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When I was a kid, my father would tell us stories about his dad, a general practitioner in rural Indiana. 
During the late 1940s, the years of the polio epidemic, Grandpa didn’t let anybody near the car. None of 
the kids were even allowed in the garage. Each night, arriving home after making rounds, he climbed 
out of the car, stripped and stood in his underwear in the garage to wash himself with a solution of 
bleach and water, so that he wouldn’t carry the virus to his family.

I’m writing this during the third week of March 2020. The coronavirus pandemic has hit our nation’s coasts, but the surge 
is still in the future for those of us in Wisconsin. I’m (nearly) beyond the stage of obsessively checking the news. For my 
sanity’s sake I’ve signed off Twitter and am largely relying on the links curated by the ASH website (www.hematology.
org/COVID-19) for relevant medical information. The whole experience feels a little like standing shin deep in the ocean, 
facing out, but wearing a blindfold. At first you feel safe, with the sun warm on your face. But then, the temperature of 
the water changes a bit; it gets a little cooler. There is a pull that starts at your ankles, the sand scurries in new directions 
around your feet, the water level drops. The wave is coming, but you have no understanding of how large it will be.

Rational fear may be a relatively new emotion for many of us. This is different from anxiety. (Did I double check the 
creatinine before I signed that order? Will this trial accrue? Is she mad at me?) But rational fear has been a companion to 
physicians, nurses, and health care workers throughout history. Physicians have waded in to treat patients during plagues 
and war. They have worked in refugee camps and leprosy colonies. They have opened the car door and let fear sit in the 
passenger seat as they drove through snowstorms to deliver babies, to attend to the dying, to minister to those who suffer.

And it has occurred to me that the work of hematology might give us some unique expertise in the midst of all 
this Sturm und Drang. For example, one of the things that feels most recognizable, as I sit in teleconferences about 
workforce management or supply-chain questions, is the experience of making decisions with incomplete data. 
Our profession, whether we are choosing induction for a newly diagnosed leukemia patient, pulling the trigger on 
thrombolytics in a patient with acute pulmonary embolism, or making any of a thousand other decisions, constantly 
requires that we act before we have certainty, making choices based on what is statistically likely to happen, even if 
things seem fine at the time. And that’s what disaster planning seems to be about, from what I can see. It requires the 
resolve to act early; better to be overprepared and underutilized than underprepared and overwhelmed.

As hematologists we are also very good at imagining the worst possible scenario. I’ve been mocked many times by my 
family for this, but the habit has served me well. Our training instills in us a seemingly endless list of complications 
that we anticipate and then work to prevent or circumvent. Why else do we prescribe so many prophylactic 
medications or line up potential third-line clinical trial options for a patient who has not yet failed second-line 
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Influences Transplant Risk
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Allogeneic hematopoietic 
stem cell transplantation 
(AHSCT) provides a 
curative option for high-

risk hematologic malignancies as well as many immune 
disorders and bone marrow failure syndromes. Currently, 
allogeneic transplantation involves pretransplant 
conditioning chemotherapy, infusion of donor stem 
cells, and a recovery period characterized by profound 
immune suppression, due to both conditioning-related 
neutropenia and graft-versus-host disease (GVHD) 
prophylaxis, which primarily targets T-cell function. 
Febrile episodes in the early post-transplant period are 
near-universal; therefore, broad-spectrum antibiotic 
therapy is an inevitable component of allogeneic 
transplantation. This carries the consequence of 
significant disruption of the normal intestinal flora.1 
Reduced gut microbiome diversity under this selective 
pressure, combined with dietary changes, prolonged 
hospitalization, and, typically, antibiotic prophylaxis can 
lead to the emergence of single-taxon dominance, which 
has been shown to increase risk of bacteremia and 
subsequently, mortality.2

Earlier work at the Memorial Sloan Kettering Cancer 
Center identified that microbiota disruption associated 
with the early use of broad-spectrum antibiotics 
correlated with worse outcomes in allogeneic 
transplantation. The occurrence of single-taxon 
domination, particularly enterococcus, can also be 
favored by intestinal injury, such as that caused by 
conditioning and GVHD, and subsequent alterations in 
lactose metabolism.3 The purpose of this study was to 
validate the earlier findings in a multicenter conformational 
study and to prove definitively that despite regional 
variations in transplantation protocols, fecal microbiome 
diversity has an impact on transplant mortality.

In this study, Dr. Jonathan Peled and colleagues examined 
two cohorts from four separate transplant centers: cohort 
1 from New York, and cohort 2 from North Carolina, 
Japan, and Germany. They obtained fecal samples 
from patients prior to transplantation and weekly during 
the transplantation period, to obtain a median of four 
samples per patient. The cohort included a total of 1,362 
patients for evaluation. The microbiome of fecal samples 
was analyzed using amplification and sequencing of the 
genomic 16S ribosomal RNA gene V4-V5 variable region. 
The intestinal microbiota diversity was established using 
alpha diversity as calculated by an inverse Simpson index 
at the level of operational taxonomic units.

The primary outcome was established in both cohorts 
with patients who had higher (above the median) 
microbial diversity at the periengraftment period, 
demonstrating improved survival compared with patients 
who had lower (below the median) microbiota diversity. 
The subgroup analysis of cohort 1 showed that the 
improvement in survival in the higher diversity group was 
owing to lower transplant-related mortality and lower 
GVHD-related mortality. The most common reason for 
transplantation was for leukemia, and relapse rates were 
similar between patients with high and low microbiome 
diversity.
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COVID-19: ASH’s Response Draws on the Strength 
of Our Community

I’m writing this in mid-March 2020 from Seattle, one of the United States’ 
COVID-19 hot zones. It’s only been about two weeks since the first death 
was reported in Seattle, but so much has changed since then. Abiding 
recommendations that we try to limit social interactions and reduce the 
likelihood of a bulge in cases, social distancing plans have been put in place 
throughout the state. Colleges have cancelled in-person classes and students 
will finish the next two or more weeks online; some have closed for the rest 
of the year, leaving seniors without the closure of a graduation ceremony. Our 
governor has shuttered private and public K-12 schools in three counties for 
the next six weeks, leaving workers with children struggling to find childcare. 
Domestic and international travel has been constrained in numerous ways. The 
stock market suffered its worse downturn in more than three decades. Bars 
and restaurants have been closed. The situation is changing daily, and what I’m 
writing will already be out of date by the time you read it. It’s likely the outbreak 

will be widespread in the United States, but at this moment, people are still hoping to minimize the damage to 
the economy and the health of our population. The declining new case numbers in China give hope that public 
health measures can be successful, but only time will tell whether our interventions have come in time.

Looking ahead, I am hopeful that the rest of 2020 improves and that we can hold our annual meeting in 
December. ASH continues to monitor the situation and will prioritize the health of our volunteers, staff, and 
meeting attendees, recognizing that health care providers have a special responsibility to keep themselves 
healthy in order to provide care to others and avoid becoming vectors for transmission.

As events have unfolded, I’ve been feeling uncomfortably reactive. Probably like most of you, when changes and 
restrictions are announced, I’ve found myself saying, “I should have thought of that.” I believe that the next few 
weeks are critical to making sure we’re as prepared as possible. In my role as ASH President, I am committed 
to the Society doing whatever it can to help our field be proactive and prepared in the face of one of the more 
frightening challenges in modern times.

ASH has developed a mechanism to help share useful information about the novel coronavirus with 
hematologists. This is not the forum to review all that our medical teams have done to prepare for and battle this 
illness, but it is a way to crowdsource materials and tips on caring for our patients and for one another. It’s a start, 
and it can be expanded to address members’ needs; so let us know what is helpful. If you’ve seen something 
really useful, please pass it along to us via a form on ASH’s COVID-19 webpage (www.hematology.org/covid-19) 
for possible dissemination.

Stay healthy and safe, and let’s unite to help each other get through this.

      Stephanie J. Lee, MD, MPH

treatment? And then we have the other set of worries: What if they are p53 mutated? What if they get sepsis? What if they are HLA-
sensitized? When should I transplant? Many of the decisions we are now making in the COVID-19 era currently require that same 
brand of pessimistic imagination. What if all our doctors or advanced practice providers get exposed? What if we don’t have an 
adequate blood supply? What if we run out of gowns? ASH President Dr. Stephanie Lee, in a call earlier this week told me that the 
experts say in these situations, preparations seem alarmist until the disaster hits, then they seem inadequate. 

Finally, I think training for hematology teaches you how to simultaneously hold in balance both large-scale statistics and the personal 
aspects of your decision-making. Today, I sat with a patient— a 57-year-old woman with favorable-risk acute leukemia in first 
remission. I am well aware of her statistical chances of cure. I am also aware that the likelihood of death, should she contract COVID-
19, is sixfold higher than someone her age without cancer. And I know that my recommendation about the timing of consolidation 
must, at the end of the day, help her thread the needle of those risks. Math has been an important angle of the coronavirus news (I’ll 
bet that in these past two months the words logarithmic and exponential were used more in newspapers than they have been in the 
past two decades). And yet, the pull that is keeping our populations behind closed doors these days is the human stories of Chinese 
and Italian nurses and doctors, and of people who might be denied ventilators or intensive care support. In medicine, we are often 
asked to think both of math and the personal singularity of our patients. This balancing act feels familiar.

In a way, as a community we are lucky. We can still work. For those at home, the altruism of sheltering in place has its own 
frustrations. In this surreal drama — critiqued and scrutinized by a million armchair pundits and social media warriors — we have 
one job: We go to work. No one is bugging us about metrics, readmission rates, or length of stay. No one is soliciting for participation 
in a useless survey about a drug I don’t administer. We are being called to focus only on the essential mission: to keep our patients 
and one another safe. We have trained for this all our lives; we just didn’t know this pestilence was going to be the playing field, and 
resource scarcity our competitor. 

Doctors, nurses, and health care workers have, for generations, been familiar with fear. They have woken up in the morning, let fear 
in, and gone to work. Now is no different. We can do this.

(Cont. from page 1)
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News and Reports

COVID-19 Funding Opportunities From NHLBI
The National Heart, Lung, and Blood Institute (NHLBI) is offering a 
new award opportunity to support research investigating the host 
response; associated heart, lung, and blood disease; impact on transfusion 
safety; and short- and long-term clinical outcomes of individuals with 
COVID-19 and SARS-CoV-2. Of particular interest are studies that use 
human research or unique model systems to study the consequences of 
SARS-CoV-2 infection. Visit grants.nih.gov/grants/guide/notice-files/NOT-
HL-20-757.html to learn more and apply online.

ASH Meetings Update
ASH is closely monitoring the impact of COVID-19 as the health and safety of our 
members and their patients is our top priority. We encourage you to monitor our 
meeting webpages to stay aware of the latest updates. Below are updates on several 
of our meetings: 

Highlights of ASH in Latin America. ASH and the Associacao Brasileira de 
Hematologia, Hemoterapia, e Terapia Celular have postponed this meeting to 2021. 
Exact dates and locations will be announced soon.

ASH Meeting on Lymphoma Biology. This meeting has been cancelled. ASH 
encourages those who had planned on submitting abstracts for this meeting to 
instead submit them for consideration to the 2020 ASH Annual Meeting. The abstract 
submission site will open on June 4, 2020.

ASH Meeting on Hematologic Malignancies. Join us September 10-11, at the 
Hilton Chicago. The meeting features top experts in the field presenting the latest 
clinical research. Attendees will have the opportunity to interact with colleagues in an 
intimate, small group setting with no competing sessions. Registration opens May 6.

ASH Research Collaborative COVID-19 
Surveillance Registry for Malignant Hematology
On April 1, 2020, the ASH Research Collaborative (ASH RC) Data Hub launched a new 
COVID-19 Surveillance Registry focused on capturing high-level data on patients worldwide 
who are both COVID-19 positive and diagnosed with a past or present hematologic 
malignancy. The registry's goal is to provide open-access, near-real-time observational data 
summaries for clinicians who are on the front lines of the COVID pandemic. (The COVID-19 
Surveillance Registry is not a research study and only captures de-identified patient data.) 
Western Institutional Review Board has reviewed and determined the COVID-19 Registry to be 
human subject research exempt. All submitted data will be stored as part of the ASH RC Data 
Hub. Learn more about the registry at www.ashresearchcollaborative.org/covid-19-registry.

COVID-19 Resource Webpage for Hematologists
ASH has developed and is maintaining a webpage (www.hematology.org/COVID-19) that contains a 
series of resources, as a medium to exchange information and assist hematologists in navigating the 
COVID-19 public health crisis. The page is being updated with new links and information on a consistent 
basis, and users can sign up for email alerts to stay abreast of the latest tools.

In addition to providing general resources, guides from subspecialty societies, journal articles, and links 
to data repositories, the resources page provides a series of frequently asked clinical questions (www.
hematology.org/covid-19#faq). This series covers a variety of malignant, nonmalignant, and practice-
related topics and is expertly curated by a team of ASH members.

If there is a hematology-related COVID-19 resource that has been helpful to you that is not listed on the 
webpage, or if you encounter a specific issue or question that ASH can help address, please fill out and 
submit the feedback form located at the bottom of the page.

Consult-a-Colleague
Consult-a-Colleague is a service for ASH members 
that helps facilitate the exchange of information 
between hematologists and their peers. Members with 
inquiries that are directly related to COVID-19 should 
refer to www.hematology.org/COVID-19 for more 
general information, prior to submitting a question. 
Additionally, if you or a colleague at your institution 
have identified problems and/or solutions related 
to COVID-19 that may be of interest to the broader 
hematology community, please submit them using the 
form on the ASH COVID-19 resources page.

