL, and give further credence to the potent antileukemic
activity of clinically available BRAF and MEK inhibitors in
this disease.

FEBRUARY 26, 2015

Lindsley R, Mar B, Mazzola E, et al. Acute myeloid leukemia
ontogeny is defined by distinct somatic mutations. Blood.
2015;125:1367-1376.

The poor outcome of acute myeloid leukemia (AML) in el-
derly patients is partly attributed to an increased incidence
of underlying myelodysplasia, but outcomes are also often
poor in elderly patients with de novo AML. In this week’s
plenary paper in Blood, Dr. R. Coleman Lindsley and col-
leagues provide critical insight into this observation. In

an elegant targeted mutational analysis of secondary AML
(s-AML), treatment-related AML, and unselected AML, they
confirm that mutation in one of eight genes (SRSF2, SF3B1,
U2AF1, ZRSR2, ASXL1, EZH2, BCOR, or STAG2) predicts

for secondary AML. In the 67 cases of de novo AML in the
unselected series, 42 patients were over age 65, and one
third of them had s-AML mutations. These patients had the
predicted poor prognosis; perhaps more important is the
observation that those patients without these mutations
treated with standard AML therapy had a response that mir-
rored that of younger de novo AML patients. This important
study will lead the way to a better understanding of AML
heterogeneity and inform the appropriate choice of therapy.

Omuro A, Correa D, DeAngelis L, et al. R-MPV followed
by high-dose chemotherapy with TBC and autologous
stem-cell transplant for newly diagnosed primary CNS
lymphoma. Blood. 2015;125:1403-1410.

The mainstay of treatment for primary central nervous
system lymphoma (PCNSL) has been high-dose metho-
trexate (MTX), often in combination with high-dose cyta-
rabine. This has improved survival of the disease, which
with supportive care has a median survival of less than
four months, to about 40 to 50 percent at three years.

In this week’s Blood, Dr. Antonio Omuro and colleagues
report results of a phase Il trial combining MTX and ritux-
imab-based combination therapy with high-dose therapy
and autologous stem cell transplantation in newly diag-
nosed PCNSL. Two-year progression-free survival was

79 percent, and overall survival was 81 percent. Further-
more, they document that there was little or no detect-
able neurotoxicity associated with this regimen. These
highly encouraging results suggest that a phase Il trial is

warranted and is likely to change the standard of care for
this devastating disease.

Goel R, Ness P, Takemoto C, et al. Platelet transfusions
in platelet consumptive disorders are associated with
arterial thrombosis and in-hospital mortality. Blood.
2015;125:1470-1476.

Although platelet transfusions are generally thought to

be relatively contraindicated in patients with thrombotic
thrombocytopenic purpura (TTP) and heparin-induced
thrombocytopenia (HIT), their safety has been a focus of
ongoing controversy. In this week’s Blood, Dr. Ruchika Goel
and colleagues report on a survey of the Nationwide Inpa-
tient Sample to evaluate a potential association between
platelet transfusion and thrombosis in 10,624 hospitaliza-
tions with TTP, 6,332 with HIT, and 79,980 with immune
thrombocytopenic purpura (ITP). There was a significant
association between platelet transfusion and arterial throm-
botic events and mortality in the setting of HIT and TTP, but
no such association was seen with ITP. These results sup-
port the traditional caution regarding platelet transfusion in
the setting of platelet consumption disorders.

MARCH 5, 2015

Meng R, Wu J, Harper DC. Defective release of a-granule
and lysosome contents from platelets in mouse Hermansky-
Pudlak syndrome models.

Sharda A, Kim S, Jasuja R, et al. Defective PDI release from
platelets and endothelial cells impairs thrombus formation in
Hermansky-Pudlak syndrome. Blood. 2015;125:1633-1642.

Many of the inherited platelet bleeding disorders affect

the formation of specialized storage compartments within
platelets, termed lysosome-related organelles. In two paral-
lel publications in this issue of Blood, Dr. Ronghua Meng et
al and Dr. Anish Sharda and colleagues use the Hermansky-
Pudlak syndrome (HPS) as a model to show that ADP
released by dense granules serves as an autocrine signal
to potentiate platelet release of a-granule and lysosome
cargo and protein disulfide isomerase (PDI), all of which
serve to stabilize thrombus formation. Thus, the authors
of these papers present evidence that the dense granule is
the source of an autocrine signal. These data provide criti-
cal insights into the pathogenesis of defective thrombus
formation in HPS and also furnish a novel perspective on
understanding hemostasis in general.

Bernaudin F, Verlhac S, Arnaud C, et al. Chronic acute anemia
and extracranial internal carotid stenosis are risk factors

for silent cerebral infarcts in sickle cell anemia. Blood.
2015;125:1653-1661.

