
ASK THE HEMATOLOGISTS – Drs. 
Chancellor Donald and Cindy Leissinger 
discuss their approach to acquired TTP 
with multiple relapses.

4 FEATURE – Drs. Rakhi Naik and Alfred 
Lee continue their discussion of the 
recent hematology workforce study.
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MINI REVIEW – Drs. Laura Calvi  
and Jane Liesveld review the current 
understanding of the bone marrow 
microenvironment’s role in MDS.

6IMAGE CHALLENGE – Drs. Shomali, 
Fernandez-Pol, and Gotlib invite readers to 
test their knowledge on an interesting case 
of spur cell anemia.
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Is the Future of the Benign Hematology 
Consult Electronic?
Pai A, Kotak D, Facher N, et al. Development of a virtual benign 
hematology consultation service: results of a pilot project involving 5 
medical centers. Blood. 2019;133:993-995.

As the volume of nonmalignant hematology consults grows and the 
potential provider pool of nonmalignant hematologists shrinks, questions 
on how to optimize the care of patients with nonmalignant hematologic  
  disorders have become increasingly pressing.1,2

In a recent letter to the editor published in Blood, Dr. Ashok Pai and 
colleagues presented the results of their effort to meet this need with a virtual 
nonmalignant hematology consultation service, commonly referred to as an 
electronic consultation (e-consult), across five medical centers within the 
Kaiser Permanente health system in California. With this program, all nonurgent 
consults were submitted via an electronic portal, while any urgent or inpatient 
consults continued to be called directly to a physician. One hematologist 
triaged consult requests for two to three medical centers for a week at a time, 
determining whether the request could be answered electronically (with chart 
review and documentation of recommendations in the medical record) or 
whether an in-person appointment was needed. The triaging hematologist was 
equipped with tools including consensus recommendations, ordering panels 
for the laboratory workup of common disorders, and pre-populated templates 
for frequently asked questions. A weekly conference was also set up to discuss 
challenging cases and differences in opinions between providers.

In a seven-month trial period, 2,013 consults were submitted for a wide range 
of nonmalignant hematologic disorders, with an average range of 18.2 to 32.7 
consults per day across the five medical centers. Most consults (75%) were 
managed electronically. Of the consults that required in-person evaluation, 
most were for blood cell count abnormalities that warranted further evaluation, 
often a bone marrow biopsy. Response to consults was timely, with 90.3 
percent addressed within 24 hours, and in-person appointments arranged 
within seven days of request. The average time for a hematologist to complete 
an e-consult was 14.5 minutes (95% CI, 14.0-14.9). A survey of participating 
providers revealed a high level of satisfaction in both referring physicians and 
hematologists.

Other practice environments have similarly incorporated e-consult in recent 
years.3 Dr. Michael Cecchini and colleagues at the Veterans Affairs Connecticut 
Healthcare System were first to publish results on hematology e-consult, 
reporting that consult volume increased while in-person consultation decreased 
by 18 percent, with a similar mean time of e-consult completion of 14.5 minutes 
(SD, 7.3) compared to 30 to 60 minutes allotted for in-person appointments.4

Despite these successes, many questions remain regarding the role of e-consult 
in the future of nonmalignant hematology within the United States health care 
system as a whole. Dr. Pai and colleagues practice in a capitated payment 
model with a shared electronic medical record (EMR), and therefore have 
existing means for reimbursement and interprovider communication. E-consult 
becomes more complex in fee-for-service models, but this system is evolving 
as well. As of 2019, the Centers for Medicare & Medicaid Services (CMS) 
has included Current Procedural Terminology (CPT) codes for what is termed 
“interprofessional internet consultation,” thereby creating an avenue for e-consult 
billing.5,6 However, challenges of interinstitutional variation in EMRs remain.

Furthermore, the effects of e-consult on consult volume and patient outcomes 
require further investigation. Results from Dr. Cecchini and colleagues suggest 
that e-consult decreased in-person consult volume but significantly increased 
total consult volume, raising concerns that the ease of requesting an e-consult 
may increase the collective workload of the consultant.5 Additionally, the need 
for physicians to spend even more time in EMRs, reviewing, documenting, and 
communicating electronically, may have negative consequences: increased 
clerical burden, which is heavily influenced by the extensive use of EMRs, has 
already been identified as the top factor contributing to physician burnout.7 

Finally, neither study evaluated whether more rapid access to subspecialist input 

Is Hematology Having an Identity Crisis?
RAKHI P. NAIK, MD, MHS,1 AND ALFRED I. LEE, MD, PhD2

1. Assistant Professor of Medicine, Johns Hopkins University School of Medicine, Baltimore, MD

2. Associate Professor of Medicine, Yale University School of Medicine, New Haven, CT

In the United States, hematology seems to have lost its identity. Ask 
any medical student or resident if they are interested in specializing in 
hematology, and instead of an answer, the inevitable first response will 
be, “Do you mean oncology?” In the era of combined adult hematology-
oncology training programs in the United States, the standard term 
among trainees has become “hem-onc,” or  more commonly, just 

“onc.”  This terminology confusion extends well beyond trainees. Funding for academic hematology-
oncology centers is often derived from federal or private cancer-directed grants, a reality that has 
resulted in the gradual disappearance of the term “Blood” from “Blood & Cancer Center.”

While on the surface this shift may seem subtle and inconsequential, it may be having a 
tremendous impact on the academic hematology workforce. A 2007 study sponsored by the 
American Society of Clinical Oncology projected a deficit in the U.S. hematology-oncology 
workforce  expected to last at least through the following decade.1 Data from the American 
Medical Association’s Physicians Masterfile and the American Board of Internal Medicine 
(ABIM) indicate that in the  past 15 years, the number of U.S. physicians identifying as 
hematologists or seeking certification in hematology has been far outpaced by those identifying 
as medical oncologists or seeking oncology certification.2 In the field of hematopoietic stem cell 
transplantation specifically, a workforce deficit has also been projected.3 

In nonmalignant hematology, however, the workforce trends are even more dire. In 2003, an ASH-
sponsored survey of adult hematology-oncology fellowship program directors revealed that less 
than 5 percent of graduates maintain a primary clinical focus in nonmalignant hematology — a 
number that remained markedly low  in a 2018 single-institution fellow alumni survey.4,5 From 
a research perspective, the number of new R01 grants submitted through the Blood Diseases 
Division of the National Heart, Lung, and Blood Institute (NHLBI)  decreased nearly 60 percent 
from 2000 to 2013, representing a more drastic drop than that seen in other disciplines.6 

Given the widespread concerns about the future of hematology, ASH established a Recruitment 
and Retention Working Group in 2017 to assess the current and future state of hematology as a 
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Fellows’ Career Focus: 64% of fellows report planning to practice at least some hematology (malignant 
and/or nonmalignant).
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President’s Column

Global Thoughts Become Global Actions

Blood diseases span borders, and it’s important that ASH does, too. We are committed to helping hematologists conquer blood diseases 
worldwide. This is our tagline — one that is both inspirational and aspirational. This worldwide mission is reflected by our membership, 

which comes from nearly 100 countries, and 41 percent of the nearly 30,000 2018 Annual Meeting attendees came from outside of the United 
States, which is truly impressive. 

Since 2018, one of the eight elected councillor positions on the ASH Executive Committee is reserved for a non–North American member, 
which is important in helping the leadership understand the needs of our international members. Many of our international efforts are 
coordinated through the International Members Committee, chaired by Dr. Theresa Coetzer from South Africa, and international members 
populate nearly every ASH committee, task force, and editorial board. The current editor-in-chief and incoming deputy editor of our flagship 
journal, Blood, are non–North American, as are nearly half of the associate editors.

At a high level, the international footprint of ASH is broad and highly impactful, supporting research, education, training, and patient care, 
with significant focus on building capacity in less developed regions. A great strength of ASH is our ability to convene diverse groups to 
tackle difficult problems by facilitating collaboration and the exchange of information. Examples include the International Consortium on 
Acute Leukemia in Latin America, the Children’s International Consortium on Acute Leukemia in the Caribbean, and the Latin American 
Aplastic Anemia Registry. As part of our major initiative in sickle cell disease (SCD), ASH is working with a variety of partners, including the 
United States Department of Health and Human Services, to help reduce the burden of SCD in Sub-Saharan Africa. ASH supports development 
of an African Newborn SCD Screening and Early Intervention Consortium in Africa, and in July, the Society convened a very productive 
meeting of the Consortium in Johannesburg. Plans are now advancing to launch newborn screening efforts in the initial three countries by 
this fall. Overall, we saw many valuable opportunities for networking among clinical and governmental champions representing a growing list 
of African countries.  

Another ASH international success story is the Highlights of ASH (HOA) meetings held in Latin America, Asia Pacific, and, beginning in 2019, 
the Mediterranean. These meetings are held in partnership with hematology societies around the world, bringing content experts from ASH 
to these sites to distill and share hematology research with the highest clinical impact from the ASH annual meeting with hematologists 
who were not able to travel to the U.S. I was fortunate to participate in the meetings in Athens and Lima this year and was very pleased 
to see the enthusiastic engagement by the attendees. This year, these meetings touched more than 1,800 international members, and our 
partners in these regions unite to work on endeavors worthy of ASH support. In 2019 for example, hematologists from societies throughout 
Latin America convened in Lima for a full day prior to HOA to advance ongoing work adapting the new ASH evidence-based guidelines on 
venous thromboembolism for Latin American hematologists. Adapting guidelines can be an effective strategy to bring trustworthy, context-
appropriate recommendations to settings other than those for which they might have been originally intended, at a lower cost.

ASH efforts to support training of hematologists also have an international scope. The Clinical Research Training Institute (CRTI) and 
Translational Research Training in Hematology (TRTH) provide important education and mentorship for early-career hematologists 
worldwide. TRTH is co-sponsored by the European Hematology Association and is held in Europe. HOA in Latin America includes a 
pre-meeting workshop for trainees modeled on CRTI and we are exploring the possibility of expanding trainee opportunities at HOA in 
Asia-Pacific. One hundred fifty international trainees were supported by ASH this year to attend HOA. ASH has developed several unique 
training programs focusing on hematology-related needs in developing countries, including the Visitor Training Program (VTP) and the 
Latin American Training Program (LATP), which are designed to help build hematology capacity in low- and middle-income countries. The 
two programs provide funding for hematology-related health care professionals to receive up to 12 weeks of training on a specific topic or 
technique. We recently granted 18 awards to hematologists from Benin, Cambodia, Egypt, Ethiopia, India, Kenya, Myanmar, Nigeria, Pakistan, 
Peru, Philippines, and Romania. The LATP similarly granted eight awards to hematologists from Argentina, Brazil, Cuba, Mexico, and Peru.

The ASH International Outreach Initiative provides nearly 200 hospitals and universities in low- and middle-income countries with 
online access to free educational materials to help address needs in these countries with regard to research, practice, and training.

Awards are an important benefit to ASH members, and international members are eligible for many, including several travel awards given 
to presenters of high-scoring abstracts. In 2018, we introduced the ASH Global Research Award (www.hematology.org/Global-Research.
aspx), designed to support future international scientific leaders, increase hematology capacity, and nurture global collaboration. Like the 
ASH Scholar Award, the Global Research Award supports hematologists between completion of their training and the establishment of their 
independent careers. The most recent awardees came from Brazil, China, Croatia, Czech Republic, Ghana, Italy, Japan, and Uganda.

Many of the outstanding programs described in this column are supported in part by the ASH Foundation. I encourage all ASH members to 
consider the Foundation in annual philanthropy planning and to note that there are opportunities to designate all or parts of donations to the 
Foundation for specific programs, including the Sickle Cell Disease Initiative Fund and the Global Programs Fund.

The ASH portfolio of international activities is broad and deep, and the contributions by our international members to our mission are 
substantial. As noted by author and New York Times op-ed commentator Thomas Friedman, the world is indeed flat. I am grateful to the 
leadership and the membership of ASH for mirroring this reality through their contributions. It is this commitment that ensures that our 
tagline is more than words on a page.

Roy L. Silverstein, MD

or less access to face-to-face encounters had an effect on patient 
outcomes.

As the needs of our patients and the structure of our health care 
system rapidly evolves, Dr. Pai and colleagues present an exciting, 
promising new approach that maximizes access to nonmalignant 
hematology expertise. Efforts to more broadly implement and 
evaluate e-consult are ongoing, most notably via Project CORE, a 
multi-institutional effort lead by the Association of American Medical 
Colleges.8 This effort and others will shed further light on the role of 
e-consult in other health care models and how it may improve effective 
and efficient delivery of hematologic care.

1. Marshall AL, Jenkins S, Mikhael J, et al. Determinants of hematology-oncology trainees’ 
postfellowship career pathways with a focus on nonmalignant hematology. Blood Adv. 
2018;2:361-369.

2. Wallace PJ, Connell NT, Abkowitz JL. The role of hematologists in a changing United 
States health care system. Blood. 2015;125:2467-2470.

3. Vimalananda VG, Gupte G, Seraj SM, et al. Electronic consultations (e-consults) 
to improve access to specialty care: a systematic review and narrative synthesis. J 
Telemed Telecare. 2015;21:323-330.

4. Cecchini M, Rose MG, Wong EY, et al. The implementation of electronic hematology 
consults at a VA hospital. Blood. 2016;127:1610-1611.

5. Henry TA. 2019 CPT codes offer new paths to payment for digital medicine. AMA. 
2018; Oct 17. Access via: https://www.ama-assn.org/practice-management/
cpt/2019-cpt-codes-offer-new-paths-payment-digital-medicine.

6. Final policy, payment, and quality provisions changes to the Medicare physician fee 
schedule for calendar year 2019. CMS. 2018; Nov 1. Access via: https://www.
cms.gov/newsroom/fact-sheets/final-policy-payment-and-quality-provisions-changes-
medicare-physician-fee-schedule-calendar-year.

7. Project CORE: Coordinating optimal referral experiences. AAMC. Access via: https://
www.aamc.org/initiatives/core2/. 

8. Swensen S, Shanafelt T, Mohta NS. Leadership survey: Why physician burnout is 
endemic, and how health care must respond. NEJM Catalyst. 2016; Dec 8. Access 
via: https://catalyst.nejm.org/physician-burnout-endemic-healthcare-respond. 

Is the Future of the Benign Hematology Consult Electronic?
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2019 Honorific Award Winners
At each year’s ASH annual meeting, the Society bestows its most prestigious awards on those hematologists whose 
work has had a profound influence on the field. Read on to learn more about the 2019 Honorific awardees, their 
contributions to hematology, and when and where each award will be presented this year in Orlando.

WHERE: Hall D, Orange County Convention Center

WHY: Dr. Eaton is receiving this award in recognition of his 
pioneering biochemical and biophysical research into sickle 
cell disease pathophysiology and drug therapy. He described 
the sickle hemoglobin polymerization reaction that causes red 
blood cell sickling and delineated the protective effects of fetal 
hemoglobin. His research contributed to the development of 
hydroxyurea, which helps slow sickling of red cells by inducing 
fetal hemoglobin synthesis, and the creation of a sensitive test 
for measuring the time it takes for a blood cell to sickle.

