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Likely New Standard of Care
Children with relapsed B-cell acute 
lymphoblastic leukaemia survived 
significantly longer when treated 
with blinatumomab as post-
reinduction consolidation therapy 
before haematopoietic stem cell 
transplantation compared with 
standard chemotherapy.

Arginine Against Sickle 
Cell Disease Pain 
A Nigerian double-blind, ran-
domised, placebo-controlled trial 
indicated that oral arginine is 
beneficial and widely accessible 
as adjuvant therapy for sickle 
cell anaemia-associated vaso-
occlusive pain episodes.

100% Response in Relapsed/
Refractory MM
All 29 patients with progressive 
myeloma in the phase 1b/2 CARTI-
TUDE-1 trial attained objective re-
sponses with JNJ-4528, including 
complete responses in two-thirds 
of the patients. All patients tested 
were MRD-negative.
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Dear Reader,

It is my pleasure to introduce this peer-reviewed ASH 
2019 Medicom Conference Report. We have selected a 
number of interesting abstracts from this years’ ASH 
meeting that will probably change your practice now 
or in the near future. The abstracts are summarised in 
a way that the information is easy to digest in a rather 
short time. 

This year, we saw a further increase in papers on 
immunotherapy including bispecific antibody 
and CAR T-cell treatment applied in a variety of 
haematological malignancies. Also, gene therapy is 
now rapidly moving from bench to bedside. Especially 
interesting developments in sickle cell and other 
haemoglobinopathies are emerging. AML treatment, 
which has seen no new developments for a long time, 
is now rapidly changing with the development of new 
effective targeted treatments and by successfully 
applying maintenance treatment with epigenetic agents. 
You will find snapshots of all these new developments in 
this report. I am sure you will enjoy.

Gert Ossenkoppele

Prof. Gert Ossenkoppele

Letter from the Editor

CONfeReNCe RePORT - Ash 2019
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Likely new standard of care: blinatumomab for 
children with relapsed B-ALL
Children with relapsed B-cell acute lymphoblastic 
leukaemia (B-ALL) survived significantly longer when 
treated with immunotherapy agent blinatumomab 
as post-reinduction consolidation therapy before 
haematopoietic stem cell transplantation (HSCT) 
compared with standard chemotherapy. 

Dr Patrick A. Brown (Johns hopkins kimmel Cancer Center, 
Baltimore, UsA) presented the results of the randomised, 
phase 3 AALL1331 trial, which aimed to specifically test the 
benefits of the bispecific antibody blinatumomab (binding 
both CD19 expressed on B cells and CD3 expressed on T cells) 
in children and young adults with minimal residual disease 
(MRD) of ≥0.01% after chemotherapy [1]. The unmet need this 
trial attempted to address was that young patients with MRD 
are frequently unable to proceed to stem cell transplantation 
and are consequently prone to relapse and death.

All patients enrolled (n=208; aged 1-30 years) had high-risk 
or intermediate-risk B-ALL at first relapse after 1 month 
of standard chemotherapy. Patients were randomised to 
either 2 cycles of blinatumomab (n=105), or a control arm, 
which received 2 blocks of intensive chemotherapy, prior to 
hsCT work-up (n=103). The primary endpoint of this study 
was disease-free survival. secondary endpoints were MRD 
clearance, safety, and bridge to a successful hsCT.

Figure: AALL1331 primary endpoint: disease-free survival [1]
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Late-Breaking Abstracts
The primary endpoint was met. With a median follow-up of 
1.4 years, the disease-free survival of the blinatumomab arm 
was 59.3% versus 41.0% with those who received intensive 
chemotherapy (P=0.050; see figure). Overall survival at 
2 years was 79.4% and 59.2% with blinatumomab and 
chemotherapy, respectively (P=0.005).

Blinatumomab significantly improved MRD clearance 
(P<0.0001). No new safety signals were observed for either 
treatment, although the incidence of serious treatment-
related adverse events grade ≥3, such as febrile neutropenia, 
infection, sepsis, or mucositis, was significantly higher in the 
chemotherapy arm than the blinatumomab arm (P<0.001). 
By contrast, in patients receiving blinatumomab, the rate of 
cytokine release syndrome was 22%, 4% had seizures, and 
14% experienced some form of neurotoxicity, all of which fully 
resolved. Although no patients who received blinatumomab 
died, 4 patients in the chemotherapy group died from the 
toxic effects of chemotherapy (P=0.05). 

Importantly, given that the best opportunity for a curative 
treatment is hsCT, the patients in the blinatumomab arm 
(73%) were more likely to successfully bridge to transplant 
than those patients in the intensive chemotherapy arm. At 
the end of the chemotherapy treatment, 45% participants 
went on to transplant (P<0.0001). 

Dr Brown: “Based on our study, it appears that blinatumomab 
is a much more effective bridge to transplant for this patient 
population, leading to a much larger portion of patients who 
are actually able to receive a bone marrow transplant. We 
believe that is the reason for the striking improvement in 
survival among patients who received blinatumomab.”

1. Brown PA, et al. LBA-1, Ash 2019, 7-10 December, Orlando, UsA. 

Pivotal phase 3 trial in cold agglutinin disease: 
sutimlimab can stop haemolysis
In a phase 3 clinical trial, patients with cold agglutinin 
disease (CAD) treated with sutimlimab demonstrated 
improved haemoglobin levels, required fewer blood 
transfusions, and felt significantly less fatigued [1].

https://clinicaltrials.gov/ct2/show/NCT02101853
https://ashpublications.org/blood/article/134/Supplement_2/LBA-1/428839/A-Randomized-Phase-3-Trial-of-Blinatumomab-Vs
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were no meningococcal infections identified. All sutimlimab-
related adverse events were considered non-serious and 
included swelling, hypertension, and runny nose. All patients 
who completed Part A of the trial elected to continue to 
participate in Part B that will assess longer term outcomes 
of sutimlimab. 

“This drug appears to stop the haemolysis process,” Dr 
Röth said. “haemolysis causes anaemia, increases risk 
for thrombosis and causes fatigue, so the central drive is 
to stop the haemolysis. Treatment with sutimlimab stops 
haemolysis almost completely, which is very important. In 
some ways, this is a cure for the haemolysis of the disease, 
because we are stopping the whole process; this is a 
dramatic breakthrough.”

1. Röth A, et al. LBA-2, Ash 2019, 7-10 December, Orlando, UsA. 

Oral azacitidine improves overall survival in 
patients with AML in remission
In a phase 3, randomised, placebo-controlled trial, a 
new oral formulation of azacitidine, called CC-486, 
significantly improved overall survival in patients with 
newly diagnosed acute myeloid leukaemia (AML) in 
remission after standard induction chemotherapy, 
with or without consolidation therapy. CC-486 had a 
favourable safety profile.

Dr Andrew Wei (Alfred hospital, Australia) presented the 
results of the QUAZAR AML-001 trial in the late-breaking 
session [1]. The study attempted to address the deficit of 
maintenance therapy options available to older AML patients 
who have achieved remission after initial chemotherapy and 
want to defer any further aggressive treatment, such as stem 
cell transplantation. AML patients with either intermediate-
risk or poor-risk cytogenetics (n=472; age range 55-86 years) 
were enrolled if they had (1) achieved a complete response 
after induction chemotherapy, with or without consolidation, 
and (2) if they were ineligible for a haematopoietic stem cell 
transplant. Patients were randomised to receive either 300 
mg of CC-486 (n=238) or placebo (n=234) once daily for 14 
days of a 28-day cycle plus best supportive care until disease 
relapse.

At a median follow-up of 41.2 months, the primary endpoint 
of overall survival was met: 31% fewer patients in the CC-486 
arm had died versus those on placebo (HR 0.69; 95% CI 
0.55-0.86; P=0.009; see figure). Median overall survival was 

Sutimlimab is a first-in-class humanised monoclonal 
antibody that selectively inhibits the C1 complex of the 
classical complement pathway. since C1 complement 
pathway overactivation is thought to drive CAD pathogenesis, 
the rationale was to evaluate whether sutimlimab could 
modify key disease outcomes such as haemolytic anaemia. 
There are currently no approved treatments for CAD.

Dr Alexander Röth (University of Duisburg-essen, germany) 
presented Part A of the open-label, single-arm, multicentre 
CARDINAL study, in which 22 CAD patients (average age of 
71 years) received intravenous sutimlimab on days 0 and 7, 
followed by biweekly infusions for 26 weeks. Part B is the 
ongoing extension phase. 

The primary endpoint for efficacy was a composite 
endpoint of increased haemoglobin ≥2 g/dL or an average 
haemoglobin level ≥12 g/dL, in combination with no need 
for transfusions between weeks 5-26. Secondary efficacy 
endpoints were a change from baseline of (1) haemolytic 
markers, e.g. bilirubin, and (2) quality of life as measured 
by the functional Assessment of Chronic Illness Therapy 
fatigue (fACIT-f) scale. 

The prespecified primary endpoint was met by 13 patients 
(54.2%), who showed a mean haemoglobin increase of 2.6 g/
dL (standard error 0.4). In total, 20 of the 22 patients (82.2%) 
achieved a mean haemoglobin increase of at least 1 g/dL. 
Researchers noted a “rapid and sustained” haemoglobin 
response, as demonstrated by a 1.2 g/dL increase by 
week 1 and 2.3 g/dL increase by week 3. Further, mean 
total haemoglobin exceeded 11 g/dL by week 3, showing 
sustained responses. Seventeen patients (70.8%) did not 
require transfusions from weeks 5 to 26.

By week 3, researchers also observed normalisation of mean 
total bilirubin, which is a marker of extravascular haemolysis 
in CAD. Patients’ FACIT-F scores improved significantly 
within the first week of treatment and peaked at week 5, with 
stable improvements noted through week 26. 

