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To improve safe prescribing of anticoagulation, the Joint Commission published an 
impressive document1 in 2019 that contains a wealth of information on, and links to, 
protocols and guidelines for various anticoagulation issues, including appropriate 
drug selection and dosing, reversal and management of major bleeding, perioperative 
management, laboratory monitoring, and patient education. While this comprehensive 
document might initially seem difficult to navigate, it is a great resource for anyone 

interested and involved in establishing hospital- and systems-wide anticoagulation guidelines and quality 
improvement activities.

The Joint Commission has explained that this focus on anticoagulation management arose in response to an increase 
in adverse events (AEs) associated with anticoagulation use. In a collective investigation of emergency department 
visits between 2013 and 2014 for any outpatient adverse drug events, anticoagulation was responsible for 17.6 
percent of visits.2 The most common cause of anticoagulation-associated AEs is medication errors,3 and the use of 
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Outfoxing OXPHOS: Amino 
Acid Metabolism and the 
Leukemia Stem Cell
Jones CL, Stevens BM, D’Alessandro A, et al. 
Cysteine depletion targets leukemia stem cells 
through inhibition of electron transport complex II. 
Blood. 2019;134:389-394. 

KRISTEN M. O’DWYER, MD, AND JANE L. LIESVELD, MD

The cancer stem cell 
paradigm offers one 
probable explanation 
for the chemotherapy 

failures observed in acute myeloid leukemia (AML). 
The leukemia stem cell (LSC) is a relatively rare and 
quiescent cell capable of self-renewal and able to 
generate the leukemia progenitor and the leukemic blast 
cells in a hierarchical organization that is analogous to 
normal hematopoiesis.1-4 As the leukemia progresses, 
however, the LSC becomes unstable, especially in 
the relapse setting following cytotoxic chemotherapy.5 
The clinical consequence of the LSC quiescence and 
physiology is that chemotherapies currently used for the 
treatment of AML effectively kill the leukemic blast cells, 
but they do not eliminate the LSC, therefore creating 
a reservoir for relapse of the disease and ultimately 
failure of cytotoxic chemotherapies. In fact, it has been 
demonstrated in several laboratories that the LSC is 
refractory to anthracycline and cytarabine treatment,1,2,4 
the core chemotherapies of AML treatment.

To this end, the laboratory of Dr. Craig Jordan and 
colleagues has been characterizing the LSC in the 
context of fundamental biology in AML. Their question: 
Does the LSC display unique physiological properties 
that point to more rational drug treatments for patients 
with AML? In fact, several paths of analysis suggest the 
LSC establishes a distinct metabolic environment, as 
compared to normal HSCs, that is dependent on the 
control of oxidative state and management of cellular 
stress.6 The Jordan Laboratory has demonstrated that 
oxidative phosphorylation (OXPHOS) is critical for LSC 
maintenance and survival,7 and specifically that the 
majority of functionally defined LSCs are characterized 
by relatively low levels of reactive oxygen species 
(termed “ROS-low”) and aberrant expression of the 
mitochondrial protein, B-cell lymphoma 2 (BCL-2). 
Further, the lab expanded the work on the unique 
metabolic dependencies of the LSC and demonstrated 
that the LSCs are distinctively reliant on amino acid 
metabolism to maintain OXPHOS for their survival.8  

In the current article, Dr. Courtney Jones and colleagues 
examine the role of individual amino acids on LSC 
survival in primary human AML specimens.9 By testing 
the viability of primary AML cells in culture in which 
single amino acids were depleted, three amino acids 
(cysteine, arginine, and glutamine) demonstrated a 
role in sustaining the bulk blast population, but only 
depletion of cysteine induced death in LSC and 
progenitor populations. To explore the role of cysteine 
in LSC biology, the authors examined the metabolism 
of exogenous isotopically labeled cysteine in the 
LSC population and found that cysteine is exclusively 
metabolized into the cellular antioxidant, glutathione 
(GSH). Further, depletion of cysteine strongly reduced 
intracellular GSH levels in ROS-low LSCs. Since GSH 
is essential for maintaining the viability of the ROS-low 
LSC cells, targeting GSH metabolism, possibly via 
cysteine depletion, could represent a powerful strategy 
to induce toxicity toward the LSC population.
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Table: Six New Elements of Performance (EPs) in the Joint Commission’s NPSG.03.05.0110

EP 1 Appropriate drug selection and dosing
The hospital/organization uses approved protocols and evidence-based practice guidelines for the initiation 
and maintenance of anticoagulant therapy that address medication selection; dosing, including adjustments 
for age and renal or liver function; drug-drug and drug-food interactions; and other risk factors as applicable.

EP 2 Management of bleeding
The hospital/organization uses approved protocols and evidence-based practice guidelines for reversal of 
anticoagulation and management of bleeding events related to each anticoagulant medication.

EP 3 Perioperative management
The hospital uses approved protocols and evidence-based practice guidelines for perioperative 
management of all patients on oral anticoagulants.

EP 4 Laboratory testing
The hospital/organization has a written policy addressing the need for baseline and ongoing laboratory tests 
to monitor and adjust anticoagulant therapy.

EP 5 Adverse event reporting, continuing quality improvement
The hospital/organization addresses anticoagulation safety practices through the following: 
•   Establishing a process to identify, respond to, and report adverse drug events, including adverse drug 

event outcomes
•   Evaluating anticoagulation safety practices, taking actions to improve safety practices, and measuring the 

effectiveness of those actions in a time frame determined by the organization 

EP 6 Education of patients
The hospital/organization provides education to patients and families specific to the anticoagulant 
medication prescribed, including the following: 
•  Adherence to medication dose and schedule
•  Importance of follow-up appointments and laboratory testing (if applicable) 
•  Potential drug-drug and drug-food interactions
•  The potential for adverse drug reactions

Copyright of The Joint Commission, 2019. Reprinted with permission.
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Striking an Unwavering Balance

As I approach the end of my three-year term as an ASH officer and my 
year as ASH president, it is natural to reflect on the experience while also 
looking forward with great anticipation to the 61st ASH Annual Meeting 
in Orlando. This year promises to be truly exciting with something for 
everyone, including a lineup of all-star invited speakers who are the 
thought leaders in our discipline, and an exciting program of new science 
presented as posters and oral sessions. All aspects of hematology will 
be represented at the meeting, with talks encompassing malignant and 
nonmalignant diseases, basic and clinical science, and pediatric and adult 
conditions. Some common scientific themes running through the meeting 
this year will be big data analytics, artificial intelligence, precision medicine, 
immunology and immunotherapy, and “hemato-metabolism.” As always, 
practice-changing clinical and translational research will be highlighted, 
including during the Late-Breaking Abstracts session, and will undoubtably 
create a buzz in the national media. It will be bittersweet for me personally 

to pass the gavel to Dr. Stephanie Lee, but I will do so with confidence that the Society will be in great hands 
under her leadership.

My main goals as ASH president have been to provide sound stewardship to an organization with a great 
mission and strategic vision, and to serve as a positive and forceful public face for the Society in our 
advocacy efforts and our engagement with our North American and international members. Much of this 
work has been in partnership with our dedicated and talented voluntary executive committee, especially the 
ASH officers and councilors. I am proud of all that ASH has accomplished during the past three years as we 
balance our commitment to growth and advancement with a steadfast focus on our shared purpose. It has 
been especially gratifying to see the ASH Research Collaborative make astounding progress in establishing 
both the Data Hub and Sickle Cell Disease Clinical Trials Network, and to see our investment in evidence-
based clinical practice guidelines come to fruition in venous thrombo-embolic diseases, sickle cell disease, 
immune thrombocytopenia, von Willebrand disease, and acute myeloid leukemia. Most of the initial group of 
nearly 20 guidelines have been completed and published, or will be so in 2020.

I have been particularly interested in the hematology workforce pipeline, and I am pleased that several efforts 
have been launched to develop creative solutions to foster recruitment and retention of physicians and 
scientists in our field, including supporting a rigorous longitudinal study of hematologists in training, holding 
a summit on mentoring in early 2020, creating a task force focusing on early-career PhDs in hematology, and 

beginning conversations around novel 
training pathways for hematologists, 
such as hematology-only tracks. 
Simultaneously, our tireless advocacy 
for an evidence-based approach to 
maintenance of board certification in 
hematology seems to have gained 
traction, as the ABIM is finally getting in 
line with recommendations of experts 
in adult learning and with other boards 
within the ABMS to move away from 
high-stakes periodic summative exams 
for recertification. 

As a hematologist who has devoted 
my clinical and academic career to 
hemostasis and thrombosis (HT), I 
encouraged ASH during my tenure 
as an officer to examine ways in 

which our Society could better engage with this core constituency. An HT working group of ASH volunteers 
was established nearly three years ago, and several exciting projects have been developed or are under 
development. This year we will again hold a special reception for the HT community at the annual meeting 
and also pilot a novel “poster walk” wherein hematology trainees interested in HT can participate in a 
curated walking tour led by recognized HT knowledge leaders, and during which six high-impact posters will 
be discussed. Lastly, I encourage everyone to take a look at the special “Focus on Classical Hematology” 
supplement to the October edition of ASH Clinical News. This edition includes an interview with me as well as 
more detailed information on numerous HT-related ASH activities.

It has been an honor and a pleasure to serve as ASH president in 2019. It has been one of the most 
meaningful experiences of my career. I look forward to seeing many of you in Orlando in December.

Roy L. Silverstein, MD

President’s Column

My main goals as ASH president have 
been to provide sound stewardship to 
an organization with a great mission 
and strategic vision, and to serve as a 
positive and forceful public face for the 
Society in our advocacy efforts and our 
engagement with our North American 
and international members.
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News and Reports

ASH Elects New Leadership 
VICE PRESIDENT:

Jane Winter, MD
Professor of Medicine, Hematology and Oncology, 
Northwestern Medicine Feinberg School of Medicine, 
Chicago IL

Dr. Winter will serve a one-year term as vice 
president, followed by successive terms as president-
elect and president.

COUNCILLORS:

Alison Loren, MD, MSCE
Associate Professor of Medicine, Hospital of the 
University of Pennsylvania/ Perelman School of 
Medicine, Philadelphia, PA

Dr. Loren will serve a four-year term as councillor. 

Bob Löwenberg, MD, PhD
Professor of Medicine, Department of Haematology, 
Erasmus University Rotterdam, Rotterdam, 
Netherlands

Dr. Löwenberg will serve a four-year term as 
councillor. 

What’s New at the 61st ASH Annual Meeting  
and Exposition?
The 61st ASH Annual Meeting, the premier event in hematology, is taking place December 
7-10, 2019, in Orlando. To make the most of your experience at the meeting, take advantage 
of the many new and improved resources and amenities that will be available:

ASH Park @ The Plaza

Attendees can catch a breath of fresh air 
at ASH Park — a meeting and networking 
space located outside, directly across 
from the entrance to the Orange County 
Convention Center (West Building, Hall C 
Lobby). Attendees can also use this space 
for relaxing and eating lunch or enjoying 
some live music.

ASH Alexa

New this year, Alexa will be able to 
connect you with “live” customer service. 
Attendees can ask Alexa for room 
information, session times, details about 
other ASH annual meeting events, and 
more. 

Mobile App GPS

In addition to proving comprehensive 
session information in the palm of your 
hand, the annual meeting mobile app will 
now feature GPS technology to guide you 
from location to location.

For more on the annual meeting, 
including housing and registration 
information and a complete 
preliminary program, visit 
www.hematology.org/
annual-meeting. 

Meeting Registration at Airport

This year, ASH will again provide the 
convenience of meeting registration upon 
arrival at Orlando International Airport, 
as well as retrieval of meeting materials, 
before attendees proceed to their hotels 
or the convention center.

ASH-a-Palooza

Taking place Friday, December 6, before 
the annual meeting commencement, 
ASH-a-Palooza will offer a relaxed, 
open learning environment for trainees 
in a festival-like setting with multiple 
opportunities for microlearning. The 2019 
ASH-a-Palooza will take place at Top Golf.

Wellness at ASH

To address the topic of resilience and 
physician burnout over the years, 
ASH is offering a set of short wellness 
“microburst” workshops at the annual 
meeting, napping pods, yoga on Saturday 
and Monday mornings, and a graphic 
artist at the 2019 ASH Whiteboard 
that will illustrate attendees’ thoughts 
regarding what ASH and their institutions 
can do to help with wellness issues. 

Free Childcare

ASH will offer free childcare to help 
support parents attending the 
annual meeting, beginning 
on Friday, December 
6, through Tuesday, 
December 10. Snacks, 
light meals, and 
beverages will be 
provided each day, 
as well as “future 
hematologist” t-shirts. 
Space is limited, so 
please register your 
child by October 30. 

FROM THE EDITOR:  
A Note on the 2020 Redesign
LAURA C. MICHAELIS, EDITOR-IN-CHIEF, THE HEMATOLOGIST

I sat down to write this brief editorial today with pen and paper. My goal 
is to introduce our readership to our print redesign – better layout, a 
more modern look, and clearer signposts within our articles. And yet, 
here I am, writing on a desk I inherited from my mother’s grandmother 
and thinking about the earliest printing presses and their significance.

Nearly everything I write these days is composed using a keyboard. I 
imagine, in fact, much of our readership have always written that way: 
never feeling the compulsion to pull out a pen and notebook during a 
meeting or sharpen a pencil before heading to a lecture. For those of 
us of a certain age, however, there is still a feeling of comfort in picking 
up a pen — the feel of the ink as it leaves the nib; the intimate tension 
of the metal as is scratches against the weave of the paper. Even the 
sound of the pen moving is familiar and resonant. These sensations 
remain familiar and remind me of letters written to boyfriends, of last-
minute term papers, of brainstorming sessions around a table after 
dinner in a cafeteria, of thank you letters to grandparents long ago 
passed away.

And yet, one of the great things that I hope that I’ve learned from 
the work I do is to welcome change. So often, our therapies and 
approaches are woefully inadequate, so proving that the next best 
thing works and should replace what you do currently is something to 
celebrate.

So when our managing editor approached me and said that The 
Hematologist was getting a graphical redesign, I was optimistic and 
encouraged. The hope was that readers would find it easier to navigate 
and gentler on the eyes. Diffusion articles will be called out with special 
headers and will continue to lead the front page and then be clustered 
in the center section. We anticipate that readers will notice alterations 
in some of the fonts and the layout. We’ve added more whitespace to 
improve readability, and better highlighting our figures and explanatory 
graphics. I sincerely hope that all of you find the changes satisfying and 
easy-on-the-eyes. That was certainly my reaction. 