WORDS OF WISDOM: “Follow your passion. The vast 
majority of sickle cell patients … do not have access to 
advanced medical facilities for such treatment. This is my 
motivation to use high-throughput screening to try to discover 
an inexpensive oral drug that can be used worldwide.”

WHO: Richard A. Larson, MD, University 
of Chicago

WHAT: Henry M. Stratton Medal

WHEN: Tuesday, December 10, 2019, at 
9:30 a.m.

WHERE: Hall D, Orange County 
Convention Center

WHY: Dr. Larson has made significant discoveries in 
understanding the genetic basis of leukemia and translating it 
into more effective treatments, inspiring therapeutic concepts 
for adults with acute lymphoblastic leukemia that are now 
known as the “Larson regimen.” He has designed and led 
groundbreaking therapeutic trials for patients with leukemia 
via the Leukemia Committee of the Cancer and Leukemia 
Group B (today the Alliance for Clinical Trials in Oncology), 
completing an array of important clinical trials that have been 
translated into clinical practice.

WORDS OF WISDOM: “These are exciting times, not just 
for those of us working to improve outcomes for malignant 
blood diseases but across the spectrum of hematologic 
disorders. Hematology offers tremendous opportunities that 
overlap with vascular biology, transplantation, immunology, 
infectious diseases, and many other important areas such 
as global health. My advice would be to try to learn as much 
as possible about the biology of your disease of interest, 
assemble a collaborative team, and think creatively about 
how to test treatment strategies and specific interventions to 
improve the outcomes in patients.”

WHO: Emmanuelle Passegué, PhD, 
Columbia University Irving Medical Center

WHAT: William Dameshek Prize

WHEN: Tuesday, December 10, 2019, at 
9:30 a.m.

WHERE: Hall D, Orange County 
Convention Center

WHY: Dr. Passegué is being recognized for her pivotal 
contributions to the understanding of the biology of blood-
forming stem cells. She discovered a potential strategy for 
correcting impaired blood production in older people by 
identifying specific biological mechanisms that are altered 
when stem cells age and become dysfunctional. She also 
defined the unique susceptibility of stem cells to specific types 
of DNA damage and described how their particular repair 
mechanisms can render them vulnerable to disease-causing 
mutations.

WORDS OF WISDOM: “Go for it! [Hematology] is an 
exciting field that is at the forefront of important fundamental 
and clinical discoveries and it is a mature enough field with 
established guidelines to make meaningful discoveries. It is a 
great training ground with outstanding mentors that respect 
diversity, and it is also a lot of fun.”

WHO: Philip Greenberg, MD, Fred 
Hutchinson Cancer Research Center and 
University of Washington in Seattle

WHAT: E. Donnall Thomas Lecture and 
Prize

WHEN: Monday, December 9, 2019, at 
9:00 a.m.

WHERE: Hall D, Orange County Convention Center

WHY: Dr. Greenberg is being awarded this lecture and 
prize in recognition of his pioneering contributions to the 
development of T-cell adoptive immune therapy, the process 
by which T cells are equipped with receptors that target and 

WHO: Richard Aster, MD, Medical College 
of Wisconsin and Versiti Blood Center of 
Wisconsin

WHAT: Wallace H. Coulter Award for 
Lifetime Achievement in Hematology

WHEN: Sunday, December 8, 2019, at 
1:30 p.m.

WHERE: Hall D, Orange County Convention Center

WHY: Dr. Aster is recognized for his significant contributions 
to the understanding of immune diseases that affect blood 
cells, especially those involving platelets. He has contributed 
to the development of clinical standards for the diagnosis of 
immune thrombocytopenia and heparin-induced thrombocyto-
penia-thrombosis, moving the field forward through research, 
mentorship, and education throughout his 62-year career.

WORDS OF WISDOM: “Many hematologic disorders, 
genetic or otherwise, were among the first to have their 
pathogeneses worked out, and effective treatments developed 
because blood is so readily accessible and easy to work with 
in the laboratory. This is still true today, and anyone interested 
in a medical research career would do well to consider 
hematology as a steppingstone. Life (and biology) is now 
much more complicated than it used to be, so for a career in 
laboratory-based research, a combined MD/PhD degree is 
almost essential.”

WHO: Sriram Krishnaswamy, PhD, 
Children’s Hospital of Philadelphia and 
Perelman School of Medicine, University of 
Pennsylvania School of Medicine

WHAT: Ernest Beutler Lecture and Prize

WHEN: Monday, December 9, 2019, at 
1:30 p.m.

WHERE: Hall D, Orange County Convention Center

WHY: Dr. Krishnaswamy will be recognized for his studies of 
mechanisms by which proteins interact to regulate enzyme 
function, predominantly in the context of blood coagulation. 
He is an internationally acclaimed authority on the function 
of surface-dependent coagulation complexes, which are the 
targets of new oral anticoagulants, and has helped set the 
stage for establishing drug targets and development, including 
aptamers and novel nonactive site anticoagulants.

WORDS OF WISDOM: “The future of hematology promises 
the development of new technologies to solve complex biologi-
cal questions and innovative strategies to treat complex human 
diseases. Many of the low hanging fruit may be gone, but the 
difficult questions that remain are the ones to be broached 
for the next generation of scientific advancement. Solutions 
to these big questions will require enthusiastic, creative, and 
talented investigation into basic and translational science.”

WHO: Jeffrey I. Weitz, MD, McMaster 
University

WHAT: Ernest Beutler Lecture and Prize

WHEN: Monday, December 9, 2019, at 
1:30 p.m.

WHERE: Hall D, Orange County 
Convention Center

WHY: Dr. Weitz is being recognized for his work in clinical 
and translational science, namely research on why blood clots 
occur in certain situations, such as in patients with cancer or 
those with mechanical heart valves, and how to prevent or 
treat them. His work prompted the development and licensing 
of new anticoagulants that streamline the prevention and 
treatment of thrombosis.

WORDS OF WISDOM: “This is an exciting time for 
hematology. There are so many advances, including those in 
anticoagulation, hemophilia management, and the treatment 
of cancer. Hematology is the ideal choice for those who want 
to bridge laboratory investigation with clinical advances. It is 
also important to note that support, training, and networking 
opportunities are available to help early-career professionals 
build skills and relationships within the field.”

WHO: William Eaton, MD, PhD, National 
Institute of Diabetes and Digestive and 
Kidney Diseases (NIDDK), National 
Institutes of Health (NIH)

WHAT: Henry M. Stratton Medal

WHEN: Tuesday, December 10, 2019, at 
9:30 a.m.

eradicate disease cells. He established the concept and 
mechanisms of isolating antigen-specific T cells in the 
laboratory and reproducing them to the numbers needed 
to observe their activity for targeting a malignancy in vivo, 
which has allowed researchers to explore the biology of 
cells in detail to better understand how they function, and 
the obstacles that may interfere with their activity.

WORDS OF WISDOM: “Opportunities now are greater 
than they have ever been. Whether it be T-cell therapy or 
pharmacology and medicinal chemistry with small-drug 
molecular targeting, we are learning almost daily about 
how to better treat hematologic malignancies. I believe it 
is essential to get adequate basic training to participate in 
these efforts, to pick a question or problem to solve that 
appeals to you, and to run with it.”

WHO: Griffin Rodgers, MD, National 
Institute of Diabetes and Digestive and 
Kidney Diseases (NIDDK), National 
Institutes of Health (NIH)

WHAT: ASH Award for Leadership in 
Promoting Diversity

WHEN: Sunday, December 8, 2019, 
at 1:30 p.m.

WHERE: Hall D, Orange County Convention Center

WHY: Dr. Rodgers is recognized for his work to achieve 
broad representation of diverse populations both in the 
scientific workforce and among clinical trial participants, as 
well as to increase diversity in NIDDK. 

WORDS OF WISDOM: “Follow your passions. This 
is true in my own life, and it is true of the best of my 
colleagues. Staying true to yourself is the only way to be 
your best in medicine, science, or any other part of your 
life. Never lose touch with what first inspired, stimulated, 
and excited you about medicine and about the field you 
choose because it will take you places you may not think 
you can go.”

WHO: Michael R. DeBaun, MD, 
Vanderbilt University School of 
Medicine

WHAT: ASH Mentor Award

WHEN: Sunday, December 8, 2019, at 
1:30 p.m.

WHERE: Hall D, Orange County 
Convention Center

WHY: Dr. DeBaun is being recognized for his profound 
influence on his mentees’ intellectual growth and career 
development. He has mentored people at all education 
levels, from high school students with sickle cell disease 
(SCD) to tenured faculty members at multiple medical 
schools. His mentees have attained academic leadership 
positions nationally and internationally, becoming leaders 
of SCD research teams studying prevention of strokes 
in children with SCD in Nigeria and researching how to 
decrease pregnancy-related deaths in women with SCD in 
Ghana.

WORDS OF WISDOM: “Know yourself and what makes 
you go to sleep late at night and wake up early in the 
morning to advance the care of your patients. Then, have 
fun doing the hard work.”

WHO: Leonard Zon, MD, Harvard 
Medical School and Boston Children’s 
Hospital

WHAT: ASH Mentor Award

WHEN: Sunday, December 8, 2019, at 
1:30 p.m.

WHERE: Hall D, Orange County 
Convention Center

WHY: Dr. Zon receives this award in recognition of his 
mentorship of trainees who have gone on to establish their 
own funded laboratories or clinical programs. He mentors 
people at all stages of their careers including students 
and technicians, as well as faculty members, through fun 
workshops and techniques. He organizes events such as 
a postdoc mentoring breakfast and “technician’s tea” and 
has developed core modules focused on topics such as 
developing a laboratory’s budget, practicing an elevator 
pitch, writing a grant, and presenting at meetings.

WORDS OF WISDOM: “My daughter is now applying 
for hematology/oncology fellowships this year. I told her to 
work with the best mentors she can find and then use her 
skill set to be the best mentor she can be.”
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T H E  P R A C T I C I N G  H E M A T O L O G I S T

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. 

The Case
A 40-year-old woman presents for evaluation of relaps-
ing acquired thrombotic thrombocytopenic purpura 
(TTP) that has been present since age 30 years. Her initial 
diagnosis of TTP occurred with a presentation of micro-
angiopathic hemolytic anemia, thrombocytopenia, and 
neurologic symptoms. At the time of her initial episode, 
ADAMTS13 levels were undetectable, and an ADAMTS13 
antibody was documented. She received plasma exchange 
and glucocorticoid therapy. This initial course was 
prolonged owing to relapse upon cessation of plasma 
exchange therapy. She was administered one dose of vin-
cristine and achieved remission with complete recovery 
of platelet count and normalization of ADAMTS13 level. 
Steroid therapy was weaned.

Three years later, the patient experienced a relapse and 
rapidly responded to plasma exchange and glucocorticoid 
therapy. She would ultimately have a total of eight 
relapses. Rituximab has been variably administered 
in conjunction with plasma exchange for her relapses. 
Her most recent relapse occurred one month before 
this encounter; at that time, her ADAMTS13 levels were 
undetectable, and the ADAMTS13 antibody was present. 
She was treated with plasma exchange therapy plus four 
weekly doses of rituximab. She was not treated with 
glucocorticoid therapy owing to a previous diagnosis of 
avascular necrosis of the hip, and limited steroid exposure 
was preferred.

The Question
What is your approach to acquired TTP with multiple 
relapses?

Response
Acquired TTP is a rare thrombotic microangiopathy that 
occurs primarily in adults. The condition is characterized 
by hemolytic anemia and thrombocytopenia resulting from 
the inhibition of von Willebrand factor–cleaving protease 
ADAMTS13 by autoantibodies.1 ADAMTS13 cleaves the 
large von Willebrand factor multimers that are synthesized 
and secreted by endothelial cells. When ADAMTS13 is 
inhibited, the resulting abnormally large von Willebrand 
factor multimers in plasma have a greater ability to bind to 
platelets, leading to microvascular platelet thrombi.2

The standard-of-care treatment of TTP is plasma exchange 
to replenish functional ADAMTS13 and to remove 
abnormal von Willebrand factor multimers and ADAMTS13 
autoantibodies.3 Immunosuppressive therapy, typically 
glucocorticoids, are administered in association with 
plasma exchange to suppress ADAMTS13 autoantibodies.4 

The addition of rituximab is typically considered for 
patients who do not demonstrate a rapid response to 
plasma exchange. Caplacizumab was recently approved 
for use in acute TTP management. Caplacizumab is a 
novel humanized, bivalent, immunoglobulin fragment that 
targets the A1 domain of von Willebrand factor preventing 
interaction with the platelet glycoprotein Ib-IX-V receptor 
and the ensuing microvascular thrombosis.5 Used in 
combination with plasma exchange and glucocorticoid 
therapy in patients with acute TTP, patients receiving 
caplacizumab demonstrated more rapid normalization of 
platelet counts, reduced TTP-related mortality, and a lower 
rate of relapsed TTP during the clinical trial than those on 
the placebo arm.6

After remission is achieved for an acute presentation of 
TTP, a risk of lifetime recurrences persists. Relapses most 
often occur within the first year of the initial diagnosis but 
can occur up to 20 years later.7 Following an initial episode 
of TTP, a significant percentage of patients will, over time, 
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demonstrate a recurrence of the ADAMTS13 antibody and 
falling ADAMTS13 levels. For patients with ADAMTS13 
levels that drop below 10 percent, the likelihood of relapse 
over the course of years approaches 75 percent.8

In patients who have had one or more relapses, the goal of 
therapy is to prevent additional relapses. Following serial 
ADAMTS13 and ADAMTS13 antibody titers in such a patient 
is helpful in assessing the risk of a clinical relapse.

A variety of immunosuppressive therapies, including 
rituximab, cyclophosphamide, cyclosporine, bortezomib, 
mycophenolate mofetil, and N-acetylcysteine, have been 
used to prevent recurrences. The best studied of these 
is rituximab; recent data from a prospective registry 
showed that “pre-emptive” administration of rituximab 
when ADAMTS13 levels dropped below 10 percent was 
associated with a significant decrease in the clinical relapse 
rate.8

Case reports and small case series also detail the utility 
of splenectomy in the setting of multiple relapses.9 
Long-term remissions have been reported in patients 
undergoing splenectomy, though adverse events 
including postoperative TTP relapse have been reported, 
necessitating very close monitoring of patients throughout 
the postoperative period.

Patient Follow-Up
After a discussion of options, the patient will be monitored 
monthly with a complete blood count and ADAMTS13 level 
testing. If ADAMTS13 levels decline to 10 percent, rituximab 
will be administered to prevent a clinical relapse. Should 
rituximab ultimately prove ineffective or have a short-lived 
benefit, the strategy can be altered with consideration of 
other immunosuppressive agents. Additionally, elective 
splenectomy was discussed and will be reserved for the 
future should immunosuppression prove ineffective at 
preventing relapses.