Almost all patients (92%) experienced at least one adverse 
event during the course of the study, and 29% experienced a 
serious adverse event. however, most of these events were 
deemed to be unrelated to sutimlimab by the overseeing 
committee. In total, 2 patients (8.3%) experienced serious 
adverse events involving infection; none of which were 
assessed by the investigator as related to sutimlimab. No 
patient discontinued sutimlimab due to infection and there 

https://ashpublications.org/blood/article/134/Supplement_2/LBA-2/428841/Inhibition-of-Complement-C1s-with-Sutimlimab-in
https://clinicaltrials.gov/ct2/show/NCT01757535
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24.7 months versus 14.8 months for CC-486 and placebo, 
respectively. The risk of relapse was also significantly lower 
in those who received the medication (10.2 months in the 
CC-486 arm versus 4.8 months for placebo; HR 0.65; 95% 
CI 0.52-0.81; P=0.0001). Complete molecular response with 
no evidence of minimal residual disease was also frequently 
observed in patients receiving the drug. Notably, benefits in 
the CC-486 arm were observed in patients with high-risk 
characteristics, including the number and duration of prior 
therapies, the presence of any measurable residual disease, 
poor cytogenetic risk, or patients ≥65 years. Self-reported 
quality of life did not change across treatment groups.

The most common grade 3-4 adverse events were neutropenia, 
thrombocytopenia, and anaemia. More gastrointestinal 
complaints were observed in the CC-486 arm (i.e. nausea, 
vomiting, and diarrhoea); however, these events typically 
occurred in the first 2 cycles and were easily resolved with 
standard supportive care. serious adverse events were mostly 
infections, which occurred in 17% of patients in the CC-486 
arm and 8% of patients in the placebo arm.

Dr Wei concluded: “The AML community has been trying to 
validate the role of maintenance therapies to extend initial 
treatment responses for many decades and –until now– 
without success. While several agents have been studied and 
shown to increase relapse-free duration, demonstration of a 
survival benefit has been elusive. CC-486 is the first therapy 
to provide statistically significant and clinically meaningful 
improvement in both overall survival and relapse-free 
survival in patients with AML in remission following induction 
chemotherapy, with or without consolidation.”

1. Wei A, et al. LBA-3, Ash 2019, 7-10 December, Orlando, UsA.

BCL11A as a novel target in gene therapy for 
sickle cell disease 
Three adult patients (ages ranging from 21-26 years) with 
sickle cell disease received an infusion of their own stem 
cells that were genetically engineered ex vivo to induce 
them to stop producing harmful sickle haemoglobin and 
start producing the healthy foetal form of haemoglobin. 
All 3 patients are doing well and the gene therapy pilot 
study is extremely promising for future development. 

Dr David A. Williams (Boston Children’s hospital, UsA) said 
that the 3 patients, who are now 18, 10, and 9 months post-
infusion, are all producing significantly increased amounts of 
the healthy form of haemoglobin and have so far shown no 
therapy-related adverse effects beyond those expected with 
autologous haematopoietic stem cell transplantation [1]. 

Dr Williams and colleagues hypothesised that knocking down 
BCL11A with RNA interference would re-induce foetal gamma-
globulin expression. They genetically engineered a virus to 
deliver a gene that blocks the BCL11A protein in red blood cells 
using microRNA to simultaneously increase foetal haemoglobin 
and decrease sickle haemoglobin. Preclinical work in mice 
has shown that erythroid-specific expression of microRNA-
adapted short hairpin RNAs (shRNAmiR) targeting BCL11A 
effectively induced foetal haemoglobin in human erythroid cells 
derived from transduced haematopoietic stem cells, mitigating 
the haematologic effects of sickle cell disease while avoiding 
negative effects in the stem cells and B lymphocytes.

Post-treatment follow-up shows that all 3 adult patients now 
have normal or near-normal haemoglobin levels and are 
producing foetal haemoglobin in quantities that should be 
sufficient to prevent sickling of red blood cells. One patient 
continues to receive planned blood transfusions due to extensive 
pre-existing blood vessel damage in the brain to reduce any risk 
of stroke, but the patient now needs fewer transfusions than 
before receiving the investigational gene therapy.

Two adolescents aged 16 and 12 years old have also 
received the gene therapy, at 5 months and 1 month post-
treatment. Similarly, these patients are benefitting from the 
gene therapy. for all patients, the hope is that increasing 
foetal haemoglobin levels enough to prevent sickling will 
decrease their pain, as well as their long-term risk for sickle 
cell disease-related complications such as organ damage, 
strokes, and lung disease. Long-term follow up is needed.

1. esrik eB, et al. LBA-5, Ash 2019, 7-10 December, Orlando, UsA.

Figure: QUAZAR AML-001 primary endpoint: overall survival from 
randomisation [1]
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https://ashpublications.org/blood/article/134/Supplement_2/LBA-3/428840/The-QUAZAR-AML-001-Maintenance-Trial-Results-of-a
https://ashpublications.org/blood/article/134/Supplement_2/LBA-5/428838/Validation-of-BCL11A-As-Therapeutic-Target-in
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Adding	daratumumab	to	carfilzomib/
dexamethasone	prolongs	PFS	and	OS	in	R/R	MM
In the open-label randomised phase 3 CANDOR trial, 
the addition of anti-CD38 antibody daratumumab to 
carfilzomib and dexamethasone reduced the risk of 
disease progression or death by 37% compared with 
carfilzomib and dexamethasone alone in patients with 
relapsed/refractory multiple myeloma (MM).

Prof. saad Z. Usmani (UNC-Chapel hill school of Medicine, 
UsA) presented the initial results of the trial, which randomised 
466 patients (2:1 ratio) with relapsed/refractory MM previously 
treated with 1 to 3 prior therapies to either daratumumab 
+ carfilzomib/dexamethasone (n=312) or carfilzomib/
dexamethasone alone (n=154) [1]. The primary endpoint of 
this study was progression-free survival (Pfs). key secondary 
endpoints were overall response rate, minimal residual disease-
negative status, complete response rate at 12 months, overall 
survival (Os), duration of response, and safety.

The median Pfs was not yet reached at median follow-up of 
15.8 months, but the PFS was significantly improved with the 
addition of daratumumab versus carfilzomib/dexamethasone 
alone (HR 0.63; 95% CI 0.46-0.85; P=0.0014). The median OS 
had not yet been reached in either arm at a median follow-up 
of 17 months (HR 0.75; 95% CI 0.49-1.13; P=0.08). The overall 
response rate was 84.3% with daratumumab + carfilzomib/
dexamethasone compared with 74.7% with only carfilzomib/
dexamethasone (P=0.0040). Complete response was observed 
in 28.5% of the daratumumab + carfilzomib/dexamethasone 
arm versus 10.4% in the carfilzomib/dexamethasone arm. At 
12 months, the minimal residual disease-negative rate was 
12.5% for patients receiving daratumumab + carfilzomib/
dexamethasone versus a mere 1.3% patients treated with 
carfilzomib/dexamethasone alone.

The safety profile was similar to what has been previously 
reported for each individual medicine. Grade ≥3 adverse 
events were reported in 56.2% (daratumumab + carfilzomib/
dexamethasone) versus 45.8% patients (carfilzomib/
dexamethasone). Treatment discontinuation rates due 
to adverse events were similar in both arms (22.4% vs 
24.8%, respectively). In the daratumumab + carfilzomib/
dexamethasone arm, 5 treatment-related deaths occurred 
as compared with no deaths in the control arm; all were 
due to infections. Myeloma patients taking daratumumab 
are known to be at higher risk for infections attributable to 
reduced cellular immunity.

In conclusion, the CANDOR trial results showed deep and 
durable responses by adding daratumumab to carfilzomib/
dexamethasone in relapsed/refractory MM patients, and the 
safety profile was consistent with previous experience.  

1. Usmani sZ, et al. LBA-6, Ash 2019, 7-10 December, Orlando, UsA.

Long-term data of ropeginterferon alpha-2b in 
polycythaemia vera
Prof. Jean-Jacques Kiladjian (Saint Louis Hospital, 
France) presented the 4-year follow-up results of the 
PROUD-PV study its extension study CONTINUATION-
PV, which investigated the safety and efficacy of 
ropeginterferon alpha-2b in patients with polycythaemia 
vera (PV) [1]. The results were recently published in The 
Lancet Haematology [2]. 

Ropeginterferon alpha-2b is a mono-pegylated stabilised 
form of interferon that requires less frequent dosing. 
The randomised PROUD-PV trial aimed to demonstrate 
non-inferiority of ropeginterferon alpha-2b (n=127) when 
compared with hydroxyurea (n=127) in PV patients. The 
composite primary endpoint for both studies was complete 
haematological response (i.e. haematocrit <45% without 
phlebotomy for at least 3 months, with normal leucocyte and 
platelet counts) coupled with normal spleen size.

Patients who completed PROUD-PV were allowed to roll-
over to CONTINUATION-PV (ropeginterferon alpha-2b 
continuation arm n=95; the hydroxyurea arm either remained 
on hydroxyurea or received best-available treatment n=76). 
At 48-months follow-up, ropeginterferon alpha-2b was 
superior to hydroxyurea, with 61% of patients in complete 
haematological remission compared with 43% in the control 
arm (relative risk 1.43; 95% CI 1.06-1.93; P=0.0194). Clear 
improvements were also seen in splenomegaly, with 48% 
of patients on ropeginterferon alpha-2b responding versus 
35% in the control arm (relative risk 1.41; 95% CI 0.98-2.01; 
P=0.0630). At 36 months (CONTINUATION-PV), complete 
haematological response with improved disease burden was 
met in 53% of patients in the ropeginterferon alpha-2b group 
versus 38% of patients in the hydroxyurea group (P=0.044). 
Removing the spleen criterion further improved the 
results; complete haematological response was 43% in the 
ropeginterferon alpha-2b group versus 46% in the standard 
therapy group at 12 months (PROUD-PV; P=0.63), and 71% 
versus 51% at 36 months (CONTINUATION-PV; P=0.012).

https://clinicaltrials.gov/ct2/show/NCT03158688
https://ashpublications.org/blood/article/134/Supplement_2/LBA-6/428836/Carfilzomib-Dexamethasone-and-Daratumumab-Versus
https://clinicaltrials.gov/ct2/show/NCT01949805
https://clinicaltrials.gov/ct2/show/NCT02218047
https://clinicaltrials.gov/ct2/show/NCT02218047


7LATe-BReAkINg ABsTRACTs

Notably, during the 4th year of treatment, 42% patients switched 
from 2-weekly to 4-weekly administration of ropeginterferon 
alpha-2b. The cumulative dose decreased from about 800 
micrograms in Year 1 to just over 500 micrograms in Year 4. 
Likewise, after 4 years of treatment, 80% of the patients on 
ropeginterferon alpha-2b were phlebotomy-free as opposed 
to 60% in the control group (P=0.007; see Figure).