Let me assure you, however, that the core purpose of The Hematologist 
is to provide you, the readership, with expertly curated, concisely 
written summaries of key developments in the science of blood 
and blood disorders. We want you to read this to deepen your 
understanding of your own field and get insights into science and 
clinical care that are outside of your specialty. And we want this to be a 
source of news about the Society itself — its current actions and future 
aims. While we believe adapting to change is a sign of growth, we 
absolutely want to keep hold of what has made this publication popular 
since it was started back in 2003. In short, we want to keep hold of 
what’s working but still continually improve and evolve.

In keeping with this spirit, let us know what you think about our new 
look and how we are doing with the mission. Are there topics or 
features you would like to see more often? Are we keeping you abreast 
of what’s happening with ASH? Drop us a line at TheHematologist@
hematology.org, or, if you feel like it, sit down and write a letter. We 
would love to hear what you think. Thanks for reading.
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THE CASES

Patient 1 is a 56-year-old woman referred for 
preoperative evaluation of thrombocytopenia prior to 
cochlear implants. She was diagnosed with immune 
thrombocytopenia purpura (ITP) in childhood with 
platelet counts of 30,000 to 90,000/µL. Therapy included 
prednisone, intravenous immunoglobulin (IVIg), 
splenectomy, rituximab, and azathioprine, all with 
minimal to no effect on her platelet count. She suffered 
no significant bleeding events through childbirth and 
surgeries (tonsillectomy, cholecystectomy, C-section, 
and cataract removal). She has required no red cell 
transfusions. The patient’s medical history was notable 
for systemic lupus. There was no family history of blood 
disorders or abnormal counts. For three weeks prior to 
this visit she was receiving romiplostim injections. Her 
platelet count was 143,000/µL. Hemoglobin, hematocrit, 
white blood cell (WBC) count, and differential were all 
normal (Figure 1).

Patient 2 is a 25-year-old woman referred for 
thrombocytopenia, with counts ranging from 60,000/µL to 
100,000/µL. She was diagnosed with systemic lupus and 
was prescribed hydroxychloroquine for joint symptoms. 
There was no abnormal bleeding with wisdom teeth 
extraction. Platelet count was 63,000/µL with immature 
platelet fraction of 37 percent. Immature platelet fraction 
measures the newest, reticulated platelets and should 
rise with platelet production. Hemoglobin, hematocrit, 
WBC count, and differential were normal. Alanine 
aminotransferase was elevated at 54 U/L and alkaline 
phosphatase was 148 U/L (Figure 2).

THE QUESTION

What is your approach to distinguishing between 
inherited thrombocytopenia (IT) and ITP?

MY RESPONSE

Diagnosis of ITP is a diagnosis of exclusion. The 2011 
ASH Clinical Practice Guidelines1 for the diagnosis of ITP 
state an International Working Group consensus panel 
defined primary ITP as a platelet count below 100,000/
µL absent other known causes. To what extent must one 
go to disprove other causes? Testing for hepatitis C and 
HIV were specifically mentioned as advisable, and a bone 
marrow examination was unnecessary for “typical” ITP. 
Typical, however, is not defined. Most hematologists 
would take a thorough history for drug or toxin exposures, 
other comorbidities often associated with low platelets 
such as advanced liver disease, and those in which 
secondary ITP is found, including lupus, antiphospholipid 
syndrome, and other autoimmune diseases. Abnormalities 
of other cell lines make an ITP diagnosis suspect, but 
patients can be anemic from bleeding due to low platelets. 
Peripheral smear examination often reveals some large 
platelets, but not giant ones. Treatment with standard 
high-dose steroids or IVIg usually produces a prompt rise 
in platelet count, even if not sustained.

Diagnosis of IT requires a high index of suspicion. 
There are no current guidelines on when to consider 
IT, but there are some excellent recent reviews (Table).2 
Many of the disorders do not have a hemorrhagic 
presentation. If asymptomatic, the low platelet count 
may be an incidental finding with blood work done for 
other reasons. Some are syndromic, and comorbidities 
can provide clues. Most will not respond to immune 
modulating therapies effective for ITP and are autosomal 
dominant, but if asymptomatic, other family members 
are often unaware of their own thrombocytopenia.

ANNE T. NEFF, MD

Professor of Medicine, Cleveland Clinic Lerner College of 
Medicine, Cleveland, OH

Raised Suspicions

There are no hard and fast rules, and there will be 
exceptions on both sides of the diagnosis. I think twice 
about an ITP diagnosis versus IT if I encounter any of the 
following:

1. Incidental finding of low platelets with blood testing 
instead of a bleeding presentation

2. Very high mean platelet volume or giant platelets (as 
big as a red cell) on the peripheral smear

3. Platelet count greater than 30,000/µL at presentation

4. No or minimal platelet response to steroids, IVIg, or 
other ITP immune suppression treatments; note that 
some IT will respond to thrombopoietin agonists

5. “My mom has ITP, too!” or other family members 
with low platelets

6. Family history of myelodysplasia or leukemia; and 

7. Concomitant medical problems present in known IT 
syndromes

Immune Thrombocytopenia Purpura Versus 
Inherited Thrombocytopenia in Adults

Ask the Hematologist

Table

Gene Platelet Size Inheritance Associated Characteristics

Platelet-production genes

CBFA2, RUNX1, 
AML1

Normal AD Myelodysplasia, AML development

GATA-1 Large X-linked Dyserythropoietic anemia; thalassemia-like

GFI1B Large AD α granule deficiency

ANKRD26 Normal AD Risk of leukemia

NBEAL2 Large AD/AR “Gray platelet” syndrome; absent α granules, myelofibrosis evolution

MYH9 Large AD Nephritis, cataracts, sensorineural hearing loss, elevated LFTs, 
“Döhle-like” neutrophil inclusions

FLNA Large X-linked

ACTN1 Large AD Low reticulated platelet counts

TUBB1 Large AD

CYCS Normal to small AD

GP9 Large AD Mono-allelic Bernard-Soulier

WAS Small X-linked Wiscott-Aldrich; severe immune deficiency or thrombocytopenia only

Gene mutations outside of platelet production

VWF Normal to large AD von Willebrand disease type 2B

ABCG5, ABCG8 Large AR Sitosterolemia, stomatocytosis, xanthomas

ADAMTS13 Normal AR Congenital TTP, hemolytic anemia, schistocytes, low ADAMTS13 
activity

Abbreviations: AD, autosomal dominant; ADAMTS13, a disintegrin and metalloproteinase with thrombospondin type 1 motif, member 13; 
AML, acute myeloid leukemia; AR, autosomal recessive; LFTs, liver function tests; TTP, thrombotic thrombocytopenic purpura. Developed 
from Noris P and Pecci A.2

Figure 1. Patient 1 peripheral smear Figure 2. Patient 2 peripheral smear
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HEADLINES FROM WASHINGTON

Advocating for Hematology Doesn’t Require Getting on a Plane 
To help drive change in Washington, you don’t always have to 
travel to Washington. Meeting with and building relationships with 
your senators and representative is a powerful way to advocate 
on behalf of hematology from your home state. Members of 
Congress have local district offices that they and their staffs 
regularly visit, and these can be fruitful venues to meet and build 
working relationships with your elected officials.

The Hematologist spoke with the Vice Chair of the ASH 
Committee on Government Affairs, Dr. Jennifer Holter-
Chakrabarty, who met with members of her Oklahoma 
congressional delegation during the August congressional recess. 
As a member of the Committee on Government Affairs, Dr. Holter-
Chakrabarty helps shape the Society’s legislative policy positions 
by reviewing issues of import to members, working on policy 
statements and evaluating the most effective ways to advocate 
for change within Congress and in state and federal agencies. 
Before joining the committee, Dr. Holter-Chakrabarty was an 
advocate for patient care who was known for being engaged in 

transplant- and hematologic malignancy–related advocacy efforts in her home state.

As an advocate, Dr. Holter-Chakrabarty has worked to speak out and build relationships with her legislators 
through a combination of letter writing, attending town halls, and scheduling in-person meetings. “It goes without 
saying that one should advocate often and with purpose,” said Dr. Holter-Chakrabarty.

With that spirit and sense of purpose, Dr. Holter-Chakrabarty arranged two important meetings to introduce herself 
and the field of hematology to a few members of the Oklahoma delegation. In her meeting with newly elected 
Representative Kendra Horn (OK-5), Dr. Holter-Chakrabarty discussed the work being done at the University of 
Oklahoma Health Science Center, focusing on her research in chimeric antigen receptor T-cell (CAR-T) treatment. 
In another meeting, she shared information about cutting-edge hematology research with Representative Tom Cole 
(OK-4), the ranking member of the House Labor, Health, and Human Services Appropriations Subcommittee. That 
particular meeting carried special significance because the subcommittee oversees and appropriates funding for 
the National Institutes of Health. Meeting in person “helped me clarify to my congressional representatives how 
national policy affects local change and more directly, my patients,” said Dr. Holter-Chakrabarty.

Honing your message and sharing personal stories and examples are key for being a successful advocate and 
having an effective meeting with your legislator. “When you advocate, you must be prepared with solid data, a 
clear message, and personal experiences that highlight the significance of what you are advocating for,” Dr. Holter-
Chakrabarty explained. “On a personal level, meeting with my legislators allowed me to thank them for policies that 
had a major impact on continuing my research and improving the treatment outcomes of my patients. It was also 
an opportunity for me to clearly identify areas where further progress could be made and barriers to success could 
be addressed.”

When encouraging others to get involved, Dr. Holter-Chakrabarty emphasized that legislators are listening to the 
opinions of their constituents. Whether it is a tweet, a letter, or a phone call, “our voices, both individually and 
collectively, make a difference,” she said.

There are many ways to get involved in advocacy. “ASH members should stay connected with the grassroots 
networking events at the annual meeting, advocacy efforts on ASH’s website, or by social media to engage 
their congressional members … and stay apprised of health care-related issues that affect their patients. When 
possible, they should engage both state and federal congressional members at their local offices,” Dr. Holter-
Chakrabarty stressed.

All ASH members can participate in the Society’s advocacy work by joining the ASH Grassroots Network to 
receive regular updates about the Society’s advocacy efforts and information about how to contact their members 
of Congress. Additionally, staff in the ASH Government Relations and Practice Department are available to help 
set up meetings with congressional staff in Washington, DC, or in a legislator’s state or district office. ASH staff 
can also provide the information needed to be an effective advocate, including fact sheets and relevant talking 
points. For more information, visit www.hematology.org/advocacy or contact ASH Senior Manager, Legislative 
Advocacy, Tracy Roades at troades@hematology.org.

“Each person’s advocacy is personal,” said Dr. Holter-Chakrabarty, “but collectively, we can create important change.”

Mark Your Calendar for Policy and Practice Lunches at the ASH 
Annual Meeting
The ASH Grassroots Network Lunch will be held on Saturday, December 7, from 11:15 a.m. to 12:15 p.m., in 
Regency Ballroom TU of the Hyatt Regency in Orlando. The lunch will provide an opportunity for ASH leaders and 
colleagues to discuss the potential effects to hematology from the changing political landscape in Washington and 
the upcoming 2020 elections. Attendees will have the opportunity to learn about ASH’s advocacy efforts, including 
the Society’s communications with Congress and federal agencies, and how to become an effective advocate for 
hematology. Chair of the Committee on Government Affairs, Dr. Alan Rosmarin will moderate the session.

On Sunday, December 8, from 11:15 a.m. to 12:30 p.m., ASH will host the ASH Practice Partnership (APP) 
Lunch, a special session dedicated to the practice community. This year’s APP Lunch will focus on genomic/
genetic testing. Panelists will first highlight basic concepts in genomic/genetic testing; afterwards, the application 
of molecular methods in benign and malignant hematologic diseases will be discussed using a case-based 
approach with the aim to illustrate when tests should be ordered, how to understand and interpret the results, 
and what to do about them. Speakers include Drs. David Wu, Michele P. Lambert, and Rebecca McClure. ASH 
Committee on Practice Chair Dr. Joseph Alvarnas will moderate.

A major barrier to proper diagnosis is insurance 
companies’ unwillingness to cover genetic testing 
for diagnostic purposes in adults. The panels are 
expensive, and the answer is usually “no.” An 
additional barrier is the need to identify all IT 
genes. Even in cases with obvious pedigrees of 
low platelets, often the gene testing is negative for 
known mutations. Incomplete penetrance, de novo 
mutations, or autosomal recessive inheritance lower 
suspicions and thus genetic investigations.2

The importance of the correct diagnosis was laid 
bare in a report of pregnancy outcomes in 181 
women with proven IT. Fifty-seven or 31 percent of 
cases had been misdiagnosed as ITP, and 44 received 
unnecessary treatment, including 15 splenectomies.3 
In my own practice, I have seen hip replacements 
owing to avascular necrosis from chronic steroid 
use given for an incorrect ITP diagnosis.

Patient Follow-up

Patient 1’s case is familiar to most hematologists as 
the expected clinical findings in MYH9 disorders 
(formerly called May-Hegglin, Fechtner’s, Epstein, 
or Sebastian syndromes) with a history of cataracts 
and sensorineural hearing loss. However, the other 
manifestations did not develop until later in life, 
thus the early erroneous diagnosis and treatment. 
No response to the treatment should have raised red 
flags about the accuracy of the diagnosis. She did 
not have renal insufficiency. Her MYH9 gene was 
sequenced and a novel mutation found. Software 
predicted this mutation would produce disease. Her 
platelet count rose with eltrombopag, and her ear 
surgery was accomplished safely.

The second case observes the daughter of patient 
1. Patient 2 has the same MYH9 mutation. Her 
diagnosis was far more difficult given the lupus 
and possible liver disease, but her mother was 
known to have thrombocytopenia, which is key. She 
was initially misdiagnosed as ITP and encouraged 
to take steroids, but she wisely refused. Her 
mother’s MYH9 gene diagnosis came after this 
patient’s presentation. She does not currently have 
renal disease or cataracts. Her hearing is slightly 
decreased.

1.  Neunert C, Lim W, Crowther M, et al. The American Society 
of Hematology 2011 evidence-based practice guideline for 
immune thrombocytopenia. Blood. 2011;117:4190-4207.

2.  Noris P, Pecci A. Hereditary thrombocytopenias: a growing 
list of disorders. Hematology Am Soc Hematol Educ 
Program. 2017;2017:385-399.

3.  Noris P, Schlegel N, Klersy C, et al. Analysis of 339 
pregnancies in 181 women with 13 different forms 
of inherited thrombocytopenia. Haematologica. 
2014;99:1377-1394.

Dr. Neff indicated no relevant conflicts of interest.