The Hematologist has launched a special podcast series on 
COVID-19 to help hematologists stay abreast of the latest resources 
for researchers and clinicians, as well as to provide on-the-ground 
perspectives from around the community. In the first installment, 
“How ASH Supports the Hematology Community During COVID-19,” 
Editor-in-Chief Dr. Laura Michaelis speaks with ASH President Dr. 
Stephanie Lee about the latter’s experience in Seattle and how ASH 
leadership and members are coming together to use their combined 
knowledge and resources to keep hematologists informed and 
empowered. In the second episode, Dr. Lee speaks with Dr. Martin 
Tallman of Memorial Sloan Kettering Cancer Center about how his 
practice treating patients with leukemia and other blood cancers has 
shifted during the COVID-19 public health emergency. Visit www.
soundcloud.com/ash_hematology to hear the latest and to subscribe.

COVID-19 and Career Development Awards
While ASH is continuing to support hematologists through a variety of awards, we understand 
that the entire medical community is currently focused on addressing the current public health 
emergency. If these circumstances are preventing you from participating in or applying for one 
of our programs, we encourage you to contact awards@hematology.org.

The Hematologist Launches New Podcast Series Covering COVID-19

(6 feet)
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THE CASE

A 75-year-old woman presents to the emergency 
department with pancytopenia and a two-week history 
of fatigue. Her medical history includes hypertension, 
hyperlipidemia, diabetes, and osteoarthritis. Her Eastern 
Cooperative Oncology Group (ECOG) performance status 
was 1. Laboratory findings were white blood cell count, 
2.0 × 109/L with 25 percent blasts; absolute neutrophil 
count, 1.2 × 109/L; hemoglobin, 10.4 g/dL; and platelets, 
112 × 109/L. Renal and liver function, prothrombin time/
partial thromboplastin time, fibrinogen, uric acid, and 
phosphorus were normal. Lactate dehydrogenase was 
elevated (350 U/L). A bone marrow biopsy was performed, 
which showed acute myeloid leukemia (AML) with no 
myelodysplastic changes and blast count of 39 percent. 
Flow cytometry was positive for CD13, CD33, CD34, CD117, 
and human leukocyte antigen–DR. Cytogenetics were 
normal, fluorescence in situ hybridization did not show 
a RUNXITI/RUNX1-, MLL-, PML/RARA-, or CBFB-specific 
rearrangement. Mutation panel was negative for FLT3, 
NPM1, CEBPA, or IDH1/2 mutations.

THE QUESTION

What is the evidence for performing geriatric or fitness 
assessments?

OUR RESPONSE

A geriatric assessment is a multidimensional assessment 
used to evaluate the health of an older adult. It uses 
validated measures to assess geriatric domains including 
physical function, comorbidities, cognitive function, 
psychological health, nutritional status, medications, 
and social support. It may sometimes be referred to 
as a “fitness” or “frailty” assessment since a geriatric 
assessment can help determine fitness, but these terms 
are not synonymous. A geriatric assessment uncovers 
vulnerabilities that are not detected in routine clinical 
practice1 and predicts morbidity and mortality,2,3 which 
may help with treatment decision-making. A geriatric 
assessment can also guide supportive care interventions 
and improve patient-oncologist communication as well as 
patient and caregiver satisfaction.4,5

In a prospective study of older adults with largely good 
performance status (78% ECOG ≤1) who were scheduled 
to receive intensive therapy for AML, geriatric assessment 
detected a high prevalence of impairments: 41 percent 
basic activities of daily living (ADL), 50 percent instrumen-
tal ADL (IADL), 52 percent objectively measured physical 
performance (Short Physical Performance Battery [SPPB] 
<9), 28 percent cognitive function, 40 to 59 percent psycho-
logical distress, and 42 percent Hematopoietic Stem Cell 
Transplantation Comorbidity Index (HCT-CI) score greater 
than 1. Both impaired cognition and objective physical 
performance were associated with worse overall survival.2 
Several other studies in older patients with AML and mye-
lodysplastic syndromes (MDS) also found that impaired 
ADL, impaired IADL, symptoms (fatigue, pain), and higher 
comorbidity burden were predictive of worse survival.6-8 
In a retrospective study, polypharmacy (prescription medi-
cations >4) was associated with higher 30-day mortality 
and lower odds of achieving complete remission.9

Concordant evidence supporting the value of geriatric 
assessment has been demonstrated across varied 
hematologic malignancies including lymphoma, multiple 
myeloma, MDS, and in the pretransplantation setting.10-16 
The predictive value extends beyond survival and 
includes treatment-related outcomes and health care 
utilization. For example, among older adults with MDS 
receiving azacitidine, those with impairments in IADL, 
cognition, and mobility were more likely to discontinue 
therapy, and those with IADL impairment and higher 
comorbidity burden had worse survival.10 

Among specific domains assessed in a geriatric 
assessment, measures of physical function and cognition 
seem to be high yield for predicting increased risk of 
morbidity or mortality in the context of AML therapy 
and among those with hematologic malignancies more 
broadly.2,6,15,17 Self-reported basic ADLs and instrumental 
ADLs can identify functional vulnerability associated 
with worse outcomes among AML patients receiving 
less intensive therapy.6,8 IADL impairment has also 
been associated with higher health care utilization and 
worse survival among adults 75 years and older with 
varied hematologic malignancies.18 Objective testing of 
physical function is more sensitive than self-report and 
adds value to assessment of vulnerability. As mentioned, 
the SPPB (a composite test including gait speed, chair 
stands, and balance testing) was predictive of survival 
among older adults treated intensively for AML. Gait 
speed alone may be an efficient screening test. Gait speed 
has been a consistent predictor of health outcomes in 
older populations.19  Among adults 75 years or older with 
varied hematologic malignancies, decrease in gait speed 
was associated with higher mortality, greater odds of 
unplanned hospitalizations, and emergency department 
visits.15 Similarly, in the same population, a simple five-
word recall measure of working memory identified 
prevalent cognitive impairment, which was associated 
with worse survival.17

Finally, there is evidence to support repeating geriatric 
assessment measures during treatment to assess the 
impact of therapy on physical, cognitive, and emotional 
health. Geriatric detected vulnerabilities are not static but 
can be influenced positively and negatively by treatment 
and AML complications. For example, among older 
adults with AML receiving intensive therapy, clinically 
meaningful declines in physical function and changes 
in emotional well-being can be measured at the time of 
remission, which may influence tolerance to subsequent 
therapies and quality of life.20,21 This information can 
help direct ongoing personalized supportive care and 
decision-making.

How are geriatric or fitness assessments 
performed in the clinic or inpatient setting, and 
how much time do they take?

A cancer-specific geriatric assessment generally takes 
approximately 15 to 30 minutes, keeping in mind that 
most of the assessments are self-reported and can be 
administered without assistance from a health-care 
professional.20 Objective assessments (i.e., gait speed and 
cognition testing) are administered by staff and typically 
take approximately five minutes, including instructions if 
performed routinely.1,20,22,23 Geriatric assessment has been 
successfully implemented in AML trials conducted in the 
cooperative group setting.20 The length of time depends 
on the number of assessments included. In general, it 
is recommended that each of the geriatric domains be 

KAH POH (MELISSA) LOH, MBBCh, BAO,1 AND HEIDI D. KLEPIN, MD, MS2
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assessed, but some of the domains may be obtained 
from the electronic medical record (e.g., comorbidities, 
medications, and weight).

Practices that use geriatric assessment often have patients 
complete the self-reported portion of the assessment 
prior to clinic visits in the outpatient setting. These are 
mailed out or sent electronically in advance to patients for 
completion at home, or they are administered as part of a 
check-in process prior to the clinic visits. In the inpatient 
setting, paper surveys or electronic surveys via a tablet 
can be administered. Any clinic/hospital staff or health-
care professional (e.g., patient care technician, nurse, 
advanced practice professional) can be trained to perform 
the objective assessments.

If time and resources prohibit the incorporation of a 
full geriatric assessment, and there are no geriatrics or 
geriatric oncology services available, certain geriatric 
domains or assessments that are more prognostic 
may be considered. Physical function, cognition, and 
comorbidities have been shown to be of highest yield. 
These assessments may include the following: 1) physical 
function (self-reported questions such as ADL and IADL 
or objective testing such as an SPPB, Timed Up and 
Go, or gait speed), 2) comorbidity burden (HCT-CI or 
Cumulative Illness Rating Scale [CIRS] or CIRS-Geriatric), 
or 3) cognition (Mini-Mental State Examination or Blessed 
Orientation-Memory-Concentration or 5-word recall).

How do geriatric or fitness assessments guide 
interventions?

There is increasing interest in using geriatric assessments 
to allocate treatment for older adults. At this time, the 
evidence supporting an optimal assessment strategy 
to allocate treatment in AML is insufficient given 
the complex interplay of fitness and disease biology. 
Randomized trials that include geriatric assessment 
measures are lacking. Instead, a geriatric assessment 
provides information to consider during an informed 
discussion about treatment and can guide supportive 
care interventions. If vulnerabilities are identified earlier 
in the disease course, interventions can be instituted 
to reverse impairments, with the potential to improve 
treatment tolerance and outcomes. For example, physical 
therapy or an exercise program could be recommended 
to address functional impairment.24,25 For cognitive 
impairment, strategies to prevent delirium should be 
considered, as well as engaging family, caregivers, and 
nurse navigators during treatment. De-prescribing can be 
instituted for polypharmacy to reduce drug interactions, 
and depressive symptoms can be addressed with 
counseling and/or pharmacologic therapy.

CASE CONCLUSION…

The patient underwent a geriatric assessment. She 
was independent in her ADLs and most IADLs, except 
shopping. She reported one fall in the previous six 
months. Her HCT-CI was 1 (diabetes mellitus; recent 
HbA1c, 7.5%). Medications were amlodipine, lisinopril, 
atorvastatin, acetaminophen, metformin, aspirin, 
omeprazole, and vitamin D. She had not lost weight. She 
is married with two daughters. She lives at home with 
her husband but both daughters live within 10 miles. She 
scored 26 out of 30 on the Mini-Mental State Examination 
and 2 out of 15 on the Geriatric Depression Scale (negative 
screen for both). She scored 7 out of 12 on the SPPB (<9 
indicates physical vulnerability). 

The patient’s geriatric assessment revealed several 
vulnerabilities, including impairment in IADL and SPPB, 
polypharmacy, and a fall. These impairments indicate 
potential higher risk for complications and possibly 
shorter survival compared to an older adult without 
these vulnerabilities. After informed discussion, she was 
enrolled onto a clinical trial evaluating the combination of 
azacitidine and venetoclax with a novel therapeutic agent. 
Several supportive care interventions were recommended 
based on her geriatric assessment. She was referred to 
physical therapy and started an exercise program. A gait 
evaluation was performed, and a cane was recommended. 
Home safety evaluation was performed, and the patient 
received a medical alert bracelet due to risk of falls. 

How to Use a Geriatric Assessment in an Older 
Patient With Acute Myeloid Leukemia

Ask the Hematologists
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HEADLINES FROM WASHINGTON

Hematology Advocates Raise Palliative Care Issues With 
Congress
ASH members help shape the Society’s advocacy efforts by speaking up about policies that need to 
be changed to help improve care for patients with hematologic diseases and disorders. Numerous ASH 
members have raised concerns about the lack of access to palliative blood transfusions for individuals with 
hematologic malignancies seeking the Medicare hospice benefit. In response, ASH established the Palliative 
Care Working Group and made this issue a focus of its advocacy efforts. The Hematologist recently spoke 
with Drs. Kevin Curran and Thomas LeBlanc, two ASH members who are currently serving on the ASH 
Palliative Care Working Group. Dr. Curran is the Pediatric Director of the Cellular Therapeutic Center at 
Memorial Sloan Kettering Cancer Center in New York City, and Dr. LeBlanc is a hematologist-oncologist at 
the Duke Cancer Institute in Durham, North Carolina. In addition to treating patients with blood cancers, Dr. 
LeBlanc is also trained in palliative medicine and conducts studies of integrated palliative care for patients 
who are early in cancer treatment.  

ASH was alerted to this issue through stories from members whose patients with blood cancers were not 
accessing timely hospice care due to barriers to receiving blood transfusions in the palliative setting.1 While 
many believed this was owing to transfusions not being covered under the Medicare hospice benefit, the 
Centers for Medicare and Medicaid Services (CMS) has repeatedly clarified that palliative transfusions are 
a covered Medicare hospice benefit. Palliative transfusions often help improve the quality of life for patients 
nearing the end of life. Hospices are required to cover all items, services, and medications for the palliation 
and management of terminal illnesses and related conditions, including blood transfusions. Yet, in practice, 
many hospices choose not to provide palliative blood transfusions because the cost of these treatments 

is very high relative to the daily reimbursement rate that they receive from 
Medicare for hospice care services (referred to as the per diem payment).

Dr. Curran noted that he decided to volunteer his time to serve as the vice chair 
of the Palliative Care Working Group because ASH “identified a problem that 
was negatively impacting both hematology doctors and our patients.” He stated 
that “for patients undergoing cancer therapy, their goals are split between 
cure and quality of life. Unfortunately, when modern medicine fails to provide a 
cure, the focus shifts to maximizing quality of life.” However, although patients 
in their final stages of treatment benefit from blood transfusions, their inability 
to receive blood products results in a low enrollment to hospice programs. Dr. 
Curran stressed that “working on a fix to this problem was our motivation to 
form the task force and find a practical solution.” 

Dr. LeBlanc has spent much of his career focused on palliative medicine 
and has also seen firsthand the challenges that patients with blood cancers 
face getting quality end-of-life care. His focus on the issues that his patients 
struggle with was one of the driving factors in deciding to volunteer his 
expertise for the Palliative Care Working Group. “During my training, I realized 
that patients with blood cancers often experience poor end-of-life care, with 
a high rate of death in the hospital,” he said “I also saw that we often poorly 
manage patients’ symptoms, distress, and quality of life, owing to a sometimes 
farsighted focus on cure, with inadequate attention to the patient experience of 
illness and treatment along the way.” Dr. LeBlanc stated that his long-term goal 
is to help foster significant improvement in palliative and end-of-life care issues 
in hematology. “When I learned that ASH had decided to prioritize these issues 
in the coming years, I very happily agreed to participate,” he said.