Figure: Phlebotomy-free patients in the PROUD-PV and CONTINUATION-
PV trial [1]

Pe
rc

en
ta

ge
 o

f p
at

ie
nt

s 
(%

)

100

90

80

70

60

50

40

30

20

10

0

Ropeginterferon alpha-2b
Control

23.2

34.2

60.0

73.7
78.4

67.1

79.8

60.0

1 2 3 4
Year of treatment

n.s.

n.s.
n.s. P=0.007

After more than 400 patient years in the ropeginterferon 
alpha-2b arm, there were no differences in major 
thromboembolic events observed. The most frequently 
reported grade 3 and grade 4 treatment-related adverse 
events were increased γ-glutamyltransferase (6%) and 
alanine aminotransferase (3%) levels in the ropeginterferon 
alpha-2b group, and leukopenia (5%) and thrombocytopenia 
(4%) in the standard therapy group. Treatment-related 
serious adverse events occurred in 2% (3/127) patients in 
the ropeginterferon alpha-2b group and 4% (5/127) patients 
in the hydroxyurea group. One treatment-related death due 
to acute leukaemia occurred in the standard therapy arm.

In summary, these results obtained in a small group of patients 
suggest that interferon alpha could be a good candidate for 
restoring normal haematopoiesis in PV patients. Considering 
the high and durable haematological and molecular responses 
and a robust tolerability profile, ropeginterferon alpha-2b 
offers a valuable and safe long-term treatment option.

1. kiladjian JJ, et al. Abstract 553, Ash 2019, 7-10 December, Orlando, UsA.
2. Gisslinger H, et al. The Lancet Haematol. 2020; 7(3): PE196-E208. [Epub ahead of 

print].

Anti-CD70 is safe with hypomethylating agents 
in AML
Prof. Adrian Ochsenbein (Bern University Hospital, 
Switzerland) presented the results of the open-label, 
non-randomised combined phase 1 and 2 study looking 
at newly diagnosed acute myeloid leukaemia (AML) 
treatment with hypomethylating agent azacitidine. 
These results showed that better clinical benefit could 
be achieved by the addition of the anti-CD70 monoclonal 
antibody cusatuzumab. Cusatuzumab in combination 
with azacitidine appeared safe and tolerable [1]. 

Leukaemia stem cells are known to express the surface markers 
CD70 and CD27, and there is substantial pre-clinical data to 
suggest that cusatuzumab blocks CD70–CD27 signalling. 
The authors hypothesised that combining cusatuzumab with 
azacitidine would eradicate leukaemia stem cells. This study 
provided the first-in-human data of this combination.

The study enrolled 12 patients with newly diagnosed AML, 
who received 1 infusion with cusatuzumab, ranging from 
1-20 mg/kg, followed after 14 days with two 28-day cycles 
of subcutaneous azacitidine (75 mg/m2) from day 1-7 and 
biweekly cusatuzumab, starting at day 3 of each cycle. The 
primary endpoint was safety and tolerability. key secondary 
endpoints were efficacy, pharmacokinetics, and effect on 
leukaemia stem cells.

No dose-limiting toxicities were observed in the phase 1 part 
of the study. One patient receiving a 3 mg/kg dose experienced 
an adverse event that led to discontinuation. A full list of 
adverse events per dose is included in the Table. 

Table: Most frequent grade 3 or higher treatment-emergent adverse events

Escalation phase – 
cusatuzumab dose

1 mg/kg 
(n= 3)

3 mg/kg 
(n= 3)

10 mg/
kg (n=3)

20 mg/kg 
(n= 3)

Total 
(n= 12)

Anaemia 1 3 1 0 5

Febrile neutropenia 2 0 1 2 5

Leukopenia 0 0 1 0 1

Neutropenia 0 0 1 2 3

Thrombocytopenia 0 0 1 0 1

Cardiac disorders 1 0 0 1 2

Gastrointestinal disorders 0 1 0 1 2

Infections and infestations 1 2 0 3 6

Laboratory abnormalities 3 3 0 1 7

The overall response was promising: 100% of patients 
achieved a response, with 67% (8/12) of patients achieving 
complete response, 17% (2/12) achieving complete response 
with incomplete haematological recovery, and 17% (2/12) 

https://ashpublications.org/blood/article/134/Supplement_1/553/426587/Thromboembolic-Risk-Reduction-and-High-Rate-of
https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(19)30236-4/fulltext
https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(19)30236-4/fulltext
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achieving a partial response. The median time to response 
was 3.3 months.

The average blast reduction of cusatuzumab monotherapy 
was 30% and, at the time of best response, the blast 
reduction was 95% on average. Flow cytometry in 9 patients 
determined that minimal residual disease could not be 
detected in 44% of the patient, whereas 56% did have minimal 
residual disease. A phase 2, dose-expansion study using 10 
mg/kg of cusatuzumab is currently ongoing.

1. Ochsenbein A, et al. Abstract 234, Ash 2019, 7-10 December, Orlando, UsA.

MRD assessment to guide pre-emptive 
treatment decisions
The phase 2 RELAZA2 trial evaluated the role of 
hypomethylation agent azacitidine in minimal residual 
disease (MRD)-guided pre-emptive therapy to prevent 
or delay relapse in patients with myelodysplastic 
syndromes (MDS) or acute myeloid leukaemia (AML) after 
chemotherapy and allogenic stem cell transplantation. 
The authors concluded that MRD monitoring can identify 
patients who are likely to relapse, and MRD-guided 
maintenance with azacitidine could be an effective 
strategy to delay relapse.

Prof. Uwe Platzbecker (University Hospital Carl Gustav Carus, 
germany) presented the prospective study, which aimed 
to determine whether MRD-guided pre-emptive treatment 
with azacitidine could prevent relapse [1]. The researchers 
screened 198 patients with advanced MDs (n=26) or AML 
(n=172). Of these patients, 30% tested positive for MRD 
during the 24-month screening period. 

A total of 53 patients (88%) were eligible to start study 
treatment with azacitidine. After 6 months of treatment, 31 
out of 53 patients were relapse-free (58%; 95% CI 44-72; 
P<0.0001). With a median follow-up of 13 months after the 
start of MRD-guided treatment, relapse-free survival at 12 
months was 46% (95% CI 32-59) in the 53 patients who were 
MRD-positive and received azacitidine. In MRD-negative 
patients, 12-month relapse-free survival was 88% (HR 6.6; 
95% CI 82-84; P<0.0001). 

The most common (grade 3-4) adverse event was 
neutropenia, occurring in 45 (85%) of 53 patients. One patient 
with neutropenia died because of an infection, which was 
possibly related to study treatment. 

In conclusion, this study demonstrated that MRD monitoring 
can reliably identify patients who are likely to relapse. Timely 
intervention with azacitidine could be an effective strategy to 
delay relapse. These data support the prognostic importance 
of MRD monitoring in AML and MDs.

1. Platzbecker U, et al. Abstract 644, ASH 2019, 7-10 December, Orlando, USA. 

Luspatercept	effective	for	myelofibrosis-
associated anaemia
Prof. Aaron Gerds (Cleveland Clinic Taussig Cancer 
Institute, USA) presented the preliminary results of 
the placebo-controlled BELIEVE trial, which evaluated 
whether anaemia resulting from myelofibrosis (MF) could 
be effectively treated with erythroid maturation agent 
luspatercept [1]. 

In this ongoing trial, patients (n=74) with Mf and anaemia 
received luspatercept at 21-day intervals. Based on their red 
blood cell transfusion-dependent status at baseline, patients 
were allocated to 4 cohorts, also taking into account whether 
or not they had been receiving treatment with ruxolitinib at 
the start of the study. 

Cohort 1 (n=20) included non-transfusion dependent (NTD) 
participants who had not received ruxolitinib treatment, 
and Cohort 2 (n=21) included transfusion-dependent (TD) 
participants, also without ruxolitinib. for patients who had 
received ruxolitinib, Cohort 3A (n=14) were NTD, and Cohort 
3B patients (n=19) were TD. The primary endpoint was a ≥33% 
reduction in transfusion burden, with a ≥2-fold reduction in red 
blood cell units required during weeks 13-24 when compared 
with the initial 12-week baseline period. 

Of the patients who received luspatercept, 21.4% reached the 
primary endpoint as opposed to only 4.5% who had received 
placebo (95% CI 10.4-23.6; P<0.0001). In the intent-to-treat 
analysis, the percentages of NTD patients who showed a 
consistent haemoglobin improvement of ≥1.5 g/dL above 
baseline at each evaluation for 12 consecutive weeks were 
10% in Cohort 1 and 21% in Cohort 3A. Of patients who were 
initially TD, 32% in Cohort 3B demonstrated transfusion 
independence for ≥12 consecutive weeks as compared with 
10% of Cohort 2. A mean haemoglobin increase of ≥1.5 g/
dL was reported for 57% of Cohort 3A participants and 15% 
of Cohort 1 participants. A >50% reduction in transfusion 
burden was experienced by 38% of Cohort 2 patients and 
53% of Cohort 3B patients. 

https://ashpublications.org/blood/article/134/Supplement_1/234/426142/Targeting-CD70-with-Cusatuzumab-Eliminates-Acute
https://clinicaltrials.gov/ct2/show/NCT01462578
https://ashpublications.org/blood/article/134/Supplement_1/644/426576/Azacitidine-for-PreEmptive-Treatment-of
https://clinicaltrials.gov/ct2/show/NCT03194542
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grade 3 or 4 treatment-related adverse events were observed 
in 5% of patients, but no treatment-related deaths occurred. 
In conclusion, luspatercept was safe and modestly effective 
at treating anaemia associated with Mf.