ASH does not recommend or endorse any specific 
tests, physicians, products, procedures, or opinions, and 
disclaims any representation, warranty, or guaranty as to 
the same. Reliance on any information provided in this 
article is solely at your own risk.

HEADLINES FROM  WASHINGTON

Pictured (L-R): Representative Kendra Horn 
(OK-5) and Dr. Jennifer Holter-Chakrabarty
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The year 2019 marks 50 years since Dr. William Dameshek, a pioneer in 

the field of hematology, passed away. As the founding editor of Blood, his 

accomplishments and contributions to hematology are extensive. Among 

other achievements, he is well-known for developing a unifying concept of 

myeloproliferative disorders.1 He was an early user of nitrogen mustard for 

hematologic malignancies2 and one of the first to incorporate its use in autologous transplantation.3 

Dr. Dameshek’s visionary approach to hematology, 
particularly in the field of transplantation, cannot be 
overstated. He established his career in Boston, arriving 
at The Mount Sinai Hospital in New York in 1966. He was 
directing his efforts toward the achievement of clinical 
bone marrow transplantation (BMT) in aplastic anemia 
(AA) and leukemia patients when he passed away from a 
stroke on October 6, 1969. Several years later, the Center 
for International Blood and Marrow Transplant Research 
(CIBMTR) contacted our program to follow up on a patient 
who received a stem cell transplant in 1969 under the care 
of Dr. Robert Taub. At the time Dr. Taub was an attending 
physician working closely with Dr. Dameshek. In an 
interview, Dr. Taub indicated that after Dr. Dameshek did 
his initial work on transplantation in Boston he wanted to 
further expand on its utility at Mount Sinai. Dr. Taub, with 
another young associate, Dr. Arnold Rubin, continued the 
efforts under Dr. Dameshek’s tutelage.

Unable to find medical records going that far back, Mount 
Sinai’s BMT program performed an internet search of 
the patient’s name and found an obituary dated 1999. 
The funeral was associated with a place of worship in 
Connecticut that provided the family’s information, and 

the patient’s daughter and son-in-law were interviewed. 
The son-in-law was friends with Phyllis Hurtwitz, a 
hematology fellow at Mount Sinai who had convinced the 
patient to visit Dr. Dameshek. The son-in-law recalled the 
encounter with Dr. Dameshek vividly, describing him as a 
physically impressive man.

The patient’s daughter indicated that her brother was 
thought to be a “better” match for her mother. She also 
mentioned that the transplantation was initially not 
successful and that the doctors had to use her cells as 
well, but neither Dr. Taub nor Dr. Rubin endorsed this 
information. Dr. Rubin recalled that the chromosome 
testing on the patient’s blood sample after transplantation 
showed a female complement. The Human Genetics 
Program at our institution has no cytogenetic records 
going that far back. The patient died in 1999, at the age 
of 90. Her only medical problems were osteoporosis, a 
hip replacement, and a shoulder injury that never quite 
healed. Her son-in-law recalled that the patient had 
“low platelets” and had occasional gum bleeding. The 
institution where she received her end-of-life care did not 
have any laboratory values dating back to 1999.

In 1968, Dr. George Mathé and colleagues reported the 
first clinical use of pretransplant antithymocyte globulin 
(ATG) in a 42-year-old man with acute myeloid leukemia 
who received a bone marrow graft from his brother. 
One month post-transplantation, there was complete 
restoration of hematopoiesis.4 The report by Dr. Taub and 
senior author Dr. Dameshek appears to be the first use of 
ATG in a nonleukemic AA patient and may also represent 
the first documentation of haploidentical transplantation 
in AA.5

Author's Note: The authors obtained consent for publication 
from the patient's next of kin.

1.  Dameshek W. Some speculations on the myeloproliferative 
syndromes. Blood. 1951;6:372-375.

2.  Dameshek W, Weisfuse L, Stein T. Nitrogen mustard therapy 
in Hodgkin’s disease; analysis of 50 consecutive cases. Blood. 
1949;4:338-379.

3.  McFarland W, Granville NB, Dameshek W. Autologous bone 
marrow infusion as an adjunct in therapy of malignant disease. 
Blood. 1959;14:503-521.

4.  Mathé G, Amiel JL, Schwarzenberg L, et al. [Allogeneic bone 
marrow graft in man proved by 6 antigenic tracers after 
conditioning of the receiver and donor by antilymphocyte 
serum]. Rev Fr Etud Clin Biol. 1968;13:1025-1027.

5.  Taub RN, Kochwa S, Brown SM, et al. Antigen-induced 
immunological tolerance in man to equine anti-human-
thymocyte gamma-globulin. Lancet. 1969;2:521-523.

Dr. Steinberg, Dr. Ibrahim, and Dr. Isola indicated no 
relevant conflicts of interest. 

Revisiting the History of Haploidentical Transplantation
AMIR STEINBERG, MD,1 UROOSA IBRAHIM, MD,2 AND LUIS ISOLA, MD3

1. Associate Professor, Stem Cell Transplantation and Cellular Therapy Program, The Mount Sinai Hospital, New York, NY

2. Stem Cell Transplant and Cellular Therapy Fellow, Stem Cell Transplantation and Cellular Therapy Program, The Mount Sinai Hospital, New York, NY

3. Professor, Stem Cell Transplantation and Cellular Therapy Program, The Mount Sinai Hospital, New York, NY

O P - E D

GABRIELA GHEORGHE, MD,1 AND GIRISH VENKATARAMAN, MD2

1. Department of Pathology, Children’s Minnesota, Minneapolis, MN

2. Department of Pathology, The University of Chicago Medicine, Chicago, IL

A 15-year-old girl presented with a 
three-month history of an erythematous 
rash on the medial side of the left 
breast. This was initially diagnosed as 
extramedullary myeloid tumor (EMMT). 
The patient received standard therapy 

for acute myeloid leukemia. Although bone marrow and cerebrospinal 
fluid analysis at the end of therapy showed no evidence of disease, 
there was cutaneous relapse in three months. An excisional skin biopsy 
was performed and showed an extensive/malignant appearing infiltrate 
involving dermis and underlying soft tissue and sparing epidermis and 
adnexal structures. Images of low- and high-power hematoxylin and 
eosin (H&E; Figures 1 and 2) as well as CD4 (Figure 3) and CD123 
(Figure 4) immunostains are shown. In addition to these markers, a panel 
of immunostains revealed the dermal infiltrate to be positive for TdT, 
CD33, CD43, CD45, TCL1, TCF4, and CD68 KP1 (faint, focal).

Additionally, cytogenetics showed RB1 deletion and loss of 
chromosome 17.

What is the diagnosis? 
A. EMMT
B. Blastic plasmacytoid dendritic cell neoplasm (BPDCN)
C.  T-lymphoblastic lymphoma (T-LBL) with aberrant CD33 

expression
D. Histiocytic sarcoma

For the solution to the quiz, visit The Hematologist online,  
www.hematology.org/TheHematologist/Image-Challenge.

Dr. Gheorghe and Dr. Venkataraman indicated no relevant conflicts 
of interest.

Figure 1. Low-Power H&E. Extensive, monotonous 
infiltrate composed of small- to medium-sized cells 
extending into the dermis. The epidermis is not 
involved (magnification ×400).

Figure 3. CD4 Immunostain (magnification ×400).

Figure 2. High-power H&E. High-power 
demonstrates blastoid medium-sized lymphoid cells 
with dispersed chromatin (magnification ×100).

Figure 4. CD123 Immunostain (magnification ×400).

I M A G E  C H A L L E N G E    

A Skin Lesion in a Pediatric Patient: A Close Call
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anticoagulants ranks as the second leading cause of all 
prescribing errors.4

Furthermore, the landscape of anticoagulation has 
changed as direct oral anticoagulants (DOACs) have been 
adopted rapidly and widely as initial therapy for patients 
with venous thromboembolism and atrial fibrillation, 
largely replacing traditional agents including warfarin5,6; 

as a result, there has also been a rise in DOAC-associated 
AEs and prescribing errors. The Pennsylvania Patient 
Safety Reporting System investigated DOAC use between 
January 2011 and August 2017 and identified 1,811 
reported AEs, 265 of which resulted in patient harm.7 The 
most frequent error type without harm was duplicate 
anticoagulation therapy (33.3%), and others included dose 
omission, wrong dose, and procedure cancellation. As 
expected, the most frequent harmful event was bleeding 
(70.2%), with close to 40 percent of harmful events 
occurring in patients who were 80 years or older. Other 
studies have reported an increasing frequency of DOAC 
prescribing errors, including incorrect medication dose, 
lack of dose adjustment for pharmacokinetic problems, 
and prescription in a patient with a contraindication.8,9

Joint Commission National Safety 
Goals to Reduce Harm Associated With 
Anticoagulant Therapy

The Joint Commission publishes annual National Patient 
Safety Goals (NPSGs) designed to identify patient safety 
priorities and to propose solutions to prevent potential 
hazards; in 2019, they added six new “Elements of 
Performance” (EPs) to define goals for health care 
institutions to improve the safety of anticoagulation 
therapy (Table). The new document is referred to as 
NPSG.03.05.0110 and was effective as of July 1, 2019. 
EPs 1 through 3 include the use of approved protocols 
and evidence-based practice guidelines for medication 
selection, reversal and management of bleeding, and 
perioperative care. EP 4 requires a written policy about 
laboratory testing to monitor and adjust anticoagulation. 
EP 5 addresses institutional safety practices, including the 
development of processes for identifying and responding 
to adverse drug events. EP6 focuses on patient education, 
ensuring that patients are aware of medication dose and 
schedule, follow-up plan, and potential drug interactions 
and adverse reactions.

Provided Resources

Along with the main publication of requirements,10 
the Joint Commission also published a compendium of 
resources,1 including seminal guidelines and publications, 
to help institutions achieve these patient-safety goals. 
The list includes online clinical support tools from the 
Anticoagulation Forum’s Centers of Excellence Resource 
Center, among others.11 Entering the search term for a 
given EP (e.g., “EP1”) into the search field of their website11 
provides a collection of resources designed to help 
organizations meet the selected EP. Available materials 
include clinical protocols, order sets, patient education 
materials, and “examples of excellence” that highlight 
successful efforts in organizations across the United States. 
Also included are newer efforts to build accessible, user-
friendly online resources to assist providers such as the 
ManageAnticoag App (tools.acc.org/ManageAnticoag) 
created by the American College of Cardiology.12 
This application guides users through algorithms for 
periprocedural anticoagulation interruption and restart 
(EP 3), addresses acute anticoagulation-induced bleeding 
(EP 2), and provides a real-time clinical decision tool to 
support safe anticoagulation prescribing practices. The Joint 
Commission has also published a “Sentinel Event Alert” with 
an abbreviated list of recommendations to assist institutions 
in developing DOAC safe prescribing practices.13

The Systems-based Hematologist

With the creation of these new care standards, health 
systems must now institute efforts to ensure compliance 
with safe anticoagulation prescribing practices and provide 
hematologists with the opportunity to lead these efforts.

In 2015, ASH partnered with a consulting firm, Lewin 
Group, to investigate the future of nonmalignant 
hematology, seeking opportunities for nonmalignant 
hematologists to “optimally contribute in the emerging 
21st century health ecosystem.”14 In doing so, they 
identified a new career role — the “systems-based 
hematologist,” which refers to “a specialty-trained 
physician, employed by a hospital, medical center, or 
health system, who optimizes individual patient care, 

as well as the overall system of heath care delivery for 
patients with blood disorders.”14

The implementation of the new Joint Commission 
safety goals presents a prime opportunity for further 
investment in systems-based hematology across the 
United States. Multiple institutions have reported 
improved safe prescribing practices and cost savings with 
the implementation of multidisciplinary anticoagulation 
stewardship teams,15,16 and the Anticoagulation Forum 
recently published very user-friendly new resources to 
support the development of system-level initiatives to 
improve anticoagulation safety.17 The full report from the 
Lewin Group highlights the professional role of “Medical 
Director for Hemostasis/Thrombosis Stewardship,” who 
would be equipped to create and lead such programs.18

As anticoagulation management has become increasingly 
complex, having a trained hematologist at the helm can 
ensure the creation of safe and effective care plans and 
policies that improve anticoagulation care delivery.

Take-home Points 

In conclusion, there are three key lessons we should 
keep in mind. First, the Joint Commission has published 
six new goals to encourage improvement in the safety 
of anticoagulation therapy.1,10 Second, a comprehensive 
document by the Joint Commission lists and links to a 
wealth of resources, to assist individual hematologists 
and institutions implement safe anticoagulation 
prescribing practices.1 Third, the Anticoagulation Forum 
produced a nice, user-friendly document to assist with 
implementation of good anticoagulation practices.17 
Finally, systems-based hematology is an emerging field 
in which hematologists work within health care systems 
to meet these and other patient safety goals to improve 
hematologic care delivery.

1.  The Joint Commission. NPSG 03.05.01 Support Resources. 
Effective July 1, 2019. Access via https://www.jointcommission.
org/npsg_030501_support_resources/. 

2.  Shehab N, Lovegrove MC, Geller AI, et al. US emergency 
department visits for outpatient adverse drug events, 2013-2014. 
JAMA. 2016;316:2115-2125.

3.  Piazza G, Nguyen TN, Cios D, et al. Anticoagulation-associated 
adverse drug events. Am J Med. 2011;124:1136-1142.

4.  Cousins D, Crompton A, Gell J, et al. The top ten prescribing 
errors in practice and how to avoid them. The Pharmaceutical 
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5.  Barnes GD, Lucas E, Alexander GC, et al. National trends in 
ambulatory oral anticoagulant use. Am J Med. 2015;128:1300-
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landscape for stroke prevention in AF: Findings from the 
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7.  Valentine D, Gaunt MJ, Grissinger M. Identifying patient harm 
from direct oral anticoagulants. Pa Patient Saf Advis. 2018;15. 
Access via http://patientsafety.pa.gov/ADVISORIES/Pages/201806_
DOACs.aspx#. 

8.  Viprey M, Jeannin R, Piriou V, et al. Prevalence of drug-
related problems associated with direct oral anticoagulants in 
hospitalized patients: a multicenter, cross-sectional study. J Clin 
Pharm Ther. 2017;42:58-63.