The working group has helped ASH come up with three recommendations that will start to address the 
problem of patients in hospice care being denied blood transfusions. Specifically, ASH recommends that:

1.  CMS work with hospice agencies and administrators to clarify that palliative transfusions are a covered 
benefit and should be symptom-based and performed in collaboration with hematologic oncologists;

2.  CMS work with hospice agencies to create innovative reimbursement models to promote the provision 
of palliative transfusions, such as allowing them to be paid for separately under Medicare Part B; and 

3.  CMS work with hospice providers and other stakeholders to explore novel ways to access transfusions, 
such as at-home transfusions.

To ensure that these recommendations are enacted, Dr. LeBlanc traveled to Washington, DC, in 2019 to 
meet with congressional offices. The goal of these meetings was to raise awareness and educate members of 
Congress about this issue – many policy makers in Washington have simply never heard of it before. While on 
Capitol Hill, Dr. LeBlanc and ASH staff found a receptive audience from congressional staffs. “Given all of the 
misconceptions about palliative care, I think it is most powerful to learn about it directly from those who have 
experienced it and benefitted from it,” said Dr. LeBlanc on the need to tell firsthand stories when conducting 
advocacy with members of Congress. ASH has continued to visit congressional offices and has promoted the 
recommendations that the ASH Palliative Care Working Group has created and continues to focus on.

The Palliative Care Working Group is also committed to spreading awareness, not just on Capitol Hill, but 
also with fellow hematologists. “Our job is to educate and provide the resources to ASH membership, 
patients, and those who can influence palliative care benefits within our health-care system,” said Dr. Curran. 
Dr. LeBlanc explained, “I find that hematologists and oncologists are often pleasantly surprised about how 
helpful palliative care specialists can be in augmenting the already excellent care that each of us strives to 
provide every day.”

Interested in becoming more involved in ASH’s advocacy efforts? Visit www.hematology.org/Advocacy 
for additional information and to access ASH’s online advocacy toolkit. The Society is dedicated 
to supporting its members in advocating for hematology at the local, state, and national levels of 
government. Drs. Curran and LeBlanc both encourage colleagues to participate in ASH’s advocacy 
work by signing up for the ASH Grassroots Network to receive regular updates and information about 
how to stay in touch with members of Congress on a range of issues impacting hematology.
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Her daughter was asked to check in with the patient 
daily. After medication review with the oncologist and 
pharmacist, omeprazole was discontinued.

As demonstrated in this case, geriatric assessment can 
inform management of older adults with AML. Routine 
collection of geriatric assessment measures in clinical 
trials will further inform treatment selection and 
personalized care.
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The Case
A 22-year-old woman presented to an academic medical 
center with a four-week history of night sweats and tender 
progressive right cervical lymphadenopathy. A computed 
tomography (CT) scan of the neck revealed right cervical 
and supraclavicular lymphadenopathy (1.7 × 1.7 cm) 
with central necrosis. A soft tissue density (2.8 cm) in the 
anterior mediastinum was compressing the superior vena 
cava. A CT scan of the chest, abdomen, and pelvis revealed 
no enlarged lymph nodes and a normal-sized spleen. The 
complete blood count revealed a white blood cell count of 
7.7 × 109/L; hemoglobin, 10.4 g/dL; hematocrit, 29 percent; 
platelets, 88 × 109/L; and absolute neutrophil count, 3.5 
× 109/L. There were 20 percent blasts in the white cell 
differential count. 

A cell suspension from a marrow aspirate was examined 
by flow cytometry, and the blast population expressed 
CD7, CD34, CD56, cytoplasmic CD3, human leukocyte 
antigen–DR, and partial CD15. The blast population was 
negative for CD1a, CD2, CD4, CD8, CD5 (dim), CD10, CD20, 
CD22, CD117, CD64, CD14, CD79a, and TdT. Chromosome 
analysis revealed a near triploid composite karyotype 
with 77 to 81 chromosomes. The molecular profile 
revealed no mutations in NOTCH1, FLT3 or IDH1, or 
IDH2. The spinal fluid did not contain leukemia cells. 
The lactate dehydrogenase was 327 U/L (normal range, 
118-225 U/L). Her diagnosis was early T-cell precursor 
acute lymphoblastic leukemia (ETP-ALL). She was 
started on a standard four-drug induction regimen that 
included vincristine, dexamethasone, daunorubicin, 
and pegaspargase, including central nervous system 
prophylaxis.

Minimal residual disease (MRD) assessment was 
performed by multiparameter flow cytometry on day 
29 of induction therapy and revealed a value greater 
than 0.1 percent. The patient continued on a pediatric 
consolidation regimen of augmented Berlin-Frankfurt-
Munster (aBFM) protocols with the addition of nelarabine. 
Following completion of the consolidation course, MRD 
assessment was repeated and showed detectable disease 
(>0.1%). Given the high risk of relapse based on the 
end-of-consolidation MRD assessment, the patient was 
referred for allogeneic hematopoietic stem cell transplant 
(HSCT). As the patient was preparing for allogeneic 
HSCT, a marrow biopsy was performed as part of the 
pretransplant evaluation, and she was found to have 35 
percent blasts in the aspirate specimen, consistent with 
relapsed T-cell ALL.  

Current State of T-ALL Treatment/
Challenges in Diagnosis and Management
T-lineage ALL (T-ALL) is curable for most children 
and adolescents and young adults (AYAs; defined as 
those aged 15-39 years), with contemporary frontline 
chemotherapy regimens.1,2 For children and AYAs, the 
pediatric-inspired, modified aBFM backbone including 
nelarabine has become the standard chemotherapy 
regimen in the United States.1 Despite the best initial 
chemotherapy, approximately 30 percent of children 
and adult patients will have MRD following induction 
and consolidation, a known risk factor for relapse,3 and 
approximately 15 percent of children and 25 percent of 
AYAs will have refractory disease or will relapse after an 
initial response.1,2 For adults 40 years and older, either 
hyper-CVAD (cyclophosphamide, vincristine, doxorubicin, 
and dexamethasone),4 the regimen from the trial of the 
Medical Research Council in the UK and the Eastern 
Cooperative Oncology Group (E2993/UKALL12),5 or 
modified pediatric regimens6,7 are commonly chosen. For 
adults with T-ALL treated on the E2993/UKALL12 study, 
the five-year incidence of relapse after initial response was 

42 percent.5 Relapsed T-ALL is rarely cured in children or 
adults, with the overall survival rate for children being 
less than 30 percent, and for adults, less than 10 percent.5,8

The major reason for the dismal prognosis after relapse is 
that current salvage therapies for T-ALL are ineffective for 
a majority of adults (60-70%) and too many children (30-
40%), and no novel immunotherapy or targeted therapy 
has been established for patients with T-ALL. Unlike in 
B-lineage ALL (B-ALL), where immunotherapies targeted 
to CD19 or CD22 have significantly improved survival 
rates in relapsed disease, comparable therapies are not 
available or effective in T-ALL. Thus, for T-ALL, novel 
therapy is needed for 1) high-risk disease as defined by 
detectable MRD following induction and consolidation 
therapy, as described in the case report; 2) relapsed 
T-ALL, which has no effective salvage therapies; and 3) 
frontline treatment for older adults who cannot tolerate 
the intensity of pediatric regimens. This need has led 
to a burgeoning activity in the case of T-ALL to develop 
the same immunotherapies, including chimeric antigen 
receptor T-cell (CAR-T) platforms and monoclonal 
antibodies, as have been developed for B-ALL. This 
review will focus on these novel approaches and highlight 
immunotherapies currently in clinical trials. For the 
interested reader, several excellent reviews of T-ALL 
treatment and descriptions of the genomic landscape have 
been published recently.9-12

Monoclonal Antibodies
CD38 is a type II-transmembrane glycoprotein found on 
the surface of lymphocytes, including T and B lymphocytes, 
plasma cells, and natural killer cells. Its functions include 
regulation of intracellular calcium and signal transduction 
in immune cells. The laboratory of Dr. David Teachey and 
other labs have characterized CD38 expression in T-ALL 
to determine whether CD38 would be an effective target 
in this disease.13 The Teachey laboratory uncovered that 
blasts from pediatric patients with T-ALL have robust cell 
surface CD38 expression at the time of diagnosis, and that 
CD38 expression is maintained following chemotherapy. 

Further, there was low CD38 expression on normal 
lymphoid and myeloid cells and nonhematopoietic organs, 
suggesting minimal “off target” toxicity. The lab expanded 
the work to test daratumumab, a human immunoglobulin 
G1k monoclonal antibody that binds CD38 and is approved 
for myeloma therapy, and to determine its efficacy in 
patient-derived xenograft models of T-ALL. Daratumumab 
was highly effective in their model. In support of this 
approach are clinical case reports of compassionate use of 
daratumumab in relapsed T-ALL that have demonstrated 
prolonged responses.14 Collectively, the results support 
the likelihood that CD38 is a good therapeutic target for 
T-ALL and may be particularly useful in the clinical setting 
of detectable MRD following cytotoxic chemotherapy, as 
CD38 expression seems to be preserved following exposure 
to chemotherapy. To this end, daratumumab is being 
tested in combination with cytotoxic chemotherapy in an 
international multicenter phase I/II trial (NCT03384654) for 
children and AYA patients (ages 1-30 years) with relapsed 
or refractory B-cell and T-cell ALL and lymphoblastic 
lymphoma. Another monoclonal antibody targeting 
CD38, isatuximab, has been developed and was being 

tested as a monotherapy in a phase II trial (NCT02999633) 
for relapsed or refractory T-ALL or T-lymphoblastic 
lymphoma; however, the trial was closed permanently 
due to an unsatisfactory risk-benefit ratio. It is thought 
that the kinetics of response to anti-CD38 monotherapy 
are relatively slow, which is insufficient in an aggressive 
leukemia such as T-ALL. Therefore, the better strategy 
in this disease seems to be combining the antibody with 
cytotoxic chemotherapy. Thus, a second trial is ongoing 
in Canada and Europe for pediatric patients with either 
relapsed ALL or acute myeloid leukemia — a phase II 
study of the antibody in combination with cytotoxic 
chemotherapy (NCT0386044).

CAR-T Therapy
There are several hurdles to developing CAR-T therapy for 
the treatment of T-lineage leukemia. The complexity of 
harvesting T cells for the creation of the CAR-T construct 
results from the need to collect adequate numbers of 
normal T-cells from the patient without contamination of 
malignant T-cells. An alternative approach would be the 
use of genetically modified CAR-Ts from healthy allogeneic 
donors, an approach that may result in life-threatening 
graft-versus-host disease (GVHD) when the allogeneic cells 
are infused into immunocompromised patients.

Additionally, the targeting of lineage-restricted antigens 
on malignant T cells could result in two important adverse 
consequences: 1) fratricide, which in this scientific context 
refers to the nonspecific killing of the CAR-T construct; 
and 2) prolonged T-cell aplasia. Because the most widely 
expressed tumor antigen targets for malignant T cells are 
also expressed on normal T cells, the engineered T-cells 
can result in CAR-T fratricide during manufacturing and 
therefore limit ex vivo expansion and therapeutic potency 
of the autologous cell product. Once fratricide is resolved, 
there remains the issue of prolonged T-cell aplasia. 
CAR-T cytotoxicity against normal lymphocytes and their 
early precursors will suppress overall T-cell function 
and induce temporary or prolonged immunodeficiency, 
clinically similar to that observed following HSCT. There is 
no easy, clinically useful treatment to help with prolonged 

T-cell aplasia. Only time or potentially curative HSCT 
(as allogeneic HSCT terminates the activity of CAR-Ts) 
restores normal hematopoiesis and ultimately replenishes 
T-cell populations. In contrast, the prolonged B-cell 
aplasia from targeting CD19 in B-cell malignancies can be 
treated with intravenous immunoglobulin. Lastly, there 
is a risk of genetically modifying circulating malignant 
T-lymphoblasts, which could facilitate a treatment-
resistant tumor clone.15

Despite the technical and clinical challenges, several 
laboratories have developed CAR-T constructs, using 
strategies that address each of the technical and clinical 
hurdles described above, and early-phase clinical trials 
are underway (Table). Investigators at Baylor University 
have designed CAR-T constructs targeting CD5 and CD7 
that eliminate fratricide, but these common T-lineage 
antigens will eliminate normal T-cell subsets and cause 
profound immunosuppression, so current trials are 
designed as a “bridge to transplant.”16,17 In the United 
Kingdom, scientists have used TRBC1 as a target, which 

T-cell Lymphoblastic Leukemia: What Are the Prospects for 
Novel Immunotherapy?

M I N I  R E V I E W

KRISTEN M. O’DWYER, MD

Associate Professor of Medicine, Division of 
Hematology Oncology, Wilmot Cancer Institute, 
University of Rochester, Rochester, NY

T-cell Antigen Immunotherapy Trial Phase Clinical Trial

CD5 CD5 CAR T Phase I NCT03081910/Baylor College of Medicine

CD7 CD7 CAR T Phase I NCT03690011/Baylor College of Medicine

CD7 UCART7 Phase I Not yet recruiting/Washington University 

TRBC1 TRBC1 CAR T Phase I NCT03590574/United Kingdom

CD38 Daratumumab Phase I/II NCT03384654/Multiple international sites

CD38 Isatuximab Phase II NCT0386044/Multiple international sites

Table. Selected Immunotherapy Trials for T-lineage Acute Lymphoblastic Leukemia

(Cont. on page 12)
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N O  D A T A  Z O N E

In 2020, one of the hottest debates in sickle cell disease 
(SCD) asks the question, “What are the indications for 
transplantation?” It is clearly a data-free zone. SCD is a 
serious public health problem around the world, killing 
nearly half a million people annually. In 2010 there were 
more than 300,000 newborns with SCD.1 In the United 
States, SCD is the most common inherited blood disease 
affecting nearly 100,000 children and adults. Therefore, 
there are many more patients with SCD than with acute 
myeloid leukemia, a disease for which precise indications 
for transplantation do exist. The annual cost for medical 
care for patients with SCD in the United States exceeds $1 
billion. For adults with SCD, the average annual cost of 
medical care exceeds $35,000 USD per year.2 And while 
survival of patients with SCD has improved in developed 
countries owing to improved supportive care, use of 
blood transfusions, prophylactic antibiotics, and drug 
therapy with hydroxyurea, none of these interventions 
are curative. Despite these advancements, most adults and 
many children develop a chronic debilitating condition, 
leaving more than 30 percent of adults on disability and 
more than 50 percent of patients unemployed.3 Median 
survival is shortened by more than two decades, and 
quality of life is severely impacted due to complications 
such as chronic pain, narcotic dependence, stroke, renal 
failure, thrombosis, pulmonary hypertension, blindness, 
priapism, and infection.

