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F E A T U R ED I F F U S I O N

BRAD KAHL, MD

Dr. Kahl has received consulting fees from Seattle Genetics.

Keeping Your ESCHELONs Straight
Horwitz S, O’Connor OA, Pro B, et al. Brentuximab vedotin with 
chemotherapy for CD30-positive peripheral T-cell lymphoma 
(ECHELON-2): a global, double-blind, randomised, phase 3 trial. Lancet. 
2018; doi: 10.1016/S0140-6736(18)32984-2. [Epub ahead of print.]

Brentuximab vedotin (BV) is an antibody drug conjugate targeting 
the CD30 antigen. It employs a cleavable protease linking to 
a monomethyl auristatin E (MMAE) cytotoxic payload. It was 
2011 when the first U.S. Food and Drug Administration (FDA) 

approvals occurred in relapsed/refractory Hodgkin lymphoma (HL) and 
relapsed/refractory CD30+ anaplastic large-cell lymphoma (ALCL). 
Single-agent response rates exceeded 75 percent in both settings. The 
next approval arrived in 2015 to be used as a single-agent maintenance 
strategy in high-risk HL post–autologous stem cell transplantation. In 
2017 it was approved for use in relapsed cutaneous T-cell lymphoma 
and CD30+ mycosis fungoides. Then, in 2018, it was approved for use 
in frontline HL as part of the AAVD (adcetris, adriamycin, vinblastine, 
dacarbazine) regimen based on a modest progression-free survival (PFS) 
benefit when compared to ABVD (adriamycin, bleomycin, vinblastine, 
dacarbazine). The HL trial leading to approval was called ESCHELON-1.

We now have a positive trial in CD30+ T-cell lymphoma called 
ESCHELON-2, which used a “repeal and replace” strategy, eliminating 
vincristine from the experimental regimen and substituting in BV. Patients 
with previously untreated CD30+ peripheral T-cell lymphoma (PTCL) 
were randomly assigned to treatment with BV, cyclophosphamide, 
doxorubicin, and prednisone (A+CHP) or to chemotherapy alone using 
cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP). 
The patients received 21-day cycles of either regimen, with a BV dose 
of 1.8 mg/kg each cycle. A total of six or eight cycles were given at the 
investigators’ discretion.

A total of 452 patients were randomly assigned. A+CHP was superior 
to CHOP for the primary endpoint of PFS, with a median of 48.2 versus 
20.8 months in the CHOP group (hazard ratio, 0.71; p=0.01). To put it 
another way, the three-year PFS for A+CHP was 57.1 percent, versus 
44.4 percent for CHOP. A+CHP was also superior for overall survival 
with a hazard ratio of 0.66 (p=0.024). Rates of adverse events were 
similar between groups. Febrile neutropenia was seen in 18 percent of 
A+CHP patients and in 15 percent of the CHOP group, and peripheral 
neuropathy was observed in 52 percent and 55 percent of these patients, 
respectively.

Outcomes for patients with aggressive T-cell lymphomas have remained 
frustratingly inferior to those of their B-cell counterparts. There has been 
no rituximab equivalent to close the gap. However, with the completion of 
the ESCHELON-2 trial, it seems the gap will finally narrow for a subset of 
patients with T-cell lymphoma. In ESCHELON-2, 70 percent of patients 
enrolled had systemic anaplastic large cell lymphoma (sALCL), a T cell 
lymphoma defined by high expression of CD30. The benefit observed in 
the trial was large in this group of patients and seems to have driven the 
overall results. For patients with the much more common entity of PTCL-
NOS and the less common entity of angioimmunoblastic T-cell lymphoma 
(AITL), which tend to have weak expression of CD30, there was no 
statistically significant benefit in PFS. 

In the trial, CD30+ was defined as more than 10 percent of cells by local 
review. Any case of sALCL will easily meet that threshold. Perhaps 50 
to 60 percent of your PTCL-NOS and AITL will meet that threshold. So, 
should you use BV to treat any T-cell lymphoma with CD30+ features? In 
my opinion, no. I would definitely add BV to manage any case of sALCL. 
I find the data in PTCL-NOS and AITL unconvincing and believe more 
study is required to prove the benefit in these subtypes. However, BV 
did receive broad FDA approval for use in any CD30+ T-cell lymphoma. 
Whether one opts to use it in just sALCL or more broadly, it is clear we 
have achieved a major therapeutic advance in the frontline management of 
some T-cell lymphomas. 

Pulmonary Embolism Response Teams: 
Structuring a Dedicated Provider Response to 
Improve Outcomes for Patients and Institutions
RACHEL ROSOVSKY, MD, MPH,1 AND ROY SMITH, MD, MS2

1. Hematologist, Massachusetts General Hospital; Assistant Professor of Medicine, Harvard Medical School, Boston, MA

2. Hematologist and Professor of Medicine, University of Pittsburgh School of Medicine, Pittsburgh, PA

Pulmonary embolism (PE) is a major cause of morbidity and mortality 
and encompasses a wide range of clinical presentations.1 In the recent 
past, the clinical presentations of patients with PE were commonly 
considered to be dichotomized as either massive or nonmassive, with 
treatment modalities chosen accordingly. This simplified categorization 
of PE resulted in a limited number of treatment options, typically routine 

systemic anticoagulation with heparinoids or systemic thrombolytic therapy. Recent evidence, 
however, shows that many patients may be candidates for more varied therapies based on their clinical 
histories and circumstances. More treatment options necessitates urgent, specialized expertise that 
can be employed at the earliest point in a patient’s clinical trajectory.

The introduction of better imaging techniques, biomarkers, and extensive correlations between clot 
burden and its clinical consequences has resulted in new paradigms for PE severity subcategorization 
beyond the previously used massive and nonmassive categories. Similarly, advancements in invasive 
interventional medicine and systemic anticoagulation have introduced subtleties into choosing the 
best approach to each patient. Currently, there is a dearth of reliable comparative effectiveness studies 
aimed at defining which treatment is most beneficial for a given patient. Yet the mortality rate for 
patients with massive PE remains high.2-4 The complexity of patients with PE and the diverse clinical 
impact of their PE burden have left much of the clinical decision making to expert consensus rather than 
to rigorously vetted scientific guidelines. As a result, treatment approaches may be inconsistent and 
uncoordinated without a centralized location of care or systematic way to evaluate response to therapy.

Historically, medical institutions have responded to disorders of urgent dire consequences with 
multidisciplinary teams capable of immediate assembly and response. Akin to Code and Stroke Teams, 
newer techniques for the assessment and treatment of acute PE patients have led to the emergence of 
pulmonary embolus response teams (PERTs).  One of the first introductions of a multidisciplinary PERT 
was presented by Massachusetts General Hospital (MGH) in a publication in Chest in November 2013.5 
Since then, institutions around the world have developed PERTs with the immediate goal of coordinating 
care and improving outcomes by assembling a multidisciplinary team of experts to discuss, deliberate, 
determine, and implement the most appropriate therapeutic option for each patient with PE.

Although the provider makeup of each PERT may differ,6,7 teams should typically include physicians 
with expertise in the medical care of patients with PE, pulmonary imaging, and interventional medicine, 
and have immediate access to cardiothoracic surgery and circulatory support systems. PERTs develop 
differently to take advantage of locally available resources and to suit local clinical demands. At MGH, 
for example, a referring physician calls a 24-hour hotline, which triggers an immediate consultation 
by the PERT fellow who then, with direct involvement of an attending physician, performs the 
initial patient evaluation and assesses the severity of the case. If appropriate, an online meeting of 
the entire team (which may include pulmonary/critical care, interventional and noninterventional 
cardiology, vascular medicine, vascular surgery, emergency medicine, hematology, interventional 
radiology, cardiac surgery, pharmacy, and radiology) convenes to review the case, laboratory 
tests, and radiographic images. If advanced interventions are warranted, the multidisciplinary team 
then generates further diagnostic and treatment recommendations and assembles the appropriate 
resources. PERT assembly ultimately results in the most appropriate formal or informal coordinated 
treatment pathways for a specific patient population and based on that institution’s capabilities. Any 
PERT program requires an infrastructure that allows for the rapid and efficient communication of 
specialists who contribute vital information about a patient’s clinical situation.8,9

Importantly, the incorporation of residents and fellows into the PERT provides an excellent opportunity 
for trainees to work with experts in the treatment of PE. Frequent discussion about the interpretation 
of images, biomarkers, and other assessment of patients leads to further refinement of trainees’ skills. 
Additionally, participating in the PERT’s immediate response allows the trainees to appreciate the 
variabilities in patient presentation relative to the more objectively determined disease severity. With 
arrangements for long-term follow up within the PERT, trainees also have an opportunity to assess the 
patient during recovery to investigate the etiology of the PE, guide decisions around anticoagulation 
management, screen for long-term complications of PE, and ensure removal of an inferior vena cava 
filter (IVCF) if present. A recent study evaluating the effect of a multispecialty team for high-risk PE on 
resident and fellow education found that when comparing pre- and post-PERT implementation, trainees 
were more confident in identifying and managing submassive and massive PE and in treating patients 
appropriately with systemic thrombolysis. Additionally, data showed they demonstrated increased 
knowledge of indications for systemic thrombolysis and surgical embolectomy. Trainees reported 
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President’s Column

In the Interest of Transparency

Recent high-profile stories in the lay press, including front page feature articles in the New York Times, have again placed the issue 
of conflicts of interest (COIs) in medical science, particularly malignant hematology drug development, in the public sphere. 

Obvious COIs are clear threats to the trust that patients, elected officials, and the general public place in the medical profession. We as 
hematologists have managed these obvious COIs reasonably well by placing strict restrictions on the roles that owners of intellectual 
property can have in the execution and reporting of clinical trials related to that property. More insidious is the threat to public and 
scientific community trust, engendered by the more subtle and difficult-to-define concepts of “potential” COI or “appearance” of 
COI. When leaders of our most prominent clinical cancer research centers serve as highly compensated members of pharmaceutical 
company boards, or when investigators leading clinical trials of agents owned by companies also serve as highly compensated 
members of speakers panels or scientific advisory boards for these companies, our well-deserved public trust risks erosion. The 
paradox, of course, is that the academic thought leaders invited to serve in these compensated roles may well be the most qualified 
individuals to provide company boards with sage advice that ultimately will serve our patients well. The challenge to our profession is 
thus to balance the risk to public trust with the benefit of providing our expertise to accelerate translational research; and the question 
we must confront is whether simply disclosing these relationships is sufficient to eliminate the potential COIs.

Every academic institution must develop its own approach to these issues, but ASH, as a professional society representing more 
than 17,000 scientists and clinicians, has led by example in this complex environment. We have rigorous, thoughtful, and transparent 
policies to manage potential COIs, whether they be financial, institutional, or personal. Every ASH volunteer is required to disclose 
potentially relevant financial interests, and every committee, study section, task force, working group, and editorial board has a COI 
officer who is charged with reviewing these disclosures and ensuring that potential conflicts are addressed. At all meetings of these 
groups, the COI officer reviews ASH COI policies as the first agenda item of the meeting, and members are instructed to participate 
in managing potential conflicts and to be diligent in paying attention to potential conflicts. Members in conflict recuse themselves 
from relevant discussions and decisions. These policies have special relevance to ongoing ASH efforts in developing evidence-
based clinical practice guidelines. ASH has developed clear and transparent disclosure requirements for all scientific meetings and 
publications, as well as oversight processes to ensure that our policies are followed, including empowering session moderators at the 
ASH annual meeting to call out potential COIs not disclosed by presenters. Rarely, undisclosed conflicts are discovered after articles 
are published, and we have clear policies that allow ASH leaders to authorize our journal editors to retract abstracts and publications, 
based solely on violation of COI policies. 

Managing COIs is an important and difficult challenge. Ethicists debate whether participation in the for-profit pharma marketplace 
by clinical investigators is manageable by disclosure and recusal. ASH policies support this approach, but we recognize that implicit 
biases rooted in personal relationships, life experiences, and professional networks color our thinking in ways that are much more 
difficult to manage. We are committed to keeping the COI issue front and center in all our activities and welcome input from our 
members on this topic.

Roy L. Silverstein, MD

I N  M E M O R I A M

Sir David Weatherall, MD, FRCP, FRS (1933 - 2018)
My dear colleague, Regius Professor Sir David J. Weatherall, MD, FRCP, 
FRS, founder of the Weatherall Institute of Molecular Medicine at Oxford 
and recipient of the Lasker-Koshland Award for Special Achievement 
in Medical Science and the Wallace H. Coulter Award for Lifetime 
Achievement in Hematology, died on December 8, 2018, at age 85 
following a damaging fall.

David leaves his lovely wife Stella; his fine son Mark, an excellent 
neurologist; and his five grandchildren, Lauren, Monty, Theo, Raphael, and 
Sebastian. He also leaves his most powerful heritage, the outstanding Dr. 
Doug Higgs, and scores of other trainees whose contributions amplify his 
remarkable achievements. He is deeply mourned by all of them and by his 
loyal assistant Liz Rose, his colleague in international hemoglobinopathy 
management Dr. Nancy Olivieri, and by the 
community of hemoglobinopathy scholars 
of which he was the leader.

I have been a close friend and deep 
admirer of David since the early 1960s 
when he was at Johns Hopkins working 
with the estimable Dr. John Clegg on 
a method to separate the alpha from 
non-alpha chains of hemoglobin. I, too, 
had seen my first case of thalassemia 
in the late 1950s and was filled with 
curiosity. David’s inquiries, together with 
the pioneering clinical and diagnostic 
laboratory studies of Drs. Ruggero 
Ceppelini, Marcello Siniscalco, and 
Phaedon Fessas were my guiding lights. 
He began his investigative career in 
1960 with his first paper, a description 
of thalassemia in a Gurka family. After 
that, he published 565 articles largely 
on hemoglobinopathies. His multi-
editioned book with Dr. Clegg, The Thalassaemia Syndromes, became 
the bible of the field. He wasn’t content to restrict himself to genetic 
diagnoses. His training program investigated iron chelation therapy to great 
effect, and his laboratory was the main UK source of prenatal diagnosis 
of thalassemia and sickle cell disease. With Dr. Geoffrey Pasvol, David 
made insightful studies of the interaction of P. falciparum with cord blood 
and sickle cell trait erythrocytes. With Dr. Nancy Olivieri, he established a 
remarkable diagnostic and therapeutic thalassemia program in Sri Lanka, 
and with Dr. Doug Higgs, he explored and defined the many faces of the 

congenital and acquired α thalassemia syndromes. Their explanation of 
the pathophysiology of combined mental retardation and hemoglobin H 
disease was a tour de force of clinical research.

David and his fine colleague Dr. Bill Wood envisaged that the answer to 
thalassemia and sickle cell disease lies in manipulation of the fetal switch. 
We both lived to see that nirvana approaching fruition. David’s trainee Dr. 
Swee Lay Thein identified the BCL11A gene as a possible site of influence 
on F cell levels in humans, an observation that has massively advanced all 
the way to preliminary clinical trials.

As our friendship ripened and our voluminous correspondence grew 
(archived in the Center for the History of Medicine at Harvard Medical 

School), I came to appreciate David’s 
marvelous, gentle, but lancinating 
humor. My colleagues regularly planned 
important birthday parties for me with 
the hope that he would come to speak 
at them. On one occasion (I believe my 
70th birthday), he weaved a tale about 
meeting the customs officer in the 
Logan Airport in Boston who asked the 
purpose of his trip. David claimed, “to 
speak at the 70th birthday of Dr. Nathan.” 
Then David adopted the perfect Boston 
accent of the customs officer and 
reported to the delighted partiers that 
the officer asked, “Why? Can’t they find 
anyone local to speak nicely about him?”

Former United States Supreme Court 
Justice David Souter famously stated 
that a friend is someone whose 
marvelous characteristics you may desire 
in yourself but find only in the friend. In 

that sense and in many others, David Weatherall was a nonpareil friend. I 
will forever treasure his memory. So will hematology.