9.  Tran E, Duckett A, Fisher S, et al. Appropriateness of direct oral 
anticoagulant dosing for venous thromboembolism treatment. J 
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11.  Centers of Excellence Resource Center. Anticoagulation Forum. 
2017. Access via https://acforum-excellence.org/Resource-Center/
index.php. 
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Reducing the Likelihood of Harm Associated With Use of Anticoagulant Therapy

Furthermore, the landscape of anticoagulation has changed 
as direct oral anticoagulants (DOACs) have been adopted 
rapidly and widely as initial therapy for patients with venous 
thromboembolism and atrial fibrillation, largely replacing 
traditional agents including warfarin; as a result, there has also 
been a rise in DOAC-associated AEs and prescribing errors.
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RewIRE(1α)ing the Unfolded Protein 
Response in Multiple Myeloma
Harnoss JM, Le Thomas A, Shemorry A, et al. Disruption of IRE1α through 
its kinase domain attenuates multiple myeloma. Proc Natl Acad Sci U S A. 
2019;116:16420-16429.

MICHAEL P. AGIUS, PhD, SABRIN TAHRI, MD, AND IRENE M. GHOBRIAL, MD

Despite ongoing efforts for novel therapeutic agents for multiple myeloma (MM), 
the standard-of-care regimens have heavily relied on proteasome inhibitors (PIs) 
and immunomodulatory agents (IMiDs) for more than a decade. While there are 

numerous investigational agents in the clinic, the heterogeneity across all MM subtypes 
has heavily stalled the success of novel therapeutic agents.

MM is the second most common hematologic cancer and is classified by the bone 
marrow infiltration of malignant monoclonal immunoglobulin (Ig) -secreting plasma cells. 
While clinical features, including CRAB (calcium [elevated], renal failure, anemia, and 
bone lesions/pain) symptoms, M-spike, and plasma cell infiltration levels (BMPC), are 
commonly used to stratify patients’ disease stage, the underlying molecular mechanisms 
of pathogenesis are often overlooked for targeted therapies.1 There are current efforts 
to genetically stratify therapies; for instance the BCL2 inhibitor venetoclax is undergoing 
phase III clinical trials for a specific subset of patients with MM who harbor the t(11;14) 
translocation.2 However, the use of PIs in MM treatment has been effective across all 
myeloma subtypes, mainly due to leveraging the biology of Ig-secreting plasma cells. 
Upon elevated demand for Ig secretion, insufficient endoplasmic reticulum (ER) capacity 
results in the accumulation of unfolded proteins (UPs). Inhibition of the 26S proteasome 
by PIs creates a backlog of substrates that cannot be effectively degraded, activating 
the UP response (UPR) and ultimately leading to apoptosis.3 Thus, the UPR may serve 
as potential therapeutic vulnerability across all subsets of patients with MM. One of 
three ER stress sensors, inositol-requiring enzyme 1-α (IRE1α), helps detect UP and 
alleviate ER stress from the newly increased demand of secreted Igs. IRE1α contains 
a cytosolic kinase domain and tandem endoribonuclease (RNase) domain, which upon 
activation, cleaves mRNA coding unspliced X-box protein 1 (XBP1u). Upon mRNA 
cleavage, the newly translated XBP1 stimulates numerous genes needed to alleviate the 
UPR, including protein chaperones and disulfide isomerases.4,5

In a recent article, Dr. Jonathan Harnoss and colleagues genetically and 
pharmacologically targeted IRE1α and the UPR in MM. The authors showed that a 
panel of genetically diverse cell lines all harbor IRE1α, and genetic disruption of IRE1α, 
or downstream XBP1, attenuates tumor growth in MM xenograph mouse models. 
Pharmacologic targeting of the IRE1α kinase domain was achieved through selective 
small-molecule inhibitors as previously reported. Interestingly, these selective inhibitors 
also attenuated IRE1α ribonuclease activity (and further spliced XBP1u mRNA) via a 
conformational change of the kinase domain (specifically the αC-helix) as determined by 
X-ray crystallography. This conformational change ultimately afforded allosteric inhibition 
of IRE1α’s RNase activity. Previous targeting of IRE1α shows that ATP competitive 
inhibitors, which do not stabilize a conformational change of the αC-helix (type I and 
type II inhibitors), can maintain or in some cases activate IRE1α’s ribonuclease activity.6,7 
Using these highly selective inhibitors of both IRE1α’s kinase and ribonuclease 
domains, the authors further show that pharmacologic targeting of IRE1α can attenuate 
subcutaneous and orthometastatic growth of human MM xenografts in severe combined 
immunodeficient mice. Furthermore, these compounds can selectively target CD138+ 
ex vivo MM cells with superior selectivity to nonmalignant CD138– cells. Thus, providing 
evidence that targeting the UPR via IRE1α may be a successful strategy across all 
subsets of MM patients.

Since a cure for MM does not exist, novel therapeutic strategies are essential for 
prolonged survival and favorable clinical outcomes. As we unravel the genomic 
complexities and molecular mechanisms that govern pathogenesis, novel targeted 
therapies can follow. PIs, however, are among the most successful agents for MM 
treatment to date, due in part to their genomically indiscriminate efficacy. They take 
advantage of a vulnerability of the UPR in highly Ig-secreting plasma cells. This strategy 
has provided prolonged survival across this heterogenous disease and suggests a 
unique mechanism to develop therapies that can be advantageous across multiple MM 
subtypes. The findings provided by Dr. Harnoss and colleagues offer evidence that 
targeting the UPR via IRE1α may be a successful therapeutic strategy and further show 
its compatibility and synergy with standard-of-care PIs. Of note, these inhibitors also 
have the unique ability to target distal allosteric sites of IRE1α, showcasing the ability 
to perturb both catalytic and distal protein domains of kinases simultaneously with a 
single agent. As kinases have been a successful therapeutic target across all cancers, 
this phenomenon of targeting noncatalytic functions is still in its infancy and can provide 
kinase inhibitors with enhanced efficacy.8 Therefore, as IRE1α inhibitors make their way 
to the clinic, both selectivity and impact on allostery should be thoroughly investigated. 
Therapeutic strategies that can target all myeloma subtypes are still feasible and 
may rely upon modulating the UPR axis. Ultimately, it is still unclear whether the next 
standard-of-care treatments will be tailored targeted therapies, pan-MM agents, or 
some combination of the two. However, a highly heterogenous disease may require a 
heterogenous drug-toolbox, and selective IRE1α inhibitors are the newest addition.

1. Kyle RA, Rajkumar SV. Criteria for diagnosis, staging, risk stratification and response assessment of multiple 
myeloma. Leukemia. 2009;23:3-9.
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t(11;14) multiple myeloma. Blood. 2017;130:2401-2409.
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Improving Cancer Prognostication Using Dynamic and 
Longitudinal Modeling
Kurtz DM, Esfahani MS, Scherer F, et al. Dynamic risk profiling using serial tumor biomarkers for 
personalized outcome prediction. Cell. 2019;178:699-713.e19.

CARON JACOBSON, MD

A new patient with diffuse large B-cell lymphoma (DLBCL) has an International Prognostic Index (IPI) of zero 
and is told that she has a 90 percent chance of staying in remission two years after completing R-CHOP 
(rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone) chemotherapy. A young patient 

with unmutated IgVH chronic lymphocytic leukemia (CLL) with normal cytogenetics is told that he has a 50 percent 
chance of maintaining a remission at five years following treatment with FCR (fludarabine, cyclophosphamide, and 
rituximab). For both patients however, these are just statistics, and they do not provide any insight into whether 
the patient in front of you will be in the 10 percent of patients with DLBCL who relapse, or whether the patient’s 
unmutated IgVH CLL will relapse within a year of completing FCR. In the era of alternative, non–chemotherapy-
based effective therapies for these diseases, better individual predictors of outcome, rather than relying on the 
presence or absence of relapse over time, has the potential to spare a patient ineffective therapies and to direct 
them earlier to more effective therapies. This is the power in the Continuous Individual Risk Index (CIRI) developed 
and validated by Dr. David M. Kurtz and colleagues and published recently in Cell.  

CIRI is a dynamic risk assessment that uses established pretreatment and interim-treatment risk factors for specific 
cancer subtypes to reassess the probabilities of an individual’s outcome over time. In DLBCL, these risk factors 
include the IPI, cell of origin of the tumor, interim positron emission tomography imaging assessment, pretreatment 
circulating tumor DNA burden, early molecular response, and major molecular response. In CLL, these risk factors 
include clinical and cytogenetic risk indices, peripheral blood minimal residual disease, and choice of therapy. 
Dynamic risk assessment in this system is modeled after “win-probability” models in which risk predictions are 
continuously assessed over time, considering additionally collected longitudinal data. It has the capacity to make 
outcome predictions at specific timepoints using a naïve Bayes approach, as well as to make longitudinal survival 
predictions using proportional hazard modeling and Bayesian analysis. In the validation cohorts for both DLBCL 
and CLL, CIRI closely calibrated to observed outcomes within ± 5 percent. In both models, CIRI outperformed any 
of the individual risk factors. Furthermore, because choice of therapy was considered a risk factor in the CIRI-CLL 
modeling, CIRI-CLL could be assessed for its power as a predictive biomarker for response to a specific therapy; it 
indeed could predict for benefit from FCR over alternative immune-chemotherapies following a period of induction 
therapy and an interim biomarker/response analysis. This model is applicable to other cancer subtypes as well; the 
authors present their modeling following neoadjuvant chemotherapy for breast cancer as an example.

One of CIRI’s weaknesses is that inherent in this model is the initiation of established standard-of-care therapies 
for the disease in question. Our DLBCL or CLL patient ideally would want to know before even starting a therapy 
whether it will benefit them in a meaningful way. However, in two important ways it is a significant improvement 
over just waiting for a relapse. First, it may help to identify a group of patients at the end of standard-of-care 
induction therapy who are at high risk of relapse and therefore most likely to benefit from alternative consolidation 
or maintenance strategies. In DLBCL and CLL, consolidation or maintenance strategies have generally not proven 
beneficial for the population as a whole, but this lack of benefit may not hold true if we are able to identify the 
subgroup at highest risk of relapse. Second, if we can use these models at an early interim time point, before the 
end of induction therapy, to identify patients for whom this therapy is unlikely to produce lasting benefit, we can 
switch treatments to something more likely to be effective. For the patient with DLBCL, this may mean earlier 
treatment with chimeric antigen receptor T-cell therapy, and for the patient with CLL, this may mean moving on to 
any of the available targeted therapies or their combinations. Ideally, we are moving toward better pretreatment 
genomic, immunologic, and molecular prognostic modeling but we should recognize the progress and potential 
power a dynamic risk model such as CIRI offers.

Dr. Jacobson indicated no relevant conflicts of interest.

From Wan JCM, White JR, Diaz LA Jr. “Hey CIRI, What’s My Prognosis?” Cell. 2019;178:518-520. Used with permission.
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Single-cell Genomics Reveals 
the Cellular Landscape of Bone 
Marrow Stromal Cells
Baryawno N, Przybylski D, Kowalczyk MS, et al. A cellular 
taxonomy of the bone marrow stroma in homeostasis and 
leukemia. Cell. 2019;177:1915-1932.

ONIMA CHOWDHURY, PhD, AND ADAM MEAD, MD, PhD

The bone marrow microenvironment is a crucial component 
of hematopoietic stem and progenitor cell regulation, in both 
health and disease. Intercellular communication between 

hematopoietic and stromal cells is vital, for example, through the 
expression of cell surface or secreted factors, such as growth factors. 
Bone marrow stroma is composed of a multitude of heterogeneous 
cells, including those forming connective tissue and blood vessels, 
and those giving rise to a variety of supportive tissues including 
bone, fat, and cartilage. To date, it has been unclear whether the 
current cellular markers we use to identify stromal cells define truly 
distinct populations of cells. Definitive characterization of the cellular 
components of the hematopoietic niche is vital to understanding their 
interactions with hematopoietic cells in health and disease. Single-cell 
genomics is a powerful tool to characterize cellular architecture of cell 
populations such as the bone marrow niche. Dr. Ninib Baryawno and 
colleagues at Harvard University applied single-cell RNA sequencing 
to definitively annotate mouse bone marrow stromal cells based on 
their gene expression profiles. The authors define six overarching 
groups of stromal cells — mesenchymal stem cells (MSCs), 
osteolineage cells (OLCs), pericytes, chrondrocytes, bone marrow 
endothelial cells (BMECs), and fibroblasts. They further defined 17 
distinct subpopulations, resolving many new subgroups and providing 
clarity on how certain populations are developmentally related.

First, the researchers were able to subclassify MSCs into four major 
subsets, distinguished by their expression of particular genes and 
elucidating likely pathways of differentiation between the subsets. 
The authors then enhanced the classification of what was previously 
defined as a single population of OLC into two subgroups with 
different origins and differing ability to regulate hematopoietic cells. 
With regard to cartilage formation, five different clusters expressed 
genes associated with the cartilage-forming lineage, and the authors 
used bioinformatic techniques to delineate potential differentiation 
pathways between the clusters of cells. To date, it has been difficult 
to distinguish mesenchymal stem cells from fibroblasts. In this study, 
however, the authors were able to recognize five different subsets 
of fibroblasts of varying likenesses to MSCs, from those expressing 
hematopoietic niche factors through to tendinous/ligamentous cells. 
Dr. Baryawno and colleagues also defined three distinct subsets 
of BMECs; all were related to each other along a continuum but 
express different hematopoietic ligands and secreted factors. They 
further described three pericyte subpopulations, also varying in their 
expression of key hematopoietic regulators such as CXCL12 and Kitl.

Following the mapping of bone marrow stromal cells in steady-state 
normal bone marrow, the authors went on to investigate the impact 
of acute myeloid leukemia (AML) on the stromal environment. They 
compared the effect of transplanting healthy mice with either normal 
bone marrow cells or MLL-AF9–driven leukemic bone marrow on the 
bone marrow stromal compartment. These studies demonstrated that 
AML distorted the stromal environment significantly, with significant 
changes in the proportions of subpopulations of stromal cells on 
exposure to leukemic bone marrow cells, including alterations 
in expression of hematopoietic regulators within defined stromal 
subpopulations. These stromal cell changes were consistent with a 
model in which leukemia creates an aberrant hematopoietic niche 
that simultaneously promotes aberrant leukemia cell differentiation 
and proliferation while suppressing normal hematopoiesis (e.g., via 
deregulation of vital hematopoietic stem cell niche growth factors, 
specifically Cxcl12 and Kitl).

In summary, the authors provide novel insights into cellular 
heterogeneity of mouse bone marrow stromal cells, providing a 
comprehensive resource for researchers studying the bone marrow 
niche. They not only define novel subsets of stromal cells but also 
determine how these populations are related to one another along 
differentiation continuums and define expression patterns of key 
hematopoietic regulators. Importantly, this taxonomy was descriptive 
and almost entirely based on gene expression with manual annotation 
of putative functions. As the authors acknowledge, current methods 
do not allow in vivo functional assessment of each identified cell 
cluster. The presence of AML cells clearly disrupted the stromal 
environment, which is consistent with a model whereby leukemic cells 
influence the stromal cells, subverting their differentiation patterns and 
reducing the expression of regulatory signaling molecules known to 
be essential for normal hematopoietic function. The next challenge will 
be to map the spatial relationships between these identified stromal 
cell populations and hematopoietic or leukemic cell subpopulations 
using emerging imaging and spatial transcriptomic techniques.