1. gerds A, et al. Abstract 557, Ash 2019, 7-10 December, Orlando, UsA.

Arsenic, ATRA, and ascorbic acid in acute 
promyelocytic leukaemia maintenance
Maintenance therapy with arsenic trioxide (oral-As2O3), 
all-trans-retinoic acid (ATRA), and ascorbic acid in 
patients experiencing their first complete remission 
(CR1) from acute promyelocytic leukaemia (APL) was 
safe and resulted in excellent long-term survival.

Prof. gill singh (University of hong kong, China) pointed 
towards the lack of data on the long-term outcomes of patients 
receiving prolonged maintenance with oral-As2O3-based 
regimens in CR1 following non-arsenic-based induction [1]. In 
the current study, adult APL patients (median age 46) in CR1 
(n=129) were recruited for maintenance treatment with oral-
As2O3 (10 mg/day), ATRA (45mg/m2/day in 2 divided doses), 
and ascorbic acid (1 g/day) (AAA). AAA was administered for 
2 weeks every 2 months for a total of 2 years. Prior induction 
treatment comprised ATRA (45 mg/m2/day in 2 divided doses 
for 42 days) and daunorubicin (50 mg/m2/day for 3 days). 
Consolidation comprised 2 monthly cycles of daunorubicin 
(50 mg/m2/day for 2 days) and cytarabine (100 mg/m2/day 
for 5 days). 

The participants had a median follow-up of 100 (8-215) 
months, and 117 (90.1%) patients completed the full 2 years of 
AAA maintenance. Of these, 17 (13.2%) patients relapsed after 
a median of 19 (7-96) months from CR1 (morphologic relapse 
n=14; molecular relapse n=3). In total, 13 deaths occurred; 
5 from refractory APL, and 8 patients died from unrelated 
causes (pneumonia n=4; acute myocardial infarction n=2; 
second malignancy n=2). 

The 5-year and 10-year relapse-free survival rates were 
88.8% and 85.1%, respectively. The overall survival was 
94.2% for 5-years and 87.4% for 10-years. On univariate 
analysis, PML-RARA bcr3 (short) isoform (P=0.02), fLT3-
ITD (P=0.005), and central nervous system involvement at 
diagnosis (P=0.002) were associated with worse relapse-free 
survival. On multivariate analysis, fLT3-ITD (P=0.005), and 
central nervous system involvement at diagnosis (P=0.004) 
were associated with worse relapse-free survival. On 

univariate analysis, PML-RARA bcr3 isoform (P=0.03), fLT3-
ITD (P=0.01), and relapsed APL (P=0.002) were associated 
with worse Os. On multivariate analysis, therapy-related APL 
(P=0.03), fLT3-ITD (P=0.03), and relapsed APL (P=0.03) were 
associated with worse survival.

No serious safety signals were recorded. grade 1 leukopenia 
occurred in 7 (5.4%) participants. The most common non-
haematological toxicity was headache in 29.5% of the 
participants (Grade 1/2 n=38; Grade 3/4 n=0). Grade 1 
hepatoxicity occurred in 7 (5.4%) participants and cutaneous 
herpes zoster infection occurred in 6 (4.7%) participants. The 
results of this study support using AAA as a maintenance 
therapy for APL patients in CR1. 

1. singh gh, et al. Abstract 3853, Ash 2019, 7-10 December, Orlando, UsA.

Updated results ECOG-ACRIN E2906: 
decitabine maintenance after alloSCT
Two presentations by Dr Xiaowen Tang (Soochow 
University, China) and Dr James Foran (Mayo Clinic, 
Jacksonville, USA) suggested that decitabine 
maintenance therapy is an effective and safe treatment 
option to prevent relapse after transplantation for high-
risk acute myeloid leukaemia (AML) patients [1,2].

Relapse is the most common cause of treatment failure 
following intensive induction and consolidation therapy in older 
adults with AML. The prospective, randomised, multicentre, 
phase 2 eCOg-ACRIN e2906 trial investigated patient 
outcomes after decitabine maintenance therapy compared 
with observation in intensively-treated older patients (≥60 
years) with AML. feasibility of decitabine maintenance was 
previously confirmed in a large phase 2 study [3].

The primary clinical results from the e2906 trial (n=727) 
demonstrated inferior overall survival of the single-agent 
clofarabine in comparison with standard daunorubicin and 
cytarabine (7+3) induction and consolidation therapy. The 
target accrual of the maintenance portion of the trial (step 3) 
was n=172, but the accrual was suspended after recruitment 
of 120 patients in february 2015 by the data monitoring 
committee due to superior overall survival observed with 
standard chemotherapy versus clofarabine.

All patients were in complete remission after consolidation 
therapy, and were randomised to either decitabine 20 mg/m2 
days 1-3, every 4 weeks for 1 year (n=59) or an observation 

https://ashpublications.org/blood/article/134/Supplement_1/557/426593/A-Phase-2-Study-of-Luspatercept-in-Patients-with
https://ashpublications.org/blood/article/134/Supplement_1/3853/424266/Oral-Arsenic-Trioxide-ATRA-and-Ascorbic-Acid-AAA
https://clinicaltrials.gov/ct2/show/NCT02085408
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arm (n=69). The median age was 69 years (range 60-85), 74% 
of patients had intermediate risk cytogenetics, and 96% had 
an eCOg performance status of 0-1. With a median follow-
up of 49.8 months, the disease-free survival was better in 
the decitabine arm (15.3 months) than the observation arm 
(8.2 month; HR 0.77; 95% CI 0.50-1.19; P=0.12). Furthermore, 
the overall survival was superior in the decitabine arm (25.8 
months) compared with the observation arm (19.5 months) 
(HR 0.69; 95% CI 0.43-1.09; P=0.06). 

fLT3-ITD status was available for 96 participants, of 
which 84 were fLT3-ITD-negative (46 participants in the 
observation arm, and 38 in the decitabine arm). Importantly, 
the researchers observed a significant association of 
decitabine maintenance with superior overall survival in 

the large fLT3-ITD-negative subgroup; the median overall 
survival of decitabine was 38.3 months versus 25.2 months 
in the observation arm (P=0.039).

Decitabine had few safety signals and was generally well 
tolerable, with the exception of 9% grade 3 febrile neutropenia 
events, with reversible grade 4 cytopenias and no grade 5 
events. In conclusion, decitabine maintenance for 1 year was 
associated with improved overall survival and a trend for a 
longer disease-free survival. The studies also demonstrated 
a significant impact on survival for the FLT3-ITD-negative 
population. 

1. Tang X, et al. Abstract 3306, Ash 2019, 7-10 December, Orlando, UsA.
2. foran JM, et al. Abstract 115, Ash 2019, 7-10 December, Orlando, UsA.
3. Lübbert M, et al. haematologica. 2012 Mar;97(3):393-401. 

Sickle Cell Disease
Arginine supplements help against sickle cell 
disease pain
New findings indicate that oral arginine serves as a 
beneficial and widely accessible adjuvant therapy for 
children with sickle cell anaemia and vaso-occlusive 
pain episodes [1].
 
Prof. Richard Onalo (University of Abuja, Nigeria) presented 
a double-blind, randomised, placebo-controlled trial that 
investigated the opioid-sparing effects of 100 mg/kg oral 
L-arginine in the amelioration of severe vaso-occlusive pain 
episodes (VOe) versus placebo in paediatric patients in sub-
saharan Africa with sickle cell anaemia. Children with sickle 
cell anaemia (n=68; ages 5-17), scoring at least a 7 of 10 
on the Numerical Pain scale score (NPRs), received either 
arginine (n=35) or placebo (n=33) every 8 hours for up to 5 
days or 15 doses. Baseline characteristics, including pain 
scores, were similar between treatment arms. Physicians 
obtained information including patient demographics, 
clinical characteristics, length of hospital stay, pain scores, 
time-to-crisis resolution, analgesia medications required, 
and plasma amino acid levels. All patients received pain 
management as needed, with both opioids and non-opioid 
analgesics. 

Mean total analgesic medication quantification scale score 
(MQS) was significantly lower among arginine-treated 
patients (73; 95% CI 62-84) than placebo patients (120; 95% 
CI 97-143; P<0.001). By the fifth day of care, 54% of children 
treated with arginine had been discharged, versus just 24% 
of children on placebo. The worst reported pain scores on 
day 5 were lower in children treated with arginine versus 
placebo, and the mean rate of pain score decline was greater 
among treated patients (1.5 vs 1.1 cm/day; P=0.009). 

Plasma arginine levels increased significantly among 
arginine patients compared with placebo (125% vs 29%). 
Treated patients also experienced a statistically significant 
decrease in mean total opioid dose use, a shorter time-to-
crisis resolution, and a shorter hospital stay. 

No serious adverse events were reported in the arginine 
group; 1 death was reported in the placebo group. More 
vomiting was reported in the arginine arm versus the 
placebo arm (20% vs 7%; P=0.07). The team concluded that 
oral arginine supplement therapy is a promising add-on to 
the sickle cell anaemia-VOe management. 

1. Onalo R, et al. Abstract 301, Ash 2019, 7-10 December, Orlando, UsA. 

https://ashpublications.org/blood/article/134/Supplement_1/115/426175/Maintenance-Decitabine-DAC-Improves-Disease-Free
https://ashpublications.org/blood/article/134/Supplement_1/3306/423920/Maintenance-Therapy-with-Decitabine-after
http://www.haematologica.org/content/97/3/393
https://ashpublications.org/blood/article/134/Supplement_1/613/426511/Oral-Arginine-Therapy-As-a-Novel-Adjuvant-in-the
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Abatacept prevents graft-versus-host disease 
in sickle cell patients after alloSCT
In a small series of 13 older children with sickle cell 
disease, adding abatacept to the regimen after stem cell 
transplantation (SCT) appeared to be safe and effective 
to prevent graft-versus-host disease (GVHD) [1].

Dr Niketa shah (Yale University, UsA) presented the 
multicentre trial, which had a primary objective of determining 
event-free survival in patients treated with abatacept after 
sCT. The unmet need that the authors tried to address is that 
a major cause of mortality following unrelated donor sCT in 
sickle cell disease patients >13 years is gVhD. 