–David G. Nathan, MD
President Emeritus, Dana-Farber Cancer Institute, Physician-in-Chief 
Emeritus, Boston Children’s Hospital, Professor of Pediatrics and 
Medicine, Robert A. Stranahan Distinguished Professor of Pediatrics 
and the Richard A. Smith Distinguished Professor of Medicine, Harvard 
Medical School

Drs. Weatherall and Nathan (L to R) at Christchurch College, Oxford, 
UK, on the occasion of Dr. Weatherall’s retirement (September 2000). 
At the event, the Chancellor of Oxford University thanked Dr. Weatherall 
for 25 years of service and in his honor, renamed the Institute of 
Molecular Medicine the Weatherall Institute of Molecular Medicine.
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ASH News Daily Call for Authors
ASH is searching for the next team of authors for the 2019 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 just 
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 as 
well as an in-person editorial board meeting in late September. 

We are also seeking those who: 

•   Have a flexible schedule at the annual meeting and have strong 
time management skills

•  Enjoy science writing and can also apply a creative approach to it

•   Are cognizant of timelines and dependable with schedules and firm 
deadlines

•  Enjoy networking and doing author outreach

•   Are mid-career professionals interested in becoming more involved 
with ASH.

If this sounds like you or a colleague you wish to nominate, please 
email Managing Editor Juana Llorens (jllorens@hematology.org). 

Required materials include a letter of interest, two writing samples, 
and a CV, due June 15, 2019. For more information on ASH News 
Daily, visit www.hematology.org/Annual-meeting/AND.aspx. 

Upcoming ASH Awards Deadlines
ASH is committed to supporting hematologists in all stages of their careers and thus provides an 
array of awards and programs to help them advance in the field of hematology. Several application 
deadlines are coming up; make sure to check the ASH website for additional information. 

•   The Harold Amos Medical Faculty Development Program (ASH-AMFDP), part of the 
Minority Recruitment Initiative, provides four years of research support, including an annual 
stipend of up to $75,000 and an annual grant of $30,000 to support research activities 
for underrepresented minority scholars in hematology. Apply by March 19, 2019, via www.
hematology.org/ASH-AMFDP. 

•   The ASH Clinical Research Training Institute (CRTI) is a yearlong education and 
mentoring program for hematology fellows and junior faculty at academic medical centers. 
CRTI participants will have the opportunity to learn about clinical research methods, research 
collaborations, statistical analysis, and managing the demands of family and career. For more 
information and to apply by the deadline of March 29, 2019, visit www.hematology.org/CRTI. 

•   The ASH Medical Educators Institute (MEI) offers a “bootcamp” in teaching techniques, 
medical education scholarship, and career development for hematologists and fellows starting 
medical education careers. For application requirements and to apply by the deadline of March 
31, 2019, visit www.hematology.org/MEI.   

•   The ASH Visitor Training Program (VTP) provides funding for hematologists or hematology-
related health care professionals in the developing world to receive training on a specific topic 
for up to 12 weeks, in an effort to help build hematology capacity in developing countries. Apply 
by April 5, 2019, by visiting www.hematology.org/VTP. 

•   The ASH Global Research Award is designed to support future international scientific 
leaders, increase hematology capacity, and nurture global collaborations. For further details and 
application information, visit www.hematology.org/Global-Research. Submit your application by 
April 15, 2019.

•   The ASH Bridge Grant helps hematologists continue their research amidst severe National 
Institutes of Health (NIH) funding reductions. A $150,000 award is granted to an ASH member 
who applied for an NIH R01 or equivalent grant but was denied funding due to budget 
cutbacks. ASH grants approximately 20 to 30 one-year awards each year. For additional 
information and to apply by May 1, 2019, visit www.hematology.org/BridgeGrants. 

There Is Still Time to Attend the 2019 International 
Highlights of ASH 
There is still time to register and attend a 2019 Highlights of ASH meeting. Attendees will obtain 
a synopsis of the top hematology research presented at the latest ASH annual meeting and learn 
ways to improve patient management and care strategies from internationally acclaimed experts. The 
meetings also provide an opportunity to network with top minds in the field and a great educational 
experience for hematologists, oncologists, fellows and trainees, allied health professionals, and 
hematopathologists alike. New this year, Highlights of ASH in the Mediterranean, brought to you by 
a partnership of ASH and the Hellenic Society of Hematology, will take place March 15-16, 2019, 
in the Athenaeum InterContinental Athens in Athens, Greece. Highlights of ASH in Latin America 
will take place April 5-6, 2019, at the Westin Lima Hotel and Convention Center in Lima, Peru. For 
additional information and to register, visit www.hematology.org/Highlights. 

Maintenance of Certification ABMS 
Update
ASH submitted feedback on draft recommendations for reforming 
Maintenance of Certification (MOC) to a commission appointed by 
the American Board of Medical Specialties (ABMS) and other entities. 
ASH President Dr. Roy Silverstein commented, 

“For four years, ASH has eagerly sought opportunities to 
work with ABMS to make meaningful changes to MOC that 
would better align with the needs of hematologists. The 
formation of the commission and its draft recommendations 
is the latest positive step taken by ABMS to take a long 
overdue look at MOC and to involve subspecialties in 
setting the course for change.” 

Dr. Silverstein pointed out concerns over the summative test required 
periodically to maintain certification. ASH is not a proponent of such 
tests as the Society believes that a single exam or assessment does 
not recognize the diversification of career paths in hematology and 
that testing without making continuing education resources available 
does not provide the tools necessary to improve knowledge and care. 

ASH also hopes the Commission will reconsider its recommendation 
to reinstate the reporting of practice improvement activities as part 
of continuous certification. Read the ASH press release (www.
hematology.org/Newsroom/Press-Releases/2018/9331.aspx) for 
more information and additional comments from Dr. Silverstein. 
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Table. To Transplant or Not to Transplant?

Characteristic Transplant?

Patient

Age < 65-70 years, good performance status, no/minimal comorbidities Yes, considering disease factors

Age > 70 years, good performance status, no/minimal comorbidities Individualized evaluation considering disease/donor factors; 
recommend reduced intensity conditioning

Age < 65 years, poor performance status, or comorbidities Individualized decision considering disease/donor factors

Disease

DIPSS/DIPSS Plus score = intermediate-2 or high Yes, considering patient factors

DIPSS score = intermediate-1, age < 65 years, high risk cytogenetics, or molecular mutations (IDH1/2, 
SRSF2, SF3B1 in primary or post-PV or post-ET and EZH2, ASXL1 in primary MF), or peripheral blood 
blasts >2% or transfusion refractory anemia

Yes, considering patient factors

MIPSS70 Plus high risk/very-high risk Yes, considering patient factors

MIPSS70 Plus version 2.0 high/very-high risk Yes, considering patient factors

MIPSS70 Plus/ MIPSS70 Plus version 2.0 intermediate risk with worsening clinical features Yes, considering patient factors

Donor 
availability

HLA matched related or unrelated donor Yes, considering patient and disease factors

HLA haploidentical family member or umbilical cord blood Individualized decision considering patient and disease factors

Abbreviations: DIPSS, Dynamic International Prognostic Scoring System; ET, essential thrombocythemia; HLA, human leukocyte antigen; MF, myelofibrosis; MIPSS, Mutation-Enhanced International Prognostic Score 
System; PV, polycythemia vera.

Transplantation and Myelofibrosis: A Little Medicine and a Little Art
TANIA JAIN, MBBS,1 AND JEANNE PALMER, MD2

1. Adult Bone Marrow Transplantation Service, Memorial Sloan Kettering Cancer Center, New York, NY

2. Division of Hematology and Medical Oncology, Mayo Clinic, Phoenix, AZ

Allogeneic stem cell 
transplantation (HCT) has 
established the potential 
to induce molecular and 
morphological remissions in 
patients with myelofibrosis. 

However, there have always been unique concerns 
with transplantation. Unlike, for example, patients with 
acute leukemia, patients with myelofibrosis, historically, 
have had higher toxicities from HCT, possibly due to 
splenomegaly, marrow fibrosis, or debilitation from the 
disease. These are in addition to the classical toxicities 
of the procedure, including organ damage from the 
conditioning regimen, graft-versus-host disease, relapse, 
and graft failure. To weigh the “risk versus benefit” 
balance in favor of benefit to patients, it becomes 
imperative to identify the right patient at the right time 
in the disease course to consider them for HCT. Adding 
another layer of thinking to this decision-making process 
is the advent of nontransplantation options such as 
JAK inhibitors and others in the pipeline that improve 
symptoms and, arguably, improve survival.1,2 Thus far, 
no comparative randomized data exist between HCT and 
nontransplantation therapeutic options to assess the 
magnitude of benefit of HCT in these patients. Hence, most 
decisions about HCT and the timing thereof are derived 
by logical extrapolation from available retrospective and 
registry data.

Disease Factors
Myelofibrosis is a chronic malignancy, the morbidity 
of which typically evolves over years. For the past 
decade, decision making for HCT often has been based 
on two scoring systems: the Dynamic International 
Prognostic Scoring System (DIPSS) and the DIPSS-Plus. 
These prognostic metrics were developed to track risk 
profile over time.3,4 They have also helped establish the 
timeline for HCT in patients with myelofibrosis. An expert 
panel recommends consideration of HCT for patients 
younger than 70 years with DIPSS or DIPSS Plus scores 
of intermediate-2 or higher, and for intermediate-1 risk 
patients younger than 65 years if they have refractory/
transfusion-dependent anemia, peripheral blasts higher 
than 2 percent, or adverse cytogenetics, mainly derived 
from the poor median overall survival of five or fewer years 
in this subset of patients.5 A retrospective comparison 
between HCT and nontransplantation therapies from two 

international multicenter databases, in patients younger 
than 65 years who never received JAK inhibitors, showed 
benefit of HCT approach in patients with intermediate-2 
and high-risk DIPSS scores.6 

Neither of these scoring systems, however, takes 
into account molecular mutations, which have been 
associated with more aggressive disease phenotypes 
or with early transformation to blast-phase disease, a 
dire development. To amend that, Mutation-Enhanced 
International Prognostic Score Systems (MIPSS70 and 
MIPSS70-Plus), and subsequently, MIPSS70-Plus version 
2.0, have been described for patients 70 years or younger 
to include clinical factors along with cytogenetic and 
molecular mutations in a prognostic model.7,8 The presence 
of one or two high-risk mutations such as ASXL1, EZH2, 
SRSF2, or IDH1/2, and absence of CALR type 1 mutation 
added additional risk factors in the MIPSS70-Plus model. 
In version 2.0, the U2AF1 Q157 mutation, a very high-
risk cytogenetic category and gender-based hemoglobin 
stratification, was included in the scoring model. Using 
retrospective or registry datasets, efforts to apply these 
newer systems to the question of when to transplant, and 
in whom, have been published. For example, the former, a 
four-tiered MIPSS70-Plus classification, suggests watchful 
monitoring for low-risk disease while considering HCT for 
high- and very high-risk disease.8 Similarly, for the five-tier 
MIPSS70-Plus version 2.0, HCT is recommended for high- 
and very high-risk patients, while non-HCT management 
is recommended for very low-, low-, and intermediate-risk 
patients.7 Of note, these scoring systems were developed 
and validated in patients with “primary” myelofibrosis 
but are often applied to post-polycythemia vera or post-
essential thrombocythemia myelofibrosis with similar 
principles. That being said, there is a specific prognostic 
scoring system that has been developed for patients with 
secondary myelofibrosis who are older than 65 years, with 
time to secondary myelofibrosis greater than 15 years, who 
have previous thrombosis and constitutional symptoms, 
hemoglobin lower than 10 g/dL, and circulating blasts 
of 1 percent or higher.9 This scoring system has not yet 
undergone rigorous validation with regard to transplant 
outcomes.

The utility of these scoring systems walks closely with 
identification of changes in clinical course of the patient. 
Transitions such as worsening transfusion requirements, 
increasing blasts, and the appearance or deterioration 

of constitutional symptoms can be ominous signs and 
should be recognized early to enable timely initiation 
of treatments, including consideration for HCT. Data 
suggest that patients with three or more mutations may 
have limited response to JAK inhibitors, and hence, these 
patients may be the ones to start thinking of HCT at the 
first indication of clinical deterioration.10 Further, there are 
data that suggest that HCT may benefit patients with high-
risk chromosomes11 and somatic mutations.12,13

Patient Factors
For HCT, “the older the age, the worse the outcomes” 
is a generally accepted phenomenon. This is especially 
relevant in myelofibrosis because the median age at 
diagnosis is older than 65 years. With recent improvements 
in supportive therapy and the popularity of reduced-
intensity conditioning, the age limit for HCT continues 
to shift upward. In myelofibrosis, HCT with reduced-
intensity conditioning has been reported in patients older 
than 70 years with some success.14 This also shows that 
chronological age itself might not be as informative as in 
combination with performance status and comorbidities.

Eventually, it’s about striking the balance between 
anticipated benefit in disease features and risks from 
transplant-related mortality based on an individual’s 
overall health and performance status. Fine tuning of 
this assessment relies on experience and appreciation 
of disease transitions. The art lies in close follow-up and 
enquiry into the symptoms, leading to some understanding 
of the disease biology in an individual patient.

What Lies Ahead?
As illustrated in this article, while expert panel 
recommendations have been established, many aspects 
related to timing and the point of maximal benefit remain 
shrouded in the “no data zone.” Additionally, myelofibrosis 
being a relatively uncommon malignancy, it is almost 
obligatory to conduct collaborative efforts.

Transplantation versus nontransplantation options. 
Most established recommendations are based on the data 
available from the pre–JAK inhibitor era. Whether the same 
holds true with improvements attributed to JAK inhibitors 
remains a question. A randomized study to compare HCT 
versus non-HCT options would be difficult to conduct. 
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However, a current Center for International Blood and 
Marrow Transplant Research initiative is enrolling 
patients older than 55 years, to compare outcomes of 
patients undergoing HCT with those of an age-matched 
historical cohort (NCT02934477), which would shed 
some light toward this.

While on ruxolitinib. In real-world clinical scenarios, 
another challenging question is what is the best window 
to HCT when patients have improvement in symptoms 
while on JAK inhibitors. Is it when patients have the 
maximal response from JAK inhibitors or when they 
begin to lose the clinical response, such as at the return 
of the constitutional symptoms or splenomegaly? This 
can be feasibly studied in a randomized fashion as a 
collaborative effort.

Should you transplant if there are too many 
mutations? It also remains unknown whether the high 
risk portended by mutation status is overcome by 
HCT — information that can provide additional insight 
into identifying patients who may benefit from HCT 
consideration at an earlier course in the disease (or not) 
and that might offer a quantification of benefit from HCT 
in these patients.
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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
Shaun is a new intern who was assigned to the hematology consultation service in September. He is interested in 
general internal medicine and has several years of experience working as a case manager in an outpatient HIV clinic 
in San Francisco prior to coming to medical school. Shaun found that dealing with complex patients who benefitted 
from his advice and counsel was the most rewarding part of his prior job. He enjoys the gamut of internal medicine 
and is reluctant to subspecialize, fearing he will lose the generalist perspective. During your month together, you 
find him to be a curious and thorough physician. As you sit down for your post-rotation evaluation, he asks whether 
he should consider a fellowship in hematology and/or oncology. 

The Question 
How do you advise Shaun? In other words, how do you recruit residents to become hematologists?

The Response
Choosing a career path after an internal medicine residency can be a stressful situation for young physicians. Data 
suggest that fellowship choice is a complex and heterogenous process, and individuals typically give weight to 
factors such as lifestyle, income, practice variability, and availability of mentors.

Hematology remains a competitive fellowship. Last year’s fellowship match shows there were 140 combined 
hematology/medical oncology fellowship programs in addition to four oncology and three hematology stand-alone 
programs. The fill rate for the combined programs was 99.1 percent (60% filled with U.S. medical school graduates), 
100 percent for the oncology stand-alone programs (10% U.S.), and 100 percent for the hematology stand-alone 
programs (85.7% U.S.). Hematology combined and stand-alone fellowship programs had the second highest 
number of positions in the match, second only to cardiology. Applicant trends show an increase in hematology/
oncology combined fellowship applications within the past five years, with the number of applicants for hematology 
fellowships holding constant, and the number of applicants for oncology fellowships decreasing as more programs 
are now combined hematology/medical oncology fellowships.

In advising Shaun, it is necessary to recall why we ourselves chose careers in hematology.