Dr. Chowdhury and Dr. Mead indicated no relevant conflicts of 
interest.
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RIP FCR?
Shanafelt TD, Wang XV, Kay NE, et al. 
Ibrutinib-rituximab or chemoimmunotherapy 
for chronic lymphocytic leukemia. N Engl J 
Med. 2019;381:432-443.

BRAD KAHL, MD

For many years, standard of care first-line 
treatment of chronic lymphocytic leukemia 
(CLL) has been the FCR (fludarabine, 

cyclophosphamide, rituximab) regimen, which 
was pioneered for CLL at MD Anderson Cancer 
Center in large phase II trials and generated 
impressive results. The efficacy of the regimen 
was validated by the German CLL study group in 
phase III trials. Three separate research groups 
demonstrated the long-term efficacy of the regimen, 
publishing data sets showing a majority of patients 
remaining in first complete remission beyond five 
years. Yet, many practitioners who have used 
the regimen have discovered its drawbacks. It is 
both myelosuppressive and immunosuppressive, 
significantly so. I have quite a bit of experience 
with the regimen and have witnessed patients 
becoming transfusion dependent for as long as a 
year after FCR, and who never recovered normal 
blood counts. The risk for opportunistic infections 
is substantial and can persist for several years 
after treatment. Finally, there is a small but real risk 
(approximately 5%) of developing myelodysplastic 
syndromes/acute myeloid leukemia. Given the 
drawbacks of this highly efficacious therapy, the 
CLL community has been anxious to develop new 
frontline strategies.

A bold U.S. intergroup trial has put FCR to the 
test and identified a worthy replacement in the 
form of ibrutnib-rituximab. Dr. Tait D. Shanafelt 
and colleagues conducted a randomized phase 
III clinical trial comparing FCR against ibrutinib-
rituximab in 529 patients with previously untreated 
CLL. Patients needed to meet International 
Working Group Criteria for therapy and needed 
to be 70 years or younger to be eligible. Patients 
with 17p deletion were not eligible. The FCR 
regimen was administered at the usual dose 
and was scheduled for six cycles. Ibrutinib was 
administered at a dose of 420 mg daily, given 
until disease progression, while rituximab was 
administered for six months. Ibrutinib-rituximab 
was more efficacious. With a median follow-up of 
33 months, the three-year progression-free survival 
was 89 percent for ibrutinib-rituximab versus 73 
percent for FCR. Somewhat surprisingly, there 
was also a statistically significant overall survival 
(OS) advantage for ibrutinib-rituximab. Of note, 
FCR performed similarly to ibrutinib-rituximab in 
the patients with mutated IgVH genes. Toxicities 
for FCR were typical for that regimen. The 
ibrutinib-rituximab regimen was reasonably well 
tolerated with low levels of grade 3 to 4 toxicity. 

One might conclude that this trial signals the 
death knell for FCR given the OS advantage 
for ibrutinib-rituximab. Before planning FCR’s 
memorial service, a few considerations merit 
further thought. First, the overall number of death 
events was quite low (4 vs. 10). Hazard ratios can 
be very large with low numbers of events, and it 
is quite possible the OS signal will diminish with 
time. Second, this trial allowed participation of 
patients as old as 70 years, which is pushing the 
envelope for safe administration of FCR. It would 
be nice to see the data analyzed by age. Third, in 
IgVH-mutated CLL, FCR performed similarly to 
ibrutinib-rituximab for efficacy. Finally, ibrutinib is 
an expensive, chronic therapy, while FCR is finite.

Based on these considerations, FCR can continue 
to be an option for select CLL patients, meaning 
those with mutated IgVH genes and younger 
than 65 years. For patients meeting those 
criteria, it is a complicated discussion. One must 
walk them through the pros and cons of finite 
immunochemotherapy versus indefinite targeted 
therapy. In my experience, some patients opt for 
FCR while others strongly preferred ibrutinib. While 
the discussions are long and complex, at least we 
have options, which is always a good problem. 

Dr. Kahl indicated no relevant conflicts of 
interest.

Pressing PAUSE on Direct Oral Anticoagulants for Patients With 
Atrial Fibrillation Who Require Invasive Procedures
Douketis JD, Spyropoulos AC, Duncan J, et al. Perioperative management of patients with atrial fibrillation receiving a direct 
oral anticoagulant. JAMA Intern Med. 2019; doi:10.1001/jamainternmed.2019.2431. [Epub ahead of print.]

LORI-ANN LINKINS, MD

Each year, approximately 20 percent of individuals taking a direct oral anticoagulant (DOAC) for stroke prevention will require 
an invasive procedure. Unfortunately, there is a wide discrepancy in opinion and scant published evidence to guide clinicians 
on the appropriate duration of treatment discontinuation. Patients and their physicians need to know when to hold an agent 

prior to procedures and how soon they should be restarted once treatment has concluded. This evidence gap puts patients at risk for 
thrombotic events as well as postprocedural bleeding.

Dr. James D. Douketis and colleagues performed a multicenter, prospective cohort study (PAUSE) that evaluated the safety of a 
standardized perioperative management strategy for patients with atrial fibrillation taking DOACs who required an elective surgery 
or procedure. Apixaban, dabigatran, or rivaroxaban were held for one to four days preoperatively based on the agent, the risk of 
procedure-related bleeding (high or low according to prespecified classification), and patient renal function. They were restarted two to 
three days postoperatively depending on the risk of postprocedural bleeding. Therapeutic-dose low-molecular-weight heparin (LMWH) 
was not permitted, and DOAC levels were not used to guide management. The primary outcome measure for each DOAC-specific 
cohort was major bleeding and arterial thromboembolism at 30 days.

A total of 3,007 patients with atrial fibrillation (mean age, 72.5 years; mean CHADS2 score, 2) were enrolled (apixaban in 42%, 
dabigatran in 22%, and rivaroxaban in 36%). One-third of the procedures were classified as high bleeding risk. The 30-day 
postoperative rate of major bleeding was as follows: apixaban, 1.35 percent (95% CI, 0%-2.00%); dabigatran, 0.90 percent (95% CI, 
0%-1.73%); and rivaroxaban, 1.85 percent (95% CI, 0%-2.65%). The 30-day postoperative rate of arterial thromboembolism was as 
follows: apixaban, 0.16 percent (95% CI, 0%-0.48%); dabigatran, 0.60 percent (95% CI, 0%-1.33%); and rivaroxaban, 0.37 percent 
(95% CI, 0%-0.82%). All major bleeding events and nine of 10 arterial events (ischemic strokes) occurred a median of two days 
(interquartile range, 0-6 days) postoperatively. Preoperative DOAC treatment levels were less than 50 ng/mL for more than 90 percent 
of the subgroup of 2,541 patients who had testing performed.

This study confirms that a standardized perioperative management strategy for DOACs is safe, with low event rates for major bleeding 
and arterial thromboembolism. An additional noteworthy finding is that LMWH was not used for bridging. Switching patients from 
DOACs to LMWH to “bridge” around an invasive procedure does not make pharmacologic sense because the half-life of LMWH 
is similar to DOACs (8-14 hours). LMWH bridging for warfarin makes more sense owing to the much longer half-life of warfarin (40 
hours). However, even this practice is questionable given recent data showing that it causes more harm than benefit for most patients.1

Does the PAUSE study answer all of our questions about perioperative management of DOACs? It does not, and in fact, it raises new 
ones. For example, rivaroxaban did not meet the prespecified threshold for major bleeding of less than 2 percent. Does this mean this 
agent should be held longer before and/or after procedures? Are these results applicable to dabigatran (with a smaller than planned 
sample size) or edoxaban (not included)? Is a DOAC-specific level of 50 ng/mL a safe cut point for high bleeding risk procedures, 
especially if neuroaxis anesthesia is required?

Another important observation from the PAUSE trial is the timing of the arterial thromboembolic events. The reported median was 
postoperative day 2, which is also when the risk of bleeding is still considered high for many procedures. A lower dose of DOAC given 
on postoperative day 2 might provoke less bleeding, but it is also less likely to be effective at preventing arterial thromboembolism. This 
suggests that at least some of these thrombotic events are not preventable.

The PAUSE study offers clear evidence-based guidance on how to manage DOACs around invasive procedures. It also provides a 
warning that clinicians and patients must agree to these procedures with their eyes wide open about the risks.

1. Douketis JD, Spyropoulos AC, Kaatz S, et al. Perioperative bridging anticoagulation in patients with atrial fibrillation. N Engl J Med. 2015;373:823-833.

Dr. Linkins was a data adjudicator for this trial, but was not involved in study design, data analysis, or writing of the manuscript. 

Figure. Perioperative Direct Oral Anticoagulant (DOAC) Management Protocol

No DOAC was taken on certain days (shaded) and on the day of the elective surgery or procedure. The light blue arrows refer to an exception 
to the basic management, a subgroup of patients taking dabigatran with a creatinine clearance (C-CI) less than 50 ng/mi. The orange arrows 
refer to patients having a high-bleed-risk surgical procedure. Dark blue arrows refer to patients having a low-bleed-risk surgical procedure. The 
thickened orange part of the arrows refer to flexibility in the timing of DOAC resumption after a procedure.

*Cancer diagnosed within 3 months or has been treated within 6 months or metastatic.
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Does Your MDS Treatment Have Mettle? 
The Utility of Iron Chelation Is Always a 
Point of Discussion in MDS
Hoeks M, Yu G, Langemeijer S, et al. Impact of treatment with iron chelation 
therapy in patients with lower-risk myelodysplastic syndromes participating 
in the European MDS registry. Haematologica. 2019; doi:10.3324/
haematol.2018.212332. [Epub ahead of print.]

AMY E. DeZERN, MD, MHS

Despite numerous advances in the care of patients with myelodysplastic syndrome 
(MDS) in recent years, chronic red blood cell (RBC) transfusions remain the 
mainstay of therapy for all patients, especially anemic patients with lower-risk 

disease.1 RBC transfusion provides prompt, symptomatic relief for lower hemoglobin 
and improves health-related quality of life. Unfortunately, transfusion dependence is 
also associated with less favorable prognosis in MDS.2 Chronic transfusion therapy is 
associated with the risk of iron overload, which has the potential to cause substantial 
organ toxicity. No controlled prospective studies have demonstrated a benefit from iron 
chelation in MDS, but several retrospective or observational studies have suggested 
improved survival with chelation.3 The long-awaited TELESTO trial, a randomized 
controlled trial of deferasirox compared to placebo was published as an abstract (#234) 
at the 2018 ASH Annual Meeting; it showed a risk reduction in the treatment arm, 
but no overall survival (OS) benefit with chelation. Thus, there remains no consensus 
regarding the optimal iron chelation regimen in MDS, making this a regular manuscript 
topic in the literature as we try to optimize outcomes in our patients.

In this study, Dr. Marlijn Hoeks and colleagues used the robust European Union MDS 
(EUMDS) registry to investigate the role of iron chelation therapy in patients with 
lower-risk MDS. For this analysis, prospectively collected, observational data from 
recently diagnosed lower-risk4 patients were included. The investigators analyzed all 
patients, chelated or nonchelated, who were eligible for chelation based on at least 
one of the following criteria: at least 15 cumulative RBC units, transfusion intensity 
of a one or more units per month during a six-month period, or serum ferritin level 
greater than 1,000 μg/L. The registry was queried July 2017 for patients diagnosed 
between December 2007 and April 2017. This cohort ultimately included 689 eligible 
patients — 199 chelated and 490 nonchelated. There were many significant differences 
between chelated and nonchelated patients including older age and increased deaths 
for nonchelated patients but with longer follow-up for chelated patients. Nonchelated 
patients had more cumulative units transfused than chelated subjects (4 vs. 2 units) at 
baseline, but the chelated patients had higher median ferritin levels. The median time on 
chelation was 13 months (range, 3-41 months). Unfortunately, recording of reasons for 
cessation of chelators was not possible in this cohort.

A Cox proportional hazards model showed a hazard ratio (HR) for OS in chelated 
patients (adjusted for multiple appropriate covariates) of 0.50 (95% CI, 0.34-0.74). 
Additionally, a propensity score–matched model demonstrated a further significantly 
improved OS for chelated patients, with an HR of 0.42 (95% CI, 0.27-0.63) compared 
to nonchelated patients. Of the 199 chelated patients, 150 received deferasirox 
as the initial chelating agent (of the 3 available in Europe at the time). Interestingly, 
patients who were initially treated with deferoxamine had inferior OS compared with 
deferasirox-treated patients. Compelling analyses were run to investigate improvements 
in hematopoiesis and even transfusion independence. More than 80 percent of the 77 
chelated patients who responded were also on an erythropoiesis-stimulating agent or 
lenalidomide. Further analysis showed that 39 percent of chelated patients reached an 
erythroid response. The authors concluded that these results suggest that iron chelation 
may improve OS and hematopoiesis in transfusion-dependent MDS patients.

This report from a very experienced group of MDS investigators uses registry data 
to advance our knowledge about iron chelation therapy for lower-risk patients with 
MDS. Their conclusions are consistent with previous reports3,5,6; several features of 
the cohort and analyses make it highly applicable to this patient population in whom 
chelation must be considered at the bedside. The cohort represents a very “real-world” 
lower-risk, transfusion-dependent group of patients in their seventh and eighth decades 
with all the anticipated comorbidities that could be excluded from a trial population. 
Given its conduct in Europe and not the United States, these lower-risk patients were 
not routinely treated with hypomethylating agents, and thus their effect on response 
or myelosuppression did not contribute to the results. Additionally, the propensity 
score–matched analysis can incorporate more confounding factors into their model. The 
authors also make the salient point that there will always be limitations to performing 
a randomized controlled trial for the use of chelators in MDS due to staunchly held 
beliefs by both providers and patients on the topic. The noted benefit in deferasirox is 
interesting, but unfortunately, there was no further information provided on the choice of 
chelation agent.

In summary, chelation therapy in MDS is expensive, cumbersome, and may be 
associated with significant adverse effects such as gastrointestinal symptoms and 
nephrotoxicity, among others, and thus its potential benefits require more studies, even 
prospective and observational ones such as this, to guide our treatment decisions.