Should a clinical relapse occur, plasma exchange 
will continue as the mainstay of urgent therapy, with 
the consideration of adding caplacizumab. Given the 
complication of avascular necrosis, glucocorticoid 
therapy will continue to be deferred.
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Call for 2020 ASH News 
Daily Authors and 
Contributing Editors for 
The Hematologist
ASH is in search of the next team of authors 
for the 2020 ASH News Daily. If you are an 
ASH member (MD or PhD) who has a passion 
for writing as great as your love for hematology, 
you may be the right fit. Ideal candidates are 
proficient, published writers who are curious 
about, and willing to cover, areas outside their 
comfort zone. You must be able to attend the 
annual meeting in December 2020, as well as 
one in-person board meeting two to three months 
prior. Interested candidates should have a flexible 
schedule at the annual meeting and be good with 
firm deadlines; enjoy science writing and be able 
to approach it creatively; and enjoy networking 
and doing author outreach. If this sounds like 
you, please email Managing Editor Juana Llorens 
(jllorens@hematology.org) with a letter of interest, 
two writing samples, and your CV. For more 
information about ASH News Daily, visit www.
hematology.org/Annual-Meeting/AND.aspx.

ASH is also in search of Contributing Editors 
for the Society’s newsletter, The Hematologist: 
ASH News and Reports. Terms are appointed 
by the ASH Executive Committee and typically 
last three years. As a Contributing Editor, you 
are given substantial freedom to cover published 
literature in one Diffusion per issue, a Clinical 
Trials Corner article in lieu of a Diffusion, or, at the 
Editor’s discretion, an occasional Feature article 
in The Hematologist. Candidates should have 
excellent time management and writing skills and 
be “plugged into” and passionate about cutting-
edge hematologic research and literature. If you 
think this describes you and you are seeking 
opportunities to become more involved with the 
Society, email the Managing Editor (jllorens@
hematology.org) or visit www.hematology.org/
thehematologist.

ASH Wins ASAE Power 
of A Award 
ASH has been recognized with ASAE’s Power of 
A Summit Award in the Power to Prepare for the 
Future category, for the Society’s multifaceted 
sickle cell disease (SCD) initiative. These awards 
showcase how associations leverage their 
unique resources to solve problems, advance 
industry and professional performance, kickstart 
innovation, and improve world conditions.

The ASH Sickle Cell Disease initiative is a 
multifaceted, patient-centric effort that brings 
together stakeholders in the public and private 
sectors to improve outcomes for individuals living 
with SCD worldwide. Since 2015, ASH has been 
working to improve SCD access to care, foster 
research, and ultimately find a cure.
Chief Executive Officer of the American Society 
for Clinical Pharmacology and Therapeutics 
and chair of the Power of A Awards Judging 
Committee, Sharon J. Swan, FASAE, CAE, 
commented, “We applaud the American Society 
of Hematology for creating and implementing 
such a collaborative initiative that strengthens 
society. Their initiative exemplifies how no other 
sector helps improve lives as comprehensively as 
the association community.”

In addition to broad-based education of clinicians 
and scientists, the use of “big data” technology to 
collect information that identifies new opportunities 
and enhances quality of care, and advocacy efforts 
to inform policymakers, ASH is also working on 
facilitating a global SCD community, setting and 
implementing an agenda of solutions, and dealing 
with regional disparities of care through initiatives 
such as the SCD Coalition and the African 
Newborn Screening program.

Learn more about the Power of A Awards by 
visiting www.ThePowerOfA.org/awards/.

N E W S  A N D  R E P O R T S



A 42-year-old white man presented with 
jaundice and generalized edema. He had been 
diagnosed with alcoholic cirrhosis four months 
prior. Laboratory evaluation is summarized 
in the Table. Abdominal ultrasound revealed 
a nodular liver and splenomegaly of 15.6 cm 

in craniocaudal dimension. Peripheral blood smear (panel A) revealed spur cells 
(acanthocytes, arrows). Hospital course was complicated by hematemesis and acute 
kidney injury requiring dialysis.

Table. Laboratory Evaluation

Test Result Reference Range

Hemoglobin 8.8 g/dL 14-17 g/dL

Mean cell volume 100 fL 81-96 fL

Platelet count  119 × 109/L 150-425 × 109/L

White cell count  11.4 × 109/L 4.5-11 × 109/L

Reticulocytes  5% 0.4-1.9%

Vitamin B12 >1,500 pg/mL 225-914 pg/mL

Folate 12.4 ng/mL ≥ 5.9 ng/mL

Ferritin  955 ng/mL 22-350 ng/mL

Creatinine  0.75 mg/dL 0.4-1.3 mg/dL

Blood urea nitrogen 17 mg/dL 6-26 mg/dL

Total/direct bilirubin  14.2/5.6 mg/dL 0.2-1.3/0-0.3 mg/dL

International normalized ratio (INR) 3.46 0.9-1.1

Fibrinogen  69 mg/dL 200-400 mg/dL

Haptoglobin  <30 mg/dL 44-215 mg/dL

Direct antiglobulin (Coombs) test Negative Negative
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Featured content from Blood Advances, Volume 3, Issue 15

A Phase II Study of Brentuximab Vedotin in Patients With  
CD30-positive Advanced Systemic Mastocytosis
There is an unmet need for effective therapies for advanced systemic mastocytosis 
(advSM). CD30 is expressed on the surface of neoplastic mast cells (MC) in 
more than 50% of patients with advSM. Brentuximab vedotin (BV) is a CD30-
directed antibody-drug conjugate with preclinical evidence supporting both 
an antineoplastic effect and an attenuation of immunoglobulin E-associated 
mediator release. These observations are the basis for this phase II trial of BV 
monotherapy (1.8 mg/kg IV every 3 weeks up to 8 cycles) in patients with CD30-
positive advSM. The primary objective was to determine the efficacy of BV 
according to International Working Group-Myeloproliferative Neoplasms Research 
and Treatment-European Competence Network on Mastocytosis (IWG-MRT-
ECNM) response criteria. Secondary objectives included evaluation of safety, 
changes in bone marrow (BM) MC burden, serum tryptase level, flow cytometric 
quantification of MC surface expression of CD30, and self-reported symptom 
burden. The trial enrolled 10 patients with a diagnosis of CD30+ advSM (aggressive 
SM, SM with an associated hematologic neoplasm, or mast cell leukemia) with 1 
or more signs of SM-related organ damage. According to IWG-MRT-ECNM criteria, 
none of the patients demonstrated better than stable disease with BV...

From Gotlib J, et al. Blood Advances. 2019;3: 2264-2271. More available at www.
bloodadvances.org.

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

Spur Cell Anemia
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Figure. A, Peripheral blood smear before treatment (magnification ×600)

Which of the following will reverse this patient’s anemia?
A. Rituximab
B. Steroids
C. Liver transplantation
D. Red cell exchange

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

Drs. Shomali, Fernandez-Pol, and Gotlib indicated no relevant conflicts of interest.

Put your fellow readers to the test, and send us your Image Challenge submissions! • Email case descriptions and image files to the Managing Editor at jllorens@hematology.org.



6 The Hematologist:  ASH NEWS AND REPORTS

The bone marrow 
microenvironment is known 
to play a role in the regulation 
of normal hematopoietic 
stem cells (HSCs). In recent 
years, many laboratories 

have contributed mechanistic data identifying different 
cellular constituents and signals that regulate not only 
the most primitive HSCs, but also more differentiated 
progenitors. From this work, we know that the bone 
marrow microenvironment is heterogeneous, with 
multiple niches likely supporting heterogeneous stem 
and progenitor pools. Concurrently, targeting the cancer 
microenvironment has revolutionized the treatment 
strategy for patients with solid organ tumors. However, 
with the notable exception of multiple myeloma, in 
which the role of the microenvironment has long been 
acknowledged and targeted, in other cancers of the 
hematopoietic system, current therapeutic 
strategies focus primarily on the diseased clone. 
In this Mini Review, we discuss the current 
understanding of the role of the bone marrow 
microenvironment in myelodysplastic syndromes 
(MDS), disorders with often dismal prognosis and 
few approved and effective treatment modalities, 
with the aim of advocating for novel therapeutic 
opportunities targeting the microenvironment.

Conceptual and Experimental 
Arguments for the Role of 
the Microenvironment in MDS 
Pathogenesis
Recent work has highlighted the mutational 
heterogeneity of MDS. Data show that most 
mutations are represented in both low- and 
high-risk MDS, and that multiple mutations are 
often present in the same individual.1 While 
efforts should certainly be aimed at targeting the 
clonal mutations, focusing on the bone marrow 
microenvironment may provide a strategy based 
on stereotyped interactions of clonal cells with 
mesenchymal and immune cell populations2,3 in 
the marrow that may cooperate with individual 
mutations in determining disease pathology and 
outcomes. Such approaches could complement 
clone-targeted treatments. Conceptually, certain 
characteristics of MDS suggest a role of the 
microenvironment in contributing to disease 
pathogenesis. Most investigators support the 
concept that the cell of origin for MDS is within the stem 
cell pool — a population typically thought to be more 
resistant to mutations given its quiescence. Yet in MDS 
there is clonal expansion in the setting of mutations 
that ordinarily would not provide an intrinsic advantage 
at least in vitro, suggesting that non-cell autonomous 
forces may drive clonal selection in the bone marrow. 
In addition, deep-sequencing studies have shown the 
presence of residual normal hematopoiesis in the 
setting of clonal disease. Based on the potential of 
normal HSCs to reconstitute the entire hematopoietic 
system, the development of marrow failure is therefore 
conceptually surprising and implies the inhibition of 
normal hematopoiesis by environmental signals. Given 
the complex homeostatic system known to maintain 
the synthetic function of the hematopoietic marrow, 
more functional mutational clones or nonmutated stem 
cells would be expected to contribute preferentially to 
hematopoiesis. Therefore, clonal emergence of severely 
dysfunctional MDS clones remains poorly unexplained 
without invoking contribution from the bone marrow 
microenvironment.

In addition to these conceptual arguments, in MDS 
there is abundant experimental evidence to support 
disruption of the normal environment and its hijacking 
to improve support of the malignant clone. Multiple 
studies have reported data showing that mesenchymal 
stromal cells from patients with MDS exhibit functional 
deficits in vitro.4 These cell populations were found to 
have impaired growth capacity, accelerated senescence, 
impaired osteogenic differentiation, and diminished 
capacity to support HSCs.5 In addition, in follow up to 
the observation that human MDS cells engraft poorly 
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in xenotransplantation models, studies showed that 
cotransplantation of MDS-derived mesenchymal stromal 
cells improves human MDS cell engraftment.6 Together 
these data suggest a model of pathogenic reciprocal 
interactions in the MDS microenvironment where MDS-
derived signals disrupt normal HSCs and progenitor cells 
directly as well as through induction of a dysfunctional 
bone marrow microenvironment that insufficiently 
supports normal hematopoiesis but instead facilitates MDS 
clonal expansion (Figure).

Signals From MDS That Induce 
Microenvironmental Disruption
Not only is experimental evidence building to show 
disruption of the bone marrow microenvironment in 
the setting of MDS, but in fact, data are being used to 
identify dependence of bone marrow microenvironmental 

abnormalities on the presence of MDS stem and progenitor 
cells. For example, there are data showing that exposure 
of normal mesenchymal cells to MDS marrow could 
induce these cells to become supportive of MDS.6 In 
addition, a large body of work is showing the importance 
of inflammation in MDS.7 For example, aberrancies 
found in MDS (5q–) and also in clonal hematopoiesis of 
indeterminate potential (Tet2 mutations) are capable of 
initiating an inflammatory program that can be acquired 
by normal bone marrow mesenchymal cells.6,8-11 To date, 
however, strategies to target these inflammatory signals 
have not been extensively tested in therapeutic settings.

Impact of Microenvironmental Disruption on 
Signals That Support HSCs
Studies of the bone marrow microenvironment have 
revealed a dominant role of mesenchymal-osteolineage 
cells in the production of critical HSC maintenance 
factors such as CXCL12, KIT ligand (stem cell factor), and 
angiopoietin-1.12-16 These signals contribute to regulation 
of HSC retention, proliferation, and differentiation 
that are necessary for maintenance of hematopoietic 
homeostasis. With MDS-induced dysfunction of this 
supportive mesenchymal cell population, decreased HSC 
function would be expected to follow.17 Indeed, genetically 
altered murine models have demonstrated that defects 
in mesenchymal and osteoprogenitor populations are 
sufficient to drive the emergence of not only MDS but 
also acute myeloid leukemia and myeloproliferative 
neoplasms.18-20 In the setting of myeloproliferative 
neoplasms or MDS, in murine models and human 
samples, the microenvironment demonstrates decreased 
HSC-supportive signals, including decreased CXCL12, 

increased stromal cell senescence, abnormal remodeling 
of blood vessels, osteoblastic defects, and marrow neural 
damage. It is also the source of disruptive inflammatory 
signals such as transforming growth factor-β (TGF-β), the 
alarmins S100A9 and S100A8, interleukin-1β (IL1β) and 
the chemokine CCL3.19,21-29 Data have also shown that 
some of these inflammatory signals may be generated by 
the MDS clone.26,27 Therefore, numerous signals from the 
microenvironment have already come to light that could 
cooperate with clonal mutations and could represent 
potential therapeutic MDS targets.

Microenvironmental Targeting Strategies
Identification of the signals that govern reciprocal 
interactions of MDS and the bone marrow 
microenvironment is ongoing, and some of the recently 
identified targets are already being studied, often by 

repurposing therapies previously approved 
for other disorders. For example, identification 
of activation of the inflammasome (NLRP3) in 
5q– MDS provides rationale for examining the 
impact of TLR/TRAF6 inhibitors, NLRP3 inhibitors 
and IL1 signaling inhibitors. Similarly, inhibitors 
are available for TGFβ and chemokines such 
as CCL3, making therapeutic targeting of the 
microenvironment feasible.

It is our opinion that several factors limit 
the impact of this work in MDS. First, the 
genetic heterogeneity of MDS and the frequent 
co-occurrence of mutations make MDS 
difficult to model in vivo. Whether different 
mutations or their combinations induce unique 
microenvironmental responses remains unknown 
and should continue to be an active area of 
research. Second, one of the key populations 
responsible for HSC support (mesenchymal 
stromal cells) are extremely rare and remain 
poorly defined in the human marrow, with lack 
of consensus as to isolation and definition of 
these populations. Therefore, studies identifying 
these populations are often difficult to compare. 
However, given the availability of agents to 
potentially target MDS–microenvironment 
reciprocal signals, the potential for novel 
therapies that could finally change MDS prognosis 
by rationally targeting both the MDS clone and 
its microenvironment should continue to drive 
discovery and clinical investigation.
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     Washington
Hematology Advocate and Researcher Discusses the Importance of Being 
Active in Government 
Every August, members of Congress return home to spend time in their districts, making the end of summer a 
traditionally quiet time in Washington, DC. ASH, however, remained busy over the summer months working on 
numerous issues affecting hematologists and arranging meetings for ASH members with their elected officials in 
their home districts.