First, to be a good hematologist/medical oncologist you must be a good internist. Hematology does not separate 
itself from internal medicine, but rather, subspecialty training in hematology augments the knowledge and skills of 
an internist. Think about the daily practice of a hematologist, who must understand all other medical specialties 
because patients with malignant disorders have a panoply of symptoms referable to every organ system in the body. 
This includes prescribing antibiotics for febrile patients, managing renal injury in myeloma patients, performing 
a careful neurologic examination to detect a cord compression, and even managing a very sick patient with bone 
marrow failure in the intensive care unit. Hematologists are medical detectives who use the breadth of internal 
medicine to make diagnoses and solve complex problems. Shaun should spend his month experiencing life as a 
hematologist — a subspecialist who is also an excellent generalist. 

Second, as specialists, hematologists often find themselves in educator roles, especially in academic medicine. 
Perhaps this is because of the reimbursement model for cognitive specialties, because hematologic diseases 
are so manifest, or maybe just because of the inherently inquisitive nature of hematologists. ASH recognized the 
importance of medical education for its membership several years ago in initiating the ASH Medical Educators 
Institute, to train the next generation of hematology educators and to hopefully expand the hematology workforce 
by enticing “undifferentiated” medicine residents into a specialty that truly supports and respects educators. Since 
Shaun has shown a passion for patient education, remind him of this initiative frequently. 

Hematology is a visual science. Just as a cardiologist enjoys the pattern recognition inherent in interpreting an EKG, 
or a dermatologist recognizes the pattern of a rash, hematologists like pattern recognition in interpreting a blood 
smear or marrow. When we look at art, we use a part of our brain that is tightly connected to pleasure centers and 
that causes the release of dopamine. Dopamine release can be addictive. When working with Shaun, bring him to the 
lab often. Show him the beauty of a marrow affected by cobalamin deficiency, explain the elegance of hematopoiesis 
in a marrow spicule, and remind him of the dire omen of a bone marrow aspirate riddled with blasts.

Finally, to quote Dr. Morie Gertz from the Mayo Clinic, “Go into hematology. Every day is amazing.” When I was 
finishing my residency, my colleagues and I would ponder the future of medicine. When it came to scientific 
advances, most of us were convinced that the greatest advances would be in our field. Whether it be the newest 
treatments for hematologic malignancies, discovery of novel molecular bases for hematologic diseases, targeted 
drug development for leukemia, or harnessing the immune system to fight malignant diseases through a better 
understanding of immunology, we were certain that a career in hematology would be “amazing.”

Getting back to Shaun, be a mentor for him: Check in with him even after his month of consults is finished. Show 
him the passion that we have for our field. Allow him to make a diagnosis after looking under the microscope and 
allow him to see the spectrum of diseases inherent in our field. Show him that hematologists embrace the breadth 
of internal medicine. Show him that he can be an educator for his patients and trainees as a hematologist, and that 
what we do every day is, and will continue to be, truly amazing.

Dr. Kahn indicated no relevant conflicts of interest.

To take advantage of mentorship opportunities at ASH, explore initiatives such as the ASH Ambassador Program 
(www.hematology.org/Educators/7706.aspx) and the Minority Recruitment Initiative (http://www.hematology.org/
Awards/Medical-Student/MMSAP/8407.aspx#mentorship). Programs like these have paved the way for burgeoning 
hematologists and provided inspiring growth opportunities for would-be mentors. For more information, email 
awards@hematology.org.

Ask the Hematologist 
MARC J. KAHN, MD, MBA, MACP

Peterman-Prosser Professor; Senior Associate Dean, Tulane University School of Medicine, New Orleans, LA
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increased knowledge of high-risk PE pathophysiology and the 
perception that a multidisciplinary team improves care of 
patients.10 

The presence of a PERT may also further the education of 
attending physicians, many of whom are not directly involved 
in interventional medicine and have limited knowledge of the 
types of treatments available for patients with PE beyond “sys-
temic” or “catheter-directed” lysis (CDT) or thrombectomy. 
Similarly, many interventionalists may be unfamiliar with all 
the new and emerging anticoagulant options. PERT assess-
ment of patients with PEs of submassive or worse severity 
demands that the team consider the patients’ candidacy for 
invasive interventions such as CDT or IVCF placement, as well 
as determine the type, duration, and intensity of anticoagula-
tion. Furthermore, it remains unknown whether newer targeted 
oral anticoagulants are equally effective in circumstances in 
which patients have experienced a PE (e.g., after thrombec-
tomy or with intravascular stents, thromboembolic pulmonary 
hypertension, or lupus anticoagulant–associated venous throm-
boembolism). Thus, as each PERT matures, these same issues 
should be evaluated on a broader scale and may be included 
in the PERT consensus or in local clinical pathways. These 
repeated processes ensure that PERT members are aware of 
the advantages and disadvantages of specific brands and types 
of interventional devices and anticoagulants available at each 
institution. The establishment of a formal consensus by a PERT 
provides an incentive for the consequences of each step of a 
clinical pathway to be periodically assessed and for the path-
way to be appropriately modified.

The relatively new appearance of PERTs in the medical 
landscape provides fertile ground for disseminating 
information and applying new techniques both faster and 

Real-World Data on CAR T-Cell Recipients: Are We There Yet?
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These are unprecedented times 
for cancer treatment. Only the 
most prescient among us might 
have predicted that in 2019 
routine clinical practice could 
include the genetic modification 

of a patient’s own cells being used against acute leukemia, 
lymphoma, and soon, many other cancers. And yet, that time 
is here. The rapid availability of these living drugs, which 
includes T cells expressing chimeric antigen receptors (CAR 
T-cells), is a result of their significant potential to control 
malignancies in patients who have failed other therapies. 
The U.S. Food and Drug Administration (FDA) has approved 
these drugs given a high efficacy signal but raised concerns 
related to their safety. The approval of tisagenlecleucel for 
treatment of pediatric acute lymphocytic leukemia (ALL), and 
tisagenlecleucel and axicabtagene ciloleucel for treatment of 
non-Hodgkin lymphoma (NHL), came with significant strings 
attached. Like any genetically engineered product using viral 
vectors, the FDA required that recipients of commercial CAR 
T-cells be observed for 15 years.1 Additionally, the FDA has 
implemented product-specific Risk Evaluation and Mitigation 
Strategy (REMS) programs to maximize safety.2,3 These 
requirements are unprecedented for any drug approval to 
date and give our community the opportunity to develop 
paradigms for measuring safety and efficacy over time in a 
rigorous and collaborative manner.

With this mission in mind, the Center for International Blood 
and Marrow Transplant Research (CIBMTR), a decades-old 
outcomes database for hematopoietic cell transplantation 
(HCT), has expanded its infrastructure to capture data on 
cellular immunotherapies. The aim is comprehensive data 
collection through a standardized approach that can be 
used for both regulatory requirements and research. The 
recent implementation of the National Cancer Institute–
funded Moonshot Initiative program called the Cellular 
Immunotherapy Data Resource, awarded to the CIBMTR, will 
further assist in capturing real-world data on recipients of 
these cellular therapies.

The CIBMTR is a research collaboration between Medical 
College of Wisconsin and the National Marrow Donor 
Program/Be the Match that operates an outcomes database 
on HCT and now, cellular therapies. The operations of this 
nonprofit organization are funded primarily by federal 
grants. The CIBMTR also holds a contract with the Health 

Resource and Service Administration to operate the Stem 
Cell Therapeutics Outcomes Database (SCTOD) of the C.W. 
Bill Young Cell Transplantation Program. Through the 
SCTOD, according to the requirements of this contract, the 
CIBMTR functions as a public health authority to capture all 
allogeneic HCTs performed in the United States, and analyze 
data to assess patient survival and center performance. The 
CIBMTR is a resource to the community, used for research in 
clinical outcomes, immunobiology, health services research, 
bioinformatics, statistical methodology, and clinical trials. 
This resource has resulted in more than 350 publications 
authored by 1,600 authors from 450 institutions in the past 10 
years, highlighting both the productivity of the CIBMTR and 
its collaborative nature.

In the past three years, the CIBMTR has expanded its 
infrastructure to capture data on indications and outcomes 
of cellular therapies. The objective is to capture any cellular 
therapy infusion and to provide a mechanism for long-term 
follow-up. The long-term follow-up approach of the cellular 
therapy registry intentionally aligns with FDA regulatory 
requirements that patients receiving genetically modified 
cellular therapy products must be followed up on for at least 
15 years to assess the risk of development of subsequent 
neoplasms and other potential late adverse effects. This 
also aligns with practices in the HCT field facilitated by the 
CIBMTR throughout the past 40 years, where data collection 
is part of the culture and sheds light on real-world outcomes 
of patients who received transplantation.

Since the release of the cellular therapy outcomes database 
in July 2016, the CIBMTR has engaged the community 
to implement data collection practices and to test data 
collection forms at participating centers. The FDA approvals 
for both CAR T-cell products carry a requirement that 
manufacturers establish a mechanism for long-term follow-up 
of these patients. The CIBMTR is currently contracted with 
both Novartis and Kite/Gilead to use its cellular therapy 
registry to capture data on safety and efficacy in order to 
fulfill these regulatory requirements. Notably, after these 
data are collected and reported to the relevant regulatory 
agencies, they will be available for research purposes, 
following the pattern established with HCT data and the 
SCTOD. Additionally, in October 2018, the CIBMTR was 
awarded the Cellular Immunotherapy Data Resource 
program, whose main objective is to build and maintain an 
infrastructure for data collection from recipients of cellular 

therapies for cancer and implement data sharing practices 
to maximize the use of this data for research. The CIBMTR 
Cellular Therapy Registry is fully functional, with more than 80 
centers in the U.S. currently reporting data.

Participation in the CIBMTR database is open to any 
program and requires establishing an agreement governing 
the terms and expectations of data and sample sharing, 
data completeness and quality, Institutional Review Board 
and Privacy Rule oversight, and use of the electronic data 
collection system. Data quality is a very high priority. CIBMTR 
performs regular data audits of centers to evaluate data 
quality. Audit reports are shared with the Foundation of 
Accreditation of Cell Therapies for inclusion in the center 
accreditation process. 

The CIBMTR convened the fourth annual Cellular Therapy 
Registry Forum on October 26, 2018, in Washington, 
DC. The objectives of this meeting were to engage the 
broader community of cellular therapy stakeholders and 
to discuss relevant topics related to the development and 
implementation of the cellular therapy registry. 

One theme that became apparent at the meeting was a desire 
by treatment centers to have alignment of data collection and 
toxicity reporting from recipients of commercial CAR T-cells. In 
addition to the mandate for long-term data reporting of recipi-
ents of these products, the FDA mandates the institution of a 
REMS program. The REMS program is intended to capture seri-
ous toxicities to understand whether risks are appropriately 
mitigated. Each REMS program is specific to a CAR T-cell prod-
uct, but the toxicities are generally common to the treatment 
class and are intentionally captured by the CIBMTR Cellular 
Therapy Registry. After robust discussion, a recommenda-
tion was made to develop a plan to capture REMS-compliant 
toxicities systematically through the CIBMTR Cellular Therapy 
Registry and subsequently share reports with each pharmaceu-
tical company for submission to the FDA for review. This could 
be appropriately done for expected CAR T-cell–associated tox-
icities that are already included in the forms. If successful, this 
approach will serve as another important point of synergy and 
utilization of this registry and facilitate standardized capture of 
toxicities related to these therapies. 

Another challenge in the field has been capturing toxicity in 
a uniform way with several different grading systems being 
issued by different investigators and industry. In parallel 

Pulmonary Embolism Response Teams
(Cont. from page 1)

more appropriately at medical institutions of various sizes 
and missions. The relative uniformity of their design and 
implementation also provides a template for data gathering 
and performance of prospective research regarding 
innovative devices and other medical interventions. A few 
reports from institutions currently detail the potential value 
of PERT, including the first 30-month experience from MGH 
that found that the PERT paradigm was rapidly adopted, 
with the number of activations increasing 16 percent every 
six months.11 Reports from Cleveland Clinic and New York 
University similarly demonstrated that a multidisciplinary 
approach to cases of intermediate- and high-risk PE can be 
implemented successfully and that activations increased 
over time.12,13 These studies also suggest that PERT facilitates 
access to advanced therapies. A recent interrupted time-series 
analysis demonstrated an increase in the proportion of PE 
patients undergoing any advanced therapy, from 9 percent to 
19 percent, after the introduction of a PERT.14 This increase 
was attributed largely to greater use of CDT, which grew from 
1 percent to 14 percent. Importantly, even with an increase 
in advanced therapies following the implementation of a 
PERT, this analysis suggested a downtrend in both bleeding 
and mortality.14 More research is needed to confirm the 
effectiveness of PERTs and, in particular, to determine if PERTs 
and the therapies they recommend improve clinical outcomes. 
Additionally, the benefits and effectiveness of PERTs regarding 
cost and patient quality of life need further investigation. 

In 2015, a small number of these multidisciplinary teams 
convened in Boston to form the National PERT Consortium 
(www.pertconsortium.org) to advance the diagnosis, treatment, 
and outcomes of patients with life-threatening PEs. Since 
then, the consortium has gained members from Europe, 
China, Saudi Arabia, and South America, with more than 

75 institutions and more than 1,500 members joining. Its 
vision is to guide and influence PE care worldwide through 
education, research and clinical guidelines. The consortium 
created a framework of committees (governance, research, 
education, clinical practice and protocols, development, and 
communication) to support the infrastructure and resources 
for the advancement of PE care and the establishment of 
multicenter partnerships.

Despite recent advances in the assessment and treatment of 
PE, a general lack of consensus regarding the best approach 
to patients with submassive PEs and long-term therapy for all 
patients with PEs remains. The assembly of a PERT offers a way 
to expeditiously and simultaneously engage multiple experts 
to generate a thoughtful, coordinated, and comprehensive 
treatment plan for patients with PE. Studies highlight many 
ways to form PERTs, while the PERT Consortium provides 
a forum for various institutions to exchange views, educate 
one another and the public, and set up treatment guidelines 
and protocols. If you are interested in learning more about 
establishing a PERT at your institution or joining the PERT 
Consortium, please visit www.pertconsortium.org.
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     Washington
Government Affairs Committee Chair Speaks on the Need for 
Advocacy in the New Congress

ASH’s advocacy on Capitol Hill has continued briskly since the start of the 116th Congress. In January 
2019, ASH’s government affairs staff visited the offices of all 99 incoming members of Congress to 
welcome them to Washington, and on March 7, the ASH Committee on Government Affairs visited 
more than 40 congressional offices. Committee members advocated for increased funding for the 
National Institutes of Health (NIH) and funding for sickle cell disease (SCD) data collection within the 
Centers for Disease Control and Prevention (CDC) for fiscal year 2020.

To learn more about ASH’s advocacy efforts, The Hematologist spoke with the Chair of the ASH 
Committee on Government Affairs, Dr. Alan Rosmarin. Dr. Rosmarin has been involved with ASH 
advocacy for more than a decade and has served as committee chair since 2017. “My involvement with 
the committee grew out of a lifelong interest in politics and the legislative process,” said Dr. Rosmarin. 
“The committee amplifies our voices in advocating for what matters most to us as physicians and 
scientists.”

Visiting legislators in Washington, DC, is a key component of the Society’s advocacy efforts. ASH 
organizes three major “Hill days” per year, which provide an opportunity for ASH members who are 
visiting Washington to meet with elected officials. “Being active with the committee on the state and 
national levels allows us to expand our influence as citizens, beyond what we can accomplish by 
talking with family, neighbors, colleagues, and others in our hometowns,” emphasized Dr. Rosmarin. 

The Committee on Government Affairs also works to influence federal policy in other ways such as 
crafting policy statements and assisting with feedback for comments on proposed federal rule changes 
affecting hematologists. “The committee has an important voice in shaping ASH’s legislative and policy 
priorities,” said Dr. Rosmarin. “As Committee members, we are privileged to receive updates from 
leaders at NIH, CDC, and other federal agencies, and we benefit from the expertise and hard work of 
ASH staff.”