Allogeneic bone marrow transplantation (ABMT) 
can cure SCD. In 1984, Dr. F Leonard Johnson and 
colleagues reported a successful BMT of a child with 
leukemia and SCD who was cured of both disorders.4 
As of 2013, there were 1,238 BMTs for SCD reported 
to the Center for International Blood and Marrow 
Transplant Research and the European Society for 
Blood and Marrow Transplantation-Eurocord.5 This 
was followed by several reports of myeloablative ABMT 
from matched sibling donors for children with SCD.6,7 
These data firmly established that SCD is a potentially 
curable disease following myeloablative ABMT from a 
healthy human leukocyte antigen (HLA) –matched sibling 
donor. However, BMT is seldom used for these patients 
owing to perceived toxicity and lack of suitable donors. 
The medical problems described above make some of 
these patients unsuitable for aggressive therapy such 
as transplantation. Moreover, BMT is only available 
in developed countries; however, these countries 
also have obstacles that limit the availability of BMT 
to only small percentage of patients, such as donor 
availability, transplant related morbidity and mortality, 
and engraftment difficulty in patients with SCD.8,9 The 
past decade has witnessed dramatic improvements in 
increasing safety and expanding the donor pool for 
patients in need of BMT. However, despite the fact that 
BMT is more available than before, particularly given the 
availability of nonmyeloablative conditioning,8,10,11 there is 
no consensus among hematologists as to  the indications 
for BMT in patients with SCD.

It is important to remember that patients with SCD 
are interested in BMT, so we must present them with 
a rational, evidence-based set of indications for the 
procedure. Drs. Suparno Chakrabarti and David Bareford 
surveyed 30 adult patients with SCD about their feelings 
toward receiving a reduced-intensity BMT for the 
management of their disease.12 Sixty-two percent were 
willing to accept a 10 percent transplant-related mortality, 
and a third of patients, could accept even a 30 percent 
transplant-related mortality rate. Most patients (62%) 
were willing to accept a 10 percent risk of graft failure, 
50 percent were willing to accept infertility, but only 20 
percent considered chronic graft-versus-host disease 
acceptable. In fact, 60 percent of those surveyed would 
consider joining a clinical trial of reduced intensity BMT. 
If patients are willing to try this intervention despite 

Transplantation in Sickle Cell Disease: Who, When, and How

its potential toxicities, it is up to us, the transplant 
community, to develop sensible guidelines that can be 
applied to patient care.

Indications for BMT in patients with SCD are evolving, and 
clearly there is no consensus on them.9 The majority of the 
published series report on highly symptomatic SCD with 
advanced disease.7,10,11,13-15 Until recently, virtually all BMT 
in SCD was performed in children using myeloablative 
conditioning and matched-related sibling donors. This 
meant that parents of patients with SCD were often put 
in the difficult position of making the final decision. 
Now that nonmyeloablative conditioning regimens 
and HLA-haploidentical donors are showing success in 
children and adults with SCD, the indications continue to 
evolve, and adult patients are now able to sign consent 
forms.8,10,11 Most pediatric hematologists agree that stroke 
or silent cerebral infarction is an absolute indication for 
children with SCD, especially given recent data showing 
that red cell exchange transfusions are not as effective 
as previously thought in preventing secondary vascular 
events.16 Recurrent acute chest syndrome (ACS) or 
frequent vaso-occlusive crisis despite hydroxyurea with 
good drug adherence are also considered by some to be 
good indications for BMT in children. Others feel that all 

symptomatic children with SCD should be transplanted as 
soon as possible if they have a fully matched HLA-sibling 
donor; however, this is not universally accepted given 
variable clinical trajectories. In adult patients, common 
indications have included cerebrovascular disease, 
recurrent vaso-occlusive crisis despite hydroxyurea, 
osteonecrosis, red cell alloimmunization, and recurrent 
ACS.8,10,11 While pulmonary hypertension is a known 
cause for morbidity and mortality in these patients, there 
is no agreement as to whether or not patients with this 
condition should proceed to transplantation, and at least 
in one study, such individuals were excluded.10,11 Some 
degree of renal dysfunction should not be seen as a reason 
to avoid transplantation (given the use of nephrotoxic 
drugs such as calcineurin inhibitors or fludarabine); 
however, data on patients receiving transplants for this 
indication on renal replacement therapy are limited.17 The 
indications for BMT in children and adults with SCD will 
continue to evolve as the availability of alternative donors, 
engraftment rates, and safety of BMT increases.

The Blood and Marrow Transplant Clinical Trials Network 
(BMT CTN) currently has open studies evaluating the 
role of ABMT in patients with SCD. Given the national 
relevance of the BMT CTN, it is important to look into 
their eligibility for such studies. BMT CTN 1507 is a study 
of reduced intensity conditioning using haploidentical 
donors. BMT CTN 1503 compares BMT to standard non-
BMT care for adolescents and young adults with SCD. 
Both studies have similar enrollment criteria. Regarding 
SCD-specific manifestations in children, they are looking 
for children with a neurological event (stroke or abnormal 
MRI) or abnormal transcranial Doppler ultrasonography. 
For adults, besides the neurological event, it is required 
that they have two or more episodes of ACS in the prior 
two years, history of three or more episodes of pain 
crises per year in the preceding two years, transfusion 
dependence, or a tricuspid valve regurgitant jet velocity 
of 2.7 m/sec or greater. Patients also need to be eligible for 
BMT by standard criteria (e.g., good cardiac, pulmonary, 

and renal functions). These indications are similar but not 
identical to others used on previous studies.

ASH has developed clinical practice guidelines on SCD. A 
panel on transplantation is working on clarifying some 
of the issues related to indications. I suspect that now 
that BMT is becoming more prevalent due to the use of 
alternative donors, consensus will develop so that we will 
be able to tell our patients who, when, and how.
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It is important to remember that patients with SCD are interested 
in BMT, so we must present them with a rational, evidence-based 
set of indications for the procedure. Sixty-two percent were 
willing to accept a 10 percent transplant-related mortality, and 
a third of patients, could accept even a 30 percent transplant-
related mortality rate. 
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Promising Preclinical Results for 
Immunotherapy in Multiple Myeloma
Wu L, Seung E, Xu L, et al. Trispecific antibodies enhance the therapeutic efficacy 
of tumor-directed T cells through T cell receptor co-stimulation. Nat Cancer. 
2020;1:86-98.

MARK BUSTOROS, MD, AND IRENE M. GHOBRIAL, MD

Multiple myeloma (MM) is an incurable clonal plasma cell malignancy and the 
second most common adult hematologic malignancy, with an incidence of 
31,000 cases per year.1 Although immunomodulatory agents, proteasome 

inhibitors, and monoclonal antibodies significantly improved outcomes in MM, patients 
still experience disease relapse and resistance to therapy. This raises the need to develop 
new drugs that can control and eradicate tumor cells more efficiently and durably.

Immunotherapy is now a growing and promising approach in MM, especially adoptive 
T-cell therapy (such as chimeric antigen receptor T-cell [CAR-T] therapy) and bispecific 
antibodies, which are showing promising results in relapsed or refractory patients. Earlier 
CAR-T trials in MM indeed showed impressive response rates. However, these responses 
lacked durability2 and thus opened the door for improved designs that could induce a 
sustainable antimyeloma effect.

The potency of antibodies in MM has been demonstrated with monoclonal antibodies 
(mAbs) targeting different MM-specific antigens (CD38, SLAMF7, and BCMA). 
Bispecific antibodies are engineered to recognize two distinct molecular targets: one 
specific to the cancer cell of interest and the other on T cells (mainly CD3). This T-cell 
engagement will direct them to elicit a cytotoxic response toward the cancer cells. This 
approach has proven to be clinically effective for the bispecific antibody blinatumomab, 
which targets CD3 and the protein CD19 in B-cell acute lymphoblastic leukemia.3 
Moreover, clinical trials of bispecific antibodies targeting CD38 and BCMA in MM have 
shown promising interim results.

In a recent article in Nature Cancer by Dr. Lan Wu and colleagues, the authors developed 
a trispecific antibody with three antigen-binding sites targeting CD3 and CD28 on T cells 
plus CD38 on myeloma cells. CD28 belongs to a class of proteins called costimulatory 
receptors, which is a critical mediator of T-cell signaling following T-cell receptor 
activation and drives its proliferation and survival.

The authors showed that the CD28-binding domain augmented the trispecific antibody’s 
activity by creating three versions of the antibody in which different combinations of the 
three binding domains were mutated. They tested these versions in three MM cell lines 
and a humanized NOD/SCID/γ(NSG) mouse model, which had human primary CD8+ T 
cells, inoculated with the NCI-H929 human myeloma cell line. The results of both in vitro 
and in vivo experiments proved that a functional CD28-targeting domain boosted the 
T-cell activity above that observed using antibodies lacking it.

The authors also reported that the trispecific antibody stimulates TH1 function and CD8 
memory T cells, which are known to enhance antitumor immunity. They also argued that 
CD28 expression on myeloma cells could improve antibody affinity and T cell recognition 
and lysis. Previous studies reported that CD28 is detected on primary myeloma cells in 
approximately one-third of newly diagnosed patients and increases in frequency during 
myeloma progression and extramedullary disease.4 Indeed, the sensitivity of the CD28 
knockout cells to T-cell cytolysis was reduced tenfold to 100-fold.

One of the questions yet to be answered is about the risk of cytokine release syndrome 
with this trispecific antibody in clinical trials. Cytokine release syndrome could occur after 
excessive stimulation of T cells and can lead to multiorgan failure. In 2006, six healthy 
volunteers who received a single dose of a CD28 superagonist mAb became critically 
ill with immune-related toxicities.5 Dr. Wu and colleagues argue that they included a 
monovalent CD28 superagonist that reduced nonspecific cytokine release seen with 
the CD28 mAb. They have also tested the toxicity profile in non-human primates and 
observed that gradual exposure through subcutaneous injection induced less cytokine-
related toxicities compared to the intravenous route.

In conclusion, this study provides preclinical data for this trispecific antibody and 
warrants further clinical investigation to assess its safety and efficacy. It would be 
interesting to see whether the use of this antibody would induce a deep and durable 
response in relapsed or refractory patients as well as those refractory to anti-CD38 
mAbs.This trispecific antibody platform is flexible and promising for designing more 
precise therapies for different targets and signaling molecules in various cancers.

1. Kyle RA, Rajkumar SV. Multiple myeloma. Blood. 2008;111:2962-2972.

2. Raje N, Berdeja J, Lin Y, et al. Anti-BCMA CAR T-cell therapy bb2121 in relapsed or refractory multiple myeloma. 
N Engl J Med. 2019;380:1726-1737.

3. Kantarjian H, Stein A, Gökbuget N, et al. Blinatumomab versus chemotherapy for advanced acute lymphoblastic 
leukemia. N Engl J Med. 2017;376:836-847.

4. Robillard N, Jego G, Pellat-Deceunynck C, et al. CD28, a marker associated with tumoral expansion in multiple 
myeloma. Clin Cancer Res. 1998;4:1521-1526.

5. Suntharalingam G, Perry MR, Ward S, et al. Cytokine storm in a phase 1 trial of the anti-CD28 monoclonal 
antibody TGN1412. N Engl J Med. 2006;355:1018-1028.

Dr. Bustoros and Dr. Ghobrial indicated no relevant conflicts of interest. 



The Hematologist:  ASH News and Reports       9

Can “Leuk”-warm Be Hot? Heating 
Up the Debate of Non-canonical 
“Hotspot” Spliceosomal Mutations 
in Myeloid Pathogenesis
Pangallo J, Kiladjian JJ, Cassinat B, et al. Rare and private 
spliceosomal gene mutations drive partial, complete, and dual 
phenocopies of hotspot alterations. Blood. 2020; doi:10/1182/
blood.2019002894. [Epub ahead of print.]

ANDREW H. MARPLE, MD, PhD, AND AMY E. DeZERN, MD, MHS

Genes encoding RNA splicing factors, including SF3B1, SRSF2, 
and U2AF1, are frequently affected by somatic mutations in 
hematologic diseases such myelodysplastic syndromes (MDS), 

acute myeloid leukemia (AML), and chronic lymphocytic leukemia 
(CLL), as well as some solid malignancies. These missense mutations 
occur almost entirely in a highly specific set of “hotspot” residues in the 
gene locus.1 The mutations more commonly occur in older individuals 
and are thought to drive clonal expansion of the aging hemopoietic 
system.2 Furthermore, functional studies indicate these perturbations 
drive myeloid disease pathogenesis and have been shown to confer an 
increased risk of transformation to acute leukemia.3 

While the bulk of spliceosome gene mutations affect few hotspot 
locations, a minority of patients with hematologic malignancies do 
express non-hotspot mutations, the relevance of which remain unclear 
but often are presumed not pathogenic. Motivated by the observation 
that novel SF3B1 in-frame deletions mimicked splicing profiles of 
patients with hotspot SF3B1 mutations in CLL,4 in the current study Dr. 
Joseph Pangallo and colleagues tested this assumption by systematic 
characterization of diverse rare and private spliceosomal mutations to 
infer their disease relevance. They hypothesized that rare or private 
SRSF2 and U2AF1 mutations that phenocopied hotspot-induced 
changes in splicing were candidate drivers, while mutations that induced 
few or no splicing changes were likely passengers.