1. Fenaux P, Adès L. How we treat lower-risk myelodysplastic syndromes. Blood. 2013;121:4280-4286.

2. Waszczuk-Gajda A, Mądry K, Machowicz R, et al. Red blood cell transfusion denand hyperferritinemia are 
associated with impaired survival in patients diagnosed with myelodysplastic syndromes: results from the first 
Polish MDS-PALG Registry. Adv Clin Exp Med. 2016;25:633-641.

3. Zeidan AM, Giri S, DeVeaux M, et al. Systematic review and meta-analysis of the effect of iron chelation therapy 
on overall survival and disease progression in patients with lower-risk myelodysplastic syndromes. Ann Hematol. 
2019;98:339-350.

4. Greenberg P, Cox C, LeBeau MM, et al. International scoring system for evaluating prognosis in myelodysplastic 
syndromes. Blood. 1997;89:2079-2088.

5. Rose C, Brechignac S, Vassilief D, et al. Does iron chelation therapy improve survival in regularly transfused 
lower risk MDS patients? A multicenter study by the GFM (Groupe Francophone des Myélodysplasies). Leuk 
Res. 2010;34:864-870.

6. Delforge M, Selleslag D, Beguin Y, et al. Adequate iron chelation therapy for at least six months improves survival 
in transfusion-dependent patients with lower risk myelodysplastic syndromes. Leuk Res. 2014;38:557-563.

Dr. DeZern indicated no relevant conflicts of interest. 

Voxelotor: Changing the Disease by Changing 
the Conformation
Vichinsky E, Hoppe CC, Ataga KI, et al. A phase 3 randomized trial of voxelotor in sickle 
cell disease. N Engl J Med. 2019;381:509-519.

SAMUEL WILSON, MD, IFY OSUNKWO, MD, MPH, KATHLEEN MONAHAN, DO, AND JANE LITTLE, MD 

Sickle cell disease (SCD) is a global problem, estimated to affect more than 100,000 
individuals in the United States and millions of people worldwide.1 SCD results from a 
single nucleotide substitution in the β-globin chain of adult hemoglobin (HbA), which 

produces instead sickle hemoglobin (HbS). When tense (deoxygenated Hb, or “T-state” Hb), HbS 
polymerizes, leading to damage and distortion of the red blood cell (RBC), hemolysis, inflammation, 
thrombosis, acute vaso-occlusive crisis (VOC), and chronic cumulative vasculopathy.2,3 Despite the 
global burden, high-grade morbidity, and early mortality, disease-modifying medications for SCD 
have been few, with hydroxyurea being the sole U.S. Food and Drug Administration–approved 
medication for SCD for 20 years, until the recent approval of L-glutamine.3

The placebo-controlled randomized phase III HOPE trial, conducted by Dr. Elliott Vichinsky and 
colleagues and sponsored by Global Blood Therapeutics, is a refreshing example of the current 
renewed interest in novel therapeutics in SCD. Voxelotor (GBT440) is an orally bioavailable 
small molecule that causes a delay in HbS polymerization (central to pathophysiology in SCD) by 
reversibly binding to α-globin in 30 to 40 percent of Hb molecules/RBC, causing an allosteric 
conformational change and an increase in oxygen affinity (more oxygenated or “S-state” Hb). This 
is likely disease modifying, analogous to increased Hb F in patients on hydroxyurea or with an 
hereditary persistence of fetal Hb.4 Drs. William Eaton and H. Franklin Bunn convincingly argued 
that even small reductions in polymerization of HbS are key in ameliorating the clinical outcomes of 
SCD.5 In murine models of SCD, voxelotor had been shown to increase the half-life of erythrocytes, 
reduce sickling, and improve anemia.6 In a phase I/II clinical trial, voxelotor was overall well tolerated 
at a dose of 1,000 mg daily, with reduction in anemia and hemolysis.7

The HOPE trial was an international effort, with a primary endpoint defined as the percentage of 
patients with an increase in total Hb of 1 gm/dL at 24 weeks, although treatment extended up to 72 
weeks. Secondary endpoints included mean change in Hb, annualized incidence rate of VOC, and 
laboratory markers of hemolysis. Individuals eligible for the study were between the ages of 12 to 
65 years. All major SCD subtypes were eligible, but more than 85 percent of patients studied had 
HbS or HbSβ0. Crucially, individuals on hydroxyurea were not excluded. The authors enrolled 274 
participants with well-distributed baseline characteristics. Participants were randomly assigned in a 
1:1:1 fashion to treatment groups receiving either voxelotor 1,500 mg, voxelotor 900 mg, or placebo.

Key findings in this trial were significant improvement in anemia and a possible improvement in 
hemolysis, without undue near-term toxicity. In the intention-to-treat analysis, there was a significantly 
higher percentage of patients with a mean Hb response in the voxelotor 1,500 mg group (51%; 
95% CI, 41-61) than in the placebo group (7%; 95% CI, 1-12; p <0.001). The 900 mg dose had 
an intermediate effect. Secondary endpoints showed a possible decrease in hemolysis (% indirect 
bilirubin and % reticulocytes decreased significantly with treatment, but no significant reduction 
in lactate dehydrogenase and absolute reticulocyte count). There was no difference between 
groups regarding percentage receiving RBC transfusion, and there was a nonsignificant reduction 
in annualized VOC in voxelotor-treated patients versus the placebo group. Safety data were 
encouraging as most adverse events reported were grade 1 or 2, with diarrhea and headache being 
the most common. Adverse events of grade 3 or higher did not differ between groups.

Despite the significant optimism engendered by the HOPE trial, caveats remain that should be fully 
explored before voxelotor is universally adopted. Safety risks not fully evaluated in the HOPE trial 
include delayed oxygen delivery to the cerebral cortex in patients at risk for silent cerebral infarction. 
As Drs. Robert Hebbel and Bo Hedlund point out, physiology is not linear, and an increase in Hb 
may not translate to an increase in tissue oxygen delivery, especially with agents that affect oxygen 
affinity.8 Erythropoietin levels did not differ between treated and untreated patients in the HOPE 
trial, suggesting that the renal cortex did not detect a physiological decrease in oxygen delivery in 
vivo. However, the impact of voxelotor on the cerebral cortex, which is highly dependent on oxygen 
delivery, cannot be readily assessed via biochemical surrogates and needs to be followed closely 
in the coming years, optimally with more sensitive neuroimaging.9 In addition, patients with SCD 
who were not well-represented in the HOPE trial include those with HbSC and HbSβ+, as well as 
HbS patients with total Hb less than 7 g/dL. Caution should be used before extending voxelotor 
to these subpopulations without further study. In variant SCD especially, more data are needed 
about blood viscosity,10 which has been associated with increased risk for VOC and osteonecrosis 
and is expected to rise in conjunction with hematocrit (Hct).2 Previous viscosity measurements 
for voxelotor, normalized to a Hct of 30 percent in vitro, showed improvement in viscosity,10 but 
this may not reflect in vivo changes at true Hct values. Finally, the effect of voxelotor on additional 
clinically meaningful endpoints such as quality of life and frequency of VOC will need to be 
established.

The HOPE trial showed that voxelotor had great potential for mitigating hemoglobin levels of 
individuals with SCD and its downstream effects. However, as with any new agent, it is only with 
careful study and vigilant observation in the first years of its use that we will truly understand the 
best and safest ways to use voxelotor.

1. Piel FB, Steinberg MH, Rees DC. Sickle cell disease. N Engl J Med. 2017;376:1561-1573.

2. Kato GJ, Piel FB, Reid CD, et al. Sickle cell disease. Nat Rev Dis Primers. 2018;4:18010.

3. Carden MA, Little J. Emerging disease-modifying therapies for sickle cell disease. Haematologica. 2019;104:1710-1719.
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A Novel Immunotherapy for T-ALL 
Hixon JA, Andrews C, Kashi L, et al. New anti-IL-7Rα monoclonal antibodies show efficacy against T cell acute lymphoblastic 
leukemia in pre-clinical models. Leukemia. 2019;doi: 10.1038/s41375-019-0531-8. [Epub ahead of print.]

CAROLINE DIORIO, MD, AND DAVID T. TEACHEY, MD

T-cell acute lymphoblastic leukemia (T-ALL) accounts for approximately 15 percent of pediatric, and 25 percent of adult ALL cases.1 
The overall survival rate for pediatric patients currently exceeds 85 percent, but this requires intensive, prolonged therapy with 
short-term and long-term morbidity. Furthermore, patients with relapsed or refractory disease have a dismal prognosis.2 A powerful 

novel strategy for the treatment of patients with relapsed or refractory disease is immunotherapy. Immunotherapies have been applied 
to other types of ALL, specifically B-cell ALL (B-ALL), with great success; however, it has been challenging to apply this approach to 
T-ALL because of issues with fratricide and the inherent toxicities related to targeting T cells. In their recent article, Dr. Julie A. Hixon and 
colleagues describe a promising potential novel approach for the treatment of T-ALL via targeting the interleukin-7 (IL-7) receptor α (IL-
7Rα). They developed a monoclonal antibody targeted against IL-7Rα and tested its safety and efficacy in preclinical models.

The investigators developed two murine monoclonal antibodies targeting IL-7Rα (constructs 2B8 and 4A10) and demonstrated 
their capacity to bind to mutant and wild-type IL-7Rα. Both antibodies were subsequently humanized. In an ex vivo experiment, both 
constructs effectively killed T-ALL blasts via antibody-dependent cell-mediated cytotoxicity (ADCC) using natural killer (NK) cells, with a 
higher effectiveness demonstrated when both constructs were combined. Fratricide of NK cells was not observed.

After demonstrating the effectiveness of both constructs in ex vivo experiments, the investigators used a series of patient-derived 
xenograft (PDX) models to further evaluate the efficacy and safety of this approach. They first demonstrated the efficacy of both 

constructs in an artificial leukemia 
driven by an IL-7Rα mutation that 
was introduced into immune-deficient 
mice. They then used a patient sample 
leukemia (T-ALL#5) to demonstrate the 
efficacy of the monoclonal antibodies 
in controlling low levels and high 
levels of disease and showed that the 
combination of 4A10 and 2B8 was 
effective in more samples than either 
antibody alone. Nevertheless, there was 
no difference in survival between single 
and combined antibody administration.

Finally, the authors established the 
efficacy of the anti-IL-7Rα in PDX 
models of relapsed T-ALL. PDX mice 
were treated with daily dexamethasone 
and weekly vincristine for four weeks, 
either alone or in combination. Following 
the completion of treatment, persistent 
or recurrent blasts were assessed for 
IL-7Rα expression using flow cytometry 
and were shown to have increased 
expression with both single agents and 
combination therapy. The increase in 
IL-7Rα was higher in patient samples 
treated with combination therapy 
as compared with those receiving 
dexamethasone alone. Results for mice 
receiving vincristine alone were not 
reported. Mice with relapsed leukemia 
following dexamethasone and vincristine 
were treated with either a combination 
of 4A10 and 2B8, or vehicle. Mice 
treated with the monoclonal antibody 
combination had reduced leukemia cells 
(measured by flow cytometry) 14 days 
post-treatment (Figure).

Treatment with the anti-IL7Rα 
monoclonal antibodies improved survival 
but was not curative. Despite exploring 
ex vivo testing in four unique samples 
of T-ALL, the PDX models used only a 
single sample (T-ALL#5). T-ALL samples 
are notoriously heterogeneous, and the 
efficacy demonstrated in T-ALL#5 has 
not yet been reproduced. The authors 
acknowledged this limitation, and further 
evaluation of T-ALL PDXs is underway. 
They also evaluated the efficacy of their 
antibody in relapsed T-ALL, using blasts 
from mice who had been treated with 
dexamethasone and vincristine in vivo 
to mimic, albeit imperfectly, relapsed 
T-ALL in patients. Perhaps the most 
important concern related to translating 

this discovery into the clinical realm is the broad expression of IL-7Rα on normal T-cells, as T-cell aplasia could be a major toxicity 
associated with this therapy.

In summary, Dr. Hixon and colleagues developed two monoclonal antibodies targeting IL-7Rα and demonstrated their efficacy when 
used separately or in combination in ex vivo and in vivo models of T-ALL. Although potential toxicities need to be carefully considered, 
this study nevertheless represents an important potential breakthrough in the management of relapsed or refractory T-ALL.

1. Hunger SP, Mullighan CG. Acute lymphoblastic leukemia in children. N Engl J Med. 2015;373:1541-1552.

2. Teachey DT, Pui CH. Comparative features and outcomes between paediatric T-cell and B-cell acute lymphoblatic leukaemia. Lancet Oncol. 2019;20:e142-e154.

Dr. Diorio and Dr. Teachey indicated no relevant conflicts of interest.

The authors further showed that cysteine 
depletion disrupts other GSH-dependent 
processes. Specifically, they examined the effect 
of cysteine depletion on the glutathionylation of 
succinate dehydrogenase A (SDHA), a subunit of 
the electron transport chain complex II (ETC II). 
The current report shows that cysteine depletion 
leads to decreased SDHA glutathionylation and 
ETC II activity, resulting in reduced OXPHOS 
and death of ROS-low LSCs. Building on these 
findings, the investigators examined cysteine 
levels in ROS-low LSC specimens from patients 
with de novo AML who responded to azacitidine 
and venetoclax and from patients with relapsed/
refractory AML who were resistant to azacitadine 
and venetoclax. They uncovered that cysteine and 
GSH was depleted in patients who responded 
to the combination therapy, but not in those who 
were relapsed/refractory, suggesting that cysteine 
levels may be a potential biomarker of venetoclax 
response and that therapies designed to degrade 
cysteine may be useful in refractory AML.

Collectively, the results support the likelihood that 
cysteine metabolism is an essential metabolic 
process for the LSCs in AML. It remains to 
be determined if depletion of individual amino 
acids would be enough to selectively eradicate 
LSCs. Focusing on the fundamental physiologic 
characteristics of the LSC, properties that are 
conserved from patient to patient despite the 
chromosomal or genetic heterogeneity, may 
provide a rational treatment approach for those 
patients with no other “targetable” mutation. 
Additionally, this study provides further insight into 
the mechanism of venetoclax resistance.