Thanks to the efforts of members of the Committee on Government Affairs, as well as ASH’s Executive 
Committee, Committee on Practice, and Grassroots Network, ASH has achieved numerous important 
advocacy victories in the past several years. ASH’s advocacy efforts in 2018 culminated with The 
Sickle Cell Disease and Other Heritable Blood Disorders Research, Surveillance, Prevention, and 
Treatment Act (S. 2465) being signed into law. This bill reauthorizes SCD prevention and treatment 
grants awarded by the Health Resources and Services Administration (HRSA) and authorizes the 
federal government to award data collection grants via the CDC. Dr. Rosmarin is particularly proud of 
ASH’s role in crafting the legislation. “Legislators, their aides, and the lay public look to us as experts 
in our fields who can provide real-world knowledge and experience.” ASH worked closely with both 
Senators Tim Scott (R-SC) and Cory Booker (D-NJ) to bring these efforts to fruition.

Dr. Rosmarin outlined several priorities for ASH’s advocacy efforts in the coming year, including 
continued work to ensure sustained funding for NIH, to advance SCD research and treatment, to 
promote palliative care, and to combat the opioid epidemic in a way that recognizes the unique needs 
of all patients. “It is remarkably gratifying to advocate for hematology, especially in these challenging 
times,” he said.

Dr. Rosmarin underscored how easy and fun it is to get involved in ASH’s 
advocacy efforts. “Even after nearly a decade on this committee,” 
he remarked, “I still feel like I’m on a class trip to Washington as I 
walk past the nameplates outside the offices of our senators and 
representatives.”

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

ASH members also can participate in the ASH Advocacy Leadership 
Institute, a two-day educational seminar that sends ASH members to 
meet with their representatives to advocate for hematology 
in Washington, DC, or apply to become an ASH 
Congressional Fellow and spend a year working 
in a congressional office. “Regardless of how 
we choose to participate, each of us has a 
responsibility to be an advocate for the good 
of patients, science, and the practice of 
hematology,” said Dr. Rosmarin. “Advocacy 
cannot be outsourced.”

Dr. Alan Rosmarin

F E A T U R E

to the efforts of the CIBMTR to standardize data collection, 
the American Society of Blood and Marrow Transplantation 
(ASBMT) focused on developing a common toxicity grading 
system and convened a group of experts on June 20, 2018, in 
Washington, DC. They recently published a consensus grading 
system that covers both cytokine release syndrome and 
neurotoxicity.4 Components from this new consensus grading 
criteria were incorporated in the CIBMTR cellular therapy 
report forms. 

While new therapies can usher in feelings of hope, they come 
with a steep learning curve. Capturing real-world data on 
patient outcomes is an important exercise which will catapult 
this field forward. Fortunately, many lessons learned from 
the HCT field are readily applicable in this case and propel us 
closer to our destination. 

1.  U.S. Department of Health and Human Services. Long term follow-up 
after administration of human gene therapy products. July 2018. 
Access via https://www.fda.gov/downloads/BiologicsBloodVaccines/
GuidanceComplianceRegulatoryInformation/Guidances/
CellularandGeneTherapy/UCM610797.pdf. 

2.  U.S. Food and Drug Administration. Approved risk evaluation and 
mitigation strategies (REMS). Kymriah (tisagenlecleucel). 2018. 
Access via https://www.accessdata.fda.gov/scripts/cder/rems/index.
cfm?event=indvremsdetails.page&rems=368. 

3.  U.S. Food and Drug Administration. Approved risk evaluatin and 
mitigation strategies (REMS). Yescarta (axicabtagene ciloleucel). 
2018. Access via https://www.accessdata.fda.gov/scripts/cder/rems/
index.cfm?event=IndvRemsDetails.page&REMS=375.

4.  Lee DW, Santomasso BD, Locke FL, et al. ASBMT consensus grading 
for cytokine release syndrome and neurologic toxicity associated 
with immune effector cells. Biol Blood Marrow Transplant. 2018; doi: 
10.1016/j.bbmt.2018.12.758. [Epub ahead of print.]
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Mixed-phenotype acute leukemia (MPAL) is defined by a blast population 
that expresses a specific combination of lineage-defining myeloid antigens 
and lineage-defining T- or B-lymphoid antigens.1-3 The 2008 World Health 
Organization’s (WHO) classification further categorizes MPAL by specific 

chromosome rearrangements involving BCR-ABL1 fusion and KMNT2A (also known as 
MLL), but since the genetic basis of most cases of MPAL is unknown, most cases are 
classified as one of the following lineage mixes: B/myeloid MPAL, T/myeloid MPAL, or MPAL 
NOS.3 

MPAL, which accounts for approximately 3 percent of acute leukemia cases in children 
and adults, is associated with a greater propensity for intrinsic resistance to chemotherapy 
and thus, has a poor prognosis.4,5 Because most patients with MPAL are excluded from all 
acute myeloid leukemia (AML) and acute lymphocytic leukemia (ALL) frontline clinical trials, 
the optimal treatment for MPAL remains uncertain. Retrospective analyses indicate that the 
outcomes for patients with MPAL are better when ALL-based chemotherapy regimens are 
used, but inferior to outcomes for equivalent pediatric or adult ALL and AML cohorts.6-8 
Allogeneic hematopoietic stem cell transplantation (HSCT) in first remission improves 
outcomes and is recommended for patients with MPAL.9 Recent efforts have applied 
comprehensive genomic tools to MPAL to better understand its biology and provide insight 
as to why current therapies are less effective, as well as to develop better therapies for this 
group of poorly responsive patients with acute leukemia.

To this end, four reports published in 2018 have sought to characterize the genetics 
underlying MPAL.10-13 An international collaboration of pediatric MPAL cases stands out and 
is reported by Dr. Thomas B. Alexander and colleagues in Nature.10 The authors present 
the results of their comprehensive genomic analyses of pediatric MPAL and compare its 
“genomic landscape” to other pediatric acute leukemia subtypes. Additionally, they used 
cell sorting coupled with targeted sequencing to characterize the cell of origin for pediatric 
MPAL.

The authors analyzed 115 samples from patients with MPAL (T/M MPAL [n=49], B/M 
MPAL [n=35], KMT2Ar MPAL [n=16], BCR-ABL1 MPAL [n=2], MPAL NOS [n=8], and 
acute undifferentiated leukemia [n=5]) by whole exome or whole genome sequencing, 
transcriptome sequencing, single-nucleotide polymorphism array analysis, and methylation 
array analysis. The comparison cohorts included pediatric patients with AML, early T-cell 
precursor (ETP) —ALL, non-ETP T-ALL, and B-ALL.

They identified 158 recurrently altered genes with 81 genes identified in at least three cases. 
The most commonly mutated genes identified in pediatric MPAL are also commonly mutated 
in AML (FLT3, RUNX1, and CEBPA) and ALL (CDKN2A, CDKN2B, ETV6, and VPREB1), 
or both (WT1, KMT2A). Similar to studies of AML and ALL, KMT2A cases demonstrated 
the lowest mutation burden, and the mutation burden for T/M MPAL and B/M MPAL was 
similar to that of AML and ALL. Alterations in genes encoding transcriptional regulators 
were detected in the majority of T/M MPAL and B/M MPAL cases, with alterations in WT1, 
RUNX1, and CEBPA mainly occurring in T/M MPAL compared to ZNF384, VPREB1, TCF3, 
and PAX5 in B/M MPAL. Alterations in signaling pathway genes were common in all subsets 
of MPAL with mutations in FLT3 being the most common signaling mutation and occurring in 
all subsets, but more frequently in T/M MPAL. Other mutations in signaling pathways such as 
NRAS and KRAS were distributed across all MPAL subsets. Mutations in genes encoding 
epigenetic regulators occurred in 69 percent of T/M MPAL cases and 63 percent of B/M 
MPAL cases. For KMT2A cases, in addition to translocation involving KMT2A, mutations in 
MLLT3 and AFF1 were identified in more than one case. 

A recurrent translocation involving the entire coding region of ZNF384 was present in nearly 
half the cases of B/M MPAL and in one KMT2A MPAL case. The genomic landscape and the 
gene expression profiles of ZNF384-associated B/M MPAL were similar to that of ZNF384-
associated B-ALL except for KDM6A alterations, which were only identified in the MPAL 
cases. The authors propose that ZNF384 rearrangements define a distinct subtype of MPAL 
for consideration in future studies. 

Genomic comparison studies were performed on cases of T-cell ALL, T/M MPAL, ETP-ALL, 
and AML. The authors found that core transcription factors known to drive T-ALL (TAL1, 
TAL2, TLX1, TLX3, LMO1, LMO2, NKX21, HOXA10, and LYL1) were less frequently altered 
in T/M MPAL and ETP-ALL, while genetic alterations MYB, LEF1, CDKN2A, CDKN2B, 
and NOTCH1 common to T-ALL were rare in T/M MPAL and ETP-ALL. Conversely, WT1 
alterations were common in T/M MPAL and ETP-ALL, but uncommon in T-ALL. Gene 
expression profiling of T/M MPAL and ETP-ALL revealed similar expression patterns. The 
authors concluded that the extensive overlap of genomic alterations in T/M MPAL and ETP-
ALL suggests a common progenitor cell of origin.

The co-expression of surface antigens associated with both myeloid and lymphoid lineages, 
as well as an enrichment in stem cell signatures in some cases of MPAL, raises the question 
of the cell of origin for MPAL. The authors examined the mutational burden of highly 
enriched hematopoietic stem and progenitor cell compartments in primary samples from 
patients with MPAL. In the cases examined, the authors consistently demonstrated a uniform 
distribution of case-specific somatic mutations between the malignant lymphoid and myeloid 
compartments of the leukemia. These findings are consistent with a model in which distinct 
combinations of genetic drivers target the primitive hematopoietic stem and progenitor 
compartments, giving rise to the clinical entities of MPAL, T/M MPAL, and B/M MPAL.

The data presented in this article support the need for both immunophenotype and 
genomic classification of MPAL. Second, the pediatric data must be viewed along with the 
genomic analyses in adult patients with MPAL given the recognition that age influences the 
genomic landscape of AML and ALL. Though limited, the genomic analysis of adult MPAL 
revealed mutations in genes associated with clonal hematopoiesis (DNMT3A, IDH2), and 
these mutations are rare or absent in the pediatric cohort.11-13 Conversely, the ZNF384 
rearrangements identified in the pediatric cohort were not identified in the adult studies. The 
genomic analysis also supports including patients with MPAL and specific genetic features 
in clinical trials, and offers background information for the design of such clinical trials 
using targeted agents. MPAL, though rare compared to other acute leukemia phenotypes, 
presents diagnostic and therapeutic challenges that necessitate better treatment protocols 
to secure optimal outcomes.
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The potential role of thromboprophylaxis in ambulatory patients with cancer 
has long been an area of active investigation. In 2016, a meta-analysis of 26 
randomized controlled trials concluded that low-molecular-weight heparin (LMWH) 
thromboprophylaxis resulted in a modest reduction in the incidence of symptomatic 

venous thromboembolism (VTE), though it was associated with a nonsignificant increased 
risk of major bleeding.1 Despite this potential advantage, the use of thromboprophylaxis has 
not been widely adopted for multiple reasons, including the small increment of benefit, the 
burden and high cost of LMWH injections, and concerns for bleeding risk.

In the New England Journal of Medicine on December 4, 2018, the AVERT (Apixaban 
for the Prevention of Venous Thromboembolism in High-Risk Ambulatory Cancer Patients) 
investigators published the results of a novel approach to thromboprophylaxis in ambulatory 
patients with cancer. First, instead of LMWH, a reduced-dose direct oral anticoagulant, 
apixaban 2.5 mg twice daily, was used. Second, patients were selected using the Khorana 
score, a validated tool to identify patients at highest risk for VTE.2 Study participation 
required a Khorana score of 2 or higher, correlating with an estimated risk of symptomatic 
thrombosis of 9.6 percent for a score of 2, and 17.7 percent for a score of 3 or higher 
during the first six months of chemotherapy.3 Individuals with myeloproliferative neoplasms 
or acute leukemia were excluded. Approximately one quarter of the patients carried a 
diagnosis of lymphoma or multiple myeloma. A total of 574 patients were randomly assigned 
to receive thromboprophylaxis with apixaban or placebo, starting within 24 hours of initiation 
of chemotherapy and continuing for 180 days. A high–VTE-risk malignancy, as defined by 
Khorana score (e.g., pancreatic, gastric, or brain tumor), was present in 25.4 percent of 
patients; an intermediate–VTE-risk malignancy (e.g., bladder, lung, testicular, gynecologic, 
renal cancer, lymphoma, or multiple myeloma) was 
present in at least 22.1 percent of patients. The primary 
efficacy endpoint was objectively documented major 
VTE (proximal deep vein thrombosis [DVT] or pulmonary 
embolism [PE], either symptomatic or asymptomatic/
incidentally discovered). The main safety outcome was 
major bleeding.

There was a significantly lower rate of VTE in the 
apixaban group (4.2%) compared to the placebo group 
(10.2%) (HR 0.41; 95% CI 0.26-0.65; p<0.001), with 
a number of 17 needed to treat. The rate of DVT was 
2.4 percent in the apixaban group and 4.4 percent in 
the placebo group, and the rate of PE was 1.7 percent 
and 5.8 percent, respectively.

The risk of major bleeding was higher in the apixaban 
group, occurring in 3.5 percent of patients compared 
to 1.8 percent in the placebo group (HR, 2.00; 95% 
CI, 1.01-3.95; p=0.046), with a number of 59 needed 
to harm. The rates of severe (category 3 or 4) major 
bleeding and clinically relevant nonmajor bleeding 
were similar in both groups. There was no significant 
difference in mortality between the two groups (12.2% 
in the apixaban group, 9.8% in the placebo group; HR, 
1.29; 95% CI, 0.98-1.71).

The AVERT trial appropriately concluded that in 
ambulatory patients with cancer with an increased VTE 
risk, thromboprophylaxis with apixaban 2.5 mg twice 
daily initiated at the time of chemotherapy significantly 
decreases the rate of VTE, with an associated 
comparatively smaller increase in risk of major bleeding.

As providers question whether and how to incorporate 
thromboprophylaxis into their practice, it could be 
helpful to consider the patient population included in 
the AVERT trial. For assessment of study enrollment 
eligibility, the Khorana score was first used, followed 
by consideration of the AVERT trial exclusion criteria 
(Figure). As shown in the Figure, patients’ primary 
malignancy is a significant determinant of their Khorana 
score — those with pancreatic, stomach, and brain 
cancer receive two points and are automatically 
considered at high risk for VTE and thus were eligible 
for the AVERT trial. Other cancer types receive one or 
no points based on the Khorana score, and therefore 
required one or two additional thrombotic risk factors, 
respectively, to meet AVERT study inclusion criteria.

If a patient was eligible for the study by Khorana score, the next step required evaluation for 
AVERT exclusion criteria. Patients were excluded if they had “any condition that put them 
at an increased risk for bleeding.” This is an arguably subjective designation, and further 
details on what conditions were included in this category were not reported. Patients with 
a glomerular filtration rate (GFR) of less than 30 mL/min were excluded and few patients 
(2.9%) in this study had a GFR of 30 to 50 mL/min. Notably, antiplatelet therapy did not 
exclude patients from consideration — 22.8 percent of patients in the trial were receiving 
concomitant antiplatelet agents.

How does this study influence our clinical management of ambulatory patients with cancer? 
For clinical purposes, it makes sense to follow the AVERT algorithm (Figure) as a template 
for decision making regarding which patient to treat with apixaban 2.5 mg twice daily for 
VTE prophylaxis.

However, given the complexity of the selection criteria, the feasibility of identifying patients 
appropriate for thromboprophylaxis in real-world practice remains unclear. Furthermore, 
once thromboprophylaxis is initiated, patients may require additional monitoring given 
chemotherapy-associated risks of thrombocytopenia, renal insufficiency, and others that may 
increase bleeding risk. Potential system-based efforts to facilitate use of thromboprophylaxis 
could include the creation of tools in the electronic medical record to calculate the 
Khorana score and alert providers to potential treatment candidates or the development 
of designated anticoagulation clinics (as previously reported by Dr. Steven Ades and 
colleagues).4 The financial impact of apixaban must also be considered.