The authors queried the COSMIC database to identify non-hotspot 
somatic mutations in SRSF2 and U2AF1 and established isogenic cell 
lines of 14 selected rare and private mutations via transgenic expression 
in K562 cells. High-coverage RNA sequencing of each of these cell 
lines induced distinct alterations in RNA splicing. The investigators 
then proceeded to perform experiments demonstrating that both rare 
and hotspot SRSF2 mutations alter SRSF2’s RNA-binding affinity and 
avidity to induce sequence-specific changes in exonic splicing enhancer 
preference. These findings were further validated in primary patient 
samples, which recapitulated spatially restricted recognition of C- versus 
G-rich SSNG motifs observed from their cell culture results. The authors 
next queried rare and private mutations in U2AF1, which expresses two 
hotspot mutations, giving rise to two distinct changes in RNA-binding 
specificity and 3′ splice site recognition. They observed both complete 
and dual phenocopy of altered 3′ splice site recognition in several rare 
and private mutations and validated these findings in mutation-matched 
patient samples. Lastly, there was the identification of only three genes 
that were differentially spliced in association with both SRSF2 and 
U2AF1 mutations. These included H2AFY and IRAK4, both with known 
involvement in hematologic disease.5,6

In summary, Dr. Pangallo and colleagues performed a systematic 
characterization of diverse rare and private spliceosomal mutations in 
isogenic cell lines and primary patient samples. They demonstrated 
that in the majority of (11 of 14) samples studied, rare and private 
mutations in SRSF2 and U2AF1 partially or completely phenocopied 
the alterations in exon and splice site recognition induced by hotspot 
mutations. This clearly distinguishes between mutations that did or 
did not alter the normal functions of SRSF2 and U2AF1. These data 
suggest that many non-canonical spliceosomal mutations may also 
contribute to disease pathogenesis. Additional investigations are 
required to determine if these rare and private spliceosomal gene 
mutations indeed affect pathogenesis. For example, do non-hotspot 
mutations similarly confer an increased risk of transformation to AML in 
patients with MDS, and should this inform risk stratification or treatment 
selection in this patient population? Nevertheless, these compelling data 
from an elegantly designed study argue for inclusion of non-hotspot 
mutations in early detection and monitoring studies, as well as inclusion 
of patients bearing non-hotspot spliceosomal mutations in clinical trials 
of therapeutic targeting of splicing.

1. Seiler M, Peng S, Agrawal AA, et al. Somatic mutational landscape of splicing factor genes 
and their functional consequences across 33 cancer types. Cell Rep. 2018;23:282-296.e4.

2. McKerrell T, Park N, Moreno T, et al. Leukemia-associated somatic mutations drive distinct 
patterns of age-related clonal hematopoiesis. Cell Rep. 2015;10:1239-1245.

3. Abelson S, Collord G, Ng SWK, et al. Prediction of acute myeloid leukaemia risk in healthy 
individuals. Nature. 2018;559:400-404.

4. Agrawal AA, Seiler M, Brinton LT, et al. Novel SF3B1 in-frame deletions result in aberrant 
RNA splicing in CLL patients. Blood Adv. 2017;1:995-1000.

5. Smith MA, Choudhary GS, Pellagatti A, et al. U2AF1 mutations induce oncogenic IRAK4 
isoforms and activate innate immune pathways in myeloid malignancies. Nat Cell Biol. 
2019;21:640-650.
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mRNA splicing in vivo. Cancer Cell. 2015;27:631-643.
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Are We Capable of Curing Follicular Lymphoma, But 
Just Afraid to Say It?
Bachy E, Seymour JF, Feugier P, et al. Sustained progression-free survival benefit of rituximab 
maintenance in patients with follicular lymphoma: long-term results of the PRIMA study. J Clin Oncol. 
2019;37:2815-2824.

BRAD KAHL, MD

When I see patients with newly diagnosed follicular lymphoma (FL) in clinic, I usually tell them their 
disease is not curable but very treatable, and can be successfully managed over a long period. I tell 
them their prognosis is very good, that they will live a long time, and that they should not run home 

and spend all of their retirement money. This usually gets a chuckle and breaks some of the tension surrounding 
this initial encounter. But am I telling them the right thing? I have worried about this for years. Classic teaching 
is that FL is incurable. I certainly have seen patients relapse after 15 or 20 years, but I also have patients who 
have been in remission for 15 or more years. Are they cured? Because of the peculiar natural history of FL, 
it is hard to know when, if ever, you can declare someone cured. As a result, I am afraid to say it. I suppose I 
am afraid the patient will be upset with me if I declare it and turn out to be wrong. A recent publication has me 
again thinking about this difficult question.

Long-term follow-up data from the PRIMA study were recently published. To refresh your memory, PRIMA 
was a phase III randomized clinical trial evaluating the benefit of maintenance rituximab in high-tumor-
burden FL. Enrolled patients were non–randomly assigned to one of three immunochemotherapy regimens, 
including R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone), R-CVP (rituximab, 
cyclophosphamide, vincristine, prednisone), or R-FCM (rituximab, fludarabine, cyclophosphamide, mitoxantrone). 
Responding patients were randomly assigned in a 1:1 fashion to receive two years of rituximab maintenance 
(a single dose every 8 weeks for 2 years), or to an observation arm. In the original publication, with three years 
of follow-up, a large progression-free survival (PFS) benefit was seen in patients assigned to maintenance, 
with three-year PFS rates of 75 percent compared with 58 percent in patients assigned to observation. No 
overall survival benefit was demonstrated, but the improved PFS did translate into longer time to next treatment. 
Maintenance was associated with some increased risk for infection, but the magnitude of the risk was relatively 
small. Based on these results, rituximab maintenance was widely adopted as standard of care around the world.

The updated data now have nine years of follow-up, and of the original 1,018 patients randomly assigned, 607 
have available data. The loss of data from 400 patients immediately raises some concerns about the reliability 
of the analysis. Admittedly, collecting high-quality long-term follow-up data is a huge challenge for any clinical 
trial. The authors provided baseline characteristic data for the original 1,000 patients, the 600 with extended 
follow-up, and the 400 without extended follow-up. The extended follow-up cohort seems to be adequately 
representative of the larger cohort. The take-home message from the extended follow-up analysis is that the 
PFS benefit of rituximab maintenance is maintained over time. The 10-year PFS estimates were 51 percent 
in the rituximab maintenance arm and 35 percent in the observation arm (Figure). This means that 50 percent 
of the patients with FL who have high tumor burden have not relapsed or died 10 years after receiving initial 
therapy — an impressive result by any standard.

Are the patients cured? I wish I knew. But let’s imagine for a minute that they are. If true, it prompts the question 
as to whether the entire approach to FL should be re-examined. Typically, patients with low tumor burden are 
observed without treatment until they develop symptoms or high tumor burden. If R-CHOP plus maintenance 
rituximab is successfully treating 50 percent of patients with high tumor burden, then that number should be 
even higher if applied to those with low tumor burden. So perhaps we should be offering patients the very best 
treatment we have on day 1, and retire watch and wait. Of course, this needs to be studied prospectively. I 
would limit such a trial to younger patients with FL (65 years and younger), since the disease is unlikely to affect 
the lifespan of older patients. It would take a bold study, committed to 20 years of careful long-term follow-up. 
I think such a study should be done … by a young investigator. Finally, in the interest of full disclosure, these 
thoughts I am espousing are not new or original. Several luminaries in the field (Drs. James Armitage, Fernando 
Cabanillas, and Richard Fisher, to name a few) have argued for curability for years. I am wondering if they were 
right all along.

Dr. Kahl indicated no relevant conflicts of interest.

Kaplan-Meier estimates of (A) progression-free survival (PFS), (B) time to next antilymphoma treatment (TTNLT), (C) 
time to nexy chemotherapy treatment (TTNCT), and (D) overall survival (OS) from random assignment. HR, hazard ratio.
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Furthermore, the group then examined pretransplant fecal microbiome diversity in cohort 1 and showed similar 
results, with better survival outcomes seen in patients with higher microbiome diversity. Compared to healthy 
controls, the pretransplant microbiome diversity is significantly reduced in both cohorts. This reflects the patient 
population referred for transplantation, as many patients with malignant disorders may have already incurred 
microbiota damage due to prior chemotherapy, poor oral intake, mucositis, and significant prior broad-spectrum 
antibiotic exposure. Lower microbiota diversity was associated with an abundance of pathogenic genera 
including Enterococcus, Klebsiella, Escherichia, Staphylococcus, and Streptococcus. This highlights a strong 
link between lower microbiome diversity, antibiotic exposure, and antibiotic-resistant organism colonization.

Interestingly, the link between GVHD-related mortality and poor microbial diversity was only seen in recipients 
of T-cell–replete grafts (compared with CD34-selected stem-cell-only grafts, where no donor T cells are 
infused). This supports the hypothesis that there is an interplay between the gut microbiome and early T-cell–
driven alloreactivity (Figure). Previous studies have shown that microbiome diversity may mitigate intestinal 
inflammation.4

This study raises numerous questions. For example, can microbiome diversity be enhanced either prior to or 
during transplantation? So far, probiotic-based therapies have failed to improve microbiome diversity,5 and 
while fecal transplantation has been explored as a treatment for the eradication of multidrug resistance bacteria 
and recurrent Clostridium difficile colitis, including in immunocompromised patients,6,7 it is only in its infancy 
as a peritransplant therapy.8 Alternatively, a more pragmatic solution may lie in judicious antibiotic selection. 
Piperacillin/tazobactam- or meropenem-based antibiotic regimens seem to have the most profound effect on 
microbial diversity, and it may be that avoidance of highly selective regimens may relatively preserve microbiome 
diversity. Altogether, these data provide provocative evidence that low patient microbiome diversity may 
represent a modifiable risk factor that can be targeted to improve AHSCT outcomes. 

1. Holler E, Butzhammer P, Schmid K, et al. Metagenomic analysis of the stool microbiome in patients receiving allogeneic stem cell 
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disease. Biol Blood Marrow Transplant. 2014;20:640-645.

2. Taur Y, Xavier JB, Lipuma L, et al. Intestinal domination and the risk of bacteremia in patients undergoing allogeneic hematopoietic stem cell 
transplantation. Clin Infect Dis. 2012;55:905-914.
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8. Taur Y, Coyte K, Schluter J, et al. Reconstitution of the gut microbiota of antibiotic-treated patients by autologous fecal microbiota transplant. Sci 
Transl Med. 2018; doi:10.1126/scitranslmed.aap9489.

Drs. Grabek and Lane indicated no relevant conflicts of interest. 

Diffusion

Lower Risk for Fractures Is 
Another Win for Direct Oral 
Anticoagulants
Binding C, Bjerring Olesen J, Abrahamsen B, et al. Osteoporotic 
fractures in patients with atrial fibrillation treated with 
conventional versus direct anticoagulants. J Am Coll Cardiol. 
2019;74:2150-2158.

Lutsey PL, Norby FL, Ensrud KE, et al. Association of anticoagulant 
therapy with risk of fracture among patients with atrial fibrillation. 
JAMA Intern Med. 2019;180:245-253.

DAMON E. HOUGHTON, MD, MSc

For patients requiring long-term anticoagulation for 
thromboembolism prevention, possible adverse effects outside 
of the risks for bleeding and recurrent thromboembolism are 

important considerations. Vitamin K antagonists (VKA) may contribute to 
decreased bone density by decreasing osteocalcin levels and inhibiting 
bone matrix proteins, which could increase the risk for osteoporosis 
and fractures.1 In a previous systematic review and meta-analysis, direct 
oral anticoagulants (DOACs) and VKAs had similar fracture risks.2 Two 
recent studies shed new light on the comparative risk of fractures in oral 
anticoagulant users.

The first study by Casper Binding and colleagues examined patients 
in Danish national registries with nonvalvular atrial fibrillation (AF) who 
were new users of oral anticoagulation and had been treated for at least 
180 days. Outcomes included an individual analysis and a composite 
outcome of hip fractures, major osteoporotic fractures, any fracture, and 
initiation of osteoporotic medications. After excluding 23,749 patients, 
25,182 DOAC-treated patients and 12,168 VKA-treated patients were 
compared in a multivariate Cox proportional hazard model adjusted for 
baseline differences in comorbidities and other medications. Patients 
treated with DOACs were less likely to have a major osteoporotic 
fracture (HR, 0.85; 95% CI, 0.72-0.99), any fracture (HR, 0.85; 95% 
CI, 0.74-0.97), and initiation of osteoporosis medication (HR, 0.82; 95% 
CI, 0.71-0.95), but not specifically hip fractures (HR, 0.91; 95% CI, 
0.74-1.13). The standardized absolute two-year risk of any fracture was 
3.77 percent (95% CI, 3.37-4.19%) in VKA-treated patients and 3.09 
percent (95% CI, 2.85-3.33%) in DOAC-treated patients. The frequency 
of the various DOACs included was not provided, and the results were 
not further stratified into outcomes for specific DOACs.