To that end, 13 children with sickle cell disease (ages 7-21 
years) underwent SCT due to stroke (n=6), ≥3 severe vaso-
occlusive pain crises (n=4), or ≥2 acute chest syndrome 
episodes per year (n=3). Patients received conditioning with 
hydroxyurea, proximal alemtuzumab (starting day −12 or 
earlier), fludarabine, and melphalan in patients with hLA-
matched unrelated donors (-A, -B, - C, and -DRB1). Thiotepa 
(8 mg/kg) was added in HLA-mismatched SCT. GVHD 
prophylaxis included a calcineurin inhibitor and methotrexate. 
Abatacept (10 mg/kg) was administered on days -1, +5, +14, 
+28, +60, +100, +180, +270, and +365 based on efficacy 
described against acute gVhD with early dosing after sCT for 
malignant disorders. 

The conditioning regimen was well tolerated. One patient 
had primary graft rejection after infection (7%). All other 

patients engrafted; neutrophils recovered at median of 18 
days (10-24), and platelets at median of 28 days (16-39). 
All engrafted patients survived free of sickle cell disease 
with median follow-up of 12 months (range 4-59). At day 
+100, myeloid lineage donor chimerism was >95% in all 
patients, and lymphoid donor chimerism varied between 
39% and 100% in all patients. Two-year overall survival 
and event-free survival was 100% and 92.3% (95% CI 6.57-
35.7), respectively. The day+100 incidence of grade 2-4 and 
3-4 acute GVHD incidence was 23% and 15%, respectively. 
One-year incidence of chronic GVHD was 38%. However, 
only 1 patient (7%) developed extensive chronic GVHD. One 
patient (7%) developed posterior reversible encephalopathy 
syndrome and recovered. Viral replication in blood was 
detected in 7 of 13 patients (7 cytomegalovirus; 1 epstein-
Barr virus reactivation). No patient developed epstein-Barr 
virus-related post-transplant lymphoproliferative disease or 
required epstein-Barr virus-related intervention.

The observations are preliminary, based on a small patient 
cohort, and are not placebo-controlled. Nevertheless, these 
early observations support a role for abatacept in the low 
incidence of severe acute GVHD (15% vs 17% grade 3-4) 
despite mismatched donors, low incidence of extensive 
chronic GVHD (7% vs 38%), and no mortality despite patient 
age (10/13 were >13 years old). The engraftment, safety, and 
immune reconstitution profile continue to be monitored in 
this ongoing trial now accruing in a phase 2 cohort. 

1. shah N, et al. Abstract 370, Ash 2019, 7-10 December, Orlando, UsA.

#MedicomMedicalPublishers

https://clinicaltrials.gov/ct2/show/NCT03128996
https://ashpublications.org/blood/article/134/Supplement_1/370/426251/Abatacept-Is-Effective-for-Gvhd-Prophylaxis-after
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Plenary Scientific Session
HOVON-96: Better outcomes with 
cyclophosphamide after transplantation
Following allogeneic haematopoietic stem cell 
transplantation, cyclophosphamide significantly reduced 
grades 2 to 4 acute and extensive chronic extensive graft-
versus-host disease (GVHD) compared with conventional 
immunosuppression.

Dr Annoek Broers (erasmus MC Cancer Institute, the 
Netherlands) presented the study [1]. She noted that GVHD 
is the major cause of morbidity and mortality after allogeneic 
haematopoietic stem cell transplantation. Thus, hOVON-96 
investigators developed a multicentre, randomised, prospective 
trial to compare post-transplantation cyclophos phamide with 
conventional immunosuppression in patients qualifying for 
allogeneic haematopoietic stem cell transplantation using 
grafts from hLA-matched siblings and unrelated donors.

hOVON-96 randomly assigned 160 patients 1:2 to either 
conventional immunosuppression with cyclosporine from 
days -3 to +180 plus mycophenolic acid from days 0 to +84 
or post-transplantation cyclophosphamide with cyclosporine 
from days +5 to +70 plus cyclophosphamide at 50 mg/kg on 
days +3 and +4. The composite of GVHD-free/relapse-free 
survival was defined as the absence of acute GVHD grade 3-4 
and chronic gVhD requiring systemic immunosuppression, 
plus disease relapse and death. The median follow-up was 
38.7 months.

Transplantation was completed by 151 patients with high-
risk haematologic malignancies and a related or unrelated 
donor with a 10 of 10 hLA match. Myeloablative conditioning 
was performed in 2 patients. The donor type was matched 
related in 31% and matched unrelated in 69% of patients. 
Transplants were derived from peripheral blood in 97% of 
patients and consisted of a median 6.14 x 106/kg CD34-
positive cells/kg and a median 230 x 106/kg CD3-positive T 
cells. Baseline characteristics were comparable between the 
arms.

The composite endpoint, GVHD-free/relapse-free survival, 
was 22% with conventional prophylaxis compared with 45% 
with post-transplant cyclophosphamide—a 50% reduction in 

risk (P=0.001). furthermore, post-transplantation cyclophos-
phamide versus conventional immunosuppression reduced 
the incidence of acute grades 2-4 GVHD: 32% versus 48% 
(P=0.014), respectively. similarly, researchers reported reduced 
incidence of chronic GVHD: 19% versus 50% (P=0.001), 
respectively. however, no differences were observed in non-
relapse mortality (P=0.54), progression-free survival (P=0.67) 
or overall survival (P=0.63).

Grade 3 or 4 adverse events were observed in 60% of the 
experimental arm and 42% of the conventional arm. There 
were more infections with cyclophosphamide (41% vs 21%, 
respectively) and neutropenic fever (25% vs 15%, respectively). 
Cardiac toxicity was rare, seen in just 1 patient (1%) in the 
cyclophosphamide arm and 2 patients (4%) in the conventional 
arm. There were also 2 graft failures, 1 in each arm. 

1. De Jong CN, et al. Abstract 1, Ash 2019, 7-10 December, Oralando, UsA.

Erythroferrone and skeletal changes associated 
with thalassaemia
Dr Melanie Castro-Mollo (Icahn School of Medicine at 
Mount Sinai, USA) presented her team’s research into 
the molecular mechanism for the skeletal changes 
associated with thalassaemia [1].

Patients with β-thalassaemia are known to have low 
bone mass due to decreased mineral density and cortical 
thinning, but the role of erythroferrone (eRfe) in causing 
these changes was unknown. eRfe suppresses hepcidin 
via the sequestration of bone morphogenetic proteins 
(BMPs)—positive regulators of hepcidin via its interaction 
with haemojuvelin. eRfe is produced by erythroblasts, 
thereby increasing iron availability for haematopoiesis as 
the inhibition by hepcidin on iron absorption is removed. Dr 
Castro-Mollo described how BMPs are also produced by 
osteoblasts to varying degrees throughout their maturation 
process, at even higher levels than those produced by 
erythroblasts. This discovery led to the hypothesis that eRfe 
regulates bone formation and remodelling. 

To explore their hypothesis, Dr Castro-Mollo used ERFE 
knockout mice, both with and without thalassaemia. 

https://ashpublications.org/blood/article/134/Supplement_1/1/427807/Post-Transplantation-Cyclophosphamide-after
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surprisingly these mice were found to have low bone mass. 
This result was unexpected, as the thought was that by losing 
eRfe there would be no sequestration of BMPs, and as a 
result, a higher bone mass was expected. The researchers 
confirmed that ERFE loss did result in decreased BMP, but 
its loss in osteoblasts increased production of sclerostin, 
which has a role in increasing osteoclastogenesis via RANkL 
upregulation. The increased density of osteoclasts appeared 
to be the explanation for the decreased bone mineral 
density, as cortical sampling from ERFE–/– mice did reveal an 
increased density of osteoclasts. 

The exact mechanism behind this process is still under 
investigation, but Dr Castro-Mollo suspects it could be that 
only certain types of BMPs are directly affected by changes 
in ERFE, altering the overall BMP signalling environment and 
thus the activity of osteoblasts and osteoclasts. 

1. Castro-Mollo M, et al. Abstract 2, Ash 2019, 7-10 December, Orlando, UsA.

Gene editing in congenital neutropenia
ELANE early exon targeting is a highly efficient universal 
therapy for ELANE mutant severe congenital neutropenia 
(SCN), feasible with existing gene editing technology [1].

Patients with sCN are characterised by a high risk of 
myelodysplastic syndrome and acute myeloid leukaemia. 
germline mutation in the ELANE gene is the most common 
cause of sCN, and mutations are dominant in nature, 
preserving gene expression while altering the structure of 
the neutrophil elastase protein product, which results in 
altered protein folding and/or trafficking with excess cell 
death at the promyelocyte/myelocyte stage of maturation. 
Recent advances in gene editing technologies have enabled 
targeted genetic modification of haematopoietic stem cells. 

Dr shuquan Rao (harvard Medical school, UsA) and colleagues 
postulated that introduction of premature termination codons 
by nuclease-mediated frameshift mutations within early 
exons of ELANE could be a simple therapeutic approach for 
ELANE-associated sCN. By introducing premature termination 
codons, the hypothesis was that nonsense mediated decay 
of the mutant transcript would ensue, with consequent loss 
of gene expression, and thereby no longer causing neutrophil 
precursor cell death and consequent neutropenia. 

The researchers employed CRIsPR-Cas9 gene editing to 
target ELANE in primary human CD34+ haematopoietic stem 

and progenitor cells in in vitro neutrophil maturation culture. 
The researchers first introduced early indels at exon 2 of 
ELANE and observed robust nonsense mediated decay, as 
hypothesised. edited cells were fully competent for neutrophil 
maturation similar to neutral locus targeted control cells. 
Using 3 human donors, they showed that ELANE exon 2 
edited haematopoietic stem and progenitor cells produced 
similar human bone marrow chimerism as unedited cells 
in NBsgW recipient mice 16 weeks following infusion. In a 
translational experiment using CD34+ haematopoietic stem 
and progenitor cells from 4 ELANE mutant sCN patient donors, 
it was demonstrated that exon 2 targeting ribonucleoproteins 
achieves highly efficient editing exceeding 95% indel frequency, 
trigger ELANE transcript decay, and rescue promyelocyte 
stage maturation arrest.