In conclusion, the AVERT data support a change in 
our approach to thromboprophylaxis in ambulatory 
patients with cancer, as the trial indicates that 
apixaban 2.5 mg twice daily is effective and relatively 
safe. Three major VTE events are prevented at 
the cost of one major bleed, the majority of which 
are not clinical emergent bleeds. An additional 
study of thromboprophylaxis with rivaroxaban is 
ongoing and is expected to shed further light on 
best management of ambulatory cancer patients at 
risk for VTE.5 The feasibility of incorporating patient 
selection, monitoring, and cost into clinical practice 
is an important consideration that requires further 
investigation.
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Algorithm to determine candidacy for 
thromboprophylaxis in ambulatory cancer patients, 
incorporating the Khorana score and AVERT 
exclusion criteria. 

*Excluding acute leukemia, myeloproliferative neoplasm, basal cell or 
squamous cell carcinoma only, and planned stem cell transplantation

Lung
Lymphoma

Gynecologic
Bladder 

Testicular
Myeloma
Kidney

Evaluate for additional Khorana score risk factors:
1. Pre-chemotherapy platelet count ≥ 350x109/L
2. Hemoglobin < 10 g/dL
3. Pre-chemotherapy WBC > 11x109/L
4. BMI ≥ 35 kg/m2

Evaluate for AVERT exclusion criteria:
1. Condition with increased risk for bleeding
2. Coagulopathy from liver disease
3. GFR < 30 mL/min 
4. Platelet count < 50,000/mm3

5. Pregnant or breast-feeding
6. Weight < 40 kg
7. Life expectancy < 6 months

Pancreas
Stomach

Brain
Other cancer*

At least one 
additional 
risk factor

No exclusion criteria

Consider thromboprophylaxis with apixaban 2.5 mg twice daily

At least two 
additional 
risk factors

Thromboprophylaxis in Ambulatory Cancer Patients: Results of the AVERT Trial 
Carrier M, Abou-Nassar K, Mallick R, et al. Apixaban to prevent venous thromboembolism in patients with cancer. N Engl J Med. 2018; doi: 10.1056/NEJMoa1814468. [Epub 
ahead of print.]
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Defining the Poor Prognosis 
of Double-Hit Lymphomas: 
Implications for Diagnosis and 
Therapy
Ennishi D, Jiang A, Boyle M, et al. Double-
hit expression signature defines a distinct 
subgroup of germinal center B-cell-like diffuse 
large B-cell lymphoma. J Clin Oncol. 2018; doi: 
10.1200/JCO.18.01583. [Epub ahead of print.]

Approximately 10 percent of diffuse large 
B-cell lymphoma (DLBCL) cases carry 
translocations that involve the gene for MYC 
 and the gene for BCL2 on chromosomes 

8 and 14, respectively. These double-hit lymphomas 
(DHLs) have inferior outcomes with standard 
R-CHOP (rituximab, cyclophosphamide, doxorubicin, 
vincristine, prednisone) chemotherapy. They have 
been reclassified as high-grade B-cell lymphomas with 
double-hit cytogenetics (HGBL-DH) and are almost 
exclusively of germinal center derivation. Although 
we are aware of their poor prognosis, the genetic 
and molecular events that define these lymphomas 
have not been investigated, and alternative treatment 
options are therefore lacking.

Dr. Daisuke Ennishi and colleagues report a 
comprehensive genetic evaluation of a cohort 
of 157 germinal center B-cell (GCB) –derived 
DLBCL tumors, 25 (16%) of which had double-hit 
cytogenetics. Through RNAseq, they identified 104 
genes that were most significantly up- or down-
regulated between DHL and non-DH GCB DLBCL. 
This gene signature, termed DHITsig, was positive 
in 42 tumors (27%), including 22 (88%) of the 25 
DHLs. It only missed three of the DHLs in this cohort 
but included an additional 20 lymphomas that did 
not have double-hit cytogenetics. Despite this, this 
gene signature was associated with inferior treatment 
outcomes with R-CHOP, including shorter time to 
progression, decreased disease-specific survival, 
and decreased overall survival, compared with the 
DHITsig-negative cohort. This inferior prognosis 
held for the non-DHL patients as well. The DHITsig 
remained significant in multivariable analyses and was 
not associated with other poor prognostic factors 
such as the International Prognostic Index or tumor 
volume. The genetic signature was validated in an 
independent cohort of GCB DLBCL. The signature 
was enriched for the upregulation of genes associated 
with the intermediate and dark, rather than light, 
zones of the germinal center, as well as for MYC 
and E2F targets, genes associated with oxidative 
phosphorylation, and MTORC1 signaling. Additionally, 
these tumors had reduced expression of inflammatory 
and/or immune signatures, reduced numbers of 
CD4+ tumor infiltrating lymphocytes, and loss of 
surface major histocompatibility complex molecules. 
Mutations in genes involved in chromatin modification 
such as CREBBP, EZH2, and KMT2D, as well as in 
TP53 and DDX3X were more frequent in the DHITsig-
positive group.  

Importantly, because RNAseq is not readily available 
as a clinical test for patients with newly diagnosed 
DLBCL, this group developed a clinically applicable, 
NanoString-based assay using a 30-gene module to 
identify these patients in real time in a nonresearch 
setting. Using this test on a cohort of 347 patients, 
less than 5 percent of tumors were misclassified, 
and only approximately 10 percent of tumors were 
indeterminant. Most significantly, the prognostic 
significance of the DHITsig was maintained with 
DHITsig-positive and DHITsig-indeterminant tumors 
having significantly inferior outcomes.

This study signifies the first investigation into the 
genetic and molecular factors that associate with the 
inferior outcomes seen in DHL. It defines a genetic 
signature that identifies not only 88 percent of DHL 
but an additional population of high-risk non-DHL 
patients that constitute 10 to 15 percent of GCB 
DLBCL. This work identifies new targets in these 
diseases and thus new treatment options, including 
histone deacetylase inhibitors and drugs that target 
oxidative phosphorylation and the proteasome. Finally, 
the findings of this study will not remain of solely 
academic interest as they are accompanied by the 
development and validation of a clinically available 
test that can be used in a real-world setting.
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Hydroxyurea for Children With Sickle Cell Anemia in Sub-Saharan 
Africa: The Child That Comes and Goes Away Can Come to Stay With 
Hydroxyurea 
Tshilolo L, Tomlinson G, Williams TN, et al. Hydroxyurea for children with sickle cell anemia in sub-Saharan Africa. N 
Engl J Med. 2019;380:121-131.

Sickle cell disease (SCD) was first reported in the United States in 1910; however, the condition has been present 
in Africa for more than 5,000 years. An estimated 100,000 Americans struggle with SCD, which causes recurrent 
unpredictable episodes of acute debilitating pain, chronic organ damage, poor quality of life, and a two- to three-decade 
reduction in life expectancy compared to unaffected individuals. Globally, SCD is much more prevalent, with more than 

a quarter of a million births annually in sub-Saharan Africa alone. Among the Igbo tribe in Nigeria (the most populous country in 
Africa), these children were often called ogbanje, meaning “the child that comes and goes away,” or simply, “the child who dies 
young.”1,2 The high death rate among children ascribed as ogbanjes was reported by Dr. Esther Nzewi to correlate strongly with 
symptoms and a hematologic profile consistent with a diagnosis of SCD among 70 of 100 children studied.2 

Decades of work in the United States have allowed some progress to be made in this disease, with advances to reduce the incredibly 
high infant and childhood mortality. But there is a dearth of interventions successfully implemented in African countries where SCD 
is more prevalent and extremely lethal in children. Hydroxyurea therapy has been incorporated into the standard of care for children 
and adults with SCD in the United States since the U.S. Food and Drug Administration (FDA) approval in 1998.3 The National Heart, 
Lung, and Blood Institute’s evidence-based report published in 2014 recommended offering hydroxyurea treatment to persons nine 
months and older with sickle cell anemia to ameliorate recurrent pain crises and acute chest syndrome and to improve anemia.4

Until recently, there have been very few studies of hydroxyurea use for SCD in sub-Saharan Africa, where the impact of this drug 
could potentially be greatest. The high cost of hydroxyurea in resource-poor countries creates challenges and there are also quality-
assurance concerns with local manufacturing of hydroxyurea.5 Most families cannot afford the frequent blood monitoring required 
to achieve the maximum tolerated dose (MTD) recommended when using hydroxyurea in the United States. It is unknown whether 
hydroxyurea use in patients with co-existing malnutrition; nutritional deficiencies; or bacterial, parasite, or helminth infections will 
cause more severe cytopenias. Lastly, conducting rigorous clinical trials is uniquely difficult in resource-poor countries and requires 
careful planning as well as robust stakeholder engagement to determine the most pragmatic study design that is both feasible and 
cost-effective.

In 2018, Dr. Léon Tshilolo and colleagues published results of a large prospective phase I/II study titled Realizing Effectiveness 
Across Continents with Hydroxyurea (REACH) to demonstrate the safety and efficacy of hydroxyurea use among children in four 
sub-Saharan African countries including Angola, Democratic Republic of Congo, Kenya, and Uganda. This study was birthed from 
a partnership between U.S., Canadian, and sub-Saharan African investigators convened under the umbrella of the Global Sickle 
Cell Disease Network (GSCDN; http://www.globalsicklecelldisease.org). The REACH study investigated the safety and feasibility 
of using open-label hydroxyurea in children with SCD aged one to ten years in sub-Saharan Africa, across four clinical sites with 
a target enrollment of 150 children per site. Consented subjects were screened during a two-month period to obtain baseline 
laboratory data and clinical history. Oral hydroxyurea was then initiated at a dose of 15 to 20 mg/kg/d for the first six months before 
any dose escalation was attempted. The dose of hydroxyurea was escalated every two months thereafter if the absolute neutrophil 
count was greater than 4,000/cm3, hemoglobin was more than 6.5g/dL, absolute reticulocyte count was higher than 150 × 10–9, 
and platelet count was lower than 150 × 10–9. Subjects were seen every month to assess for safety and efficacy for the first year 
and every two months afterward.

It is unusual in a clinical trial to incorporate and monitor standard-of-care guidelines for disease management; however, the 
REACH study provided an umbrella protocol guidance to address the a priori concern about the potential impact of co-existing 
malnutrition, nutritional deficiencies, and infections on the response to hydroxyurea. During the screening period, the protocol 
called for vaccination against measles and PCV13 (if not completed), PCV23 (if older than 2 years), nutritional supplementation 
based on dietary and anthropometry parameters, vitamin A supplementation with 200,000 IU orally (if younger than 5 years and 
not documented within the past 6 months), folate and iron supplementation, and malaria prophylaxis per local standards. Treatment 
for helminth infection with albendazole or mebendazole was required at study entry and repeated every six months, while vitamin A 
supplementation was repeated annually until completion of study.

A total of 606 subjects completed screening and initiated study treatment, and 90 percent of subjects documented no missed 
medication doses. While this study was not designed to assess clinical benefit, it did show a reduction in overall rates of SCD-
related events (114.5 vs. 53.0 events per 100 patient-years; incidence rate ratio, 0.47; 95% CI, 0.38-0.57) with reduction in 
both acute pain and acute chest syndrome rates. Surprisingly, the rates of infection also declined, including rates of nonmalarial 
infections (142.5 vs. 90.0 events per 100 patient-years; incidence rate ratio, 0.62; 95% CI, 0.53-0.72) and severe (grade 3 or 
higher) infections (28.9 vs. 8.0 events per 100 patient-years; incidence rate ratio, 0.28; 95% CI, 0.19-0.42). This study also noted 
significant reductions in rates of malarial infections (46.9 vs. 22.9 events per 100 patient-years; incidence rate ratio, 0.49; 95% 
CI, 0.37-0.66), blood transfusion (43.3 vs. 14.2 events per 100 patient-years; incidence rate ratio, 0.33; 95% CI, 0.23-0.47), and 
death (3.6 vs. 1.1 events per 100 patient-years; incidence rate ratio, 0.30; 95% CI, 0.10-0.88). 

The REACH study began enrollment in June 2014 and successfully enrolled 635 subjects in 30 months. Nearly 95 percent of 
participants were retained on study for more than three years despite having to comply with monthly study visits for a year and 
bimonthly study visits thereafter.6,7 This is remarkably impressive and demonstrates the feasibility of conducting large clinical trials 
in SCD in resource-poor countries. It also implies that study participants and their families perceived value in their study visits, 
whether for access to hydroxyurea alone or access to the supportive care associated with being on the study. Hydroxyurea use 
led to a 50 percent reduction in malaria infection and consequently a reduction in transfusion rates. These findings are noteworthy 
because malarial infections have a high lethality rate among infants and children in sub-Saharan Africa, where transfusion safety is a 
persistent challenge.

It is not clear why there was a dramatic reduction in the rates of malarial and nonmalarial infections or if it had anything to do with 
hydroxyurea use specifically. The benefits of being a part of a clinical trial and receiving what should be standard of care (malaria 
and helminth prophylaxis, vitamin supplementation, etc.) could very well be responsible for this detected effect. Overall, the REACH 
study lays to rest several of the initial concerns with dosing hydroxyurea to MTD in countries where infections and malnutrition are 
prevalent. The answer to financial access to the medication and required monitoring in a nonclinical trial setting remains elusive. 
The REACH investigators and the GSCDN are committed to working with national governments to identify optimal dissemination 
strategies that will afford broader uptake of this disease-modifying therapy for patients with SCD.
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A New Standard Emerges: Rational Use of 
Venetoclax to Inhibit BCL-2 Allows Treatment of 
AML in Older Patients
DiNardo CD, Pratz K, Pullarkat V, et al. Venetoclax combined with decitabine or 
azacitidine in treatment-naïve, elderly patients with acute myeloid leukemia. 
Blood. 2019;133:7-17.

Pollyea DA, Stevens BM, Jones CL, et al. Venetoclax with azacitidine disrupts 
energy metabolism and targets leukemia stem cells in patients with acute 
myeloid leukemia. Nat Med. 2018;24:1859-1866.

At the time of diagnosis of their acute myeloid leukemia (AML), approximately 57 
percent of patients are older than 65 years, with 33 percent older than 75 years 
per the SEER database. This epidemiology presents challenges to treatment given  
 other comorbidities in these patients. Additionally, AML in older patients often 

responds poorly to standard induction regimens owing to a presumed lifetime of acquired 
genetic insults enhancing resistance properties in their leukemic stem cells (LSCs).1,2 Given 
historically poor clinical results in this context, novel therapies are much needed.

The hypomethylating agents (HMAs) decitabine (DAC) and azacitidine (AZA) have 
long been a mainstay of myeloid therapies.3 Recently, the B-cell lymphoma 2 (BCL-2) 
protein was shown to play an important role in the survival of leukemia blasts as a key 
regulator of cell death in AML.4 Venetoclax, a potent, selective oral inhibitor of BCL-2, has 
previously demonstrated single-agent clinical activity in refractory AML.5

Dr. Courtney D. DiNardo and colleagues have recently published results of a phase Ib 
dose-escalation and expansion study with the previously mentioned drugs for eligible 
patients 65 years or older with treatment-naïve AML, ineligible for intensive chemotherapy 
by age or comorbidities.6 Oral venetoclax was administered daily as part of the dose 
escalation in combination with HMAs, dosed in the standard fashions.

Among all 145 treated patients, the median age was 74 years (range, 65-86), with poor-
risk cytogenetics in 49 percent of patients and white blood counts (WBCs) 25 × 109/L 
or less. Common adverse events were mostly gastrointestinal or hematologic (nausea, 
diarrhea, constipation, febrile neutropenia, fatigue, hypokalemia, decreased appetite, and 
decreased WBC). No tumor lysis syndrome was observed. Dose delays for neutropenia 
were required. With a median time on study of 8.9 months, 67 percent of patients (all 
doses) achieved complete remission (CR) or CR with incomplete count recovery. Thus, 
the combined response rate published was 73 percent for the combination. Patients with 
poor-risk cytogenetics and those 75 years or older had responses of 60 percent and 65 
percent, respectively. The median duration of response was 11.3 months, and median 
overall survival was 17.5 months in all patients, but this metric has not been reached for 
the 400 mg venetoclax cohort. Treatment discontinuation owing to progressive disease 
was seen in 101 patients with lower rates in the AZA arm (22%) compared with the DAC 
arm (34%). Multiple subgroup analyses were done, but notably, patients with de novo 
AML had the same CR rates as patients with secondary AML (both 67%), and there were 
reasonable responses in patients with unfavorable molecular genetics such as mutations in 
TP53 or FLT3ITD. 