ASH’s advocacy efforts are not possible without the help of hematology advocates all over the country. To learn 
more about how the Society’s members are influencing congressional activity, The Hematologist spoke with 
ASH member and longtime advocate and researcher, Dr. Jonathan Hoggatt. Dr. Hoggatt has served on the ASH 
Committee on Government Affairs since 2013 and serves as a liaison to the ASH Committee on Communications. 
Dr. Hoggatt’s love of advocacy began while in college at Purdue University and eventually led to a stint in 
public service. He was elected police commissioner and later to the city council in West Lafayette, Indiana. 
Now, he runs his independent laboratory, a stem cell and regenerative biology research group at Harvard 
Medical School/Massachusetts General Hospital and continues his passion for public service by advocating on 
behalf of hematology researchers, practitioners, and patients. “Virtually everything in our day-to-day lives as 
hematologists is impacted by government decisions,” said Dr. Hoggatt. “Your patients’ ability to afford the care 
you are providing, or have it properly reimbursed, is government related, and research funding sources are 
obviously all directly related to budget decisions of elected officials.”

Dr. Hoggatt got his start advocating for hematology in 2011 when he was selected to participate in the inaugural 
class of the ASH Advocacy Leadership Institute (ALI), a two-day program at ASH Headquarters in Washington, 
DC, that provides ASH members with the opportunity to learn about the policy-making process and how to be 
effective hematology advocates. “That year [2011] was an interesting time, as sequestration of the federal budget 
occurred as a result of the Budget Control Act,” recalled Dr. Hoggatt. “A lot of the hematology community was 
worried about the effect of budget cuts on their research labs and trainees, and ASH spent a great deal of effort 
advocating on behalf of NIH [National Institutes of Health] funding.”

Dr. Hoggatt is uniquely positioned to take part in the deliberations of both the Committee on Government Affairs 
and the Committee on Communications. “I view the functions of these two committees as very much intertwined 
and have been working with committee members on how we can better communicate issues that are important 
to our membership,” said Dr. Hoggatt. “Much of advocacy is about having a voice, and every constituent has one. 
But, lots of voices all coordinated together, with a well-crafted message, have the potential to enact meaningful 
change. What I try to learn from both committees is how best to achieve that goal.”

The Society is dedicated to supporting its members in advocating for hematology at the local, state, and national 
levels of government. Dr. Hoggatt encourages his colleagues to participate in ASH’s advocacy work by signing 
up for the ASH Grassroots Network to receive regular updates and information about how to stay in touch with 
members of Congress. “Through the Grassroots Network, it is super easy to send an email to your representative 
on various advocacy issues, and multiple committees of ASH regularly go to Capitol Hill and advocate in person 
at congressional offices,” he explained.

While joining the Grassroots Network is one of the easiest ways to establish relationships with your elected 
representatives, there are other ways to make sure your voice is heard. “Go to town hall events if they have 
them,” encouraged Dr. Hoggatt. ASH staff is ready to assist by preparing interested members with talking points 
to use at local town hall meetings or in meetings with your congressperson back at home. Social media shouldn’t 
be discounted either. “Virtually every single congressional member has a Twitter account,” said Dr. Hoggatt. 
“Twitter and other forms of social media are very effective communication tools.

“Finally, what I have found personally effective is to communicate with [elected officials] both about policies and 
actions you like and agree with, along with those that you don’t like. Any good relationship we have with anyone 
else in our lives would never just focus on the negatives, yet often that is the only time a constituent will contact 
an elected official,” Dr. Hoggatt remarked. “Try to equally communicate both the good and the bad.”

Building a relationship with any congressional office takes time, but the impact that it can have on hematology is 
invaluable. “I said earlier that every constituent has a voice — that is perhaps the most remarkable thing about 
our democracy,” said Dr. Hoggatt. “Hematologists, like everyone, should make sure to use it.”

Interested in becoming more involved in ASH’s advocacy efforts? Visit www.hematology.org/Advocacy for 
additional information about ASH advocacy and how to join the ASH Grassroots Network, as well as to 
access ASH’s online advocacy toolkit.
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Inhibitors of the two isoforms of isocitrate dehydrogenase (IDH), the cytosolic form IDH1 
and the mitochondrial form IDH2, were first-in-class compounds with novel allosteric 
mechanism of action.1,2 The wild-type (WT) versions of these enzymes play a critical role 
in the citric acid cycle, in the conversion of isocitrate to a-keto-glutarate (aKG). However, 

mutations in the genes encoding these enzymes have been identified in myeloid neoplasms, 
gliomas, chondrosarcomas, and intrahepatic cholangiocarcinomas. These hotspot missense 
mutations, all affecting arginines (IDH1 p.R132 and its cognate IDH2 p.R172 as well as 
IDH2 p.R140), are located in the enzymatic active site and are critical residues that interact 
with the substrate, resulting in the formation not of aKG, but of the oncometabolite (R)-2-
hydroxygluarate (2HG) that deregulates the epigenetic landscape of the cancer cell. Despite 
the presence of a catalytic site, the IDH1 and IDH2 inhibitors ivosidenib and enasidenib, 
respectively, bind to the protein-protein interface formed by homodimerization required for 
enzymatic function.3

In some patients, these compounds have produced dramatic and durable responses.1,2 
However, it should come as no surprise that, as with any chronically administered oncologic 
agent, patients have developed resistance to the drugs over time. Analogous to the various 
mutations that have been identified in patients on tyrosine kinase inhibitors such as imatinib 
that prevent binding of the drug to its target at/near the ATP binding pocket, Dr. Andrew 
Intlekofer and colleagues at Memorial Sloan Kettering Cancer Center have identified 
mutations at the binding site of the IDH inhibitors. However, since these are allosteric 
compounds, the resistance mutations are correspondingly at the site of protein-protein 
interactions. Importantly, these mutations would therefore be missed by the many allele-
specific assays and hotspot-directed targeted next-generation sequencing panels.

Dr. Intlekofer and colleagues identified two sentinel patients who developed resistant acute 
myeloid leukemia (AML) while on enasidenib and were found to have IDH2 p.Q316E and 
p.I319M mutations, respectively. In contrast to the initial pathogenic mutation at p.R140Q 
in exon 4, these two secondary mutations are located in exon 
7, which encodes the dimerization interface. These mutations 
were not identified prior to treatment with enasidenib (at the 
analytical sensitivity of digital droplet polymerase chain reaction 
[ddPCR]), but only after six or nine months of enasidenib. 
Individual patient IDH2 alleles were amplified by long-range 
PCR and subcloned. Sequencing of resultant colonies 
definitively demonstrated that the p.R140Q and p.Q316E or 
p.I319M alleles were identified in trans. Engineered double 
mutants (p.R140Q/p.Q316E or p.R140Q/p.I319M) and the 
single mutant (p.R140Q/WT) in cell lines, mice, and in in 
vitro experiments with purified enzyme all showed that while 
p.R140Q/WT was sensitive to enasidenib, the double mutants 
demonstrated resistance to IDH2 inhibition, as measured by 
2HG production, NADPH production, and/or colony formation 
ability.

Interestingly, structural modeling of the homodimer interface 
with enasidenib demonstrate that, while the interface is 
symmetric, since enasidenib is not, the same residues on 
either side of the drug will affect binding differentially. While 
the p.Q316E mutation results in electrostatic disruption of a 
critical hydrogen bond, the p.I319M mutation sterically inhibits 
the binding of compound (Figure).3 This raised the interesting 
possibility that double mutations in cis might also result in 
secondary resistance. The authors therefore searched patients 
with either primary or secondary resistance to either ivosidenib 
or enasidenib for cis double mutations and were able to 
identify a single patient with an IDH1 p.R132C/p.S280F cis 
double mutation (the S280 residue is paralogous to the I319 
residue in IDH2), confirming their hypothesis. It is unclear 
whether these are the only residues affected, or whether, as 
in the case of TKI resistance, many other potential secondary 
resistance mutations will be found.

The same group, with primary author Dr. James Harding, 
went on to identify an orthogonal mechanism for resistance 
to IDH inhibition —isoform switching. This group identified 
four patients, representing a mixture of myeloid and solid 
tumor neoplasms, in whom the clonal evolutionary pressure of 
inhibition of one mutated IDH isoform resulted in outgrowth 
of the neomorphic version of the other IDH isoform. In these 
patients, relapse/progression was noted at approximately 
a year or more after treatment, but in some cases, the new 

Escape Mechanisms in Allosteric IDH Inhibition
Intlekofer AM, Shih WH, Wang B, et al. Acquired resistance to IDH inhibition through trans or cis dimer-interface mutations. Nature. 2018;559:125-129.

Harding JJ, Lowery MA, Shih AH, et al. Isoform switching as a mechanism of acquired resistance to mutant isocitrate dehydrogenase inhibition. Cancer Discovery. 2018;8:1540-
1547.

Structure of an IDH2 inhibitor (AGI-6780, structurally related to enasidenib and ivosidenib) allosterically bound 
at the homodimerization interface with detailed interaction diagrams to the right. Note the location of the Ile 319 
and Gln 316 in the bottom right with critical hydrogen bonds to Gln 316. (Reprinted with permission from Chen 
J, Yang J, Sun X, et al. Allosteric inhibitor remotely modulates the conformation of the orthestric pockets in mutant 
IDH2/R140Q. Sci Rep. 2017 Nov 28;7:16458. http://creativecommons.org/licenses/by/4.0/)

mutation was present at low levels before treatment with the initial inhibitor, while in others 
it emerged soon after the start of therapy. Significantly, the isoform switching was found to 
be bidirectional (new IDH1 mutation in enasidenib or new IDH2 mutation on ivosidenib). 
This escape mechanism was also documented in two of 12 cases (17%) of resistance to 
enasidenib therapy with emergence of IDH1 mutations.4 From the available literature, it is 
yet unclear if these different isoform mutations represent separate clones or a subclonal 
event.

In summary, Dr. Intlekofer and colleagues identified two orthogonal mechanisms for 
evasion of IDH inhibition, either by the development of secondary resistance mutations 
at the homodimerization allosteric binding site of the drugs in cis or in trans, or through 
bidirectional isoform switching. The former study illustrates an important novel mechanism 
for the escape of the neoplastic clones that have broad implications in the realm of 
hematologic neoplasms as well as solid tumors, as there are many potential homomultimeric 
targets (e.g., tyrosine kinases) in cancer biology. The study by Dr. Harding and colleagues 
raises the possibility of dual IDH inhibition at the outset of therapy to prevent clonal 
evolution and evasion. Lastly, there are important pathology ramifications of these studies. 
They highlight the importance of whole coding sequence coverage of genes of targeted 
therapies, rather than hotspot single gene assays or multigene panels, as well as the 
importance of coverage of relevant biologic isoforms as well. 

1. DiNardo CD, Stein EM, de Botton S, et al. Durable remissions with ivosidenib in IDH1-mutated relapsed or refractory 
AML. N Engl J Med. 2018 Jun 21;378:2386-2398.

2. Stein EM, DiNardo CD, Pollyea DA, et al. Enasidenib in mutant IDH2 relapsed or refractory acute myeloid leukemia. 
Blood. 2017;130:722-731. 

3. Chen J, Yang J, Sun X, et al. Allosteric inhibitor remotely modulates the conformation of the orthestric pockets in 
mutant IDH2/R140Q. Sci Rep. 2017 Nov 28;7:16458.

4. Quek L, David MD, Kennedy A, et al. Clonal heterogeneity of acute myeloid leukemia treated with the IDH2 inhibitor 
enasidenib. Nat Med. 2018 Aug;24:1167-1177.
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Pulmonary embolism (PE) is responsible for maternal death in approximately one 
of every 100,000 deliveries in Western countries. Diagnosing PE is problematic 
because characteristic symptoms such as shortness of breath and leg edema are 
common in normal pregnancy, and frequently used imaging tests such as computed 

tomographic pulmonary angiography (CTPA) expose mother and fetus to radiation. Algorithms 
using clinical prediction rules and blood testing for D-dimer level have been shown to reduce 
the need for CTPA in patients with suspected PE.1,2 However, the safety of this approach in 
pregnant women has not been confirmed.

Dr. Liselotte M. van der Pol and colleagues performed a multicenter, prospective cohort study 
that used the YEARS criteria (clinical signs of deep-vein thrombosis [DVT], hemoptysis, PE 
as the most likely diagnosis) and a D-dimer level to direct management of pregnant patients 
with new onset or worsening chest pain or dyspnea. Women who had none of the YEARS 
criteria plus a D-dimer level less than 1,000 ng/mL or one to three YEARS criteria plus a 
D-dimer level less than 500 ng/mL did not undergo CTPA, and anticoagulant therapy was 
withheld. Women with any other combination of results underwent a CTPA (or compression 
ultrasound for signs and symptoms consistent with DVT). The primary outcome measure was 
the proportion of women who had anticoagulant therapy withheld based on the algorithm 
who were diagnosed with symptomatic PE or DVT at 90 days.

A total of 498 pregnant women (mean age of 30 years), the majority in their third trimester 
(46%), were enrolled. Of 195 women who had PE ruled out based on the algorithm, one 
developed a DVT (YEARS 0, D-dimer 480 ng/mL, 2nd trimester) during follow-up, yielding a 
total missed venous thromboembolism (VTE) rate of 0.51 percent (95% CI, 0.09%-2.9%). Of 
the entire study population, PE was diagnosed in 3 percent, and DVT in 1 percent. CTPA was 
not indicated in 65 percent of patients who presented within the first trimester, which was also 
the time frame with the highest incidence of confirmed PE (6.8%). In conclusion, PE was safely 
excluded using the algorithm in 39 percent of pregnant women without the need for CTPA.

Diagnostic Algorithm Reduces the Need for Radiation Exposure to Rule Out Pulmonary Embolism  
in Pregnant Women
van der Pol LM, Tromeur C, Bistervels IM, et al. Pregnancy-adapted YEARS algorithm for diagnosis of suspected pulmonary embolism. N Engl J Med. 2019;380:1139-1149.

This study confirms the value of a diagnostic strategy that uses a validated clinical 
prediction rule to dictate the D-dimer threshold for excluding VTE.3,4 The premise of this 
approach is that a high D-dimer threshold is used in settings with low VTE prevalence (e.g., 
YEARS = 0), whereas a lower D-dimer threshold is used when the prevalence is higher 
(YEARS = 1-3). Using either a clinical prediction rule or D-dimer testing alone is not as 
accurate and may partly explain the discrepant results of another pregnancy-associated PE 
diagnostic study.5

Limitations of this study include selection bias (all women had at least a moderate 
suspicion of PE) and the D-dimer level for some patients was known prior to (and may have 
influenced) determination of the YEARS score (Figure). It is also worthy of note that the 
subgroup with highest incidence of PE (first trimester) was also the smallest subgroup in 
terms of numbers (n=74), which resulted in an upper limit of the CI reaching 15 percent. 
This subgroup will need to be watched carefully as the study algorithm becomes more 
widely used. Overall, given the reduction in need for radiation exposure and the difficulties in 
conducting research in pregnant women, this study is a laudable accomplishment.

1. van der Hulle T, Cheung WY, Kooij S, et al. Simplified diagnostic management of suspected pulmonary embolism (the 
YEARS study): a prospective, multicentre, cohort study. Lancet. 2017;390:289-297.

2. van Belle A, Büller HR, Huisman MV, et al. Effectiveness of managing suspected pulmonary embolism using an 
algorithm combining clinical probability, D-dimer testing, and computed tomography. JAMA. 2006;295:172-179.

3. Righini M, Van Es J, Den Exter PL, et al. Age-adjusted D-dimer cutoff levels to rule out pulmonary embolism: the 
ADJUST-PE study. JAMA. 2014;311:1117-1124.