The authors then examined naturally occurring sCN-
associated frameshifts, which affect late exons of ELANE. 
Targeting ELANE exon 5 in haematopoietic stem and 
progenitor cells resulted in robust indels (93.5%) preserving 
ELANE expression, but, unlike the results from targeting exon 
2, it now resulted in cell death at the promyelocyte/myelocyte 
stages of development, recapitulating an sCN phenotype. 

Together, these results support the development of ELANE 
early exon targeting as a highly efficient universal therapy 
for ELANE-mutant sCN, feasible with existing gene editing 
technology. Moreover, with late exon ELANE gene editing 
Dr Rao and colleagues have developed a robust new model 
of sCN using primary human haematopoietic stem and 
progenitor cells that recapitulates neutropenia in vivo. 

1. Rao s, et al. Abstract 3, Ash 2019, 7-10 December, Orlando, UsA.

Experimental model for limitations of 
haematopoietic stem cells propagation
Dr Jennifer Myers SanMiguel (The Jackson Laboratory, 
USA) presented a novel mechanism of cell-extrinsic 
stressors emerging from the ageing bone marrow 
micro environment in promoting Dnmt3a-mutant clonal 
haematopoiesis [1].

The knowledge gap that Dr sanMiguel and colleagues 
attempted to address was how self-renewal of somatic stem 
cells such as haematopoietic stem cells (hsCs) are limited in 
their repopulation ability. A molecular clue from several studies 
point to DNA methylase DNA (cytosine-5)-methyltransferase 
3A (Dnmt3a). Loss of the Dnmt3a gene removes self-renewal 
limits allowing indefinite HSC propagation in vivo. 

https://ashpublications.org/blood/article/134/Supplement_1/2/427813/Erythroferrone-Regulates-Bone-Remodeling-in
https://ashpublications.org/blood/article/134/Supplement_1/3/427815/Gene-Editing-ELANE-in-Human-Hematopoietic-Stem-and
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Dr sanMiguel and colleagues examined the role of hsC-
extrinsic stressors in overcoming the impaired differentiation 
of Dnmt3a-mutant hsCs. Using bone marrow from young 
Dnmt3aR878H/+ mice into young and old congenic recipient 
mice, she noted an accelerated expansion of phenotypically 
defined Dnmt3aR878H/+ short-term hsCs and their progeny. 
The researchers then re-isolated the Dnmt3aR878H/+ long-term 
hsCs from both young and aged mice and found upregulated 
gene signatures associated with pro-myeloid differentiation 
on global transcriptome analysis from the aged bone marrow 
microenvironment.

RNA sequencing identified elevated levels of tumour necrosis 
factor-α and macrophage colony-stimulating factor in the 
aged bone marrow microenvironment. Using an ex vivo 
culture system, extrinsic application of these 2 cytokines 
overcame the differentiation block in Dnmt3aR878H/+ long-term 
hsCs and favoured the expansion toward the pro-myeloid 
phenotype. Blocking these cytokines using an agent like 
the anti-tumour necrosis factor agent etanercept reversed 
the clonal haematopoiesis expansion in these preclinical 
models. furthermore, NPM1 mutation drives evolution of 
Dnmt3a-mutant clonal haematopoiesis to acute myeloid 
leukaemia, and the rate of disease progression is accelerated 
with longer latency of clonal haematopoiesis.

Dr sanMiguel concluded that understanding the ageing-
associated stressors in the bone marrow microenvironment 
to propagate the clonal haematopoiesis could translate to 
human disease by offering novel molecular targets to prevent 
clonal haematopoiesis expansion. 

1. sanMiguel J, et al. Abstract 5, Ash 2019, 7-10 December, Orlando, UsA.

Mosunetuzumab: complete remissions in non-
Hodgkin lymphoma
The bispecific anti-CD3 and anti-CD20 monoclonal 
antibody mosunetuzumab provided durable responses 
in patients with B-cell non-Hodgkin lymphoma, even in 
relapsed patients or patients whose disease was refractory 
to chimaeric antigen receptor (CAR) T-cell therapy. 

The dose-escalation trial, presented by Prof. stephen J. schuster 
(University of Pennsylvania, UsA), enrolled patients with B-cell 
non-hodgkin lymphoma who had received at least 1 prior 

therapy, had an eastern Cooperative Oncology group (eCOg) 
performance status of 0 or 1, and for whom there was “no avail-
able therapy that would be expected to improve survival” [1].

A total of 270 patients (median age 62 years) were enrolled; 
164 of those (61.2%) had an ECOG performance status of 
1, and 180 (66.7%) were categorised as having aggressive 
non-hodgkin lymphoma. The most common diagnosis 
was diffuse large B-cell lymphoma (DLBCL; n=117, 43.3%), 
followed by transformed follicular lymphoma (fL; n=32, 
11.9%). Participants had received a median of 3 prior systemic 
therapies (range 1-14). The 30 patients who had had prior 
CAR T-cell therapy were particularly heavily pre-treated, with a 
median of 5 prior lines of therapy (range 3-14).

Mosunetuzumab was administered with step-up dosing 
on days 1, 8, and 15 of cycle 1, followed by fixed doses on 
day 1 of each 21-day cycle for up to 17 cycles. Patients 
who achieved a complete remission after the first 8 cycles 
stopped therapy, while those with a partial response or stable 
disease continued treatment for the full 17 cycles.

In the group of 124 patients with aggressive non-hodgkin 
lymphoma who received mosunetuzumab in doses ranging 
from 2.8 mg to 40.5 mg, the objective response rate (ORR) 
was 37.1%, with a complete remission rate of 19.4%. 
Complete remissions appeared to be durable, with 17 of 
24 patients remaining in complete remission for up to 16 
months after stopping treatment. similar response rates 
and durability were seen in the group with indolent non-
Hodgkin lymphomas (who received mosunetuzumab at 
doses ranging from 2.8 mg to 13.5 mg): ORR was 62.7% and 
complete remission rate was 43.3%. Even in the subgroup of 
those who had previously received CAR T-cell therapy, the 
ORR was 39% and the complete remission rate was 22%.

The adverse events seen with mosunetuzumab were mostly 
low grade and similar to those typically observed with 
CAR T-cell therapies; cytokine release syndrome occurred 
in 28.9% of patients, which were almost all grade 1 or 2 in 
severity (96.2%). Neurologic toxicity occurred in 43.7% of 
patients, including headache (15.6%), insomnia (9.3%), and 
dizziness (9.3%). 

1. schuster sJ, et al. Abstract 6, Ash 2019, 7-10 December, Orlando, UsA.

https://ashpublications.org/blood/article/134/Supplement_1/5/427845/Cell-Extrinsic-Stressors-from-the-Aging-Bone
https://ashpublications.org/blood/article/134/Supplement_1/6/427814/Mosunetuzumab-Induces-Complete-Remissions-in-Poor
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Inclusive Medicine
Socioeconomic disparities and survival in 
paediatric AML 
Children with acute myeloid leukaemia (AML) from low-
income neighbourhoods enrolled in phase 3 clinical trials 
were 2.4 times more likely to die during treatment than 
children from middle- and high-income neighbourhoods [1].

Dr Lena e. Winestone (UCsf Benioff Children’s hospital, UsA) 
presented the first study to demonstrate that socioeconomic 
status, including income and educational status, is a key 
contributor to survival disparities in children with AML. 
Researchers concluded the origin of this disparity was not 
from chemotherapy, but that paediatric AML patients from 
low-income and low-education zip codes have lower 5-year 
overall survival compared with patients from middle-income 
and higher-educated zip codes.

Data for this evaluation was obtained from 1,467 children 
enrolled in the Children’s Oncology group’s 2 recent phase 
3 clinical trials AAML0531 and AAML1031. Patients were 
assessed by the income level of their postal code and by 
the average level of education for their area. Among the 
poverty, low income, and low education areas, a significantly 
higher proportion of children with AML enrolled in these 
trials were Black and hispanic patients. Median annual 
household income was categorised using Us Census data 
into 3 categories: poverty (less than $24,250; below the 
federal poverty line); low income ($24,250-56,516); middle/
high income (greater than $56,516). Researchers also used 
Us Census data to determine educational levels in a patient’s 
neighbourhood. 

The median tumour burden at diagnosis was comparable 
between all groups. From middle/high-income areas, 68% 
of the children survived 5 years after diagnosis, compared 
with 61% surviving from low-income areas, and only 43% 
surviving from areas of poverty. Children from areas with 
a lower level of educational attainment were also shown 
to have lower rates of overall survival compared with those 
from areas with higher levels of educational attainment: 58% 
versus 70%, respectively. Patients from these low-income 
areas were determined to have a statistically significant 
higher risk of early death and treatment-related mortality on 

therapy, as well as more deaths due to toxicities from the 
chemotherapy treatment. 

Taking other factors into account as potential confounders, 
such as insurance type or race, researchers found that 
these socioeconomic predictors of overall survival were still 
significant. 

1. Winestone L, et al. Abstract 703, Ash 2019, 7-10 December, Orlando, UsA.

Oral	selinexor/pomalidomide/dexamethasone	
shows activity in heavily pre-treated multiple 
myeloma
Dr Christine Chen (Princess Margaret Cancer Centre, 
University of Toronto, Canada) presented the results of 
51 heavily pre-treated multiple myeloma (MM) patients in 
an open-label, dose escalation (phase 1) and expansion 
(phase 2) study evaluating selinexor in combination with 
pomalidomide and low-dose dexamethasone. Although 
the numbers were small, the investigators observed a 
manageable safety profile of this triple oral combination, 
a robust overall response rate, and determined a dose 
and scheduling regimen for the phase 2 follow-up of this 
study [1]. 

selinexor is an oral selective XPO1 inhibitor. XPO (exportin-1, 
the major nuclear exporter for tumour suppressor proteins, 
the glucocorticoid receptor, and elf4e-bound oncoprotein 
mRNAs such as c-Myc, Bcl, MDM2, and cyclins) is 
overexpressed in MM. In vitro and in vivo data demonstrate 
that selinexor reactivates tumour suppressor pathways 
and glucocorticoid receptor signalling in MM models that 
were resistant to other therapies [2]. The study presented 
by Dr Chen is a sub-study of the larger phase 2 selinexor 
and Backbone Treatments of Multiple Myeloma Patients 
(sTOMP study), which exclusively analysed the 51 patients 
treated with selinexor in combination with pomalidomide 
and dexamethasone (SPd) [3]. The rationale of this study 
was that additional oral combination strategies are needed 
to improve outcomes in MM. 