Similarly, Dr. Daniel A. Pollyea and colleagues recently provided rational data from the bench 
to explain these clinical results. Their group looked at an LSC-directed mechanism of AZA 
plus venetoclax in pre- and post-treatment samples from 33 patients who were treatment 
analogous to the aforementioned study by Dr. DiNardo and colleagues.6 These results were 
later compared with data from historical patients who received intensive induction. The 
authors were able to demonstrate deep and durable clinical remissions correlated with in 
vitro measurements of blast clearance. Through mass cytometry methods, the phenotypically 
defined AML blast cell population was rapidly reduced, and specifically the LSC population 
demonstrated prompt eradication, correlating with clinical response. Robust data show that 
with this HMA plus BCL2 inhibitor treatment combination, there were decreases in oxidative 
phosphorylation via disruption of electron transport chain in a glutathione-dependent fashion. 
This resulted in the selective targeting of the LSC population to gain bedside hematologic 
responses and CRs. Treatment with AZA plus venetoclax compared quite favorably with the 
lesser outcomes in the older induction cohort. 

These two articles demonstrate how and why older patients with AML can have improved 
outcomes with the venetoclax-HMA combination. In November 2018, the U.S. Food and 
Drug Administration granted an accelerated approval to venetoclax for use in combination 
with AZA or DAC at 400 mg daily for the treatment of patients with newly diagnosed 
AML who are 75 years or older or who have comorbidities that preclude use of intensive 
induction chemotherapy. The articles by Dr. DiNardo, Dr. Pollyea, and their colleagues 
describe clinical and laboratory data to support the reduction in LSC burden leading to 
CRs. Given the potential for outpatient treatment with this regimen in an older patient 
population, this will likely and rapidly be the induction of choice over intensive induction 
chemotherapy. Additional familiarity with the regimen in clinical use will allow further 
understanding of toxicity management as well as reasons for dose discontinuations in 
these patients. Future developments in therapy for AML will require hematologists to 
adapt to the rapidly changing therapeutic landscape as we minimize toxicity and optimize 
benefit for our patients while we gain improved biologic understanding of the disease.
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The Microbiome: A New Variable in Multiple Myeloma 
Disease Progression
Calcinotto A, Brevi A, Chesi M, et al. Microbiota-driven interleukin-17-producing cells 
and eosinophils synergize to accelerate multiple myeloma progression. Nat Commun. 
2018; doi: 10.1038/s41467-018-07305-8.

Microbiota and host have co-evolved into a complex ecosystem, the intricate 
relationships of which benefit the host in many ways.1,2 However, these close 
interactions carry risks for development of disease, including cancer.3,4 Multiple 
myeloma (MM) is characterized by the accumulation of clonal plasma cells within 

the bone marrow (BM).5 MM is consistently preceded by the precursor states of monoclonal 
gammopathy of undetermined significance (MGUS) and smoldering MM (SMM), an asymptomatic 
phase of increased tumor burden that may progress to full-blown MM.6 Although genetic, 
epigenetic, and microenvironmental alterations have been implicated in disease progression,7-9 
significant interpatient variability remains to be accounted for.

Although the role of the microbiome in MM disease progression has not been extensively studied, 
gastrointestinal tract commensal bacteria are known to drive the development of Th17 cells, which 
in turn regulate autoimmune inflammation by producing cytokines including IL-17.10 Interestingly, 
IL-17–producing lymphocytes were reported to drive bone lytic lesions in advanced MM, while the 
Th17 T-cell phenotype tightly correlated with the extent of bone disease in patients.11 Additionally, 
IL-17 was shown to promote tumor growth via the IL-6-STAT3 signaling pathway, which is critical 
for plasma cell growth.12 Taken together, these findings indicate a potential role for gut microbiota, 
Th17 cells, and IL-17, in regulating MM disease progression.

Given the lack of data on the role of IL-17–producing cells in the early, asymptomatic phases of 
MM, Dr. Adriana Calcinotto and colleagues recently used the Vk*MYC mouse model to assess 
the potential link between gut microbiota, IL-17, and the progression from SMM to overt disease.13 
In their study, the authors showed that gut microbiota only exert their effect on mice whose 
plasma cells already carry driver genetic alterations such as overactivation of MYC, but they are 
not sufficient to induce MM development in healthy mice with spontaneous MGUS. Specifically, 
while transformed B cells carrying genetic mutations acquire the characteristics of malignant 
plasma cells and migrate from the germinal center to the BM, gut microbiota locally favor the 
expansion and subsequent migration of Th17 cells to distant BM niches. The co-accumulation 
of tumor plasma cells and Th17 cells in the BM microenvironment triggers an intricate signaling 
network whereby eosinophils are activated by Th17-produced IL-17 and subsequently secrete 
proinflammatory cytokines such as IL-6 and TNF-α — a favorable cytokine milieu for tumor growth. 
These results by Dr. Calcinotto and colleagues seem to suggest a role for the microbiome 
in compounding disease progression in MM, which might help explain residual variability in 
progression risk, after genetic and epigenetic variables are accounted for.

Hypothesizing that the Vk*MYC model faithfully recapitulates disease progression in patients with 
SMM, Dr. Calcinotto and colleagues went on to measure BM IL-17 levels in a cohort of patients 
that rapidly progressed to active MM in less than three years, and compared them to data obtained 
from a cohort of patients with SMM that did not progress to MM in that same time frame. At 
the time of SMM diagnosis, progressors already had much higher BM IL-17 levels compared to 
nonprogressors, suggesting that IL-17 levels in the BM sera of patients with SMM could be a 
predictive marker of progression to symptomatic disease. Although these results are promising, the 
study’s sample size was small, and a much larger cohort is needed to assess whether IL-17 is truly 
a predictor of progression to MM.

Currently, due to MM treatment toxicity and a lack of accurate disease progression biomarkers, the 
standard of care for patients with SMM is observation until occurrence of symptomatic disease.6 
Nonetheless, in recent years several groups, including our own, have been testing therapeutic 
intervention for patients with high-risk SMM in an effort to prevent disease progression that can lead 
to irreversible end-organ damage and potentially death.14,15 Based on this study, overproduction of 
IL-17 seems to be an early event in disease progression, and given that anti–IL-17A and anti–IL-
15 antibodies have been used to treat immune-related disease with relative success,16-18 it might 
be worth the effort to study whether targeting the IL-17–eosinophil immune axis could be another 
therapeutic strategy for patients with SMM at high risk for disease progression.
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The Cellular Pathway of 
Leukemic Transformation in 
MDS: It’s the Stem Cells, Stupid!
Chen J, Kao YR, Sun D, et al. Myelodysplastic 
syndrome progression to acute myeloid leukemia at 
the stem cell level. Nat Med. 2019;25:103-110.

Myelodysplastic syndromes (MDS) 
are malignant hematologic diseases 
characterized by defective myeloid 
differentiation and high risk of transformation 

to secondary acute myeloid leukemia (sAML), which 
is associated with dismal clinical outcomes. MDS is 
propagated by rare and distinct MDS stem cells that 
accumulate somatic mutations. Previous bulk sequencing 
studies have demonstrated that acquisition of additional 
genetic and cytogenetic abnormalities correlates with 
progression of MDS to sAML, but the specific subset of 
cells in which this clonal evolution occurs has not been 
identified. Characterizing the cell-of-origin underlying 
transformation to sAML is essential to understanding the 
molecular events responsible for leukemic transformation 
in chronic myeloid malignancies, which will pave the 
way for early detection and interventions to prevent later 
disease progression.

Combining high-resolution targeted deep-sequencing 
of fractionated bone marrow populations and single-
cell sequencing, Dr. Jiahao Chen and colleagues 
characterized the cellular architecture of clonal evolution 
in seven patients with MDS who progressed to sAML. 
Previous studies had suggested that sAML evolved from 
an ancestral MDS subclone that acquired further genetic 
mutations mostly in a linear and hierarchical fashion 
(Walter et al., 2012; Makishima et al., 2017). However, 
results from Dr. Chen and colleagues suggest that the 
evolutionary landscape of transformation might be more 
complex than previously thought.

Targeted sequencing of stem cells and blasts from 
longitudinal samples revealed that at both the MDS and 
sAML stages, stem cells were more genetically diverse 
than blast counterparts in the same patient. Consequently, 
only a subset of the genetic subclones present in stem 
cells could be identified in MDS or sAML blast cells 
analyzed at the bulk level. Subsequent targeted single-
cell sequencing of the same populations confirmed that 
dominant clones identified in MDS blasts and sAML 
blasts frequently differed within the same patient, but 
all genetic subclones could be traced back to the stem 
cell compartment. These results support that genetically 
distinct subpopulations of stem cells within an individual 
patient give rise to MDS versus sAML blasts, leading 
the authors to propose a model of parallel rather than 
stepwise evolution in the progression to sAML.

Although further functional studies are now needed to 
elucidate the molecular and functional mechanisms of this 
process, the model proposed by Dr. Chen and colleagues 
substantially revises our current understanding of pathways 
to leukemic transformation in chronic myeloid malignancies. 
Furthermore, the key finding that genetic heterogeneity can 
differ markedly in stem cell versus bulk tumor populations 
has implications more broadly for precision oncology 
approaches, which typically involve analysis of total tumor 
populations. This study nicely demonstrated that genetic 
analysis of fractionated cell populations, including stem 
cells, can provide additional information that might more 
accurately predict disease course. Clearly, the challenge 
is now to analyze larger MDS patient cohorts, including 
patients without disease transformation, to understand 
more precisely how genetic heterogeneity of stem cells 
correlates with risk of disease transformation.

Dr. Chen and colleagues identify previously unrecognized 
pre-leukemic stem cell heterogeneity in MDS prior to 
the development of sAML, which underlies disease 
transformation. Rather than stepwise linear evolution from 
an ancestral MDS subclone, Dr. Chen and colleagues 
demonstrate that, in many cases, clonal evolution occurs 
through selection of pre-existing subclones within the 
stem cell compartment. This study represents a major 
step forward toward understanding the evolutionary 
processes leading to leukemic transformation of MDS 
and paves the way for clinical pre-leukemic stem-cell 
monitoring in these patients.
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Beating AML: Know Your Enemy
Tyner JW, Tognon CE, Bottomly D, et al. Functional genomic landscape of acute myeloid leukaemia. Nature. 
2018;562:526-531.

In his ancient military treatise, The Art of War, Sun Tzu teaches the fundamental importance of a deep and detailed 
understanding of the enemy and the self in order to guarantee success on the battlefield. Despite the many advances 
in analytical genomics and a rapidly growing pharmacologic armamentarium, acute myeloid leukemia (AML) remains the 
archetypal enemy of patients and hematologists. Linking this knowledge of the enemy with our own strategies to treat 

leukemia remains a key and unmet need.

AML is a devastating blood cancer that leads to the death of more than 10,000 patients per year in the United States, 
and many more internationally. AML is genetically and phenotypically diverse, and this genetic heterogeneity has a major 
effect on survival after chemotherapy treatment.1 Molecularly targeted therapies have revolutionized the treatment of blood 
cancers; for example, the routine use of ABL kinase inhibitors in chronic myeloid leukemia, or ATRA plus arsenic in acute 
promyelocytic leukemia, both lead to long-term survival in more than 90 percent of patients. These initial spectacular 
successes have overshadowed the modest benefits from newer targeted treatments; however, it follows that specific 
targeting of oncogenic driver lesions may improve survival across many genetic subtypes of AML. The Beat AML trial, a 
large collaborative effort spearheaded by the Leukemia & Lymphoma Society, seeks to test this hypothesis in a prospective 
clinical trial designed to empower clinicians and patients by linking real-time genetic information with molecularly targeted 
therapeutic options.

In the first published results from the Beat AML Master Trial, Dr. Jeffrey W. Tyner and colleagues took an ambitious 
approach to integrate clinical, cytogenetic, molecular genetics, and transcriptional analysis, together with in vitro testing 
of primary samples, examining drug sensitivity against 122 different compounds. Both genetic factors and transcriptional 
signatures were associated with drug sensitivity. Genetic subgroups, including TP53 or ASXL1 mutations, were associated 
with widespread resistance in the drug screen, whereas other lesions (e.g., NRAS mutations) showed resistance to many 
drugs but demonstrated sensitivity to MAPK pathway inhibition.

A major challenge in treating AML has been understanding the complex interactions between co-occurring genetic factors 
in the disease. Dr. Tyner and colleagues examined patterns of genetic cooperativity or mutual exclusivity and validated these 
in an independent patient cohort. For example, NPM1c mutation is one of the most frequent genetic alterations in AML, but 
was not found in PML-RARα or CBFb-MYH11 AML. In contrast, there was a strong positive association of NPM1c mutation 
with DNMT3A mutation. Combining these data with the in vitro drug sensitivity screen, the authors identified antileukemic 
activity of the tyrosine kinase 
inhibitors ibrutinib and 
entospletinib in NPM1c-mutant 
or FLT3ITD AML. However, this 
increased sensitivity was not 
seen in AML with FLT3ITD and 
concurrent DNMT3A mutations, 
or sole DNMT3A mutations. 
The authors hypothesized that 
this may reflect activity against 
spleen-associated tyrosine 
kinase (SYK), though this was 
not specifically demonstrated.

To understand the mechanism 
of individual drug responses 
(Figure), the authors were 
able to generate unique 
gene expression signatures 
from primary AML samples 
with the highest 20 percent 
versus lowest 20 percent of 
responding samples for each 
drug. This was successful in 
78 of the 112 drugs tested 
(FDR <0.05). Finally, the 
authors performed integrated, 
multivariate modelling to 
extend these findings beyond 
individual mutational or gene 
expression changes. Using this approach, they were able to identify co-occurrences of genetic mutations and gene 
expression clusters that predicted response. It will be fascinating to see whether these biological insights can be translated 
into meaningful patient responses on the therapeutic arm of the clinical trial.

Dr. Tyner and colleagues provide functional annotation of specific genetic AML subtypes using in vitro drug sensitivity 
screening and a systems approach to integrate cytogenetic, molecular, and gene expression data, mapping a path to 
clinical translation that will be tested in other aspects of the Beat AML trial. This article builds on the seminal work of Dr. 
Elli Papaemmanuil and colleagues,2 who had previously used clinical trial data to correlate comprehensive genetic factors 
with clinical response rates and survival after standard chemotherapy. These two major cohorts have some important 
differences; for example, the Beat AML cohort comprised an older group of patients (median age, 61 vs. 50 years)2 with 
fewer de novo AML samples. Importantly, the authors provide powerful online tools to interrogate clinical and genetic 
features in a portal that is accessible for clinical and research hematologists. Through this provision of publicly available, 
comprehensively annotated datasets, these results contribute to a global network of big data that can be used for follow-up 
projects that enables the testing or validation of translational hypotheses and new prognostic information.3

This work reinforces the finding that prognosis in AML is defined by tumor-specific factors, and is predominantly specified by 
response to treatment. Predictive algorithms that enable careful selection of the most appropriate and effective therapies are 
likely to be of utmost importance to improve survival for patients with this devastating blood cancer.

Note: ASH has partnered with the Leukemia & Lymphoma Society to help spread the word about the pivotal Beat AML 
trial.

1. Döhner H, Estey E, Grimwade D, et al. Diagnosis and management of AML in adults: 2017 ELN recommendations from an international expert panel. 
Blood. 2017;129:424-447.

2. Papaemmanuil E, Gerstung M, Bullinger L, et al. Genomic classification and prognosis in acute myeloid leukemia. N Engl J Med. 2016;374:2209-2221.

3. Straube J, Ling VY, Hill GR, et al. The impact of age, NPM1mut, and FLT3ITD allelic ratio in patients with acute myeloid leukemia. Blood. 
2018;131:1148-1153.
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Although multiple myeloma (MM) has long been considered incurable, newer 
therapeutic agents have led to such dramatic improvements in overall survival (OS) 
that earlier surrogate endpoints are essential for realistic and relevant clinical trial  
 design. Furthermore, complete response (CR) rates have risen (as high as 80% 

with current treatment strategies) such that the achievement of CR may no longer be 
sufficiently sensitive for outcome prediction.