4. Linkins LA, Bates SM, Lang E, et al. Selective D-dimer testing for diagnosis of a first suspected episode of deep 
venous thrombosis: a randomized trial. Ann Intern Med. 2013;158:93-100.

5. Goodacre S, Horspool K, Nelson-Piercy C, et al. The DiPEP study: an observational study of the diagnostic accuracy 
of clinical assessment, D-dimer and chest x-ray for suspected pulmonary embolism in pregnancy and postpartum. 
BJOG. 2019;126:383-392.

Figure

Pregnancy-adapted YEARS algorithm for the management of suspected acute pulmonary embolism in pregnant patients. CT, computed tomography.
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Disrupted Nuclear Export of 
Proteins Drives the Development of 
B-cell Malignancy
Taylor J, Sendino M, Gorelick AN, et al. Altered nuclear 
export signal recognition as a driver of oncogenesis. 
Cancer Discov. 2019; doi:10.1158/2159-8290.CD.19.0298. 
[Epub ahead of print.]

Shuttling of proteins between the nucleus and 
cytoplasm is a tightly regulated process that is 
essential for normal cellular function. Aberrant nuclear 
export is frequently observed in blood cancer (e.g., 

cytoplasmic localization of mutant NPM1 in acute myeloid 
leukemia), and novel mechanisms by which nuclear-cytoplasmic 
distribution of proteins might be altered are of great interest. 
Exportin-1 (XPO1) is the major nuclear export receptor in all 
eukaryotic cells that functions through identification of nuclear 
export signals (NESs) in the amino acid sequence of cargo 
proteins. Expression of XPO1 is reported to be increased in 
several cancers, and targeted XPO1 inhibitors are in clinical 
development. Furthermore, recurrent mutations in XPO1 
have previously been reported to occur in B-cell malignancies 
including chronic lymphocytic leukemia (CLL) and Hodgkin 
lymphoma. However, the mechanism through which XPO1 
dysfunction contributes to oncogenesis is unclear. This lack 
of evidence prompted Dr. Justin Taylor and colleagues to 
investigate the role of XPO1 mutations in oncogenesis in a 
study led by the Omar Abdel-Wahab Lab at the Memorial Sloan 
Kettering Cancer Center.

Analysis of whole-exome and -genome sequencing data from 
42,793 patients with cancer identified recurrent and previously 
unrecognized mutational hotspots in XPO1. These mutations 
occurred as heterozygous point mutations and showed 
striking lineage specificity, with enrichment in a variety of 
B-cell malignancies, notably in CLL, primary mediastinal B-cell 
lymphoma, and classical Hodgkin lymphoma. The most frequent 
mutation was a point mutation (E571K) which always occurred 
alongside a retained wild-type allele, suggesting that the point 
mutation results in altered, rather than loss of, function. To 
investigate the functional and molecular impact of this mutation, 
the researchers developed an impressive array of new research 
tools including a genome-edited malignant B cell line (NALM-6 
cells) engineered to carry the point mutation in XPO1, and a 
conditional knock-in mouse model allowing inducible expression 
of the Xpo1 mutation from the endogenous locus. The Xpo1E571K 
mutation promoted B-cell proliferation both in vitro and in vivo 
and initiated the development of clonal B-cell malignancies, in 
some cases resembling human CLL. As mouse models that 
recapitulate a CLL phenotype are few and far between, this in 
itself is a notable contribution of this study. Combination of Xpo1 
mutation with overexpression of c-MYC or BCL-2 led to a more 
aggressive lymphoproliferative phenotype in mouse models.

To evaluate how mutations in XPO1 might drive lymphoid 
malignancy, investigators carried out biochemical, structural, 
proteomic, and molecular studies. XPO1E571K mutations were 
shown to alter nuclear export recognition in a sequence-
specific manner, favoring the export of cargoes with negatively 
charged C-terminus NES sequences. This resulted in 
disruption of nucleo-cytoplasmic distribution of hundreds of 
proteins, including a number known to be implicated in cancer 
development. Interestingly, most proteins only showed changes 
in one compartment without the expected reciprocal change; 
for example, a protein that increased in abundance in the 
cytoplasmic compartment in the presence of XPO1 mutation did 
not usually show reciprocal reduced expression in the nucleus. 
Presence of XPO1E571K mutation rendered cells sensitive to 
nuclear export inhibitors KPT-185 and the first-in-class selinexor 
(KPT-330), which was recently approved by the U.S. Food and 
Drug Administration.

In summary, Dr. Taylor and colleagues identified specific mutant 
residues in XPO1 that drive the development of certain B-cell 
malignancies. These change-of-function mutations directly 
promote the initiation of clonal B-cell malignancies in mouse 
models by altering sequence specificity of XPO1 to engage 
protein cargo for nuclear export. XPO1 mutations also sensitize 
cells to compounds in clinical development inhibiting XPO1 
function, providing a potentially useful biomarker for precision 
medicine. Importantly, the authors described a mouse model 
of cancer-specific altered XPO1 function, one of the few 
genetically accurate murine models of CLL. It will be important 
to understand how the impact of XPO1 overexpression differs 
from that of XPO1 mutation, as the latter is quite rare, only 
occurring in 0.2 percent of cancers sequenced in this cohort. 
The challenge is also to determine which altered cargoes 
underlie the observed association of XPO1 mutations with B-cell 
malignancies, as this may bring new therapeutic opportunities.

TARGETing Genetic Drivers of MPN at Single Cell Resolution
Rodriguez-Meira A, Buck G, Clark SA, et al. Unravelling intratumoral heterogeneity through high-
sensitivity single-cell mutational analysis and parallel RNA sequencing. Mol Cell. 2019;73:1292-1305.e8.

Myeloproliferative neoplasms (MPNs) arise through clonal expansion of hematopoietic stem cells 
(HSCs) with oncogenic mutations in JAK2, MPL, or CALR, leading to constitutive activation of the 
JAK-STAT pathway. This apparently simple genetic driver landscape of MPNs belies the diverse clinical 
presentations, which vary in the expanded differentiated myeloid population, leading to essential 

thrombocythemia (ET), polycythemia vera (PV), or primary myelofibrosis (PMF). Cytotoxic treatment with hydroxyurea 
or targeted inhibition of JAK2 controls disease symptoms; however, these diseases have substantial implication on 
quality of life and increased risk for thrombosis, progression to myelofibrosis, or acute myeloid leukemia.

The clinical discordance between common driver mutations and MPN phenotype has been attributed to host 
factors, regulation of stem cells within the microenvironment (e.g., aberrant cytokine signaling), or the acquisition of 
secondary mutations (e.g., in epigenetic regulators or TP53). Even within individual patients, there may be multiple 
MPN clones coexisting, suggesting a stepwise evolution of MPN-pathogenesis. Emerging sequencing technologies 
enable characterization of single cells of heterogeneous cell populations through their transcriptome, but technical 
limitations have hampered the simultaneous detection of somatic mutations. A major challenge within the field has 
been to link the genotype of a single cell to its transcriptional phenotype and therefore to understand the factors 
that regulate clinical heterogeneity and disease progression.

To overcome this barrier, Dr. Alba Rodriguez-Meira and colleagues developed TARGET-seq. Their innovative 
method increases single-cell RNA sequencing library complexity, and an optimised lysis allows for the targeted 
amplification of multiple loci in both genomic DNA (gDNA) and complementary DNA (cDNA). Genotyping on both 
gDNA and cDNA increased the sensitivity to detect somatic mutations in single cells to more than 98 percent, also 
overcoming allelic dropouts (ADO) of low or not-expressed transcripts. 

They performed this high-resolution parallel single-cell genotyping and transcriptomics on samples from patients with 
MPN in whom there were different combinations of frequently occurring somatic mutations in epigenetic modifiers 
(EZH2, TET2, and ASXL1). TARGET-seq on CD34+ HSCs allowed inference of the order of mutation acquisition to 
reveal cancer evolution. They found that TET2 mutation was an early event and was present prior to acquisition of 
disease-driving mutation JAK2V617F. This is in line with findings that mutations in epigenetic modifiers lead to clonal 
haematopoiesis (CH) and increases the risk of developing blood malignancies. Contrarily, CH-associated mutations 
in ASXL1 were acquired. Notably, TARGET-seq confidently discriminated between single cells with heterozygous 
or homozygous JAK2V617F mutations. The ability to recover mutant-gene dosage is of considerable importance as it 
informs prognosis in MPNs and many other cancers. 

Little is known about how the combination of mutations can alter a cell’s transcriptional program and the 
microenvironment. Solely looking at the transcriptomic cellular identity using T-distributed Stochastic Neighbor 
Embedding (t-SNE), Dr. Rodriguez-Meira and colleagues identified that the MPN and wild-type HSCs shared many 

transcriptional features characterized 
by increased inflammatory response 
and activated MYC targets compared 
with healthy donor HSCs. This is the 
first time that alterations in normal 
HSC function have been observed 
in patients with MPN and suggests 
that additional cell extrinsic factors, 
such as the microenvironment, are 
at play and drive a pathological 
transcriptional phenotype in cells even 
when they lack MPN mutations.

Globally, wild-type and mutant 
MPN HSC could not be separated; 
however, TARGET-seq’s high-
resolution genotyping enabled 
comparison between wild-type and 
mutant cells in the same patient, 
allowing an unbiased assessment 
of a mutation’s cell intrinsic effects. 
They found dysregulation of STAT5A 
targets, activation of oncogene 
MYCN, and tumor suppressor TP53, 
consistent with described effects 
linked to JAK2V617F biology. Cells with 
lesions in epigenetic modifiers EZH2 

or TET2 showed distinct, mutation-specific transcriptional changes. By comparing mutant with wild-type HSCs, it 
was possible to identify potential biomarkers or therapeutic targets shared for PV and PMF.

In this study, the Mead lab has developed a novel technology to simultaneously characterize the genotype and 
phenotype of a heterogeneous population of cancer cells, providing a powerful tool to understand the evolution 
of disease progression (Figure). The broad applicability and importance of this approach is further evidenced by 
recent publications from Dr. Anna S. Nam and colleagues1 and Dr. Peter van Galen and colleagues,2 who have 
used different approaches that rely on genotyping cDNA. Using dual gDNA and cDNA genotyping, the approach 
of Dr. Rodriguez-Meiras’ team robustly discriminates heterozygous from homozygous mutations, detects loss of 
heterozygosity, and reduces ADO without losing transcriptomic information. A limitation of these techniques is 
that genotyping done through targeted amplification is not suitable for mutation discovery. Furthermore, these 
techniques are labor and resource sensitive and are therefore currently not suitable for routine clinical use. A further 
challenge is dissecting out the clear transcriptional effects of treatments such as interferon-a or JAK-inhibitors.

Overall, this work highlights the complexity of MPNs and stresses the importance of the integration of multi-omics 
approaches to understand disease biology and to identify effective therapeutic targets. This article has generated 
a wealth of data adding to the growing number of resources readily available for hypothesis generation and 
testing, as well as validation of murine or in vitro models of disease, and will enhance the capability of the research 
community to target MPNs.

1. Nam AS, Kim KT, Chaligne R, et al. High throughput droplet single-cell Genotyping of Transcriptomes (GoT) reveals the cell identity dependency of 
the impact of somatic mutations. bioRxiv. 2019; doi: 10.1101/444687. 

2. van Galen P, Hovestadt V, Wadsworth li MH, et al. Single-cell RNA-seq reveals AML hierarchies relevant to disease progression and immunity. Cell. 
2019;176:1265-1281.e24.

Combined single-cell genotyping and transcriptional analysis using TARGET-
seq enables researchers to discriminate wild-type and heterogeneous mutated 
cells within individual patients with MPN. This allowed characterization of 
mutation-specific and nonmutant transcriptional phenotypes, and points 
toward mediators of clinical manifestations and progression. Illustration by 
Jasmin Straube, PhD, QIMR Berghofer, Herston, Australia.
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Surrogate Endpoints for Cure in DLBCL: 
Are We There Yet?
Wang Y, Farooq U, Link BK, et al. Late relapses in patients with 
diffuse large b-cell lymphoma treated with immunochemotherapy. J 
Clin Oncol. 2019; doi: 10.1200/JCO.19.00014. [Epub ahead of print.] 

Diffuse large B-cell lymphoma (DLBCL) is regarded as a 
potentially curable lymphoma with chemoimmunotherapy. 
Studies have demonstrated that patients who have not relapsed 
by month 24 following diagnosis (EFS24) have a five-year 

overall survival (OS) similar to that of age-matched controls; therefore, this 
has been considered a marker of likely-cured disease.1  Most relapses 
occur in the first two years following diagnosis, and little is known 
about risks of relapse at later time points in the era of rituximab-based 
chemoimmunotherapy. Dr. Yucai Wang and colleagues performed a 
multicenter, prospective, observational trial of patients with DLBCL treated 
with rituximab-containing chemoimmunotherapy at the Mayo Clinic and 
the University of Iowa between 2002 and 2015. Double- and triple-hit 
lymphomas were not included in the study, but transformation from an 
indolent lymphoma was. Patients who were alive and disease-free at 24 
months from diagnosis were analyzed for relapse rate.

Of 1,324 patients diagnosed and treated during this timeframe, 847 
(64%) were alive and without evidence of disease relapse at EFS24, with 
a median follow-up of 83.2 months and 62.9 months from diagnosis and 
EFS24, respectively. Most of the initial cohort of patients had DLBCL 
alone (87%), whereas 13 percent had transformation from an indolent 
histology. More than half of the patients had advanced-stage disease 
(57.3%). Of the EFS24 patients, the cumulative risk of relapse at three, 
five, and eight years from EFS24 was 6.9 percent, 9.3 percent, and 10.3 
percent, respectively. Among late relapses, a slight majority were men 
(56.4%), just under half had an elevated lactate dehydrogenase (LDH) at 
diagnosis (49.3%), and most had advanced-stage disease (75.6%), with 
16.7 percent of patients having involvement of more than one extranodal 
site; the International Prognostic Index (IPI) was intermediate-high risk or 
high risk in 30.8 percent of patients. Approximately 30 percent of patients 
had a history of transformed lymphoma; the rest had DLBCL alone.

Among patients who had a late relapse following an initial diagnosis of 
DLBCL alone, most relapsed with DLBCL (73.5%), whereas patients with 
a history of transformed lymphoma were slightly more likely to relapse with 
an indolent lymphoma compared with DLBCL (55.0% vs. 45.0%). Overall, 
however, the cumulative risk of DLBCL relapse over time was greater than 
that of an indolent lymphoma relapse. While most patients who relapsed 
late had a germinal center B-cell (GCB) –like lymphoma, GCB lymphomas 
were associated with an increased risk of relapse of an indolent lymphoma, 
and not DLBCL, over the activated B-cell (ABC) –like subtype.