In the second study, Dr. Pamela Lutsey and colleagues performed a 
study using data from administrative claims databases in patients with 
nonvalvular AF from 2010 through 2015. A total of 167,275 new users 
of oral anticoagulation were included; they had a mean age of 68.9 years 
and were predominately male (62%). Outcomes defined by International 
Statistical Classificaiton of Diseases and Related Health Problems-9 
(ICD-9) codes were hip fractures (inpatient), fractures requiring 
hospitalization, and all fractures (inpatient and outpatient). Warfarin was 
the most common anticoagulant (n=82,625) followed by rivaroxaban 
(n=35,252), dabigatran (n=31,647), and apixaban (n=17,751). DOACs 
as a group when compared to VKAs had a lower risk of all fractures (HR, 
0.93; 95% CI, 0.88-0.98) and fractures requiring hospitalization (HR, 
0.87; 95% CI, 0.79-0.96), but not hip fractures requiring hospitalization 
(HR, 0.91; 95% CI, 0.78-1.07). When each DOAC was compared to 
warfarin individually, rivaroxaban and apixaban both had a lower risk for 
fractures requiring hospitalization and all fractures. Apixaban compared 
to warfarin was the only DOAC to show a statistically significant 
reduction for all outcomes including hip fractures requiring hospitalization 
(HR, 0.67; 95% CI, 0.45-0.98). Dabigatran did not show a statistically 
significant reduction in risk compared to warfarin; however, there was 
a trend toward lower risk for fractures requiring hospitalization (HR, 
0.88; 95% CI, 0.78-1.00). In a subgroup analysis for dabigatran, there 
were differences based on patient characteristics. Patients treated 
with dabigatran did have a significantly decreased risk for hospitalized 
fracture if they had osteoporosis (HR, 0.74; 95% CI, 0.68-0.90), were 
women (HR, 0.78; 95% CI, 0.66-0.92), or were younger than 75 years 
(HR, 0.75; 95% CI, 0.59-0.96). A matched analysis was then performed 
comparing apixaban to rivaroxaban and apixaban to dabigatran and found 
no significant differences for any of the fracture outcomes.

These studies with different methodologies using data from different 
sources both demonstrate a modest reduction in fracture risk with 
DOACs compared to VKAs for patients with nonvalvular AF. Rather 
than a positive effect on bone density for DOACs, these data are 
better intrepreted as data demonstrating real clinical implications for 
VKAs’ interference with bone metabolism. With the additional data 
from these two large and well controlled studies, clinicians can have 
more detailed conversations about outcomes other than recurrent 
thromboembolism and bleeding with patients who may need to remain 
on oral anticoagulation for decades. For patients who would otherwise 
be a candidate for a DOAC but remain on VKAs, this information may 
provide a rationale for them to switch, especially those patients with risk 
factors or those who already have osteoporosis.

1. Sugiyama T, Takaki T, Sakanaka K, et al. Warfarin-induced impairment of cortical bone 
material quality and compensatory adaptation of cortical bone structure to mechanical 
stimuli. J Endocrinol. 2007;194:213-222.

2. Fiordellisi W, White K, Schweizer M. A systematic review and meta-analysis of 
the association between vitamin K antagonist use and fracture. J Gen Intern Med. 
2019;34:304-311.

Dr. Houghton indicated no relevant conflicts of interest. 

Lower microbiome diversity can be induced by selective pressures including broad-spectrum antibiotics and reduced 
oral intake. The low diversity state correlates with reduced survival after allogeneic bone marrow transplantation and 
increased graft-versus-host disease (GVHD) mortality. This is potentially mediated through intestinal inflammation and 
immune factors such as alloreactivity and T-cell infiltration.
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Using Artificial Intelligence to Enhance Diagnosis: Is Resistance Futile?
Mohlman JS, Leventhal SD, Hansen T, et al. Improving augmented human intelligence to distinguish Burkitt lymphoma from diffuse large B-cell lymphoma cases. Am J Clin Pathol. 
2020; doi:10.1093/ajcp/aqaa001. [Epub ahead of print.]

IAN BRAIN, MD, AND ANNETTE S. KIM, MD, PhD

(A) Schematic of a convolutional neural network (CNN) with input (red circles marked with an “I”), multiple 
hidden layers of the network (orange circles representing layers n through n+x, where x is the number of 
layers and was 82 in the optimal CNN), and the output (green circles marked with an “O”). (B and C) Images 
of Burkitt lymphoma (B) and diffuse large B-cell lymphoma (C) with subcroppings used for input data for the 
training of the CNN indicated by the black box insets (reprinted with permission from the ASH Image Bank). 
(D) An example of an image of DLBCL that was diagnosed incorrectly as BL due to the large number of 
infiltrating small lymphocytes (reprinted with permission from Mohlman JS et al. Improving augmented human 
intelligence to distinguish Burkitt lymphoma from diffuse large B-cell lymphoma cases. Am J Clin Pathol, 
2020; doi:10.1093/ajcp/aqaa001).

Unbeknownst to many hematologists and oncologists, a potentially earth-shattering 
revolution of man versus machine is occurring in pathology. Computers and even 
pigeons (!) are being trained to distinguish malignant from nonmalignant tissues 

based on digitized slide images.1-4 While there is a seemingly endless supply of pigeons, 
their diagnostic skills, like those of humans, require de novo training for each flock member; 
by contrast, the potential role of computer algorithms is facilitated by the ease and cost-
effectiveness of propagation.

These algorithms are part of the umbrella term artificial intelligence (AI). In the case of 
pathology, AI can take numerous different forms, from counting mitotic figures or Ki67-
stained cells to outright diagnosis of neoplasia and cancer subclassification. Diagnostic 
AI requires extensive training of the algorithm using large numbers of individual attributes 
(morphologic features) that can be fed into a multilayer computer process that recognizes 
diagnosis-specific features. This multilayer feature extraction and diagnostic recognition 
is termed a convolutional neural network (CNN; Figure part A). While the early studies 
on CNNs in diagnostic pathology have focused on solid tumors, Dr. Jeffrey Mohlman and 
colleagues have illustrated the use of CNNs in the occasionally challenging, but clinically 
important, distinction between Burkitt lymphoma (BL) and diffuse large B-cell lymphoma 
(DLBCL) not otherwise specified.

BL is a highly aggressive malignancy composed of monomorphic medium sized B cells with 
high mitotic index, numerous tingible body macrophages creating a “starry sky” pattern, 
and a canonical MYC translocation. However, there is no individual feature that is specific 
for BL, and the diagnosis rests on the incorporation of morphologic, immunophenotypic, 
and molecular/genetic findings.5 Luckily, BL has an excellent outcome if timely diagnosis 
and treatment takes place.6 This creates diagnostic pressure on the pathologist to quickly 
identify BL from morphologic mimics such as DLBCL, and high-grade B-cell lymphomas 
with MYC and BCL2 and/or BCL6 rearrangements (double-/triple-hit lymphomas) as these 
have different treatment regimens and prognosis.7 However, the need for molecular/genetic 
findings can delay the diagnosis of BL and may still not produce a definitive diagnosis.

Dr. Mohlman and colleagues therefore created a CNN that can identify morphologic 
features down to the pixel level. To create the CNN, diagnostic hematoxylin and eosin–
stained slides of 34 cases of BL and 36 cases of DLBCL were digitally scanned at 200x 
magnification. Each digitized slide was then broken down into multiple JPEG files that were 
1,712 × 1,112 pixels in size. This created a training set of 6,033 images of BL and 4,800 
images of DLBCL. Parts B and C of the Figure illustrate the CNN input material, individual 
subcropped images (indicated by the inset black boxes) from larger tissue profiles of BL 
and DLBCL. While various subcrop sizes and layers of the network were explored, the 
optimal CNN used 672 × 672 pixels subcrops scaled down to 224 × 224 pixels and 
had a depth of 82 network layers. In total, 258,327 attributes were used to classify each 
individual image as either BL or DLBCL (including multiple different morphologic variants) 
in the training set. 

To assess the accuracy of their CNNs, the researchers tested the CNN against a new 
cohort of nine cases of BL (1,637 total images) and 10 cases of DLBCL (730 total 
images). Their best-performing algorithm had an accuracy of 87.6 percent for all images 
and correctly diagnosed 17 of 19 unknown cases overall. Of the 17 correct cases, 10 
had 100 percent of images classified correctly, five cases had 76 to 99 percent of images 
classified correctly, and two had 50 to 75 percent classified correctly. Complicating factors 
that affected the success of the CNN included varying proportions of non-neoplastic tissue 
(including parenchymal tissue, fat infiltration, and non-neoplastic infiltrating lymphocytes), 
crush artifact, and dispersion/noncohesion of the neoplastic cells (such as fixation artifact; 
Figure part D). These types of samples were underrepresented in the training set, and more 
replete training might improve the diagnostic precision of AI.

These exciting findings highlight the diagnostic prowess of AI and raise the controversial 
question of whether it will eventually replace human microscopists. However, this 
hematologist audience should not worry about the potential loss of their friendly 
neighborhood pathology consultant. For all pathology AI development, a pathologist’s 
diagnosis is the gold standard, underscoring the importance of these professionals. As the 
understanding of pathobiology expands, pathologists develop and apply new classification 
schemes that require the training of new computational algorithms. Thus, “the reports 
of [the death of pathology] are greatly exaggerated.” In fact, computers will serve their 
pathology overlords. As pathologist workloads increase in number and complexity, AI can 
help prioritize cases, focus pathologist attention on areas of concern, integrate multiple data 
types, and provide objective data to help clarify borderline diagnoses in a timely fashion for 
the appropriate diagnosis and treatment of the patient.
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CD19 Chimeric Antigen Receptor Natural Killer 
Cells Can Safely Induce Remission in Lymphoid 
Malignancies
Liu E, Marin D, Banerjee P, et al. Use of CAR-transduced natural killer cells in CD19-positive 
lymphoid tumors. N Engl J Med. 2020;382:545-553.

FREDERICK L. LOCKE, MD

Two autologous CD19-directed chimeric antigen receptor (CAR) T-cell therapies are now 
available as a standard of care for lymphoid malignancies, with several others expected in 
2020.1-3 These therapies use the patient’s own polytypic T cells transduced with a CAR, 

reprograming them against surface CD19 on malignant B cells. Despite impressive response rates, 
autologous CAR T-cell therapies have drawbacks including severe toxicities, treatment delays due 
to capacity limits and an approximately three-week production time, high cost of manufacturing and 
delivery logistics for each bespoke product, and negative effects of exhausted T cells, typical in 
cancer patients.4

The development of allogeneic CARs is an area of widespread and intense effort as they could 
potentially overcome some of these limitations. Time to treatment could be shortened by obtaining 
an off-the-shelf product manufactured in advance. Costs could be reduced by simplified logistics 
and streamlined manufacturing. Finally, the negative impact of T cell exhaustion could be bypassed 
by using immune cells from healthy individuals. To realize this potential, problems not relevant with 
autologous CARs must be overcome. When allogeneic effector cells are adoptively transferred, they 
may harm the patient by causing graft versus host disease (GVHD), or they may be rejected. One 
approach involves the use of conventional allogeneic T cells that are transduced with the CAR along 
with gene editing machinery to remove the native T-cell receptor that is a primary mediator of GVHD 
and rejection.5 An alternative approach, as recently reported by Dr. Enli Liu and colleagues relies 
on CARs transduced into allogeneic natural killer (NK) cells, which do not contain a T-cell receptor, 
rather than autologous T cells.

This phase I/II cell dose escalation study tested allogeneic CD19-CAR NK cells, derived from 
previously frozen cord blood, for patients with relapsed or refractory B-cell malignancies. CAR 
NK cells were administered at a planned dose of 1 × 105, 1 × 106, or 1 × 107 cells per kg of 
body weight. The CAR construct contained a CD28 and CD3ζ signaling domain, as well as IL-
15 expression known to promote NK cell activity, and a rimiducid inducible caspase-9 in case the 
cells needed to be turned off due to unchecked toxicity.6 Each product was manufactured over 15 
days starting from a frozen cord blood unit and infused fresh into the patient following three days of 
fludarabine 30 mg/m2 and cyclophosphamide 300 mg/m2 conditioning chemotherapy. Postremission 
therapy was permitted at the discretion of the treating physician following the day 30 assessment.

Eleven refractory patients were treated with CAR NK cells. Patients had chronic lymphoblastic leukemia 
(n=5), diffuse large B-cell lymphoma (n=2), transformed follicular lymphoma (n=3), or follicular lymphoma 
(n=1). Nine of 11 patients received a CAR-NK product that was partially human leukocyte antigen (HLA) 
matched at four of six HLA loci, while two were HLA mismatched. Six of 11 CAR-NK products were 
selected due to the presence of a killer immunoglobulin-like receptor (KIR) ligand mismatch, which might 
potentiate activity of the CAR due to the biology of NK cells’ ability to recognize self.7 

The treatment was well tolerated without any cases of cytokine release syndrome or neurotoxicity. 
There were no cases of tumor lysis syndrome and no nonhematologic grade 3 or 4 toxicities. 
Rimiducid was not used to activate the caspase-9 safety switch in any patients. At a median 
follow-up of 13.8 months (range, 2.8-20 months), an objective response was seen in eight (73%) 
of 11 patients, and a complete response was seen in seven (64%) of 11 patients. Responses 
were rapid and occurred by day 30 in all responders. Five of eight responders underwent some 
form of postremission therapy. Expansion of CAR NK cells was seen as soon as three days after 
infusion, and patients achieving a remission had a higher degree of expansion of their CAR NK cells 
compared to nonresponders, a phenomena described in other CAR T-cell trials.8 The CAR construct 
was detectable in the blood of patients as long as one year after therapy; however, persistence did 
not correlate with ongoing response or relapse. In stark contrast to autologous CAR T-cell therapy, 
inflammatory cytokines such as IL-6 were not elevated in the serum following CAR NK-cell therapy 
compared to baseline. Similarly, IL-15 levels in the serum were not elevated. Tests for anti-HLA 
antibodies against the mismatched alleles were not found, though testing for cellular mediated 
rejection was not conducted.