Measurable residual disease (MRD; also referred to as “minimal residual disease”) assessment 
has been used in various hematologic malignancies as both an early and an analytically 
sensitive evaluation of disease response to therapy. The utility of MRD measurements in the 
context of MM was highlighted in a meta-analysis by Dr. Nikhil C. Munshi and colleagues. This 
study showed a 40 to 73 percent reduction in risk of progression and mortality in patients 
who achieved MRD negativity by multiparametric flow cytometry (MFC) or allele-specific 
oligonucleotide polymerase chain reaction (ASO-PCR) –based methods.1 Differences 
between the hazard ratios in part reflect alterations in sensitivity of different MRD tests (MFC 
typically at least 10–4, ASO-PCR typically at least 10–5). Additionally, there are differences in 
clinical detection rates, with MFC having more wide applicability than ASO-PCR. In theory, 

deep sequencing of clonotypic rearrangements by next-generation sequencing (NGS) can 
achieve greater analytical sensitivity in assessing MRD (<10−5) and therefore may prove 
superior to these other methods in predicting outcomes in myeloma. Although data are limited, 
retrospective studies have compared the results of NGS with either MFC or ASO-PCR.2,3 
These studies demonstrated the applicability of this approach to 90 to 91 percent of patients 
and the prognostic significance of MRD status by NGS in terms of progression-free survival 
(PFS) and OS after induction chemotherapy and after autologous stem-cell transplantation.

A study published recently by Dr. Aurore Perrot and colleagues addresses the significance 
of serial MRD assessment by NGS using data from the phase III Intergroupe Francophone 
du Myélome (IFM) 2009 clinical trial, which evaluated the role of transplantation in patients 
with newly diagnosed myeloma treated with 
lenalidomide, bortezomib, and dexametha-
sone. The baseline clonal immunoglobulin 
gene rearrangements were defined using 
bone marrow aspirate enriched for CD138-
positive plasma cells collected at enrollment. 
Subsequent samples were examined for 
MRD status before and after maintenance 
in patients achieving a very good partial 
response or better. The authors demon-
strated that similar percentages of patients 
achieved MRD negativity (defined as <10–6) 
regardless of the treatment and other known 
prognostic factors such as stage of disease 
at diagnosis or cytogenetic risk profile, 
although those with del(17p) were less likely 
to achieve this status within the high-risk 
cytogenetic category. Patients who achieved 
MRD negativity at either timepoint had an 
improved PFS and OS at four years (from 
start of maintenance) compared to patients 
who were MRD positive; additionally, the 
level of measurable disease correlated with 
outcomes (Figure 1). Overall, MRD negativ-
ity alone conferred approximately 80 percent 
relative risk reduction.

Monitoring Treatment Response in Multiple Myeloma: Wading Into the Deep End
Perrot A, Lauwers-Cances V, Corre J, et al. Minimal residual disease negativity using deep sequencing is a major prognostic factor in multiple myeloma.  
Blood. 2018;132:2456-2464.

The serial assessment of the study allowed the researchers to identify a subset of patients 
who changed MRD status after 12 months of maintenance therapy. A total of 10 percent of 
patients (27 of 270 patients) became MRD negative after maintenance, while 5 percent (12 of 
270) became MRD positive despite being initially MRD negative. Interestingly, both PFS and 
OS were similar for patients with the same MRD status at the end of maintenance, regardless 
of their status at the initiation of maintenance (Figure 2). Further studies are required to 
determine if increased therapy at the early identification of relapse will affect the OS.

Two issues with this approach are evident. First, serial measurements for close monitoring 
of patients necessitates increased frequency of bone marrow biopsies. Second, bone 
marrow involvement is notoriously patchy, favoring a more wholistic assessment of 
response. In theory, the assessment of MRD in circulating tumor DNA (ctDNA) would 
address both these issues. However, recent work by Dr. Céline Mazzotti and colleagues 
demonstrated that 69 percent of MM patients who are bone marrow MRD positive by 
NGS do not have detectable ctDNA (18 of 26 cases), with an overall concordance rate of 
the two samples of only 49 percent.4

In conclusion, Dr. Perrot and 
colleagues have demonstrated the 
effective stratification of outcomes 
based upon the level of MRD as 
measured by NGS detection of 
clonotypes, supporting the concept 
of “the deeper, the better.” Serial 
evaluation of MRD demonstrated 
that up to 10 percent of patients 
can change MRD status during 
maintenance chemotherapy and 
that outcomes are dictated by 
the final MRD status at the end 
of maintenance. Although the 
NGS methodology used here 
fulfils many of the characteristics 
for an ideal MRD test as defined 
by Myeloma Working Group 6,5 
the authors are careful to assert 
that likely any methodology with 
sufficient analytical sensitivity 
would provide similar results, 
but, in a separate study, ctDNA 
seems to be insufficiently sensitive/
representative in myeloma. 
Additional studies will be required 
to determine the most informative 
and cost-effective time points 
for monitoring and appropriate 
interventions for MRD positive 
patients. 

1. Munshi NC, Avet-Loiseau H, Rawstron AC, et al. Association of minimal residual disease with superior survival 
outcomes in patients with multiple myeloma: a meta-analysis. JAMA Oncol. 2017;3:28-35. 

2. Martinez-Lopez J, Lahuerta JJ, Pepin F, et al. Prognostic value of deep sequencing method for minimal residual 
disease detection in multiple myeloma. Blood. 2014;123:3073-3079.

3. Takamatsu H, Takezako N, Zheng J, et al. Prognostic value of sequencing-based minimal residual disease 
detection in patients with multiple myeloma who underwent autologous stem-cell transplantation. Ann Oncol. 
2017;28:2503-2510.

4. Mazzotti C, Buisson L, Maheo S, et al. Myeloma MRD by deep sequencing from circulating tumor DNA does not 
correlate with results obtained in the bone marrow. Blood. 2018;2:2811-2813.

5. Kumar S, Paiva B, Anderson KC, et al. International Myeloma Working Group consensus criteria for response and 
minimal residual disease assessment in multiple myeloma. Lancet Oncol. 2016;17:e328-e346.

Progression-free survival stratified by level of measurable residual disease at the start of maintenance therapy (A) and after 12 months 
of maintenance therapy (B) in patients with a very good partial response or better. From Supplemental Figure 1 in Perrot et al., Blood. 
2018;132:2456-2464.

Kaplan-Meier survival curves for progression-free survival (A) and overall survival (B) based upon measurable residual disease (MRD) status 
at the beginning versus the end of maintenance therapy. From Supplemental Figure 8 in Perrot et al., Blood. 2018;132:2456-2464.
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Treatment of Renally Impaired 
Patients With Venous 
Thromboembolism: Awaiting the 
VERDICT

STUDY TITLE: Venous Thromboembolism in Renally 
Impaired Patients With Direct Oral Anticoagulants 
(VERDICT)

CLINICALTRIALS.GOV IDENTIFIER: NCT02664155

SPONSOR: Centre Hospitalier Universitaire de Saint 
Etienne

PARTICIPATING CENTERS: Multiple sites in France 

STUDY DESIGN: Randomized, open-label, non-inferiority

ACCRUAL GOAL: 800 patients

STUDY SYNOPSIS: This is a phase III, randomized, open-
label study comparing reduced doses of apixaban and 
rivaroxaban with standard-of-care in adult patients with 
symptomatic proximal deep vein thrombosis (DVT) or 
pulmonary embolism (PE) and either moderate (creatinine 
clearance [CrCl] 30-50 mL/min by Cockcroft-Gault 
equation) or severe (CrCl 15-29 mL/min) renal insufficiency. 
The primary outcome measure is net clinical benefit 
(recurrent venous thromboembolism [VTE] and major 
bleeding) at three months. Key exclusion criteria include 
high risk of bleeding, CrCl less than 15 mL/min, need for 
dialysis, or requirement for concomitant use of strong CYP 
3A4 inducers or inhibitors.

Participants randomly assigned to the experimental arm 
will receive either apixaban 10 mg twice daily (bid) for 
seven days followed by apixaban 2.5 mg bid for three 
months or rivaroxaban 15 mg bid for 21 days followed 
by rivaroxaban 15 mg once daily for three months. 
Participants randomly assigned to the control arm will 
receive heparin or low–molecular-weight heparin for a 
minimum of five days followed by a vitamin K antagonist 
(VKA) for three months.

RATIONALE: Direct oral anticoagulants (DOACs) have been 
approved for treatment of VTE in patients with moderate 
to severe renal insufficiency in many countries, despite 
limited clinical evidence.

COMMENT: This study has the potential to provide much-
needed high-quality clinical data. Less than 20 percent 
of participants in the large randomized clinical trials 
comparing these agents with VKA had CrCl 30 to 50 mL/
min, and none had CrCl less than 25 mL/min.1-6

A meta-analysis by Dr. Nick van Es and colleagues, 
including more than 27,000 patients with VTE, showed 
that DOACs were noninferior to standard of care for 
recurrent VTE and superior for major bleeding.7 These 
findings were consistent in the subgroup with moderate 
renal insufficiency (CrCl 30-49 mL/min; n = 898); however, 
both VTE recurrence (2.9% vs. 2.0%) and major bleeding 
rates (1.8% vs. 1.1%) were higher in the renally impaired 
subgroup compared with the general study population.

All of the DOACs are renally cleared to different degrees 
(i.e., apixaban 27%, rivaroxaban 33%), therefore the plasma 
concentration rises as CrCl drops.8 For example, apixaban 5 
mg twice daily given to a patient with CrCl 15 to 29 mL/min 
results in a 44 percent increase in plasma level compared 
to patients with normal renal function.9 For this reason, 
reduced doses of DOACs are recommended for patients 
with atrial fibrillation with CrCl less than 50 mL/min (plus 
body weight less than 60 kg or age older than 80 years). 
Surprisingly, dose reduction has not been recommended 
for renally impaired patients with VTE.

Because of the issues described above, one of the 
strengths of the VERDICT study is the use of net clinical 
benefit as the primary outcome measure. Afterall, it would 
not be surprising that DOACs are noninferior to VKA at 
reducing recurrent VTE, but this benefit easily could be 
outweighed by increased harm due to bleeding.

Limitations of this study include short duration of follow 
up, exclusion of patients on dialysis, and a clinical trial 
environment that is not quite the same as “real-world” 
exposure. That being said, the VERDICT from this study is 
keenly awaited. 
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— Lori-Ann Linkins, MD, MSC (CLIN EPI), FRCPC

Dr. Linkins indicated no relevant conflicts of interest.

JAKing up Targeted Therapy for 
Ph-like Acute Lymphoblastic Leukemia

STUDY TITLE: A Phase 2 Study of the JAK1/JAK2 
Inhibitor Ruxolitinib with Chemotherapy in Children, 
Adolescents, and Young Adults with De Novo High-Risk 
Cytokine Receptor-Like Factor 2-Rearranged and/or JAK 
Pathway-Mutant Acute Lymphoblastic Leukemia

CLINICALTRIALS.GOV IDENTIFIER: NCT02723994

SPONSOR: Incyte Corporation in collaboration with the 
Children’s Oncology Group (COG)

PARTICIPATING CENTERS: 108 COG sites

ACCRUAL GOAL: 180 patients

STUDY DESIGN: AALL1521 is a nonrandomized, two-part 
phase II clinical trial designed to study the safety and 
efficacy of combining the JAK1/JAK2 inhibitor ruxolitinib 
with post-induction chemotherapy for pediatric patients 
with Philadelphia chromosome–like (Ph-like) B-cell acute 
lymphoblastic leukemia (B-ALL). This study is enrolling 
children, adolescents, and young adults ages one to 21 
years with newly diagnosed National Cancer Institute (NCI) 
high-risk (HR) Ph-like B-ALL and CRLF2 rearrangements or 
other JAK pathway alterations following completion of a 
four-drug induction chemotherapy on or as per the COG 
AALL1131 phase III trial (NCT02883049). 

Patients with HR B-ALL are screened 
for the Ph-like gene expression 
signature during induction via 
a low-density microarray (LDA) 
assay (Reshmi SC et al. Blood. 
2017;129:3352-3361). Specimens 
identified as Ph-like undergo further 
genetic testing; those with CRLF2 
overexpression are assessed for CRLF2 
rearrangements (i.e., P2RY8-CRLF2 
by reverse-transcriptase polymerase 
chain reaction [PCR], IGH-CRLF2 by 
fluorescence in-situ hybridization 
[FISH]) and for mutations in JAK1, 
JAK2, and IL7R by PCR, while those 
with normal CRLF2 expression undergo 
Archer fusionplex testing for ABL class, 
JAK2, EPOR, and other translocations. 
Rare Ph-like cases without identified 
lesions are allocated for RNA 
sequencing (RNA-seq) to identify novel 
mutations/fusions (Figure). Patients 
with the Ph-like signature and CRLF2 
rearrangements, JAK2 or EPOR fusions, 
IL7R indels, or SH2B3 deletions are 
eligible for AALL1521 and are stratified 

into cohorts based on genetic lesion and end-induction 
minimal residual disease (MRD) status.

In the part 1 safety phase, investigators evaluated the 
safety of six dosing strategies in patients concomitantly 
receiving standard augmented Berlin-Frankfurt-Munster 
postinduction chemotherapy as per AALL1131. No dose-
limiting toxicities were identified. The recommended phase 
II dose (RP2D) of ruxolitinib was determined to be 50 mg/
m2/dose 14-days-on/14-days-off (dose level 2), and these 
interim results were presented at the 2018 ASH Annual 
Meeting (Tasian SK et al. Blood. 2018;132:555). Part 2 of 
the trial is currently accruing to evaluate the efficacy of 
combination therapy. The primary endpoint of this trial is 
three-year event-free survival (EFS) of patients treated with 
ruxolitinib and chemotherapy versus 65 percent three-year 
EFS of historic control patients treated with an identical 
chemotherapy backbone. Secondary and exploratory 
outcomes include pharmacokinetic and pharmacodynamic 
assessments and rate of end-consolidation MRD negativity.

RATIONALE: Despite high cure rates achievable in most 
children with B-ALL using risk-adapted chemotherapy, 
certain HR subsets have persistently very poor outcomes. 
Recent genomic profiling of patients with HR B-ALL led to 
identification of the Ph-like subtype (Harvey RC et al. Blood. 
2010;116:4874-4884; Loh ML et al. Blood. 2013;121:485-488), 
which comprises 15 to 20 percent of HR B-ALL in children 
and adolescents and nearly 30 percent in adults (Herold T 
et al. Haematologica. 2017;102:130-138; Jain N et al. Blood. 
2017;129:572-581; Roberts KG et al. J Clin Oncol. 2017;35:394-
401; Tasian SK et al. Leukemia. 2017;31:981-984; Roberts 
KG et al. N Engl J Med. 2014;371:1005-1015). Ph-like ALL is 
defined by the lack of BCR-ABL1 fusion but has a kinase-
activated gene expression signature similar to that of Ph+ 
ALL, frequent deletions of IKZF1, and mutations in other 
kinase and cytokine receptor signaling pathway genes. 
Patients with Ph-like ALL have extremely high relapse rates 
and poor overall survival (OS). There are several main 
classes of genetic alterations described in Ph-like ALL to 
date: 1) ABL-class rearrangements involving ABL1, ABL2, 
CSF1R, and PDGFRB, and 2) JAK/STAT pathway alterations 
of CRLF2, JAK2, EPOR, IL7R, and SH2B3, as well as additional 
uncommon lesions in other kinase-associated genes (Tasian 
SK et al. Blood. 2017;130:2064-2072). Approximately 50 
percent of patients with Ph-like ALL have rearrangements 
in CRLF2 (often co-occurring with JAK2 or JAK1 point 
mutations) that result in constitutive JAK/STAT activation. 
An additional 8 to 16 percent of patients have JAK2 or EPOR 
translocations also characterized by hyperactive JAK/STAT 
pathway signaling. Preclinical studies have demonstrated in 
vitro and in vivo activity of ruxolitinib in Ph-like ALL models 
(Maude SL et al. Blood. 2012;120:3510-3518; Tasian SK et 
al. Blood. 2012;120:833-842). The COG ADVL1011 phase I 
clinical trial (NCT01164163) previously demonstrated safety 
and tolerability of ruxolitinib monotherapy in children 
with relapsed/refractory cancers. These observations 
provide the rationale for frontline testing of JAK inhibitors 
in newly diagnosed patients with relevant genetic lesions 
and in combination with chemotherapy (Loh ML et al. 
Pediatr Blood Cancer. 2015;62:1717-1724). Of note, patients 
with Ph-like B-ALL enrolled on AALL1131 with identified 
ABL-class fusions are nonrandomly allocated to receive 
dasatinib with post-induction chemotherapy.