Salvage therapies and outcomes following salvage therapy were also 
analyzed among late-relapsing patients. Patients relapsing with DLBCL 
most commonly received a platinum or cytarabine-containing salvage 
regimen (44%), and 40 percent had a consolidation autologous stem 
cell transplantation (ASCT). In patients who relapsed with an indolent 
lymphoma, the most common second-line therapy was bendamustine-
rituximab (37.5%), and approximately 20 percent of patients were 
consolidated with an ASCT. For all patients, the median postrelapse 
survival was 38.9 months; relapse with DLBCL was associated with a 
shorter survival than relapse with an indolent lymphoma (29.9 months vs. 
not reached). Following ASCT, median post-transplantation survival was 
2.2 years.

These results suggest that although EFS24 is associated with an excellent 
outcome for most patients with DLBCL treated with chemoimmunotherapy 
in the frontline, a subset of patients is at risk for a delayed relapse. Survival 
in this group, especially those who relapse with DLBCL, is poor. It is 
not surprising that patients with transformed lymphomas would relapse 
late with an indolent lymphoma given the natural history of indolent 
lymphomas. However, the incidence of late relapses of indolent lymphoma 
in patients previously thought to have de novo DLBCL of the GCB subtype 
suggests either that these patients had a transformed indolent lymphoma 
at initial diagnosis or they have a genetic predisposition that led to the 
development of both lymphomas. These results have implications both for 
clinical investigation and clinical practice. Regarding clinical investigation 
for upfront therapy for DLBCL, endpoints focused on EFS24 may be 
inadequate, and longer follow-up may be necessary to draw meaningful 
conclusions. Furthermore, identifying patients at increased risk for late 
relapse, as well as acknowledging their poor OS, may help identify a group 
of patients who would benefit from alternative initial or salvage treatment 
strategies to be tested in future clinical trials. From a clinical practice 
standpoint, results such as these belie the importance of setting realistic 
expectations, both in terms of risk of late relapse of DLBCL, but also late 
relapse of an indolent lymphoma in patients with a history of GCB DLBCL. 
As a field, we should avoid using the “cure” word flippantly and focus 
instead on durability of response. The identification of this group of patients 
at risk for late relapse will hopefully spawn an investigation into clinical and 
pathologic biomarkers that can help us identify them at diagnosis.   

1. Maurer MJ, Habermann TM, Shi Q, et al. Progression-free survival at 24 months (PFS24) 
and subsequent outcome for patients with diffuse large B-cell lymphoma (DLBCL) enrolled 
on randomized clinical trials. Ann Oncol. 2018;29:1822-1827.

IgL Translocations for Risk Stratification in Multiple 
Myeloma
Barwick BG, Neri P, Bahlis NJ, et al. Multiple myeloma immunoglobulin lambda translocations 
portend poor prognosis. Nat Commun. 2019;10:1911.

Multiple myeloma (MM) is a rare hematologic malignancy characterized by the clonal 
expansion of aberrant plasma cells within the bone marrow. MM is characterized by 
widespread intratumor heterogeneity and clonal evolution, which is believed to be the main 
confounder of durable clinical responses (CRs). This is especially so in the high-risk subset 

of patients with MM, who are defined by an overall survival (OS) of two years or less despite the use of 
novel treatments.1

Next-generation sequencing (NGS) analyses of MM and its precursor stages of monoclonal gammopathy 
of undetermined significance (MGUS) and smoldering MM (SMM), have led to a profound understanding 
of the underlying disease biology and clonal evolution patterns in MM.2-9 Currently, the consensus for the 
classification of newly diagnosed MM (NDMM) includes molecular cytogenetics to risk stratify patients 
into high-risk (deletion of chromosome 17p, t[14;16], and t[14;20]), intermediate-risk (t[4;14], deletion of 
chromosome 13, and hypodiploidy), and standard-risk (t[11;14], t[6;14], and hyperdiploidy) groups.10,11 
Notably, due to the nature of clonal evolution, in which subclonal populations continually evolve under 
selective pressures, a patient may acquire abnormalities in a subclonal branch during the continuum of 
disease that was not initially present at diagnosis. Therefore, current classification methods at diagnosis 
may not identify true risk status with the same degree of accuracy as genetic-based biomarkers. Indeed, 
large cohorts of patients with NDMM are important for the statistical power needed to identify both 
frequent and rare genomic abnormalities. This recognition underlies the Multiple Myeloma Research 
Foundation’s (MMRF’s) Clinical Outcomes in Multiple Myeloma to Personal Assessment (CoMMpass) 
study (ClinicalTrials.gov identifier: NCT01454297), which aims to collect samples from more than 1,000 
patients with NDMM (currently 1,154 patients from 90 sites worldwide) and track their clinical and 
genomic characteristics to establish molecular-based subgroups of MM to improve clinical outcomes for 
the patient population.

As part of the MMRF CoMMpass study, a recent investigation by Dr. Benjamin G. Barwick and colleagues 
revealed novel insight into a previously unrecognized genomic biomarker of high-risk MM, in which patients 
are characterized by translocation of the immunoglobulin λ (t[IgL]) light chain locus. Dr. Barwick’s team 
performed long-insert whole-genome sequencing analyses on a large cohort of patients with NDMM (n = 
795). While they observed common translocations of the immunoglobulin heavy chain region with partner 
oncogenes, such as t(4;14), t(11;14), and t(14;16), they were not predictive of patient prognosis. Notably 
however, patients harboring t(IgL) accounted for approximately 10 percent of NDMM patients (n = 78/795) 
and were associated with poor progression-free survival (PFS), OS, and CR. While most IgL translocations 
occurred throughout the genome and were rare, IgL-MYC translocation was the most prevalent, accounting 
for 41 percent of patients (n= 32 of 78). Interestingly, IgL translocations were found to be subclonal and 
were associated with hyperdiploidy, which is remarkable as hyperdiploidy is a prognostic marker associated 
with standard risk. However, patients harboring t(IgL) were found to have significantly worse PFS and OS 
rates, independent of hyperdiploidy. Moreover, RNA sequencing was performed on a subset of patients (n 
= 629) to determine if t(IgL) patients show an underlying gene expression signature or associated with MM 
subtypes; however, no specific relationship was found. Patients with an IgL translocation were observed 
to have poor CR to immunomodulatory drug (IMiDs) treatment. To investigate the underlying mechanism, 
chromatin immunoprecipitation sequencing of Ikaros family zinc finger 1 (IKZF1), a lymphoid transcription 
factor in MM known to be degraded by the action of IMiDs, was performed on three MM cell lines: ARP-1 
(expressing IgK), MM.1S (expressing IgL), and RPMI-8226 (expressing IgL and harboring t[IgL]). Indeed, 
IKZF1 was bound at high levels to enhancers in the IgL locus and not targeted for depletion by IMiD 
treatment, consequently conferring the poor CR reported. These data exemplify that infrequent genetic 
characteristics of MM can also be prognostic of patient survival and treatment outcomes.

Genomic studies continue to reinforce our understanding that MM is not one disease, but a collection 
of monoclonal gammopathies that share clinical symptoms. This study by Dr. Barwick and colleagues 
elegantly demonstrates how large patient cohort investigations can tease out critical infrequent genetic 
abnormalities. In this case, they demonstrated that translocation of the immunoglobulin gene does not 
merely enhance its partner gene expression, but impacts patient survival. This finding suggests that patients 
with MM may benefit from t(IgL) (mainly IgL-MYC) screening at diagnosis, as presenting standard-risk 
patients may actually be at higher risk with reduced CR to frontline IMiDs treatment such as lenalidomide. 
Continued efforts are underway to attain a comprehensive genomic understanding of MM, which will 
allow tumors to be diagnosed, risk stratified, and treated based on intrinsic genetic factors reflective of 
biological characteristics. Indeed, The MMRF has recently launched the Myeloma Developing Regimes 
Using Genomics (MyDRUG) master protocol clinical trial as a precision medicine initiative to determine 
approved and late-stage drugs in development that are untested in MM, which may be appropriate 
for high-risk patients with MM harboring actionable mutations.12 Additionally, it is important to not only 
gain an understanding of genetic characteristics, but also the role of noncoding, epigenetic, and tumor 
microenvironment changes that contribute to disease burden. Ultimately, a comprehensive understanding of 
MM will result in precision medicine approaches for early intervention and treatment strategies for what we 
strive to someday be a curable disease.
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Venetoclax for Hypodiploid ALL: Novel Therapy for 
Bad Biology
Diaz-Flores E, Comeaux EQ, Kim KL, et al. Bcl-2 is a therapeutic target for 
hypodiploid B-lineage acute lymphoblastic leukemia. Cancer Res. 2019;79:2339-2351.

Acute lymphoblastic leukemia (ALL) is a heterogenous disease that can be 
subdivided into favorable and less favorable genetic subtypes based on sentinel 
genetic lesions. The overall cure rates for children with B-cell ALL (B-ALL)  
 exceeds 85 percent in many countries; however, survival remains relatively poor 

for certain less favorable genetic subtypes, including Philadelphia chromosome–like (Ph-
like), t(17;19), and hypodiploid ALL.1

For some patients with unfavorable genetic lesions, intensification of therapy can improve 
outcomes to levels nearing those with favorable genetics. For example, internal amplification 
of chromosome 21 (iAMP21), which occurs in approximately 2 percent of childhood B-ALL, 
was initially shown to portend worse outcome.2 The Medical Research Council cooperative 
group investigated treating iAMP21 B-ALL patients as very high risk regardless of other 
clinical and response risk factors, improving five-year event-free survival (EFS) from 29 
percent to 78 percent.3 Other cooperative groups observed similar results, showing that 
intensive chemotherapy mitigates poor prognosis of iAMP21.1 While this approach has 
improved outcomes for some unfavorable ALL genetic subtypes, it has not worked for others.

Loss or gain of chromosomes, or aneuploidy, is common in B-ALL blasts. Up to 30 percent 
of children with B-ALL have high hyperdiploidy (51-67 chromosomes), which carries a 
favorable prognosis.1 In contrast, 2 to 3 percent of children with B-ALL have hypodiploid 
ALL (<44 chromosomes), which has inferior outcomes. Two recent manuscripts from 
the Children’s Oncology Group and Ponte di Legno Group summarized outcomes from 
131 and 306 patients, respectively.4,5 They found outcome was poor in patients with 
both favorable and unfavorable disease response (minimal residual disease negative and 
positive, respectively, at end of induction) and remained poor regardless of treatment 
intensity, as outcomes were inferior even with hematopoietic stem cell transplantation in 
first remission (CR1). These data reinforce the notion that therapy intensification does 
not overcome disease biology in some B-ALL subtypes, and new agents or approaches 
are needed. Improved understanding of disease biology may lead to rational targeted 
approaches.

In 2013, Dr. Linda Homfeldt and colleagues performed comprehensive genomic profiling 
of 124 cases of hypodiploid ALL, finding it could be subdivided based on disease biology.6 
Near-haploid B-ALL (24-31 chromosomes) frequently has alterations affecting receptor 
tyrosine kinase and Ras signaling (71%), as well as alterations in IKZF3 (13%). Low-
hypodiploid (32-39 chromosomes) B-ALL often has alterations in TP53 (91.2%), IKZF2 
(53%), and RB1 (41%). These data provide a compelling rationale for potential targeted 
approaches for hypodiploid ALL, as some hypodiploid cell lines with dysregulated PI3K or 
Ras signaling were sensitive to PI3K inhibitors.

Dr. Ernesto Diaz-Flores and colleagues recently performed biochemical characterization 
of hypodiploid B-ALL to investigate which pathways were dysregulated and study how 
aneuploidy and specific genetic alterations may impact cell signaling. The authors 
performed phosphoproteomics in a panel of hypodiploid cell lines and primary patient 
samples, measuring more than 20 different proteins from numerous signaling pathways 
that are frequently dysregulated in ALL. They confirmed that hyperactive PI3K and RAS 
signaling were common in hypodiploid ALL. They also made the novel observation 
that high levels of BCL-2 were frequently observed in hypodiploid ALL. Using publicly 
available datasets, they confirmed that increased expression of BCL-2 is often present in 
hypodiploid ALL. This increased expression was found to occur at the mRNA and protein 
level without identifiable mutations or genetic amplifications. Moreover, they found that 
increased expression of BCL-2 usually occurred with high levels of other proapoptotic 
proteins such as BID or BAD, and with low levels of BCL-XL.

Based on these results, they tested the activity of the BCL-2 inhibitor venetoclax (ABT-
199) in multiple preclinical models, including xenografted human B-ALL in NOD-scid 
IL2Rgammanull mice. Venetoclax was highly effective in hypodiploid ALL, demonstrating 
marked antileukemic responses in xenografts generated from eight different patients with 
hypodiploid B-ALL. They also found that a signature of either high BCL-2/BIM or high 
BCL-2/BAD with low levels of MCL-1 and BCL-XL predicted sensitivity to venetoclax.

Venetoclax is a well-tolerated drug used in chronic lymphocytic leukemia and was recently 
approved by the U.S. Food and Drug Administration in combination with decitabine or 
low-dose cytarabine for the treatment of newly diagnosed older adults (age ≥75 years) 
with acute myeloid leukemia (AML).7 Based on the safety and efficacy results in AML 
and promising preclinical results in other B-ALL subtypes, many early-phase trials are 
investigating venetoclax alone and in combination for adults with relapsed and refractory 
ALL (ClinicalTrials.gov identifiers: NCT03181226, NCT03808610, NCT03319901). 
Hypodiploid ALL is one of the most chemotherapy-refractory subtypes of B-ALL. Identifying 
a novel, potentially effective, well-tolerated therapy has the potential for meaningful clinical 
impact. Clinical trials focused on studying venetoclax in hypodiploid ALL are needed.
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Compelling Evidence for Targeted Immunotherapy 
As Treatment for AML
Borot F, Wang H, Ma Y, et al. Gene-edited stem cells enable CD33-directed 
immune therapy for myeloid malignancies. Proc Natl Acad Sci U S A. 
2019;116:11978-11987.

D
espite numerous advances in the treatment of acute myeloid leukemia (AML) in 
recent years, including the development of multiple molecularly targeted agents, 
relapse remains a major problem, even after allogeneic stem cell transplantation. 
While immunologic therapies, particularly the bispecific T-cell engager 

blinatumomab, antibody-drug conjugate (ADC) inotuzumab, and CAR T-cells (CAR-T), 
have been remarkably successful in relapsed/refractory B-cell acute lymphoblastic 
leukemia (B-ALL),1-3 similar approaches have yet to be successfully implemented in AML. 
A major roadblock limiting the success of immunotherapies in AML is the paucity of AML-
specific antigens; in their absence, immunotherapies target antigens on both AML and 
normal hematopoietic progenitors, leading to unacceptable toxicity.

In this study, Dr. Florence Borot and colleagues present a novel mechanism using CD33-
directed immunotherapy in AML that overcomes the hindrance posed by the lack of 
AML-specific antigens. Their approach combines targeting myeloid lineage–specific antigen 
(LSA), CD33, a transmembrane protein expressed on more than 90 percent of AML 
blasts, with the transplantation of genetically engineered stem cells lacking CD33. CD33 
knockout mice develop normally without apparent hematologic defects.4 This group shows 
that hematopoietic stem/progenitor cells (HSPCs) that have undergone genetic ablation of 
CD33 do function normally, providing further evidence that CD33 may be dispensable. They 
provide additional proof that ablating a myeloid LSA such as CD33 in HSPCs enables the 
use of anti-CD33 CAR-T or antibody therapy, with concomitant engraftment and growth of 
CD33-deleted hematopoietic cells transplanted into the same host.