Dr. Francoise Bernaudin et al identify the rate of acute anemic
events and extracranial internal carotid artery stenosis as
risk factors for silent cerebral infarction (SCI) in children
with sickle cell disease. Although these “silent” permanent
brain lesions do not produce obvious focal neurologic
deficits, they can cause neurocognitive impairment and poor
academic performance and also portend overt stroke. SCI
occurs as early as in the first year of life, and its prevalence
increases with age. The study published in this week’s Blood
establishes the rate of acute anemic events and extracranial
internal carotid stenosis as significant and independent risk
factors for silent cerebral infarcts.

programs and ASH, will be able to better shape their own
destinies.

Dr. Dhawale indicated no relevant conflicts of interest.

1. Yang W, Williams JH, Hogan PF, et al. Projected supply of and
demand for oncologists and radiation oncologists through 2025:
an aging, better-insured population will result in shortage. J
Oncol Pract. 2014;10:39-45.

Health Care that Works for Americans. The White House.

Adapting to Changes in Practice-Based Hematology. ASH
Clinical News. Available at http://ashclinicalnews.org/

The Hematologist: ASH NEWS AND REPORTS

adapting-to-changes-in-practice-based-hematology/. Last
accessed April 13, 2015.

4. Horn L, Koehler E, Gilbert J, et al. Factors associated with the

career choices of hematology and medical oncology fellows
trained at academic institutions in the United States. J Clin
Oncol. 2011;29:3932-3938.

Physician Specialty Data Book 2014. AAMC. 2014.

6. Dyrbye LN, West CP, Satele D, et al. Burnout among U.S. medical

students, residents, and early career physicians relative to the
general U.S. population. Acad Med. 2014;89:443-451.

7. Shanafelt TD, Raymond M, Horn L, et al. Oncology fellows’ career

plans, expectations, and well-being: do fellows know what they
are getting into? J Clin Oncol. 2014;32:2991-2997.

8. Lyle JL, Vandergrift JL, Hinkel JM, et al. Influential factors for post-
fellowship career decision-making: an NCCN survey. J Natl Compr
Canc Netw. 2012;10:969-974.

9. Burns LJ, Gajewski JL, Majhail NS, et al. Challenges and potential
solutions for recruitment and retention of hematopoietic cell
transplantation physicians: the National Marrow Donor Program’s
System Capacity Initiative Physician Workforce Group report. Biol
Blood Marrow Transplant. 2014;20:617-621.

10. Genentech: Clinical Fellows. Available at http://www.gene.com/
careers/academic-programs/clinical-fellows. Last accessed April
13, 2015.

15



WHAT’S ON THE WEB

As technology and the Web have evolved, so too have ASH’s
online offerings. Now, beyond the ASH website, you can
download ASH apps for your smartphone or tablet, follow ASH
on Twitter (www.twitter.com/ASH_hematology), and find ASH
videos on YouTube (www.youtube.com/user/ASHWebmaster).

ASH On Demand Webinars

Choosing Wisely: Examples of Stewardship Initiatives
in Hematology

Chocsing 'Wisshy
Enmvpies o GHawdbng

The Medicare Oncology Care Model: What It Is and
What It Means for Practice

Chimeric T-Cell Antigen Receptor Therapy in
Leukemia and Lymphoma

Read The Hematologist online at
www.hematology.org/thehematologist,
and catch up on the latest news in

the field of hematology right on your
desktop, mobile phone, or tablet.

MARK YOUR CALENDAR

May

Scholar Awards letter of intent due
Washington, DC www.hematology.org/awards

6-9  American Society of Pediatric Hematology/Oncology (ASPHO)
annual meeting

Phoenix, AZ www.aspho.org

29-
June 2 American Society of Clinical Oncology (ASCO) annual meeting
Chicago, IL WWW.am.asco.org

June

4 ASH annual meeting abstract submission site opens
Orlando, FL www.hematology.org/meetings

20th Congress of the European Hematology Association
Vienna, Austria www.ehaweb.org

13th International Conference on Malignant Lymphoma
Lugano, Switzerland www.lymphcon.ch

Nominations for the 2015-2016 Honorific Awards due
Washington, DC www.hematology.org/awards

Members-only registration and housing opens for 2015 ASH Annual
Meeting and Exposition

www.hematology.org/meetings

30 ASH Translational Research Training in Hematology letters of intent due
Washington, DC www.hematology.org/awards

August

ASH Active/International membership applications due
Washington, DC www.hematology.org/membership

ASH Scholar Awards application deadline
Washington, DC www.hematology.org/awards

Abstract submission deadline for the 57th ASH Annual Meeting
and Exposition

Washington, DC www.hematology.org/meetings

ASH Abstract Achievement and Outstanding Abstract Achievement
Awards deadline

Washington, DC www.hematology.org/awards

National Hemophilia Foundation (NHF) annual meeting
Dallas, TX www.hemophilia.org

Download the next generation of the Blood app! The latest release includes
several new features, including:

+ A device-specific user interface designed for a
unique user experience on Apple and Android
tablets and smartphones

» Superior home screen navigation featuring quick
access to various Blood journal content

- Innovative issue display with high-definition cover
images, slider navigation, and First Edition quick
link

- Improved table of contents display featuring
article category tiles, article category chooser,
and swipe functionality