Current Ph-like ALL genetic testing algorithm 
used by the Children’s Oncology Group.

From Tasian SK et al. Blood. 2017;130:2064-2072.
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Editors’ Choice

J A N U A R Y  2 4 ,  2 0 1 9

Xu ER, von Bülow S, Chen PC, et al. Structure and dynamics 
of the platelet integrin-binding C4 domain of von Willebrand 
factor. Blood. 2018;blood-2018-04-843615.
and

Schneppenheim R, Hellermann N, Brehm MA, et al. The von 
Willebrand factor Tyr2561 allele is a gain-of-function variant 
and a risk factor for early myocardial infarction. Blood. 
2018;blood-2018-04-843425.

Two related articles provide novel insights into von 
Willebrand factor (VWF) platelet integrin-binding 
dynamics. Dr. Emma-Ruoqi Xu and colleagues solve the 
crystal structure of the VWF C4 domain, which binds 
to platelet integrins. Dr. Reinhard Schneppenheim and 
colleagues demonstrate that a gain-of-function variant of 
VWF is a risk factor for early myocardial infarction. The 

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. 

mutation alters the complex subdomain structure of the C4 
region rather than altering platelet binding.

J A N U A R Y  3 1 ,  2 0 1 9

Abdul-Aziz AM, Sun Y, Hellmich C, et al. Acute myeloid 
leukemia induces protumoral p16INK4a-driven 
senescence in the bone marrow microenvironment. Blood. 
2019;133:446-456.

The authors report how acute myeloid leukemia (AML) 
blasts can alter the marrow niche by inducing senescence, 
thus supporting AML survival.

F E B R U A R Y  7,  2 0 1 9

Lee JW, Sicre de Fontbrune F, Wong Lee Lee L, et al. 
Ravulizumab (ALXN1210) vs eculizumab in adult patients 
with PNH naive to complement inhibitors: the 301 study. 
Blood. 2018;blood-2018-09-876136.
and

Kulasekararaj AG, Hill A, Rottinghaus ST, et al. Ravulizumab 
(ALXN1210) vs eculizumab in C5-inhibitor–experienced 
adult patients with PNH: the 302 study. Blood. 
2018;blood-2018-09-876805

Two randomized studies compare the therapeutic 
efficacy of the new long-acting complement C5 inhibitor 
ravulizumab to eculizumab in patients with paroxysmal 
nocturnal hemoglobinuria who are treatment naive (the 
301 study) and patients who are on eculizumab therapy 
(the 302 study).

F E B R U A R Y  1 4 ,  2 0 1 9

Tozawa K, Ono-Uruga Y, Yazawa M, et al. Unique 
megakaryocytes and platelets from novel human 
adipose–derived mesenchymal stem cell line. Blood. 
2018;blood-2018-04-842641.

Investigators report the production of platelets from 
human adipose tissue–derived mesenchymal stem/
stromal cells for use in transfusion medicine as a donor-
independent source.

Stein EM, DiNardo CD, Fathi AT, et al. Molecular remission 
and response patterns in patients with mutant-IDH2 
acute myeloid leukemia treated with enasidenib. Blood. 
2018;blood-2018-08-869008.

This article presents the outcomes for all isocitrate 
dehydrogenase 2 (IDH2) –mutant patients with relapsed or 
refractory AML treated with the targeted drug enasidenib 
in this first-in-human phase I/II study. It reports data 
on molecular clearance and molecular relationships to 
response or resistance.

Sterner RM, Sakemura R, Cox MJ, et al. GM-CSF inhibition 
reduces cytokine release syndrome and neuroinflammation 
but enhances CAR-T cell function in xenografts. Blood. 
2018;blood-2018-10-881722.

The authors describe a novel strategy for mitigating 
chimeric antigen receptor (CAR) T cell–associated cytokine 
release syndrome and neurotoxicity. 

F E B R U A R Y  2 1 ,  2 0 1 9

Navi BB, Reiner AS, Kamel H, et al. Arterial thromboembolic 
events preceding the diagnosis of cancer in older persons. 
Blood. 2018;blood-2018-06-860874.

Venous thrombosis has been known to be a harbinger 
of malignancy since the days of Trousseau. Dr. Babak B. 
Navi and colleagues report that myocardial infarctions 
and strokes are also more common in the five months 
preceding a cancer diagnosis.

Jones S, Butt W, Monagle P, et al. The natural history of 
asymptomatic central venous catheter–related thrombosis 
in critically ill children. Blood. 2018;blood-2018-05-849737.

In this month’s CME article, Dr. Sophie Jones and 
colleagues challenge the prevailing recommendation that 
asymptomatic central venous catheter–related thrombosis 
in pediatric intensive care unit patients requires 
anticoagulation. In a prospective study of untreated 
asymptomatic clots, they demonstrate an extremely low 
rate of clot extension or chronic sequelae. 

Fenaux P, Kiladjian JJ, Platzbecker U, et al. Luspatercept 
for the treatment of anemia in myelodysplastic syndromes 
(MDS) and primary myelofibrosis (PMF). Blood. 
2019;blood-2018-11-876888.

In a Blood Spotlight, Dr. Pierre Fenaux and colleagues 
discuss the role of luspatercept, an activin receptor 
II ligand trap, in the treatment of anemia in low-risk 
myelodysplasia and patients with primary myelofibrosis.

Peter Robert Galbraith, MD, FRCPC (1931-2018)
Dr. Peter Robert Galbraith graduated from Queen’s University in Kingston, Canada, 
in 1956. He then trained with Dr. William Dameshek in Boston, where he developed 
a lifelong interest in hematologic stem cells. He returned to Queen’s University and 
joined what he called the “division of blood and guts” with gastroenterologists Drs. 
Lesley Valberg and Malcolm Brown. In 1968, he was the sole founding member 
of a formal division of hematology, but he soon recruited Drs. David Ginsburg 
and Joe Pater. The division’s clinical responsibilities were extraordinarily wide by 
today’s standards, encompassing malignant and nonmalignant hematology, medical 
oncology, and pediatric hematology. Later, pediatric hematology and medical oncology 
separated, so by the time he retired from full-time practice in 1996, the division 
focused exclusively on adult hematology.

Peter’s first academic interests were in human stem cell biology. His laboratory grew colonies in semisolid media from 
normal volunteer bone marrow samples. He observed that different colonies developed at different times in the cultures, 
and from this, he formulated an early version of a stem cell hierarchy concept. Unfortunately, funding in the 1980s became 
unfavorable, and his laboratory closed. Peter then turned his attention to hematologic education and realized the power of 
interactive computer-based programs at a time when such tools were in their infancy. His “HemeTeam” program was used in 
the undergraduate curriculum, and Peter continued to distribute it free of charge to the incoming Queen’s University medical 
class for several years after his retirement. Peter was also interested in residency education. He founded and directed the 
adult hematology subspecialty training program, from which many highly successful hematologists graduated. He instituted 
numerous weekly educational rounds on the clinical service, all of which persist to this day. He realized the importance of 
palliative care and early in his career was instrumental in introducing a clinical program at Kingston General Hospital.

Peter was an enthusiast for hematology, for ideas, and for life in general. He loved hematology and was happy to 
discuss stem cells for hours on end. He had an unbroken attendance record at the ASH annual meeting, stretching for 
more than 40 years. He attended as many sessions as possible and was always fascinated by new ideas. The social 
side of the meeting was also important to him, and he was excellent company for dinner and a humorous raconteur.

Peter married Ruth in 1954. They met as medical students. She was the love of his life, and he was much saddened 
when she predeceased him in 2013. He was adored by his three children Meredith, Chris, and Leslie; five 
grandchildren; and three great-grandchildren. 

From the academic and clinical standpoint, Peter Galbraith’s main legacy is the Queen’s University Division of 
Hematology. He wore large shoes, and his footprint in the division is visible to this day. His palliative care contribution 
is memorialized as the Queen’s University “Peter R. Galbraith MD Award for Palliative Care Education.”

— John Matthews, MBBChir
Queen's University, Kingston, Ontario, Canada

I N  M E M O R I A M

COMMENT: The addition of imatinib to chemotherapy for 
patients with BCR-ABL1-rearranged (Ph+) ALL dramatically 
improved EFS and revolutionized the paradigm for 
precision medicine in patients with acute leukemias 
(Schultz KR et al. Leukemia. 2014;28:1467-1471; Druker 
BJ et al. N Engl J Med. 2001;344:1038-1042). AALL1521 is 
a first-in-child investigation of the potential efficacy of 
combining JAK inhibition and chemotherapy to decrease 
relapse risk and improve OS in the relatively recently 
recognized Ph-like subtype of HR B-ALL. This trial is unique 
in its rigorous, real-time clinical characterization of Ph-like 
genetic lesions via gene expression analyses, FISH, PCR, 
unbiased fusionplex testing, and RNA-seq. 

While a small number of anecdotal reports have described 
patients with Ph-like B-ALL and JAK pathway alterations 
who were treated with commercially available ruxolitinib 
and chemotherapy (Ding YY et al. Haematologica. 
2018;103:e427-e431; Mayfield JR et al. Pediatr Blood 
Cancer. 2017; doi: 10.1002/pbc.26328), the AALL1521 trial 
is systematically investigating key questions of whether 
the addition of a JAK inhibitor can decrease relapse and 
improve survival in patients with Ph-like B-ALL, as well 
as identify which genetic subgroups may or may not 
benefit from combination therapy. This trial represents 
a promising precision medicine strategy for targeting 
oncogenic drivers in a common and high-risk subset of 
B-ALL that spans the age spectrum.

— Yang-Yang Ding, MD, and David T. Teachey, MD

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



MARK YOUR CALENDAR

March

1 ASH Bridge Grant application available
 www.hematology.org/BridgeGrants 

15-16 Highlights of ASH in the Mediterranean
 Athens, Greece
 www.hematology.org/highlights 

19 ASH-AMFDP application due 
 www.hematology.org/awards/career-training 

29 ASH Clinical Research Training Institute  
 applications due
 www.hematology.org/CRTI

31 ASH Medical Educators Institute  
 application due
 www.hematology.org/educators 

April

5 ASH Visitor Training Program  
 application due
 www.hematology.org/awards/career-training 

5-6 Highlights of ASH in Latin America
 Lima, Peru
 www.hematology.org/highlights

10 MOC Spring 2019 exam dates
 www.abim.org 

15 ASH Global Research Award application  
 due (for invited applicants)
 www.hematology.org/global-research 

May

1 ASH Scholar Award letter of intent due
 www.hematology.org/awards/career-training 

1 ASH Bridge Grant application due
 www.hematology.org/BridgeGrants 

31  Member nominations for 2020  
 leadership and committee positions due
 www.hematology.org/about/governance/ 
 nominations.aspx  

Read The Hematologist online at  
www.hematology.org/thehematologist,  

and catch up on the latest news in the 
field of hematology right on your desktop, 

mobile phone, or tablet. 

C A S E  S T U D Y

An Unusual Consult
STEPHAN MOLL, MD

Professor of Medicine, Division of Hematology/Oncology, University of North Carolina School of Medicine, Chapel Hill, NC 

I love being a coagulationist. Given our specialty, we are consulted by professionals from every aspect of medical 
care, from ob-gyn to neurology, nephrology, and sports medicine, and even the quality improvement and legal 
departments. The work is varied, the clinical questions are fascinating, and I enjoy interacting with and learning from 
other specialties.

And what unusual consults we get. 

In October 2018, I received a phone call from one of the veterinarians at the the Duke Lemur Center, explaining 
that an adult male lemur had a “lame leg” and that a blood clot was suspected, asking, “How best to treat?” For 
some background, the Duke Lemur Center houses the world’s largest population of lemurs — small primates native 
to Madagascar — outside their native habitat. This conservation and research center located in Durham, North 
Carolina, is an 85-acre sanctuary for these endangered animals. 

Never before had I been consulted for a “lame leg,” much less in a lemur. While “lame leg” is not a term we use in 
human medicine, veterinarians use it to describe an abnormal gait or stance that is the result of a dysfunction in 

the animal’s locomotor system. In the lemur’s case, the 
dysfunction was a suspected blood clot.

Charlie is a 12-year-old lemur. In September 2018 he received 
intravenous sedation through a catheter placed into the 
lesser saphenous vein (LSV) of his right leg to undergo an 
esophagogastroduodenoscopy for evaluation of possible 
gastritis. It was noted that immediately upon waking up, he 
did not use his right leg. Diagnosis: “lame leg.” One of the 
first thoughts of the veterinarian was that the catheter led 
to a superficial thrombophlebitis of the LSV, and because 
of associated pain, Charlie was not using his leg. A quick 
ultrasound of the vein suggested LSV obstruction. Aspirin 
administered over the next 10 days did not improve the 
symptoms. This then led to the call from the lemur center 
given my special interest in thrombosis and anticoagulation, 
asking if anticoagulants should be used, and what the next 
steps should be.

A 30-minute telephone conversation provided the information 
needed to develop a further management plan. Charlie had 
no leg swelling and no palpable cord. I wondered whether 

a superficial thrombophlebitis triggered by the LSV catheter during the procedure could have extended into the 
deep venous system and caused a deep vein thrombosis (DVT), such that Charlie should now be treated with 
anticoagulants. Our consult service pharmacist immediately, and with excitement, started to look at dosing of direct 
anticoagulants in light-weight humans (i.e., newborns and children). Charlie weighs 8 lbs (3.6 kg).

However, we wanted a solid diagnosis and not just initiation of empiric anticoagulation. We discussed obtaining 
a formal venous Doppler ultrasound of the leg by an ultrasonographer to assess whether a DVT was present and 
whether the veterinarian’s initial suspicion for superficial thrombophlebitis could be confirmed. The study was done, 
and the results were negative. Charlie did not have a clot.

The consult to the coagulationist essentially ended here; however, as a generous thank-you for the phone 
consultation and help, the veterinarian invited our consult team to a tour of the Duke Lemur Center. What a treat on 
a beautiful North Carolina autumn day, with colorful leaves on display and a crispness in the air. Unfortunately it was 
too cold for the lemurs to be out in the trees as they are native to much warmer Madagascar. We therefore visited the 
lemurs in their enclosures, Charlie among them. We took our time observing and getting to know him. A sweet fellow, 
he did not seem to be in pain but avoided putting weight onto his right leg when walking and climbing. Indeed, he had 
a “lame leg.”

Weeks have gone by; it is February as I write this. I have followed Charlie’s illness with interest and admit that I have 
developed a fondness for him. X-rays have shown some chronic osteoarthritic changes in this foot, and with physical 
therapy his leg improved. But then, his good (left) leg developed problems; diagnosis: “shifting leg lameness.” He 
developed intermittent pain or disuse of his arms as well. Blood tests for an inflammatory or systemic infectious 
cause were negative; an MRI of his spine is pending. I’m going to visit Charlie again come spring. I hope he will have 
recovered by then. 

I love being a coagulationist. And I hope that Charlie will get better.

Further information on the 
Duke Lemur Center is available 
at lemur.duke.edu. The Center 
was founded in 1966 and is 
an internationally acclaimed 
noninvasive research facility 
housing nearly 240 animals 
across 17 species — the world’s 
largest and most diverse 
population of lemurs outside 
Madagascar. The Duke Lemur 
Center is open to the public 
and educates more than 32,000 
visitors annually. Its highly 
successful conservation breeding 
program seeks to preserve 
vanishing species, while its 
Madagascar Conservation 
Programs study and protect 
lemurs in their native habitat. Dr. Stephan Moll and the lemurs.

Charlie in his enclosure at the Duke Lemur Center.