The group used CRISPR/ CRISPR-associated protein 9 (Cas9) to ablate expression 
of CD33. The Cas9 endonuclease can locate, bind, and cleave double-stranded DNA 
targets complementary to guide CRISPR RNAs (crRNAs).5 In this study, guides were 
designed to target exon 3 of CD33, since this sequence is common to all CD33 
transcripts and has minimal similarity with the family of pseudogenes of which CD33 is a 
member. There was high deletion efficiency; on average, CD33 expression was reduced 
from 85 percent to 10 percent of CD34+ cells. They then tested the ability of CD33 
gene-edited stem cells (CD33del) to engraft and contribute to hematopoiesis. Mice 
were injected with CD33del HPSCs, and peripheral blood analysis post-transplantation 
revealed the presence of mature cells of myeloid and lymphoid lineages, all CD33-
negative. Importantly, there was no functional difference in the CD34+CD33del and 
CD34+CD33WT myeloid subsets, and whole-genome sequencing of HSPCs edited with 
Cas9/RNA complexes did not identify any insertions or deletions at off-target loci.

The CAR-T designed in this study contains a single-chain variable region of anti-
CD33, along with a costimulatory, transmembrane, and intracellular domain. The CAR 
cDNA was cloned into a lentiviral vector. Peripheral blood from healthy donors was 
transduced with lentiviral particles containing the CAR construct. This demonstrated 
robust expression of the CAR as well as binding with CD33. CAR-T cytotoxicity was 
proportional to the expression level of CD33 on target cells, with the highest cytotoxicity 
seen in CD33+ myeloid leukemia cells. Irradiated mice were injected simultaneously with 
both CD33+ HL-60 leukemia cells and CD34+cd33del cells, to mimic relapsed AML in 
the model. One week later, the mice were treated with allogeneic CD33-targeted CAR-T, 
control T cells, gemtuzumab ozogamicin (GO), or a combination of CAR-T and GO. No 
leukemia cells were found in bone marrow aspirates at 3.5 weeks or eight weeks in the 
CAR-T group, GO group, or combined CAR-T/GO group. Furthermore, engraftment of 
CD34+CD33del cells was demonstrated in the therapy model by the presence of CD45+, 
CD33 negative cells in the bone marrow aspirate of all groups. 

Although other groups have used similar approaches to enable CAR-T cell 
immunotherapy in AML,6,7 this study’s approach is novel in several ways. Dr. Miriam Y. 
King and colleagues6 first injected mice with CD33 gene-edited CD34+ cells to allow for 
complete engraftment before leukemia introduction and treatment. In contrast, Dr. Borot 
and colleagues co-injected leukemia cells and gene-edited stem cells, followed by CAR-
Ts or ADCs. This likely more closely mimics clinical AML relapse. Another unique feature 
of this study was the stringent selection of CD33 guide RNAs with high on-target and 
low off-target activity, allowing for increased safety and feasibility of using this approach 
in human studies. Lastly, the use of an allogeneic donor for both gene-edited HPSCs 
and CAR-Ts, as opposed to autologous CAR-Ts, may have greater clinical applicability.

In summary, AML, especially in the relapsed setting, is a disease with a largely unmet 
need in the area of immunotherapy. This group illustrates a novel approach of utilizing 
CD33-targeted CAR-Ts or ADCs coupled with transplantation of engineered stem 
cells to protect normal hematopoiesis. They show that this approach, in an animal 
model, can lead to a full remission as well as full hematopoietic reconstitution, due to 
CD33’s expression by both normal and malignant cells and functional redundancy. 
This represents an exciting potential avenue for pursuing new targets, both in other 
hematologic malignancies and in solid malignancies that share similar properties.
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Is It Time for Time-limited 
Therapy in Frontline CLL?
Fischer K, Al-Sawaf O, Bahlo J, et al. Venetoclax 
and obinutuzumab in patients with CLL 
and coexisting conditions. N Engl J Med. 
2019;380:2225-2236.

CLL-14 is a randomized phase III clinical trial 
designed for older/frail patients with chronic 
lymphocytic leukemia (CLL) requiring 
first-line treatment. Eligible patients were 

assigned to either venetoclax-obinutuzimab (VO) or 
chlorambucil-obinutuzuimab (CO). In both treatment 
arms, obinutuzumab was administered for six months, 
while venetoclax and chlorambucil were administered 
for a one-year fixed duration. The primary endpoint 
of the trial was progression-free survival (PFS). The 
median age of participating subjects was 72 years, 
with 216 patients randomized to each treatment 
arm. At the time of the report, the median follow-
up was 28 months. The probability of remaining 
in remission at two years from study entry was 88 
percent in the VO arm versus 64 percent in the CO 
arm (p<0.001). VO was also superior for overall 
response rates (85% vs. 71%), complete response 
rate (49% vs. 23%), and for minimal residual disease 
(MRD) negativity in the peripheral blood (75% vs. 
35%). There was no difference in overall survival. VO 
performed well even in higher-risk subgroups such as 
those with unmutated IgVH genes and 17p deletions.

The management of first-line CLL has changed 
markedly in the past five years. Historically, the FCR 
(fludarabine, cyclophosphamide, and rituximab) 
regimen was recommended for the young healthy 
patients, the bendamustine-rituximab (BR) regimen 
for older patients, and chlorambucil-based treatment 
for the older and frail. Then in 2015, the BTK 
inhibitor ibrutinib received a frontline indication in 
CLL based on its superiority to chlorambucil (the 
“98-lb weakling” of CLL management). The option 
of targeted oral therapy with a good adverse effect 
and safety profile provided an intriguing new option 
for managing CLL. However, randomized data 
supporting ibrutinib over more potent options such 
as FCR and BR were lacking until just recently, 
when ibrutinib was shown to outperform both FCR 
and BR head-to-head in separate U.S. intergroup 
trials.1,2 Armed with these strong new data, ibrutinib 
has become the preferred frontline option for 
patients with CLL, both young and old. However, a 
vexing issue with ibrutinib as frontline therapy is the 
requirement for continuous and indefinite treatment. 
Long-term follow up from frontline ibrutinib trials 
shows responses are maintained in more than 70 
percent of patients at five years, but discontinuations 
due to toxicities can be 25 to 40 percent. For 
patients with low-grade but chronic toxicities, the 
cumulative effect can significantly impair quality of 
life. Additionally, ibrutinib is expensive therapy, and 
the cost over time is substantial. With these pros 
and cons in mind, the CLL research community has 
a substantial interest in developing a time-limited, 
targeted therapy approach to the initial management 
of CLL. The CLL-14 trial yields the first report of a 
novel targeted agent used in a time-limited fashion. 
The results are impressive, though admittedly the 
follow up is relatively short, and we do not know how 
patients will fare at five years with this strategy.

Should you administer indefinite ibrutinib or time-
limited venetoclax-obinutuzimab to your patients with 
CLL in need of therapy? Both are attractive options. 
Off study, I am comfortable offering the time-limited 
therapy choice. There are currently two outstanding 
U.S. intergroup clinical trial options for managing 
CLL presently (EA9161 and AO41702). One trial 
is for younger patients, and the other is for older 
patients. Both compare indefinite obinutuzimab-
ibrutinib (indefinite therapy) to the triplet combination 
of obinutuzimab-ibrutinib-venetoclax (time-limited 
therapy).  
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profession in clinical practice, research, and training, to develop strategies for increasing recruitment into the specialty. 
As part of this initiative, the  working group collaborated with the George Washington University Health Workforce 
Institute to design the ASH Hematology Workforce Study. The goal of this multiyear study of the U.S. hematology 
workforce is to identify key factors affecting the hematology physician workforce and to assess the job market for new 
hematologists, with a particular focus on nonmalignant hematology. The first phase of the study, consisting of a survey 
of nearly 1,900 fellows in adult hematology-oncology programs in the United States, was completed in 2018 and has 
already revealed some concerning results. Of the 850 respondents (45% response rate), only 4 percent stated that they 
planned to pursue nonmalignant hematology as a primary career focus — a figure that has not changed at all since the 
2003 ASH program director survey.

That this number has remained stagnant throughout the past 15 years is alarming; however, it is more worrisome 
when taking into account the rapid pace of advances in the classical hematology disciplines of thrombosis, hemostasis, 
and hemoglobinopathies. In academics, where subspecialization in a specific disease type is the norm, a dwindling 
workforce in exclusive nonmalignant hematology could have far-reaching implications, ranging from decreased 
availability of expert care for nonmalignant diseases to diminished exposure to nonmalignant hematology for trainees. 
Even now, many academic institutions only have a small number of nonmalignant hematologists on faculty, often in 
predominantly clinical roles.

With the decades-long low accrual in nonmalignant hematology and a projected shortage of hematologists from top 
to bottom, the recruitment conundrum can seem like an insurmountable challenge. One of the primary findings from 
the  fellow survey  is that exposure to hematology patients, research experiences, and mentorship was associated 
with a decision to pursue a hematology-only career focus. Additionally, the study found that trainees’ decisions to 
specialize in hematology or oncology were made along the entire spectrum of training, from medical school to residency 
to fellowship. Given these findings, the ASH Recruitment and Retention Working Group endorsed three primary 
recommendations to enhance recruitment of trainees into hematology: 1) to foster the development of single-board 
hematology training tracks in the United States; 2) to convene a national summit on mentorship, sponsored by ASH, to 
strengthen the impact of hematology mentorship along all levels of training; and 3) 
to expand the ASH Ambassador Program, a nationwide program consisting of ASH 
faculty “ambassadors” at different medical schools, to increase student and trainee 
recruitment into the field.

Of the  workforce recommendations, the most drastic and provocative is the 
endorsement of single-board hematology fellowship tracks. ABIM offers separate 
board examinations for adult hematology and medical oncology, yet the majority of 
fellowships (134 participating programs) are structured as combined hematology-
oncology training programs.7 Certainly, the original intent of combined training was 
to enhance training in two fields with substantial overlap. However, in the setting of 
diminished nonmalignant hematology faculty and resources, perceived and actual 
exposure to nonmalignant hematology is often dwarfed by an overall emphasis 
on oncology-related curricula.8 In this respect, academic single-board hematology 
programs may increase retention of fellows within the hematology disciplines by 
validating the field and increasing dedicated exposure to exclusive hematology 
training. Additionally, single-board hematology programs offer the possibility of a 
top-down recruitment effect by exposing medical students and resident trainees to hematology fellow role models.9 

As part of ASH’s recruitment and retention efforts, we recently developed and administered a survey to U.S. hematology-
oncology fellowship program directors to determine their attitudes and perceptions toward single-board hematology 
training. Of the 90 program directors who responded (65% response rate), the vast majority believed that single-
board hematology training was both necessary and sufficient for fellows specializing in nonmalignant hematology. 
Furthermore, more than one-third of program directors reported that they would be interested in implementing a single-
board hematology track at their own institutions if funding were available.

There are, however, several skeptics to this proposal to re-introduce single-board hematology programs. Since the 
Accreditation Council for Graduate Medical Education first recognized combined hematology-oncology fellowship 
programs in 1995, the number of hematology programs has steadily declined. From a peak of approximately 160 
hematology programs in the 1980s, there are now just three institutions that offer formalized hematology-only 
programs/tracks in the Electronic Residency Application Service. On our recent program director survey, the most 
commonly perceived barrier to implementing single-board hematology tracks was a concern about job availability for 
single-board hematology trainees. To address this, the ASH Workforce Study is now entering its second phase of surveys 
of practicing hematologists to determine the demand for exclusive hematologists in various practice settings. Among 
the planned next steps, ASH also plans to convene a national summit on single-board hematology training, consisting 
of key stakeholders, including cancer center directors and hematology thought-leaders, to assess the acceptability for 
expansion of U.S. single-board hematology programs and training tracks.

Hematology as a specialty is more than 125 years old10; yet, despite our wisdom and history, we are training fewer 
academic hematologists in the United States. At a time when new therapeutics for sickle cell disease, hemophilia, 
and thrombosis are being developed at lightning speed, it is up to academic training programs to ensure that the U.S. 
keeps up with innovation in nonmalignant hematology. Perhaps the pendulum has swung too far in combined hem-onc 
programs. It is time for hematology to get its identity back.
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F E A T U R E

Is Hematology Having an Identity Crisis?

In the coming months, 
Blood Advances will publish 

information from the 
preliminary work that led to 
the three-year longitudinal 
workforce study described 
in this article. A secondary 
manuscript will provide an 

in-depth analysis of the 
first year of data collected 
through the survey of all 

U.S. hem-onc fellows.



To Breathe or Not to Breathe…Does It 
Matter for SCD VOC?

STUDY TITLE: Effects of Obstructive Sleep Apnea on 
the Frequency of Vaso-occlusive Crises Events and Bio-
physical Markers in Sickle Cell Disease

CLINICALTRIALS.GOV IDENTIFIER: NCT03753854

SPONSOR: Hospices Civils de Lyon

ACCRUAL GOAL: 80 participants

PARTICIPATING CENTERS: Hôpital Edouard Herriot, Lyon, 
France (Giovanna Cannas); Centre Leon Berard, Lyon, 
France (Alexandra Gauthier); Hôpital de la Croix Rousse, 
Lyon, France (Emeric Stauffer)

STUDY DESIGN: This is a prospective nonrandomized 
parallel assignment intervention trial. The trial will enroll 
individuals living with sickle cell disease (SCD; homozygous 
SS genotype only) between age 15 years and three months 
up to age 50 years and showing signs of obstructive sleep 
apnea (OSA). This study will exclude individuals already 
receiving treatment for OSA, those who have had a blood 
transfusion within two months, are currently pregnant, or 
who are not at “steady state,” defined as having a vaso-
occlusive crisis (VOC) or acute chest syndrome episode 
within the prior two months. After informed consent, the 
number of VOCs requiring hospitalization in the previous 
two years will be abstracted from their medical records 
prior to initiating study procedures.

Participants will undergo study procedures at baseline and 
at one-year follow-up. Frequency of VOC over the next year 
will be assessed prospectively as the primary outcome 
measure. Study procedures include a polysomnography 
examination to determine their apnea/hypopnea index 
(AHI) and oxygen saturation, blood samples, and various 
assessments to evaluate autonomic function and vascular 
reactivity. 

Participants with elevated AHI will be placed on 
continuous positive airway pressure (CPAP) and followed 
prospectively for a year, at which time all baseline 
assessments will be repeated. The primary objective of this 
trial is to determine the frequency of VOCs between first 
polysomnography and the end of the first year of CPAP 
treatment. 