While a phase III trial testing azacitidine versus 
azacitidine and venetoclax in older patients 
has been conducted (NCT02993523), final 
results are awaited. It will be of interest to 
see if the combination arm resulted in durable 
complete remissions as might be expected if 
LSCs are indeed suppressed by venetoclax 
plus a hypomethylating agent. Furthermore, this 
combination has not been tested yet in younger 
patients, nor has venetoclax been tested in 
combination with other cytotoxic chemotherapies 
or in maintenance settings where ongoing LSC 
suppression would be critical. Focusing on the 
unique metabolic requirements of LSCs may 
provide insight into how best to eradicate this 
OXPHOS-dependent cell as the source of 
relapse.
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(Cont. from page 1)

Outfoxing OXPHOS

Anti-IL-7Ra is effective in controlling the growth of chemotherapy resistant 
leukemia in NOD.SCID mice.
A. Experimental protocol. Patient derived T-ALL xenografts were established by 
intravenous injection into 20 NOD.SCID mice on day 0. When leukemia burden reached 
1% in peripheral blood, mice were treated with a combination of dexamethasone (5 mg/
kg, daily) and vincristine )0.15 mg/kg, weekly) for 4 weeks. On day 69, mice were given 
a single intravenous injection of anti-IL7Rα 4A10 and 2B8 (250 μg of each MAb) or 
PBS on day 69.
B. Chemotherapy resistant leukemia was detected in the blood of mice at day 61 (n = 
3).
C. Growth of chemotherapy resistant leukemia was controlled by a single injection of 
anti-human IL-7Rα 4A10 combined with 2B8 at day 75 compared to mice that received 
chemo alone (n = 2).

Figure
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conversation starter
Featured content from Blood Advances, Volume 3, Issue 19

Myeloablative vs Reduced Intensity T-cell–Replete 
Haploidentical Transplantation for Hematologic Malignancy
In the absence of prospective studies that examine the effect of conditioning 
regimen intensity after T-cell–replete haploidentical transplant for acute myeloid 
leukemia (AML), acute lymphoblastic leukemia (ALL), and myelodysplastic 
syndrome (MDS), a retrospective cohort analysis was performed. Of the 
1,325 eligible patients (AML, n = 818; ALL, n = 286; and MDS, n = 221), 
526 patients received a myeloablative regimen and 799 received a reduced-
intensity regimen. Graft-versus-host disease prophylaxis was uniform with 
posttransplant cyclophosphamide, a calcineurin inhibitor, and mycophenolate 
mofetil. The primary end point was disease-free survival. Cox regression models 
were built to study the effect of conditioning regimen intensity on transplant 
outcomes. For patients aged 18 to 54 years, disease-free survival was lower 
(hazard ratio [HR], 1.34; 42% vs 51%; p=.007) and relapse was higher (HR, 
1.51; 44% vs 33%; p=.001) with a reduced-intensity regimen compared with a 
myeloablative regimen. Nonrelapse mortality did not differ according to regimen 
intensity. For patients aged 55 to 70 years, disease-free survival (HR, 0.97; 37% 
vs 43%; p=-.83) and relapse (HR, 1.32; 42% vs 31%; p=.11) did not differ 
according to regimen intensity. Nonrelapse mortality was lower with reduced-
intensity regimens (HR, 0.64; 20% vs 31%; p=.02). Myeloablative regimens 
are preferred for AML, ALL, and MDS; reduced-intensity regimens should be 
reserved for those unable to tolerate myeloablation.

From Solomon SR, et al. Blood Advances. 2019;3:2836-2844. More available 
at www.bloodadvances.org.

I N  M E M O R I A M

Boy, Wonder: Stanley L. Schrier, MD (1929-2019)
 

“Cool.”

This was Stan’s quintessential email response when 
you reached out to him about an interesting patient, 
a recent publication, or a special event in your life. To 
be honest, just a single word like that would leave 
you hanging and wanting more — is that really all you 
got? Those who trained under Stan could excuse this 
online brevity because he was an unflinching presence 
at our conferences and didactics. We always had an 
opportunity to follow up with meaty conversations about 
life and hematology across the conference table.

As a founding father of Stanford’s Division of 
Hematology, Stan was the doting parent of a program 
he helped nurture for six decades and over which he 
presided as chief for 27 years. He knew that showing 
up was at least 50 percent of showing that you care. He 
effectively used sardonic wit and unfiltered wisecracks 
to theatrically punctuate substantive teaching points. 
Stan’s education and mentorship of two generations 
of hematologists were recognized by the Stanford 
University School of Medicine’s Albion Walter Hewlett 
Award, Stanford University’s Walter J. Gores Award, and 
ASH’s Mentor Award. 

Stan recounted that the pediatrician who attended to 
him for colds in his South Bronx home couldn’t do 
much, but he was caring, and Stan wanted to be like 
him. Like Stanford colleague Dr. Irv Weismann and many 
future physician-scientists, teenager Stan fell in love 
with the colorful stories of discovery from Leeuwenhoek 
to Ehrlich, depicted in Paul de Kruif’s Microbe Hunters. 
His matriculation in the prestigious Bronx High School 
of Science introduced him to the scientific method and 
indulged his sense of wonder. After his college years at 
New York University and the University of Colorado, Stan 
arrived in Baltimore as part of Johns Hopkins University 
School of Medicine’s 1950 freshman class and interned 
on the Osler service. At Hopkins, he developed an 
affinity for Chief Hematologist, Dr. C. Lockard Conley’s 
clinicopathologic approach to the evaluation of complex 
patients. This was foundational to Stan’s development 
as a notoriously astute diagnostician and clinician.

Amid the Korean War, Stan served his military time 
as a member of the Commissioned Corps of the U.S. 
Public Health Service. Stan attended the Stateville 
Penitentiary in Joliet, Illinois, as a senior assistant 
surgeon who oversaw University of Chicago–led clinical 
trials with prisoner volunteers trying to figure out how 
to fight the scourge of malaria that was debilitating 
America’s fighting men. He was captivated by Dr. Paul 

Carson’s and Dr. Ernest Beutler’s seminal work on 
G6PD deficiency as the basis for primaquine-induced 
hemolytic anemia and followed their lead in learning 
experimental techniques to study red cell metabolism. 
At this time, he was mentored by Dr. Leon Jacobsen 
and further engaged with Dr. Beutler at the University 
of Chicago. These were formative interactions that 
Stan must have thought could provide the prologue of 
his own origin story, Red Blood Cell Hunters. In 1959, 
Stan headed west with his wife Peg and was hired as 
assistant professor in the Division of Hematology at the 
Stanford University School of Medicine’s newly minted 
campus in Palo Alto.

Stan started with basic 
research of the red blood cell 
(RBC) membrane, studying 
its structure, function, 
deformability, and transfer 
function. However, Stan wanted 
a clinical outlet; in 1982, he 
undertook a sabbatical at 
Hebrew University in Jerusalem 
to understand the biologic 
basis of anemia in thalassemia. 
He led studies that identified 
the types of excess globin 
chain accumulation in the 
membranes of RBCs that 
led to their premature death, 
seminal contributions to the 
understanding of the different 
pathophysiologies of α- and 
β-thalassemia.

Stan was heavily involved 
with ASH. During his tenure 
as ASH President in 2004, he 
maintained his long-standing interest in mentoring and 
education initiatives. He made a large impact on the 
Society’s global footprint, including establishing the 
International Consortia on Acute Leukemia (formerly 
IC-APL) in Mexico and several South American 
countries. His international ambassadorship extended 
to the Health Volunteer Overseas (HVO) program, 
where he helped to innovate hematology care 
programs in Uganda, Peru, and at the Angkor Hospital 
for Children in Siem Reap, Cambodia.

Stan was also a winemaker who with his son David, 
spent 40 years honing Chardonnay, Zinfandel, and 
other varietals in French oak barrels in his cellar, 
named Cabrillo Springs. While Stan’s product never 

touched the hands of a sommelier or graced the pages 
of Wine Spectator, he developed a vintner’s wisdom 
that doubled as one his life’s aphorisms: “…the thing 
you learn when you make wine is patience; nothing 
happens fast…the mistakes that I’ve made are when I 
try to hurry things…do not drink the red wine too soon.”

Stan’s tornadic pace in academic hematology did not 
abate after his “retirement” in 1999. He became the 
first Hematology Editor for UpToDate, cofounded the 
Stanford Amyloidosis Center with Dr. Michaela Liedtke, 
chaired the Stanford Cancer Institute Clinical Trial 
Office’s Scientific Review Committee, and remained an 

active principal investigator on 
a National Institutes of Health 
grant on anemia in the elderly. 
Stan maintained his outpatient 
clinic, research program, 
and resident didactics at the 
microscope until a few months 
before his passing. He never 
suffered from a withering of 
youthful enthusiasm; he rode 
his bike into his 80s, and at 
age 90, his boyish sense of 
wonder never lost any of its 
sheen.

Stan’s affection for hematology 
was matched only by the love 
of the outdoors he shared with 
his family. His annual camping 
and backpacking trips to 
Yosemite were a prep for his 
and Peg’s trek to Everest base 
camp in 1987. Stan lost Peg to 
amyotrophic lateral sclerosis in 
2001 and found love again with 

Barbara Klein. This time, Stan and Barbara introduced 
the grandkids Andres and Emilia to the national 
parks, HVO sites and their indigenous peoples, and 
sanctuaries such as the Galápagos Islands.

While we dearly miss Stan, I’d like to think that if 
you look hard enough at Albert Bierstadt’s “Sunrise, 
Yosemite Valley,” you may just be able to see the 
stealthy cabin that he’s claimed behind some dense 
pines. Stan soaks in the morning sun, inhales the mist 
coming off Bridalveil fall, settles into his porch chair, 
and peers into his microscope. Boy, always wonder.

—Jason Gotlib, MD, MS, Professor of Medicine, 
Stanford University School of Medicine, Stanford, CA



14 The Hematologist:  ASH News and Reports   

Primed for Self-Destruction: 
Adding Venetoclax to 
Azacitidine for MDS
STUDY TITLE: A Phase 1b Dose Escalation Study 
Evaluating the Safety and Pharmacokinetics of 
Venetoclax in Combination with Azacitidine in Subjects 
with Treatment-Naïve Higher-Risk Myelodysplastic 
Syndromes (MDS) 

CTN NUMBER: NCT02942290

SPONSOR: AbbVie, Inc.

ACCRUAL GOAL: Approximately 80 participants

PARTICIPATING CENTERS: Approximately 30 sites 
globally

STUDY DESIGN: This trial will enroll adults 18 years 
and older who have previously untreated de novo MDS 
with International Prognostic Scoring System (IPSS) risk 
categories intermediate-2 or high (i.e., minimum IPSS 
score of 1.5), less than 20 percent bone marrow 
blasts, Eastern Cooperative Oncology Group 
performance status of at most 2, currently 
ineligible for intensive chemotherapy or 
allogeneic hematopoietic stem cell transplantation 
(allo-HCT), and white blood cell count of at most 
10,000/mL. Patients with therapy-related MDS or 
MDS/myeloproliferative neoplasm overlap will 
be excluded. Treatment will include standard 
azacitidine 75 mg/m2 for seven days either 
consecutively on days one to seven or with a two-
day break (5-2-2) every 28 days, with venetoclax 
per dose level (100 mg, 200 mg, or 400 mg) on 
days 1 to 14, every 28 days. The study is designed 
to evaluate the safety and preliminary efficacy of 
the combination of venetoclax and azacitidine. 
Guided by a Bayesian optimal interval design, 
dose-escalation will occur at three dose levels. A 
safety expansion cohort will evaluate safety and 
efficacy at the preliminary recommended phase 
II dose (RP2D), and a second expansion cohort, if 
necessary, will evaluate alternative scheduling.

The primary objectives of the study are to 1) 
assess the safety profile and pharmacokinetics 
of venetoclax in combination with azacitidine 
and 2) determine the RP2D and dosing schedule 
of venetoclax in combination with azacitidine. 
Secondary objectives are to assess preliminary 
efficacy data including the overall response 
rate, duration of response, overall survival, and 
progression-free survival.

RATIONALE: Management of patients with 
higher-risk MDS remains challenging owing 
to the limited approved therapeutic options, 
median age of onset, and complex disease 
biology (Papaemmanuil et al. Blood. 2013;122:3616-3627; 
Haferlach T, et al. Leukemia. 2014;28:241-247.). This clonal 
disorder is characterized by a set of recurrently mutated 
genes involved in RNA splicing, epigenetic and traditional 
transcriptional regulation, and signal transduction  (Bejar 
R, et al. N Engl J Med. 2011;364:2496-2506).While cure can 
only be achieved by allo-HCT, disease-modifying therapies 
are necessary for effective cytoreduction and to minimize 
leukemic transformation. Frontline therapy for higher-
risk MDS has been limited to hypomethylating agents and 
in some cases cytotoxic induction chemotherapy. Clinical 
trial strategies throughout the past decade have focused 
on using epigenetic targets and optimizing frontline 
chemotherapy regimens with novel agents. Despite 
advances in our genetic understanding of MDS, there 
has been little change to upfront management of higher-
risk MDS. Small-molecule inhibitors of mutant isocitrate 
dehydrogenase enzymes, however, have some clinical 

activity for a minority of patients (DiNardo CD et al. N Engl 
J Med. 2018;378:2386-2398). Small-molecule spliceosome 
inhibitors (Seiler M et al. Nat Med. 2018;24:497-504; 
Steensma D et al. EHA Library. 2019;266651:PS1034) and 
pharmacologic reactivation of mutant p53 (Sallman DA et 
al. Blood. 2018;132:3091) are still being investigated.

Incorporating novel agents into treatment with 
hypomethylating agents (HMAs) may be a more promising 
approach to improve outcomes for higher-risk MDS. 
Venetoclax is a selective, potent, orally bioavailable, small 
molecule inhibitor of B-cell lymphoma-2 (BCL-2) that 
promotes apoptosis by acting as a BH3 mimetic (Pan R et al. 
Cancer Discov. 2014;4:362-375). The BH3 domain is found 
in all proapoptotic BCL-2 family of proteins. Venetoclax 
acts by displacing pro-apoptotic proteins such as BIM 
or BAX from BCL-2 to induce BAX- or BAK-dependent 
mitochondrial outer membrane permeabilization (MOMP), 
which commits the cell to apoptosis (Figure; Certo M et al. 
Cancer Cell. 2006;9:351-365; Potter DS et al. Cold Spring 
Harb Symp Quant Biol. 2016;81:131-140; Konopleva M et 
al. Blood. 2018;132:1007-1012). This readiness to undergo 
apoptosis indicates how “primed” the tumor cells are 
for BCL-2 inhibition. Priming can be determined by the 
functional assay called BH3 profiling (Deng J et al. Cancer 
Cell. 2007;12:171-185), which exposes the cancer cell’s 
mitochondria to synthetic BH3 peptides that mimic the 

proapoptotic function of BH3-only proteins to determine 
MOMP and apoptosis initiation. Results from BH3 profiling 
of myeloblasts correlated with clinical response to 
venetoclax in acute myeloid leukemia (AML; Konopleva M 
et al. Cancer Discov. 2016;6:1106-1117).