What have we learned from this trial? Despite a small number of treated patients, allogeneic CD19-
directed CAR NK cells, derived from cord blood, can induce remissions with relatively few toxicities in 
relapsed/refractory B-cell malignancies. Although the safety profile seems highly favorable, it remains 
unclear if allogeneic CAR NK-cell therapy could overcome limitations of existing autologous CAR 
T-cell therapies. First, the trial did not demonstrate true off-the-shelf capabilities: Manufacturing was 
done for each product immediately before infusion, and the authors note that NK cells are difficult to 
cryopreserve. Second, lower cost for the therapy is uncertain given the one patient to one product 
manufacturing, and the logistics of both procuring cord blood and shipping fresh product. Finally, 
the ability of these cells to induce durable remissions is unknown; only one of eight patients with 
opportunity for one-year follow-up remained in remission without having received consolidation. 
Bottom line, this therapy holds great promise, but process optimization making it truly “off-the-shelf,” 
and multicenter trial results demonstrating durability, are both needed for the therapy to cross the 
developmental finish line. 
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is expressed in approximately 35 percent of T-ALL cases. This approach was 
designed to spare large subsets of normal T-cells to reduce T-cell aplasia.18 
In an alternative approach, scientists at Washington University in St. Louis 
have designed an “off-the-shelf” CAR-T construct, UCART7, which is resistant 
to fratricide, exhibits no alloreactivity or GVHD potential, and expands and 
persists, and efficiently eliminates CD7+ T-ALL in vivo.19,20 The laboratory 
manipulations that were used to work around the obstacles are beyond the 
scope of this review, but are described in the references for the interested 
reader. 

Conclusion
In summary, immunotherapy is a much-needed option for patients 
with resistant or relapsed T-ALL. The patient in the case report had few 
treatment options, especially given the initial use of nelarabine. She received 
mitoxantrone and cytarabine as salvage chemotherapy and did achieve a 
second remission. She is now more than 100 days post-HSCT and remains in 
remission. Her case is atypical, however, as most patients do not respond to 
salvage chemotherapy. The adult cooperative cancer groups, together with 
the Children's Oncology Group, are working currently on the next series of 
clinical trials for T-ALL, some of which plan to incorporate daratumumab. 
CAR-T trials in progress may provide further progress toward an effective 
treatment for the significant fraction of children and adults who have 
relapsed or refractory T-ALL with current therapy.
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F E B R U A R Y  2 7,  2 0 2 0

Dufva O, Koski J, Maliniemi P, et al. Integrated drug profiling 
and CRISPR screening identify essential pathways for CAR 
T-cell cytotoxicity. Blood. 2020;135:597-609.

In a study reported in this Plenary Paper, Dr. Olli Dufva 
and colleagues used functional drug and CRISPR screens 
to uncover new biology about modulation of responses 
to chimeric antigen receptor (CAR) T-cell therapy. Their 
findings suggest that anti-CD19 CAR T-cell therapy can be 
enhanced through use of small molecules that target death 
receptor signaling.

M A R C H  1 2 ,  2 0 2 0

DiNardo CD, Tiong IS, Quaglieri A, et al. Molecular 
patterns of response and treatment failure after frontline 
venetoclax combinations in older patients with AML. Blood. 
2020;135:791-803.

In this Plenary Paper, Dr. Courtney DiNardo and colleagues 
describe the molecular correlates of acute myeloid leukemia 
(AML) response and resistance to venetoclax in combination 
with hypomethylating agents or low-dose cytosine 
arabinoside. They identify specific response-modifier driver 
mutations that may be clinically applied to stratify patients 
in future trials or to inform selection of regimens in current 
practice.

Liu P, Pan X, Chen C, et al. Nivolumab treatment for relapsed/
refractory Epstein-Barr virus–associated hemophagocytic 
lymphohistocytosis in adults. Blood. 2020;135:826-833.
Dr. Pengpeng Liu and colleagues report exciting preliminary 
clinical data on the potentially curative role of immune 
checkpoint inhibition for the treatment of Epstein-Barr 
virus–associated hemophagocytic lymphohistiocytosis.

M A R C H  1 9 ,  2 0 2 0

Song Z, Huang G, Chiquetto Paracatu L, et al. NADPH oxidase 
controls pulmonary neutrophil infiltration in the response to 
fungal cell walls by limiting LTB4. Blood. 2020;135:891-903.

A P R I L  2 ,  2 0 2 0

van Zeventer IA, de Graaf AO, Wouters HJCM, et al. 
Mutational spectrum and dynamics of clonal hematopoiesis 
in anemia of older individuals. Blood. 2020;135:1161-1170.

Anemia increases with age and one-third of cases are 
unexplained. The authors examined the relationship of 
clonal hematopoiesis (CH) to the anemia of aging. While 
common age-related mutations were not increased 
in the anemia population, deleterious mutations, 
including TP53 and SF3B1, were increased. However, 
the higher prevalence of CH was insufficient to account 
for unexplained anemia, the etiology of which remains 
elusive.

A P R I L  9 ,  2 0 2 0

Six E, Guilloux A, Denis A, et al. Clonal tracking in 
gene therapy patients reveals a diversity of human 
hematopoietic differentiation programs. Blood. 
2020;135:blood.2019002350.

Dr. Emmanuelle Six and colleagues report their analyses 
of long-term hematopoiesis in two gene therapy trials, 
enumerating repopulating stem and progenitor cell 
numbers and deducing their differentiation potential 
based on clone tracking and novel bioinformatic 
approaches.

Johnston IH, Sarkar A, Hayes VM, et al. Recognition of PF4-
VWF complexes by heparin-induced thrombocytopenia 
antibodies contributes to thrombus propagation. Blood. 
2020;135:blood.2018881607.

Dr. Ian H. Johnston and colleagues demonstrated 
assembly of heparin-induced thrombocytopenia (HIT) 
immune complexes along von Willebrand factor (VWF) 
strings released by injured endothelium. This helps 
explain arterial thrombosis in HIT and suggests that 
disruption of platelet factor 4–von Willebrand factor (PF4-
VWF) complex formation may provide a new therapeutic 
approach.

Carestia A, Davis RP, Grosjean H, et al. Acetylsalicylic acid 
(ASA) inhibits intravascular coagulation during S. aureus–
induced sepsis in mice. Blood. 2020;135:blood.2019002783.

Dr. Agostina Carestia and colleagues report that mice 
treated with aspirin have significantly reduced platelet 
aggregation and neutrophil extracellular trap release 
during Staphylococcus aureus infection. Furthermore, 
aspirin reduces intravascular thrombin activity, 
microvascular occlusion, and organ damage.

Chronic granulomatous disease (CGD), caused by 
inactivating mutations in the NAD phosphate (NADPH) 
oxidase complex, is characterized by poor antimicrobial 
control and hyperinflammation. In a study reported 
in this Plenary Paper, Dr. Zhimin Song and colleagues 
elucidate the pathophysiology of aberrant inflammation 
in CGD, demonstrating that loss of oxidase activity leads 
to excessive neutrophil activation through upregulation 
of the inflammatory protein leukotriene B4.

M A R C H  2 6 ,  2 0 2 0

Carpio C, Bouabdallah R, Ysebaert L, et al. Avadomide 
monotherapy in relapsed/refractory DLBCL: safety, 
efficacy, and a predictive gene classifier. Blood. 
2020;135:996-1007.
and
Risueño A, Hagner PR, Towfic F, et al. Leveraging gene 
expression subgroups to classify DLBCL patients and 
select for clinical benefit from a novel agent. Blood. 
2020;135:1008-1018.

Avadomide is a novel cereblon-modulating drug that 
both kills lymphoma cells directly and stimulates T 
cells and natural killer cells. Dr. Cecilia Carpio and 
colleagues describe the safety and preliminary efficacy 
of avadomide in relapsed diffuse large B-cell lymphoma 
(DLBCL) and how immune cell composition is associated 
with differential responses. The companion article by 
Dr. Alberto Risueño and colleagues details a new gene 
expression classifier that discriminates DLBCL based 
on tumor and immune-cell composition and that may 
assist in identifying patients most likely to respond to 
immunomodulatory therapy, such as avadomide.

Mollé N, Krichevsky S, Kermani P, et al. Ruxolitinib can 
cause weight gain by blocking leptin signaling in the brain 
via JAK2/STAT3. Blood. 2020;135:1062-1066.

Dr. Nicole Mollé and colleagues investigated the 
patterns of weight gain associated with ruxolitinib 
therapy in patients with myeloproliferative neoplasms, 
defined high-risk groups for treatment-acquired obesity, 
and defined a plausible mechanism in mouse models.

conversation starter

Dr. Nancy Berliner (Editor-in-Chief) and Dr. Andrew Roberts (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. 

editors’ choice

Featured content from Blood Advances, Volume 4, Issue 7

Dimorphism in the TCRγ-chain Repertoire 
Defines Two Types of Human Immunity to 
Epstein-Barr Virus
Humans form 2 groups based on their innate immunity 
to Epstein-Barr virus (EBV). Group 1 makes a strong 
natural killer (NK)–cell and γδ T-cell response, whereas 
group 2 makes a strong NK-cell response, but a weak γδ 
T-cell response. To investigate the underlying basis for this 
difference in γδ T-cell immunity to EBV, we used next-
generation sequencing to compare the γδ T-cell receptor 
(TCR) repertoires of groups 1 and 2. In the absence of 
EBV, group 1 TCRγ chains are enriched for complementarity 
determining region 3 (CDR3s) containing JγP, whereas group 
2 TCRγ chains are enriched for CDR3s containing Jγ2. In 
group 1 donors, EBV activates many γδ T cells expressing 
Vγ9JγP, inducing proliferation that produces a large 
population of activated effector cells. The TCRs using Vγ9JγP 
are closely related to the TCRs of γδ T cells that respond 
to phosphoantigens. In group 2 donors, EBV activates a 
small subpopulation of γδ T cells, most expressing Vγ9JγP. 
In conclusion, we find that differences in the TCRγ-chain 
repertoire underlie the differential response of group 1 and 
group 2 to EBV.

From Djaoud Z, et al. Blood Advances. 2020;4:1198–1205. 
More available at www.bloodadvances.org.
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Bringing Immunotherapy to 
the Front Line in Childhood 
Leukemia
Editor’s Note: Normally in Clinical Trials Corner, 
Contributing Editors are asked to summarize a single study. 
Here, Drs. Teachey and Si have reviewed three large studies 
that are moving immunotherapy into the treatment of 
children with acute lymphoblastic leukemia (ALL). While 
childhood ALL is often called out as the poster child for 
multiagent chemotherapy, there is still significant room 
for improvement in outcomes, and each of these trials has 
design elements that capitalize on what has been learned 
about prognostic markers at time of diagnosis and during 
the course of treatment.

STUDY TITLE: A Study to Investigate Blinatumomab 
in Combination With Chemotherapy in Patients 
With Newly Diagnosed B-Lymphoblastic Leukemia 
(AALL1731)

CLINICALTRIALS.GOV IDENTIFIER: NCT03914625

PARTICIPATING CENTERS: Children’s Oncology Group 
(COG) Institutions (anticipated to open at more than 220 
centers in the United States, Canada, Australia, and New 
Zealand)

ACCRUAL GOAL: 6,720 patients

STUDY DESIGN: Currently, COG stratifies patients with 
B-cell acute lymphoblastic leukemia (B-ALL) into risk 
groups based on anticipated event-free survival (EFS); 
(Table 1). These risk groups are derived from parameters 
including age, white blood cell (WBC) count at diagnosis, 
presence or absence of extramedullary disease, disease 
response, and leukemic blast biology. AALL1731 is a phase 
III clinical trial that investigates the use of blinatumomab 
in combination with chemotherapy in patients with newly 
diagnosed standard risk (SR) or Down syndrome (DS) B-cell 
ALL. Blinatumomab is a bispecific single-chain antibody 
that targets CD19. Although the five-year overall survival 
(OS) rate for most patients with National Cancer Institute 
(NCI) SR B-ALL is greater than 90 percent, based on the 
relative number of these patients, they still account for 
approximately half of the overall relapsed population in 
childhood B-ALL.1 Patients with SR-average and SR-high 
disease (see Table 1 for definitions) will be randomized 
to standard chemotherapy or standard chemotherapy 
plus two cycles of blinatumomab. The rationale for use 

of blinatumomab in the SR population is based on the 
excellent outcomes seen in relapsed/refractory (r/r) 
B-ALL and the low toxicity profile.2  Data presented at the 
2019 ASH Annual Meeting demonstrated that a subset of 
children with first-relapse B-ALL treated on the AALL1331 
trial exhibited superiority and tolerability of blinatumomab 
compared to intensive chemotherapy prior to stem cell 
transplantation (SCT).3 The most common severe toxicities 
seen with blinatumomab are cytokine release syndrome 
(CRS) and neurotoxicity. Risk of CRS and neurotoxicity 
correlate with disease burden, and blinatumomab is only 
given to patients with low disease burden on AALL1731.2 
The inclusion of patients with DS is based on inferior 
survival compared to non-DS patients from both increased 
treatment-related mortality and higher rate of relapse.4-6 
Patients with DS and without consolidation failure, defined 
as end of consolidation (EOC) minimal residual disease 
(MRD) less than 1 percent, will receive three blocks of 
blinatumomab to replace selected cytotoxic chemotherapy 
to preserve antileukemia efficacy while reducing toxicity. 
Finally, AALL1731 will confirm if all patients can be treated 
with a uniform duration of therapy regardless of sex. 
This is the standard practice in many cooperative groups, 
whereas the COG has historically treated male patients with 
an extra year of therapy.