Additional correlative studies will include analysis of 
hematologic markers including red blood cell (RBC) 
count, hemoglobin concentration, hematocrit, mean 
corpuscular volume, mean corpuscular hemoglobin 
concentration, lactate dehydrogenase, bilirubin, and 
aspartate transaminase; hemorheological parameters 
including blood viscosity measured by cone plate 
viscometer at several shear rates, RBC deformability 
measured by ektacytometry, and RBC aggregation 
properties measured by laser back-scatter method; the 
inflammatory marker C-reactive protein; procoagulant 
markers including prothrombin time, D-dimer, fibrinogen, 
activated thromboplastin time, protein C, and protein S; 
and oxidative stress markers, namely advanced oxidation 
protein products, malondialdehyde, super oxide dismutase, 
catalase, glutathione peroxidase, and ferric-reducing ability 
of plasma. An arterial blood gas assessment measuring 
oxygen and carbon dioxide pressure and pH will also be 
performed. Vascular function will be measured using a 
laser Doppler flowmeter to measure skin blood flow in 
resting condition and via a local hyperthermia test (LTH). 
The LTH evaluates vasodilation caused by axonal reflex 
and assesses the ability to produce enough nitric oxide to 
promote vasodilation. Autonomic nervous system activity 
will be evaluated using electrocardiographic signals 
acquired by the polysomnographic machine.

RATIONALE: The long-term negative impact of OSA on 
vascular and autonomic nervous system function has been 
well recognized in the literature, with increasing knowledge 
of its application and implications for individuals living 
with SCD.1-3 Comorbid OSA was identified among 21 
percent of children with SCD in a retrospective study. 
These children had 47 percent more health complications 
and higher rates of complications per year than those 
without OSA. OSA was associated with intermittent dips 
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of low oxygen levels during sleep, resulting in pulmonary, 
cardiovascular, neurological, and behavioral morbidities.4

OSA is highly prevalent (40-80% of patients) in the SCD 
population; however, there remains a gap in the research 
focusing on the association between OSA and SCD and its 
consequent impact on short- and long-term morbidity and 
mortality, particularly among adults.5 Several studies have 
reported the high prevalence rates of sleep disorders and 
OSA in adults6 and children with SCD7-9; however, there 
is a paucity of research on how to mitigate the potential 
negative consequences of OSA in an individual living with 
SCD.

This study will explore the impact of CPAP on improving 
rates of VOC as well as various biologic parameters of 
disease severity in individuals with SCD and comorbid 
OSA. It will be the first correlative study of its kind, and 
results will inform larger intervention studies of CPAP or 
other treatment modalities to improve OSA. This study will 
provide evidence to support assessment of OSA treatment 
efficacy using biologic markers of vascular and autonomic 
nervous system function. 

COMMENT: This is an ambitious study with numerous 
secondary endpoints looking at biologic and physiologic 
correlates of cardiovascular and autonomic function. 
Importantly, it will examine both adolescents and adults, 
possibly providing a glimpse into the age-related changes 
in vascular reactivity and autonomic dysfunction in SCD 
and its response to CPAP over time.
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— Ifeyinwa (Ify) Osunkwo, MD, MPH

Dr. Osunkwo  served as a consultant and speaker 
for Novartis (makers of Jadenu) and Terumo BCT 
(manufacturer of the Spectrum Optia machine for 
erythrocytapheresis), is an advisor for Pfizer, and is on the 
Data and Safety Monitoring Board for Micelle Biopharma.

Chemoimmunotherapy in Advanced-
Stage Hodgkin Lymphoma: Can We 
Define a Unified Regimen for All Ages?

STUDY TITLE: A Phase III, Randomized Study of 
Nivolumab Plus AVD or Brentuximab Vedotin Plus 
AVD in Patients (Age ≥ 12 years) with Newly Diagnosed 
Advanced Stage Classical Hodgkin Lymphoma [S1826]

CLINICALTRIALS.GOV IDENTIFIER: NCT03907488

SPONSOR: SWOG in collaboration with the National Cancer 
Institute National Clinical Trials Network

ACCRUAL GOAL: 987 patients over four years

PARTICIPATING CENTERS: All SWOG sites (lead 
organization) and National Clinical Trials Network (NCTN) 
organizations: Alliance for Clinical Trials in Oncology, 
Children’s Oncology Group (COG), Eastern Cooperative 
Oncology Group–American College of Radiology Imaging 
Network (ECOG-ACRIN) Cancer Research Group, Canadian 
Cancer Trials Group, and NRG Oncology. The study is 

open at both academic centers, as well as larger community 
oncology practices in the United States.

STUDY DESIGN: S1826 is a randomized, phase III clinical 
trial designed to examine the efficacy of combining 
nivolumab or brentuximab vedotin (BV) with a 
chemotherapy backbone of doxorubicin, vinblastine, and 
dacarbazine (AVD) as the initial treatment for older children 
and adult patients (age ≥ 12 years) with newly diagnosed 
stage III or stage IV classical Hodgkin lymphoma (HL). The 
primary endpoint of this trial is two-year progression-free 
survival (PFS). Secondary and correlative endpoints include 
estimating response rates, event-free survival, overall 
survival, and measuring quality of life measures, specifically, 
patient-reported fatigue, neuropathy, health-related quality 
of life, and patient-reported symptoms. Also, this trial 
will collect biospecimens and bank positron emission 
tomography (PET) –computed tomography images for 
future imaging and translational medicine proposals.

RATIONALE: Advanced-stage, classical HL is curable for 
the majority of children and adults with contemporary 
combination chemotherapy regimens.1,2 In parts of Europe, 
escalated BEACOPP (bleomycin, etoposide, doxorubicin, 
cyclophosphamide, vincristine, procarbazine, and 
prednisone) is standard, whereas ABVD (doxorubicin, 
bleomycin, vinblastine, and dacarbazine) -based regimens 
remain standard in most of the rest of the world.3,4 With 
ABVD-based regimens, approximately 25 percent of 
patients have refractory disease or relapse after completing 
frontline chemotherapy.1-4 Historically, high-dose salvage 
therapy with autologous hematopoietic stem cell rescue 
is successful in approximately 50 percent of patients 
who progress after induction treatment; however, these 
therapies incur significant toxicity, including treatment-
related mortality, which can occur in more than 10 percent 
of patients.5,6 Thus, clinical trials for advanced-stage HL 
during the past decade have focused on the following 
strategies: 1) using a response-adapted chemotherapy 
regimen guided by interim PET imaging, in which the 
treatment regimen is escalated in intensity for an 
unfavorable response, or the treatment intensity is reduced 
or maintained for an early favorable response to minimize 
toxicity7-9; or 2) optimizing the frontline chemotherapy 
regimen with novel agents.10,11

Although early results of the PET-adapted approach 
were promising, long-term follow-up of the S0816 trial 
demonstrated that approximately 25 percent of patients 
with no evidence of disease based on interim PET scan who 
had completed the planned six cycles of ABVD therapy had 
relapsed after five years.12

The incorporation of novel agents into the standard 
chemotherapy regimens may be a more promising approach 
to improve the outcomes for advanced-stage HL. The 
ECHELON-1 trial was an international phase III randomized 
trial for patients with a new diagnosis of advanced-stage 
classical HL in which ABVD was compared with a regimen 
of AVD and BV — a CD30 antibody drug conjugate that 
targets the CD30 antigen on Reed-Sternberg cells.10 The 
two-year modified PFS (with events defined as death, 
disease progression, or lack of complete response at the 
end of therapy followed by administration of a subsequent 
antilymphoma therapy) was 82 percent for the BV-AVD 
regimen and 77 percent in the ABVD group. The acute 
toxicities of neutropenia and neuropathy were higher in 
the BV-AVD arm, but the overall toxicity profile favored the 
BV-AVD regimen.

The programmed death-1 (PD-1) pathway is badly 
disordered in HL through genetic alterations at 
chromosome 9p24.1, and it is an essential component of 
the pathogenesis of the disease. Nivolumab, a monoclonal 
antibody that targets the PD-1 receptor, has significant 
single-agent activity in relapsed HL13and seems safe and 
effective as combination therapy in the frontline setting.11

To this end, S1826 is comparing PD-1 blockade with AVD to 
BV-AVD with a goal to further improve safety and efficacy of 
therapy.

COMMENT: This trial is a unique collaboration between 
three U.S. National Clinical Trials Network components 
(SWOG, ECOG-ACRIN, and Alliance for Clinical Trials in 
Oncology), the National Cancer Institute Canada, and 
COG, making it the largest U.S. intergroup effort in HL 
ever conducted. Currently, the preferred treatment 
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Editors’ Choice

J U N E  2 0 ,  2 0 1 9

Pecquet C, Chachoua I, Roy A, et al. Calreticulin 
mutants as oncogenic rogue chaperones for TpoR 
and traffic-defective pathogenic TpoR mutants. Blood. 
2019;133:2669-2681.

Exome sequencing has demonstrated that calreticulin 
(CALR) gene mutations are important gain-of-function 
myeloproliferative neoplasm driver mutations. This 
work reveals that mutated CALRs behave as rogue 
chaperones for the thrombopoietin receptor (TpoR) and 
traffic-defective TpoR mutants, a function required for 
oncogenic effects.

Nakamura S, Yokoyama K, Shimizu E, et al. Prognostic 
impact of circulating tumor DNA status post–allogeneic 
hematopoietic stem cell transplantation in AML and MDS. 
Blood. 2019;133:2682-2695.

The investigators demonstrate that circulating tumor 
DNA in the serum can be used for minimal residual 
disease (MRD) assessment in patients with acute 
myeloid leukemia (AML) and myelodysplastic syndrome 
(MDS) after allogeneic hematopoietic cell transplantation 
and that it offers a tool to monitor MRD without the 
burden of frequent bone marrow punctures.

J U LY  4 ,  2 0 1 9

Kapur R, Kasetty G, Rebetz J, et al. Osteopontin mediates 
murine transfusion-related acute lung injury via 
stimulation of pulmonary neutrophil accumulation. Blood. 
2019;134:74-84.

In this innovative work, the investigators demonstrate 
that osteopontin released by macrophages plays a key 
role in the chemoattraction of neutrophils in transfusion-
related acute lung injury, thus identifying a novel 
mechanism of transfusion-related death.

Armand P, Chen YB, Redd RA, et al. PD-1 blockade 
with pembrolizumab for classical Hodgkin lymphoma 
after autologous stem cell transplantation. Blood. 
2019;134:22-29.

This article presents the first phase II study of 
checkpoint inhibition as maintenance therapy after 
autologous stem cell transplantation in patients with 
relapsed/refractory classical Hodgkin lymphoma. It 
reports promising progression-free survival in this high-
risk category of patients.

J U LY  1 1 ,  2 0 1 9

Albeituni S, Verbist KC, Tedrick PE, et al. Mechanisms of 
action of ruxolitinib in murine models of hemophagocytic 
lymphohistiocytosis. Blood. 2019;134:147-159.

Dr. Sabrin Albeituni and colleagues use the JAK1/2 
inhibitor ruxolitinib to target multiple cytokines and 
inhibit neutrophil-induced inflammation, which appears 
superior to interferon-g inhibition in the treatment of 
mouse models of hemophagocytic lymphohistiocytosis.

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. 

J U LY  2 5 ,  2 0 1 9

Liu MA, DuMontier C, Murillo A, et al. Gait speed, grip 
strength, and clinical outcomes in older patients with 
hematologic malignancies. Blood. 2019;134:374-382.

Dr. Michael A. Liu and colleagues demonstrate that 
gait speed is an excellent predictor of unplanned 
hospitalization, emergency department use, and 
mortality in patients at least 75 years of age who have a 
hematologic malignancy.

A U G U S T  1 ,  2 0 1 9

Li W, Wang Y, Zhao H, et al. Identification and 
transcriptome analysis of erythroblastic island 
macrophages. Blood. 2019;134:480-491.

This study substantiates the role of the macrophage 
in the formation of erythroblastic islands (EBIs) and 
reveals that erythropoietin receptor (Epor) expression 
marks the central macrophage of the EBI. Treatment 
with Epo increases the number of EBIs and erythroblasts 
surrounding the central macrophage.

Chari A, Martinez-Lopez J, Mateos MV, et al. 
Daratumumab plus carfilzomib and dexamethasone in 
patients with relapsed or refractory multiple myeloma. 
Blood. 2019;134:421-431.

This article reports promising results of a new 
triple combination that includes carfilzomib and 
daratumumab for lenalidomide-refractory myeloma.

Cordua S, Kjaer L, Skov V, et al. Prevalence and 
phenotypes of JAK2 V617F and calreticulin mutations in a 
Danish general population. Blood. 2019;134:469-479.

This unique large-population study examines the 
prevalence of JAK2 V617F and calreticulin (CALR) 
mutations in the general population and suggests higher 
rates of subclinical myeloproliferative neoplasms in the 
general population associated with higher blood counts 
and increased thrombotic risk.

A U G U S T  8 ,  2 0 1 9

Bender Ignacio RA, Dasgupta S, Stevens-Ayers T, et al. 
Comprehensive virome-wide antibody responses by 
systematic epitope scanning after hematopoietic cell 
transplantation. Blood. 2019: blood.2019897405.

In a plenary paper, Dr. Rachel A. Bender Ignacio and 
colleagues describe a novel “serosurvey” that detects 
immunoglobulin G responses to a wide range of viruses 
to characterize the reconstitution of the B-cell antiviral 
repertoire after allogeneic stem cell transplantation.

Bakhtiari K, Meijers JCM. In vitro evaluation of factor IX 
as novel treatment for factor XI deficiency. Blood. 2019: 
blood.2019000681.

Drs. Kamran Bakhtiari and Joost C. M. Meijers report 
that some factor IX concentrates increase thrombin 
generation in vitro in patients with factor XI deficiency 
and that this results from low-level contamination 
with factor IXa. If confirmed in vivo, this has potential 
implications for the treatment of factor XI deficiency.

A U G U S T  1 5 ,  2 0 1 9

Liu Y, Zhong H, Bao W, et al. Patrolling monocytes 
scavenge endothelial-adherent sickle RBCs: a novel 
mechanism of inhibition of vaso-occlusion in SCD. Blood. 
2019: blood.2019000172.

In a plenary paper, the authors present data in support 
of a role for patrolling monocytes in the clearance of 
sickle red blood cells (RBCs) from the microvascular 
endothelium and the inhibition of vaso-occlusion in 
sickle cell disease (SCD), a concept with potential for 
targeted therapy.

for advanced-stage HL differs with age, favoring 
chemotherapy with ABVD backbone with infrequent 
use of radiation therapy for adults, while in pediatric 
patients, COG has used a modified ABVD chemotherapy 
regimen of doxorubicin, bleomycin, and vincristine, 
plus etoposide, prednisone, and cyclophosphamide 
(ABVE-PC), with risk-adapted response–based use of 
radiotherapy (approximately 76% of pediatric patients 
receive radiation treatment). On S1826, for the first 
time, adults and children will be treated with a uniform 
chemotherapy backbone regimen of AVD, with the 
addition of a monoclonal antibody and elimination 
of bleomycin. Radiation therapy may be used at the 
discretion of investigators under certain protocol-
defined circumstances. Importantly, although HL is 
characteristically a disease of young patients (median 
age, 29 years), approximately 20 percent of patients 
with HL are older than 60 years.14 In older adults, 
response rates are lower, and toxicity is increased with 
ABVD, particularly the pulmonary toxicity associated 
with bleomycin. This trial provides an opportunity to 
also improve the outcomes of older adults with HL 
and to explore the quality of life metrics in treating 
this vulnerable patient population. The randomized 
incorporation of novel agents into frontline therapy is 
for advanced HL is enthusiastically anticipated.
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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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