Although data are limited, two studies in AML support 
the use of venetoclax in MDS. In a phase II venetoclax 
monotherapy trial for relapsed/refractory AML, the 
complete remission (CR) plus CR with incomplete blood 
count recovery (CRi) rate was 19 percent (6 of 32 patients). 
Notably, half of these responders (3 of 6 patients) had 
an antecedent hematologic disorder. A second phase 
Ib study examined venetoclax in combination with the 
HMA azacitidine for the treatment of newly diagnosed 
AML in patients ineligible for intensive chemotherapy. 
The combination therapy resulted in a striking CR plus 

CRi rate of 73 percent in the venetoclax 400 mg plus HMA 
cohort, leading to the recent accelerated approval of the 
combination by the U.S. Food and Drug Administration 
(DiNardo CD et al. Blood. 2019;133:7-17). Although the 
number of patients with prior/underlying MDS was not 
explicitly reported, nearly a quarter of the subjects (36 of 
145 patients) enrolled on the latter AML trial had a prior 
hematologic disorder and response rates did not differ 
among those with de novo and secondary AML. These 
practice-changing results raise the question of whether this 
combination has activity in related diseases such as MDS.

Though no dose-limiting toxicities including laboratory 
or clinical tumor lysis syndrome were reported in the 
AML setting (DiNardo CD et al. Blood. 2019;133:7-17), it 
comes as no surprise that hematologic and gastrointestinal 
adverse events (AEs) were common and expected giving the 
underlying disease and known AEs associated with HMA use 
(Fenaux P et al. Lancet Oncol. 2009;10:223-232). One concern 
about adding venetoclax to azacitidine in the MDS setting 
is the potential for prolonged neutropenia and associated 
infectious complications, which was reported in the phase 
Ib study of frontline venetoclax in combination with 
azacitidine for AML (DiNardo CD et al. Blood. 2019;133:7-17). 
To minimize the risk of febrile neutropenia complications, 
the current MDS study protocol was amended to reduce the 
duration of venetoclax exposure (continuous 14 days vs. 
28 days) to allow for hematologic recovery. Furthermore, 
dose modifications were implemented to reduce the dose 
of venetoclax and azacitidine in the event of recurrent 
prolonged neutropenia. For these reasons, patients will be 
observed for infection-related complications and a second 

dose expansion was built to re-evaluate dosing and 
scheduling as needed once the optimal venetoclax 
dose is identified.

By using a combination approach in the upfront 
treatment of MDS that has been proven effective 
in secondary AML, this trial represents an effort 
to continue to reduce the number of patients who 
ultimately experience disease progression. It is 
anticipated that patients who were previously 
ineligible for allo-HCT might become eligible with 
disease modification and thus come off study 
treatment.

COMMENT: Results from this MDS trial are highly 
anticipated given the promising activity and known 
tolerability of the combination of venetoclax and 
azacitidine for the elderly population with AML. 
Though determining the safety and preliminary 
clinical efficacy of combining venetoclax with 
azacitidine is the critical question being addressed 
by this trial, testing the utility of BH3 mimetics across 
myeloid malignancies is of great interest given their 
large therapeutic window and lack of genotoxicity, 
which makes them great candidates for combination 
therapies. The issue of whether a more active 
combination therapy leads to survival benefit or 
delays leukemic transformation remains to be seen. 
This study is accruing well and on target to complete 
enrollment by the end of 2019.

Planned exploratory correlative studies to identify 
a biomarker of response include evaluation for 
the presence or absence of myeloid mutations and 
BCL-2 family molecular expression (protein or 
RNA). Recently, this study has cleared the initial 
dose-escalation phase and is accruing to the safety 
expansion cohorts. This trial represents a promising 

approach to improving outcomes for untreated MDS beyond 
the current standard of care.

— Jacqueline S. Garcia, MD, Anthony Letai, MD, PhD, and 
Annette S. Kim, MD, PhD
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and Genentech. Dr. Letai received research support 
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and AbbVie. He has served as a consultant for AbbVie, 
Genentech, and F. Hoffmann-La Roche and has received 
grants from AbbVie, Genentech, Eli Lilly, Cellectis, 
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Clinical Trials Corner

(Top) In the primed cell, BCL-2 bound BIM (or activated BAX) can be displaced 
by the BCL-2 antagonist to induce BAX or BAK dependent mitochondrial outer 
membrane permeabilization (MOMP), irreversibly committing the AML cell to death. 
(Bottom) In the unprimed cell, treatment with the BCL-2 antagonist does not induce 
MOMP due to the lack of proapoptotic proteins pre-bound to BCL-2. Reprinted 
from Potter DS, Letai A. To prime, or not to prime: that is the question. Cold Spring 
Harb Symp Quant Biol. 2016;81:131-140 under a Creative Commons license.
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Interferon in Low-risk 
Polycythemia Vera: Does 
Better Tolerability Allow for 
Earlier Intervention? 
STUDY TITLE: Benefit/Risk Profile of AOP2014 in Low-
risk Patients With PV (Low-PV)

CLINICALTRIALS.GOV IDENTIFIER: NCT03003325

PARTICIPATING CENTERS: Italian multicenter study under 
the leadership of Professor Tiziano Barbui, Fondazione per la 
Ricerca Ospedale Maggiore di Bergamo (FROM)

ACCRUAL GOAL: 150 as of February 2, 2017

STUDY DESIGN: Low-PV is a multicenter, randomized 
phase II trial in a low-risk population of patients with 
polycythemia vera (PV; e.g., patients < 60 years of age and 
without previous thromboembolic complications). Patients 
receive either pegylated proline interferon (IFN) alfa-2b 
once every two weeks at a single dose of 100 µg versus the 
comparator of standard therapy (phlebotomy and low-dose 
acetylsalicylic acid [ASA] 100 mg daily). The primary goal is 
to compare the number of patients that maintain the recom-
mended hematocrit level of less than 45 percent over 12 
months in each arm. Several secondary endpoints include 
phlebotomy use, hematologic and molecular responses, 
splenomegaly, thromboembolic and hemorrhagic events, 
and quality of life (QoL). Eligibility of patients is defined 
by diagnosis of PV according to the 2016 World Health 
Organization criteria, age 18 to 60 years, and hematocrit 
level less than 45 percent at study entry. Exclusion criteria 
include history of previous thromboembolic or cardiovascu-
lar events, prior exposure to cytoreductive drugs including 
IFNs, infections, significant comorbidities, and pregnan-
cies. The study is sponsored by FROM and AOP Orphan 
Pharmaceuticals.

RATIONALE: Phlebotomy remains a key intervention in 
patients with low-risk PV; however, its therapeutic limita-
tions and the use of alternative therapies are debated. As 
there is no consensus definition of phlebotomy resistance, 

continuing frequent phlebotomies to avoid pharmacologic 
cytoreduction may result in symptomatic iron deficiency. 
Fine tuning the frequency of phlebotomies to achieve iron 
deficient erythropoiesis but avoid severe iron deficiency is 
challenging.

IFN therapy is a recommended approach for younger patients 
with high-risk PV. Early studies described efficacy of IFN at 
doses of 3 million IU, three times per week.1 Similar efficacy 
results can be obtained with pegylated IFN (PEG-IFN).2,3 
Both PEG-IFN alfa-2a and PEG-IFN alfa-2b have been recom-
mended as an alternative to hydroxycarbamide by several 
society guidelines in Europe and the United States. Pegylation 
of IFN prolongs serum half-time, thus enabling weekly drug 
administration. PEG-IFN results in complete hematologic 
responses in up to 95 percent of patients, together with 
reduction of JAK2-V617F allelic burden and induction of 
hematologic remissions.2,4,5 Furthermore, all patients became 
phlebotomy-free, and this was durable. Unfortunately, about 
90 percent of patients experienced IFN-associated adverse 
effects, including neuropsychiatric, musculoskeletal, and gas-
trointestinal events, with a high discontinuation rate owing to 
adverse effects; even higher incidences of IFN therapy discon-
tinuation were reported in other studies. A randomized phase 
III trial is currently being conducted in the United States to 
compare PEG-IFN alfa-2a plus low-dose ASA (81-100 mg daily) 
versus hydroxyurea (HU) plus low-dose ASA in patients with 
high-risk PV. In this trial, PEG-IFN alfa-2a is applied initially at 
45 µg per week and will be gradually increased to 180 µg per 
week, whereas HU is administered in a dose of 500 mg twice 
daily (NCT01259856).

Recently, a novel IFN alfa-2b, ropeginterferon alfa-2b, with 
an ultralong elimination half-life has been developed for the 
treatment of high-risk PV. Promising results could be obtained 
in a phase I/II open-label trial of 51 patients.6 Both the efficacy 
(overall response rate, 90%; complete molecular response, 
21%) and safety of the compound in this study supported 
the development of the drug in a randomized phase III trial 
(PROUD-PV). The PROUD-PV study (n=254) tested twice-weekly 
subcutaneous injection of ropeginterferon alfa-2b compared 
with daily HU or best available therapy. The three-year 
results of this randomized trial of untreated or HU pretreated 
patients with high-risk PV showed superiority of the IFN 
compound versus the comparator with regard to the rate of 
complete hematologic remissions and reduction of allelic 
burden.7 These results resulted in ropeginterferon alfa-2b 
becoming the only approved drug for high-risk PV in the EU.

To assess the efficacy and tolerability of ropeginterferon 
alfa 2b in low-risk PV, this definitive study is needed to 
inform physicians about its efficacy and toxicity profile 
compared to the standard treatment of phlebotomies in 
combination with low-dose ASA. 

COMMENT: The Low-PV trial started enrollment in 
February 2017 with an expected number of 150 partici-
pants. Enrollment is expected to finish by the end of 2019. 
This trial is significant because it will provide the first 
evidence of whether treatment with pegylated IFN in 
low-risk PV might be comparable or superior to repeated 
phlebotomies to maintain the recommended hematocrit 
level (< 45%), as well as for tolerability and symptom 
control. Additionally, by targeting patients with low-risk 
disease, it theoretically provides the best opportunity 
for pegylated IFN to have disease modifying activity. We 
believe that this trial may inform the future clinical man-
agement of patients with low-risk PV.
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Frigault MJ, Dietrich J, Martinez-Lage M, et al. 
Tisagenlecleucel CAR T-cell therapy in secondary CNS 
lymphoma. Blood. 2019;134:860-866.

The results of this study show that chimeric antigen 
receptor (CAR) T-cell therapy with tisagenlecleucel, a 
CD19-specific CAR T-cell product, is a feasible option for 
patients with secondary central nervous system (CNS) 
diffuse large B-cell lymphoma, with limited toxicity and 
potential efficacy.

Tam CS, Trotman J, Opat S, et al. Phase 1 study of the selective 
BTK inhibitor zanubrutinib in B-cell malignancies and safety 
and efficacy evaluation in CLL. Blood. 2019;134:851-859.

This paper offers the first description of zanubrutinib, 
a new Bruton tyrosine kinase (BTK) inhibitor with an 
improved safety profile.
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Middleton EA, Rowley JW, Campbell RA, et al. Sepsis alters 
the transcriptional and translational landscape of human 
and murine platelets. Blood. 2019;134:911-923.
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Upreti H, Kasmani J, Dane K, et al. Reduced ADAMTS13 
activity during TTP remission is associated with stroke in 
TTP survivors. Blood. 2019;134:1037-1045.

This study shows that the increased occurrence of 
stroke in thrombotic thrombocytopenic purpura (TTP) 
during remission is associated with low ADAMTS13 
values.
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Müller-Calleja N, Hollerbach A, Ritter S, et al. Tissue factor 
pathway inhibitor primes monocytes for antiphospholipid 
antibody-induced thrombosis. Blood. 2019;134:1119-1131.

Antiphospholipid antibody syndrome is caused 
by antiphospholipid antibodies (aPLs) that cause 
thrombosis and pregnancy loss. In a Plenary Paper, 
Dr. Nadine Müller-Calleja and colleagues dissect the 
complex and multifaceted mechanism by which aPLs 
induce thrombosis through priming of monocytes and 
disruption of the balance of tissue factor activation and 
inhibition.

Chen R, Zinzani PL, Lee HJ, et al. Pembrolizumab in 
relapsed or refractory Hodgkin lymphoma: 2-year follow-up 
of KEYNOTE-087. Blood. 2019;134:1144-1153.

Dr. Robert Chen and colleagues report excellent 
durability of response at two years for patients 
responding to pembrolizumab for relapsed Hodgkin 
lymphoma.

editors’ choice
Dr. Bob Löwenberg (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. 

In a Plenary Paper, Dr. Elizabeth A. Middleton and 
colleagues describe important transcriptional and 
translational changes in murine and human platelets 
during sepsis, elucidating the emerging role of platelets 
in the complications of systemic inflammatory illness.

Dehn J, Spellman S, Hurley CK, et al. Selection of unrelated 
donors and cord blood units for hematopoietic cell 
transplantation: guidelines from the NMDP/CIBMTR. Blood. 
2019;134:924-934.

This Special Report, this month’s CME article, details 
evidence-based guidelines for the selection of optimal 
unrelated donors and cord blood units for allogeneic 
hematopoietic cell transplantation.

Sud A, Chattopadhyay S, Thomsen H, et al. Analysis of 
153,115 patients with hematological malignancies refines 
the spectrum of familial risk. Blood. 2019;134:960-969.

Dr. Amit Sud and colleagues interrogated the familial 
risk of hematological malignancy in association with 
over 150,000 patients. The majority of hematologic 
malignancies showed increased familial relative 
risk, most prominently in association with B-cell 
malignancies.
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Know PK Deficiency
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Would You Identify this 
Underrecognized Cause  
of Hemolytic Anemia? 

Pyruvate kinase (PK) deficiency may 
be underrecognized,1 but should be 
considered in patients with hemolysis 
who lack evidence of an acquired 
immune disorder.1,2

Patients with PK deficiency may 
experience: 
• Chronic hemolytic anemia 
• Iron overload even without transfusions 
•  Gallstones, splenomegaly, jaundice

New Testing Program*

Diagnostic testing is now available  
from ARUP Laboratories —  
at no cost to the patient.

Find out more online at 
www.knowpkdeficiency.com/testing

Learn more about  

ongoing clinical trials at  

www.ActivateClinicalTrials.com

Patient identification and 
diagnosis are taking on new 
importance.

Diagnostic  
Testing Program

* While Agios provides financial support for this program, 

all tests and services are performed by the selected third-

party. Agios receives contact information for healthcare 

professionals who submit tests under this program and 

limited de-identified aggregate data.
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