STUDY TITLE: Inotuzumab Ozogamicin and Post-
Induction Chemotherapy in Treating Patients With 
High-Risk B-ALL, Mixed Phenotype Acute Leukemia, 
and B-LLy (AALL1732)

CLINICAL TRIALS.GOV IDENTIFIER: NCT03959085

PARTICIPATING CENTERS: COG Institutions 
(anticipated to open at more than 220 centers in the 
United States, Canada, Australia, and New Zealand) 

ACCRUAL GOAL: 3,689 patients

STUDY DESIGN: CD22 is highly expressed in most 
cases of childhood B-ALL, making it an attractive target 
for therapeutic strategies.7,8 AALL1732 is a phase III 
randomized trial of inotuzumab ozogamicin (InO) for 
newly diagnosed patients with high-risk (HR) B-ALL. 
This trial will stratify NCI HR B-ALL patients into two 
risk groups (Table 1). Patients with NCI HR B-ALL who 
do not meet the HR-favorable definition and who have 
EOC MRD less than 0.01 percent will be randomized to 
receive or not receive two cycles of InO, an antibody drug 
conjugate composed of a humanized IgG monoclonal 
CD22-targeted antibody linked to calicheamicin. The trial’s 
primary endpoint is to determine if adding InO improves 
five-year disease-free survival (DFS). Patients with Ph-like 

Clinical Trials Corner ALL can remain on study or they can pursue alternative 
therapy but then would need to be removed from protocol 
therapy. Rationale for the use of InO in frontline therapy 
in patients with HR B-ALL is based on several adult 
clinical trials that have demonstrated impressive results 
in r/r B-ALL.9 AALL1621 is an ongoing phase II trial that 
prospectively evaluates InO’s toxicity profile and efficacy 
as a single-agent therapy in pediatric patients with r/r 
B-ALL. Data presented at the 2019 ASH Annual Meeting 
demonstrated complete remission (CR)/CR with incomplete 
hematologic recovery (Cri) rate of 58 percent, and 65.4 
percent of responders achieved MRD less than 0.01 
percent.10 More severe toxicities, including hepatotoxicity 
and sinusoidal obstructive syndrome (SOS), are seen with 
InO as compared with blinatumomab, which is part of 
the rationale to use this novel immunotherapy in a higher 
risk population with inferior EFS.9 AALL1732 will include 
nonrandomized interventions to investigate survival in 
B-ALL and mixed-phenotype acute leukemia when treated 
with standard therapy. Finally, AALL1732 will also confirm 
if all patients can be treated with a uniform duration of 
therapy regardless of sex.

STUDY TITLE: Study of Efficacy and Safety of 
Tisagenlecleucel in HR B-ALL EOC MRD Positive 
Patients (AALL1712, CASSIOPEIA) 

CLINICAL TRIALS.GOV IDENTIFIER: NCT03876789

PARTICIPATING CENTERS: Anticipated to open in more 
than 50 centers in North America and Europe

ACCRUAL GOAL: 140 patients

STUDY DESIGN: CASSIOPEIA is a phase II, single-arm, 
open-label, multicenter trial whose purpose is to evaluate 
the efficacy and safety of tisagenlecleucel in pediatric and 
young adult patients (aged 1-25 years) with de novo HR 
B-ALL in first CR (CR1) who have EOC MRD 0.01 percent or 
higher. Tisagenlecleucel is a second-generation chimeric 
antigen receptor modified T cell, where autologous 
peripheral blood T cells have been genetically modified 
ex vivo to target CD19 on the surface of B-cells. The 
U.S. Food and Drug Administration (FDA) approval of 
tisagenlecleucel was based on results from the ELIANA trial 
that demonstrated OS of 90 percent at six months, and 79 
percent at 12 months in children and young adults with r/r 
B-ALL.11 Investigators in the AALL1721 trial hypothesize 
that use of tisagenlecleucel not only offers the possibility 
of eliminating residual disease, but also could serve as 
definitive therapy without the need for consolidation with 
allogeneic SCT (aSCT). Patients who are not in remission 
are not eligible. Thus, tisagenlecleucel could also offer 
a better safety profile than seen in other trials; similar 
to blinatumomab high-tumor burden is associated with 
higher risk of severe CRS and neurotoxicity. Patients will be 
offered a second infusion of tisagenlecleucel if they have 
evidence of B-cell recovery less than six months after initial 
infusion or have re-emergence of MRD positivity without 

Table. AALL1731 and AALL1732 Postinduction Risk Groups 

Adapted from a table provided by Rachel Rau, MD. Abbreviations: DT, double trisomies of 4 and 10; EOC, end of consolidation; EOI, end of induction; HR, high risk; HR-Fav, high risk favorable; MRD, minimal 
residual disease; PB, peripheral blood; SR, standard risk; SR-Avg, standard risk average; SR-Fav, standard risk favorable; VHR, very high risk.
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morphological relapse. Loss of B-cell aplasia less than six 
months after drug infusion has been associated with higher 
risk of relapse.12,13 The primary objective of this study is to 
compare the five-year DFS after tisagenlecleucel infusion 
with a historical control of chemotherapy and aSCT.   

COMMENTARY: B-ALL is the most common childhood 
malignancy, and multiagent chemotherapy has led to 
an impressive cure rate higher than 85 percent.14 While 
stratifying patients and tailoring therapy based on risk of 
relapse has led to dramatic improvements in OS, many 
patients continue to relapse and have poor survival.1 
Many of the improvements in survival within the past 
50 years have been through intensification of cytotoxic 
chemotherapy regimens; however, we have reached 
a point where further intensification of conventional 
chemotherapies has proven too toxic, and any improvement 
in disease control is mitigated by treatment-related 
mortality. An attractive alternative mechanism to attempt 
to improve cures is the incorporation of immunotherapies. 
Multiple immunotherapies have demonstrated impressive 
efficacy in heavily pretreated populations and may 
offer the benefit of higher cure rates without excessive 
toxicity. The encouraging results in patients with r/r B-ALL 
serve as the basis for the investigation of three different 
immunotherapies in de novo patients with B-ALL. Future 
trials may take this approach further by eliminating more 
cytotoxic agents and combining immunotherapies in 
order to target multiple surface antigens and avoid relapse 
from antigen loss. There is still work to be done, as the 
development of effective immunotherapies that can be 
moved into the front line for T-cell ALL, infant ALL, and 
acute leukemia of ambiguous lineage are needed. Early-
phase trials that include these populations are ongoing, and 
hopefully in the next few years we will see the paradigm 
shift for patients with these forms of leukemia.
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Adjusting How We Diagnose 
Deep Vein Thrombosis
STUDY TITLE: Age-adjusted D-dimer Cutoff Levels 
to Rule Out Deep Vein Thrombosis: a Prospective 
Outcome Study (ADJUST-DVT)

CLINICALTRIALS.GOV IDENTIFIER: NCT02384135

SPONSOR: University Hospital, Geneva

ACCRUAL GOAL: 3,300 participants

PARTICIPATING CENTERS: Multiple sites in Canada, 
France, and Switzerland

STUDY DESIGN: This is a prospective cohort management 
study examining the utility of an age-adjusted D-dimer 
cutoff in combination with clinical pretest probability 
for the diagnosis of deep vein thrombosis (DVT). The 
age-adjusted cutoff is defined as “negative” as follows: if 
patient’s age is less than 50 years, D-dimer is less than 500 
µg/L; if patient’s age greater than 50 years old, D-Dimer less 
than age multiplied by 10. This contrasts with prior DVT 
diagnostic studies in which a fixed D-dimer cutoff of 500 
µg/L was applied across all age groups.

Outpatients presenting to the emergency department 
with suspected DVT will have their clinical probability 
of DVT assessed using the two-level Wells score for DVT. 
Patients with a non-high (unlikely) probability will have 
a high-sensitivity D-dimer test performed, and those 
with a negative age-adjusted D-dimer will be considered 

as not having DVT and will not receive anticoagulation 
therapy. Those with a high (likely) probability, or those 
with unlikely probability but positive age-adjusted 
D-dimer, will have compression ultrasonography to 
assess for proximal DVT. The primary outcome measure 
is the risk of venous thromboembolism (VTE; including 
DVT or symptomatic pulmonary embolism [PE]) at three 
months in patients with D-dimer levels between the 
usual fixed cutoff and the age-adjusted cutoff who are not 
anticoagulated on the basis of this strategy (i.e., those in 
whom DVT is ruled out).

Exclusion criteria will include those in whom 
suspicion for DVT is raised more than 48 hours after 
hospital admission, pregnancy, other indications for 
anticoagulation besides VTE, concomitant suspicion 
for PE, and life expectancy less than three months. The 
D-dimer assay used is a high-sensitivity quantitative 
assay based on ELISA (VIDAS D-dimer Exclusion) or 
immunoturbidimetric test (Innovance D-dimer).

RATIONALE: D-dimer results have previously been 
extensively validated for the exclusion of DVT, particularly 
in combination with clinical prediction rules.1 The cutoff 
value for categorizing D-dimer results as negative has 
generally been set at a fixed, low level of 500 µg/L to 
achieve higher sensitivity and negative predictive value. 
However, D-dimer results are not specific to VTE and 
are known to increase with age, which may limit their 
specificity in older patients.

In this study, the authors have implemented a 
management algorithm to validate the specificity 
and safety of using an age-adjusted D-dimer cutoff in 
combination with the dichotomized Wells DVT score. 
A similar management algorithm was validated in the 
ADJUST-PE study for the diagnosis of PE using age-
adjusted D-dimer and two-level clinical probability (Wells 
or revised Geneva score) and was found to increase the 
proportion of patients with suspected PE who could safely 
be excluded on the basis of D-dimer without chest imaging 
(6.4-29.7%).2 Furthermore, a recent individual patient-data 
meta-analysis suggested that approaches using graduated 
D-dimer cutoffs adjusted to age or differing clinical pretest 
probability for DVT, instead of a fixed cutoff for all non–
high-probability patients, demonstrated good specificity 
and negative predictive value.3

COMMENT: Given the established relationship (and 
often coexistence) between DVT and PE,4 along with the 
expected age-related increase in baseline D-dimer, this 
study is a natural next step from the aforementioned 
ADJUST-PE study.

Strengths of this study include its large sample size, 
pragmatic design using only a simple and widely used 
clinical prediction rule, and multicenter international 
design. Limitations include the use of only two high-
sensitivity D-dimer assays (whereas other recent studies 
using graduated cutoffs, including ADJUST-PE, have used 
up to six different assays), which may impact its external 
generalizability. Additionally, its nonrandomized design 
precludes comparison with a control group using the 
traditional 500 µg/L cutoff.

However, this study will have important implications for 
clinical care and resource utilization for primary care and 
emergency medicine physicians, and its results will be 
eagerly anticipated.
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Intramedullary Hemolysis in Myelodysplastic 
Syndromes
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A 68-year-old man with Gilbert’s syndrome was referred for evaluation of 
fatigue and pancytopenia. Examination revealed scleral icterus. Automated 
blood counts reported a white blood cell count of 1.8 × 109/L; hemoglobin, 
10.4 g/dL; mean cell volume, 99 fL; platelet count, 59 × 109/L; nucleated 
red blood cells (NRBCs), 11 percent; reticulocytes, 10 percent,; and 
absolute reticulocyte count, 342 × 109/L (by flow cytometry; Sysmex XN 

hematology analyzer). Additional laboratory results showed total bilirubin at 7 mg/dL; direct bilirubin, 0.39 mg/dL; and 
haptoglobin undetectable, with a negative direct antiglobulin test for IgG (including low affinity IgG), C3, IgM, and IgA. 
No iron, vitamin B12, copper, paroxysmal nocturnal hemoglobinuria clone or G6PD deficiency was detected. Peripheral 
blood (PB) smear is shown in the Figure (part A; 40×). Bone marrow evaluation demonstrated 95 percent cellularity, 
erythroid hyperplasia, trilineage dysplasia, and no increase in blasts or abnormal karyotype. A myeloid somatic mutation 
next-generation sequencing panel showed no mutations. 

What is the most likely cause of the patient’s macrocytic anemia?

A.  Direct antiglobulin (Coombs) test–negative autoimmune hemolytic anemia

B.  Hypersplenism due to Gilbert’s syndrome

C.  Intramedullary hemolysis from myelodysplastic syndrome

D. Microangiopathic hemolytic anemia

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

Drs. Shomali, Kurzer, and Greenberg indicated no relevant conflicts of interest.
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2020 ASH News Daily 
Seeks Authors
The deadline has been extended! 

ASH is in search of the next team of authors for 
the 2020 ASH News Daily. If you are an ASH 
member (MD or PhD) who has a passion for 
writing as great as your love for hematology, you 
may be the right fit.
 
Ideal candidates are proficient, published writers 
who are curious about, and willing to cover, areas 
outside their comfort zone. You must be able to 
attend the annual meeting in December 2020, as 
well as one in-person board meeting two to three 
months prior.
 
Interested candidates should have a flexible 
schedule at the annual meeting and be good with 
firm deadlines; enjoy science writing and be able 
to approach it creatively; and enjoy networking and 
doing author outreach.
 
If this sounds like you, please email Managing 
Editor Juana Llorens (jllorens@hematology.org) 
with a letter of interest, two writing samples, and 
your CV by June 3, 2020.
 
For more information about ASH News Daily, visit 
www.hematology.org/meetings/annual-meeting/
ash-news-daily.

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. 

Clinical Practitioners: Nominate Yourself or a 
Colleague for an ASH Leadership Position
ASH members in good standing can nominate themselves or other members for leadership and committee 
positions through May 31. Vacancies on the Executive Committee for 2020 include the Vice President, 
Secretary, and two Councillor positions, including one Councillor position designated for an individual in 
clinical practice. Please note that the eligibility criteria for this position have recently been revised:

The Councillor in Clinical Practice must be in clinical practice providing direct patient care greater than 50 
percent of the time. Practice structure may include traditional physician-owned private practice or other 
modalities such as group practice or employment by a hospital or health system. The Councillor in Clinical 
Practice must be knowledgeable about the issues facing ASH members in clinical practice, including 
business, management, reimbursement, public policy, maintenance of certification, and continuing 
education. The Councillor in Clinical Practice must be able to effectively represent the practice community 
on the ASH Executive Committee.

Visit the online nominations site (www.hematology.org/About/Governance/Nominations.aspx) to learn 
more about this and other vacant positions. Self-nominations are welcome.