The primary endpoint for the sPd sub-study was the 
maximum-tolerated dose and recommended phase 2 dose. 

https://ashpublications.org/blood/article/134/Supplement_1/703/426515/Area-Based-Socioeconomic-Disparities-in-Survival
https://clinicaltrials.gov/ct2/show/NCT02336815
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The secondary endpoint was objective response rate and 
duration of response for each arm independently. The key 
inclusion/exclusion criteria for the SPd arm were based 
on the fact that both selinexor and pomalidomide can be 
myelosuppressive; haemoglobin had to be ≥8.0 g/dL and 
platelet count had to be ≥75,000/mm3. The patients had 
to have had ≥2 cycles of lenalidomide and a proteasome 
inhibitor previously, which allowed the investigators to use 
the MM-003 study data with pomalidomide/dexamethasone 
as a historical comparator arm [4]. These were heavily pre-
treated patients; the median time from diagnosis to sPd 
treatment was 4.8 years (1-23), and patients had been given 
a median of 4 prior lines of therapy (1-13).

Dose levels and scheduling were tested with either selinexor 
once or twice weekly schedules, together with a total weekly 
dose of 40 mg dexamethasone. Pomalidomide was taken 
2-4 mg per day. Because nausea and gastrointestinal (gI) 
problems were to be expected, aggressive prophylactic 
antiemetic therapy was encouraged as supportive therapy. 
Two potentially toxicity-related deaths after the first cycle 
lead to the cessation of the twice-weekly selinexor schedule. 

Of the pomalidomide-naïve patients (n=32), 56% had an 
objective response rate and 78% demonstrated clinical 
benefit. Surprisingly, re-challenge in pomalidomide-refractory 
patients (n=14) provided a 36% objective response rate and a 
64% clinical benefit. 

About half the patients on selinexor once weekly plus 
pomalidomide and dexamethasone developed grade 3-4 
neutropenia, and an additional quarter of those patients 
developed thrombocytopenia. Aggressive prophylactic 
antiemetic treatment ensured that gI toxicities were minor. 
Hyponatraemia was noted but was not clinically significant.

Median progression-free survival among all evaluable 
patients was 10.4 months. In the pomalidomide-naïve 
patients, the median progression-free survival was even 
higher, at 12.2 months (vs 4 months from the MM-003 trial).

All doses had similar toxicity profiles, but cytopenias were 
somewhat reduced with the lower selinexor dose of 60 mg 
and higher pomalidomide dose (4 mg once daily), which 
formed the basis of the recommended phase 2 dose decision. 

In conclusion, once-weekly selinexor can be safely combined 
with pomalidomide and low-dose dexamethasone in patients 
with heavily pre-treated MM. The recommended phase 

2 dose for sPd is selinexor 60 mg once weekly, combined 
with pomalidomide 4 mg once daily + dexamethasone 
40 mg once weekly. The most common adverse events 
were nausea, anorexia, fatigue, neutropenia, anaemia, and 
thrombocytopenia, all of which are thought to be manageable 
with appropriate supportive care and/or dose modification. 

1. Chen CI, et al. Abstract 141, Ash 2019, 7-10 December, Orlando, UsA.
2. Muz B, et al. Transl Oncol. 2017 Aug;10(4):632-640.
3. Chari A, et al. N engl J Med. 2019 381:727-38. 
4. san Miguel J. Lancet Oncol 2013 14: 1055-66.
 

CAR T-cell therapy successful in older non-
Hodgkin’s lymphoma patients 
In a first-of-a-kind study using 2 years of Medicare 
claims data for chimaeric antigen receptor (CAR) T-cell 
therapies in patients aged ≥60 years with non-Hodgkin’s 
lymphoma, researchers have found clear evidence that 
this population derives more clinical benefit from this 
treatment compared with other patients who did not 
receive CAR T cells. 

Dr Karl M. Kilgore (Avalere, a healthcare consulting firm in 
Washington DC, UsA) reported on 207 CAR T-cell recipients 
receiving Medicare (median age 71 years; 60% men; 87% 
Caucasian) [1]. In mid-2017, the 2 different CD19-directed CAR 
T-cell therapies tisagenlecleucel and axicabtagene ciloleucel 
were approved for the treatment of patients with relapsed 
or refractory large B-cell lymphoma who had already had ≥2 
prior systemic therapies. The first claims came in October 
2017, and the current study followed patients receiving either 
of these CAR T products until 30 september 2018. “This 
study provides the first real-world look at patients’ CAR T 
experience, using the first Medicare fee-for-service claims 
subsequent to product fDA approvals,” Dr kilgore said. 

Over 78% of this cohort had Charlson Comorbidity Index 
scores greater than 2 (range 2-15), indicating a complex 
group of patients. Half of the patients (51%) had one or more 
chronic condition, e.g. heart disease, chronic obstructive 
pulmonary disease, and chronic kidney disease.

The results showed that 73% of these patients remained alive 
at the end of 6-month follow-up. hospital time after CAR T 
was reduced by 17% compared with the 6-month period prior 
to CAR T infusion. Median length of stay was 7 days in the pre-
index period and 5 days in the post-index period. In addition, 
the number of visits to the emergency room decreased by 
nearly a third after the infusion as compared with that same 
period prior to infusion; accordingly, healthcare costs were 

https://clinicaltrials.gov/ct2/show/NCT01311687
https://ashpublications.org/blood/article/134/Supplement_1/141/426145/Selinexor-Pomalidomide-and-Dexamethasone-SPd-in
https://www.sciencedirect.com/science/article/pii/S1936523317300554?via%3Dihub
https://www.nejm.org/doi/full/10.1056/NEJMoa1903455?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(13)70380-2/fulltext
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39% lower in the 6 months after infusion than the 6 months 
preceding infusion.

The investigators concluded that longer follow-up and a 
more comprehensive cost analysis is warranted, but the 
current data from this study indicate that age limitations for 
CAR T trials may not be necessary. 

1. kilgore k, et al. Abstract 793, Ash 2019, 7-10 December, Orlando, UsA.

Mild renal impairment in African Americans 
does not affect OS in AML
Overall survival of acute myeloid leukaemia (AML) 
patients with mild renal dysfunction did not differ from 
patients with normal renal function. Given that African 
Americans in this study had significantly higher creatinine 
levels when compared with Caucasians, the investigators 
postulated that reduced renal function effectively selects 
against people of African descent to participate in clinical 
trials, even though survival is not affected. 

Dr Abby statler (Cleveland Clinic, UsA) and colleagues 
included 1,040 AML patients who received chemotherapy at 
Cleveland Clinic between 2003 and 2019 [1]. Approximately 
10% of that cohort was African American, whereas 90% was 
as Caucasian. Renal function was tested at every blood 
draw and assessed retrospectively for association with AML 
outcome. 

A total of 63% of African Americans with acute myeloid 
leukaemia (AML) presented with an abnormal renal function 
measurement, compared with 56% in the overall cohort 
(P=0.002). however, analysis of outcomes data suggested that 
renal function abnormalities were not strongly associated with 
decreased survival in African Americans. Race did not affect 
median overall survival: 13.7 months for African-American 
patients versus 14.9 months for Caucasians (P=0.89).

Renal function was then split into mild (≤1.5 fold Upper Limits 
of Normal [ULN]), moderate (1.5-3.0 ULN), and severe (≥3.0 
ULN) groups, with the largest group with mild renal dysfunction 
showing no difference in overall survival (P=0.97). however, 
it should be noted that the groups with moderate and severe 
renal impairment were associated with significantly decreased 
survival (P=0.01 and P=0.02, respectively).

In conclusion, while African Americans had significantly 
higher kidney disease levels, only the more severe forms 
in the minority of patients affected overall survival. These 

results have implications for the design of clinical trials that 
exclude patients because of comorbidities. Dr statler stated, 
"If we are able to liberalise renal function eligibility criteria [...] 
this may reduce racial disparities in clinical trial enrolment, 
which might be a major step in improving the diversity of 
cancer patient populations." 

1. statler A, et al. Abstract 381, Ash 2019, 7-10 December, Orlando, UsA.

ALCYONE: New overall survival results for 
myeloma
Dr Maria Victoria Mateos (University Hospital of 
Salamanca, Spain) presented the updated efficacy and 
safety results from a prespecified, interim analysis of 
the phase 3 ALCYONE study with over 40 months of 
follow-up, demonstrating improved overall survival when 
daratumumab is added to frontline treatment [1,2]. 

ALCYONe was a multicentre, randomised, open-label, active-
controlled, phase 3 trial that enrolled 706 newly diagnosed 
multiple myeloma patients, who were ineligible for high-dose 
chemotherapy with autologous stem-cell transplantation, 
because of their age (≥65 years) or because of substantial 
comorbidities. Patients were randomly assigned to 
receive daratumumab in combination with bortezomib, 
melphalan, and prednisone (D-VMP; n=350) or bortezomib, 
melphalan, and prednisone (VMP; n=356). Patient baseline 
characteristics were well balanced between treatment arms. 
Median age was 71 (range 40–93) years, and 29.9% of 
patients were ≥75 years of age.

All patients received up to nine 6-week cycles of subcutaneous 
bortezomib, oral melphalan, and oral prednisone. Patients in 
the D-VMP group also received intravenous daratumumab 
(16 mg/kg of bodyweight, once weekly during cycle 1, once 
every 3 weeks in cycles 2 through 9, and once every 4 weeks 
thereafter as maintenance therapy until disease progression 
or unacceptable toxicity). 

The initial analysis of the ALCYONe study already reported 
a significant progression-free survival benefit with D-VMP 
versus VMP alone at a median follow-up 16.5 months (hR 
0.50; 95% CI 0.38-0.65; P<0.001) [3].

In the current analysis, at a median follow-up of 40.1 months 
(interquartile range 37.4-43.1), a significant benefit in overall 
survival was observed for the D-VMP group (HR 0.60; 95% 
CI 0.46-0.80; P=0.0003). The kaplan-Meier estimate of the 
36-month rate of overall survival was 78.0% (95% CI 73.2-
82.0) in the D-VMP group and 67.9% (95% CI 62.6-72.6) in the 

https://ashpublications.org/blood/article/134/Supplement_1/793/426989/Medicare-Patients-Receiving-Chimeric-Antigen
https://ashpublications.org/blood/article/134/Supplement_1/381/426080/Are-Racial-Disparities-in-Acute-Myeloid-Leukemia
http://clinicaltrials.gov/show/NCT02195479
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VMP group. Progression-free survival, the primary endpoint, 
remained significantly improved for the D-VMP group (HR 
0.42; 95% CI 0.34-0.51; P<0.0001). The most frequent adverse 
events during maintenance daratumumab monotherapy 
in patients in the D-VMP group were respiratory infections 
(19% patients had upper respiratory tract infections; 15% 
bronchitis; 12% viral upper respiratory tract infections; 12% 
cough), and 10% experienced diarrhoea. 

Thus, D-VMP prolonged overall survival in patients with newly 
diagnosed multiple myeloma who were ineligible for stem-
cell transplantation, and the updated results of the ALCYONe 
study continue to support the addition of daratumumab to 
frontline treatment regimens.

1. Mateos MV, et al. Abstract 859, Ash 2019, 7-10 December, Orlando, UsA.
2. Mateos MV, et al. Lancet. 2020 Jan 11;395(10218):132-141. 
3. Mateos MV, et al. N engl J Med. 2018 feb 8;378(6):518-528. 

Venous Thromboembolism
Rivaroxaban is safe and effective for paediatric 
venous thromboembolism
New data from the randomised phase 3 EINSTEIN-Jr study 
support the use of rivaroxaban, either as tablet or in liquid 
suspension, for children with venous thromboembolism 
(VTE), using an age- and weight-adjusted algorithm. 
These data will likely form the basis for an official 
indication in the near future. 

VTe among paediatric patients differs substantially from 
adults in many aspects, including aetiology, anatomical 
location, frequency, and recovery. This different natural 
history of VTe in children, coupled with metabolic variation 
based on age and body weight, complicate the anticoagulant 
options available in daily practice. No formulations of direct 
oral anticoagulants —either liquid (for small children) or 
tablet— are currently available for children with VTe; this 
unmet need drove the current study.

Prof. guy Young (Children's hospital Los Angeles, UsA) reported 
the dose-exposure versus response of rivaroxaban used in 
EINSTEIN-Jr [1]. Age-adjusted and body weight-adjusted dosing 
of rivaroxaban was incorporated to achieve a similar exposure as 
that observed in adults treated for VTe with 20 mg rivaroxaban. 

Children were randomised 2:1 to weight-based rivaroxaban 
doses or standard treatment with heparin or vitamin k 
antagonists. The main study period was 3 months for the 
majority of children or 1 month for children under 2 years with 
clear catheter-related VTe, followed by open-label treatment 
for up to 12 additional months. A total of 316 children received 
rivaroxaban in tablet form (n=121) or liquid formulation (n=195). 
Dosing/scheduling was stratified by body weight: children 

weighing ≥30 kg received daily dosing, children weighing 12-
29 kg received twice-daily dosing, and children weighing <12 
kg received 3 doses daily. In order to span the broad 2.6-50 kg 
range among the children in the trial, 12 separate doses were 
used. Age was also a factor in the algorithm used: groups were 
0-6 months (n=13), 6-23 months (n=21), 2-5 years (n=44), 
6-11 years (n=65), and 12-17 years (n=173). 

The principal safety outcome was major bleeding and clinically 
relevant non-major bleeding. No major bleeding events were 
reported, although 10 patients experienced a clinically relevant 
non-major bleeding and another 111 patients had minor 
bleeding events. Imaging outcomes at 3 months were classified 
as healthy/no disease evident (n=124), improved (n=125), no 
relevant change (n=16), deteriorated (n=1), or unclear (n=48).

Three standard pharmacokinetic measures were used to 
confirm dosing: area under the 24-hour curve for blood levels 
(24-hour AUC), peak concentration, and trough concentration. 
In total, 25 patients had measures out of the target ranges. Only 
5 of those exceeded the maximum for any of the 3 measures at 
any time, so excessive exposure was not significant. No patient 
had a trough concentration below the target range. Notably, only 
1 patient with values outside of target had a suboptimal clinical 
outcome (24-hour AUC below target, no clinical improvement). 
There were no differences observed between the tablet and 
liquid formulations. 

In conclusion, weight-adjusted dosing of rivaroxaban in 
children with VTe was well tolerated and demonstrated anti-
coagulant activity. 

1. Young g, et al. Abstract 164, Ash 2019, 7-10 December, Orlando, UsA.

https://ashpublications.org/blood/article/134/Supplement_1/859/427092/Daratumumab-Plus-Bortezomib-Melphalan-and
file://C:/Users/n.donk/AppData/Local/Microsoft/Windows/Temporary Internet Files/Content.Outlook/4YUF3ZF9/Standard-of-care treatment for patients with newly diagnosed multiple myeloma includes combination therapies for patients who are not eligible for autologous stem-cell transplantation. At the primary analysis for progression-free survival of the phase 3 ALCYONE trial, progression-free survival was significantly longer wit
https://www.nejm.org/doi/10.1056/NEJMoa1714678?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dwww.ncbi.nlm.nih.gov
https://clinicaltrials.gov/ct2/show/NCT02234843
https://ashpublications.org/blood/article/134/Supplement_1/787/426909/Impact-of-Adding-Aspirin-to-Direct-Oral
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Aspirin plus DOAC is not better than a DOAC alone
Patients with atrial fibrillation or a history of venous 
thromboembolism (VTE) who take daily aspirin in addition 
to a prescribed direct oral anticoagulant (DOAC) to treat 
or prevent blood clots had significantly higher rates of 
bleeding complications compared with those taking a 
DOAC alone. Researchers found no differences in stroke, 
heart attack, or blood clots between the groups after 1 
year [1].

Of the 2,045 patients in the study, 647 (32%) reported taking 
aspirin in addition to a prescribed DOAC, even though their 
medical history did not clearly indicate that need. Prof. Jordan 
schaefer (University of Michigan, UsA) compared 2 matched 
groups of 639 patients that had similar demographics, co-
morbidities, and concurrent medications. Of the patients 
taking aspirin, the vast majority (90.3%) were taking low-
dose aspirin (≤100 mg per day). Patients taking a DOAC 
alone had 261 319 bleeding events, compared with 319 261 
bleeding events by those taking a DOAC plus aspirin; a 22% 
increase in bleeds over an average follow-up of 15 months. 
This difference was largely driven by clinically relevant non-
major bleeding events, which were nearly 40% higher with 
dual therapy. Bleeding sites were most commonly bruising, 
intestinal bleeding, or bleeding through the urinary tract. 
Observed rates of thrombosis (stroke, VTe, and heart attacks) 
were similar between patients taking both medicines and 
those only on a DOAC (19 and 18 events, respectively).

The only 2 fatal bleeding events were seen among patients on 
DOACs only. Patients on dual therapy had more emergency 
room visits and hospitalisations mostly due to bleeding, but 
these differences did not reach statistical significance.

Prof. Schaefer said, “Based on our findings, adding aspirin may 
do more harm than good for some patients, increasing bleeding 
rates without improvements in the incidence of thrombosis.” 
he also indicated that he hopes these data will raise awareness 
within the medical community and lead to reducing the number 
of patients inappropriately taking aspirin. 

1. schaefer J, et al. Abstract 787, Ash 2019, 7-10 December, Orlando, UsA. 

20-Year follow-up of imatinib in chronic 
myeloid leukaemia after failure with interferon
In the longest follow-up of patients on imatinib therapy 
ever reported, Dr Maria Vazquez (MD Anderson Cancer 
Center, Houston, USA) and colleagues demonstrated 

the long-term benefit of the tyrosine kinase inhibitor 
imatinib in patients with chronic phase chronic myeloid 
leukaemia (CML), after these patients no longer 
responded to interferon (IFN) treatment [1]. 

In this single-institution study, 154 patients whose disease 
was refractory to IFN in 1999/2000 were switched to 400 mg 
imatinib. The majority of patients passed away (36%), were lost 
to follow-up (29%), or switched to a different tyrosine kinase 
inhibitor (37%). The purpose of this study was to evaluate the 
long-term effects of imatinib on CML disease response. Dr 
Vasquez reported the available intention-to-treat responses 
for 63 patients, with a median follow-up of 232 months. 

The median overall survival was 51%. Major cytogenic response 
was reported in 35% of these patients at 3 months, while complete 
cytogenic response at this time was reported to be 13%. Over 
time, responses gradually improved with no clear plateau; the 
overall best response rates (at any time) were 87% for major 
cytogenic response and 79% for complete cytogenic response. 

Transcript detection of the BCR-ABL fusion gene was similarly 
reduced. A major molecular response over time was achieved by 
62% of the patients, with 51% even achieving a “deep” molecular 
response (MR4 and MR4.5), and 33% reaching the goal of a 
complete molecular response, with no transcripts detectable. 
The median duration of sustained molecular response was 139 
months. Only 3 patients (15%) lost their molecular response while 
on therapy. At 19 years, failure-free survival was 20%, event-free 
survival was 40%, and treatment-free survival was 70%.

Figure: 20-Year survival of CML partients on imatinib. Modified from [1] 
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OS, overall survival; FFS, failure-free survival; EFS, event-free survival; TFS, treatment-free survival. 

In conclusion, the introduction of imatinib into the practice of 
treating IfN-refractory CML 20 years ago afforded long-term 
survival for many patients with remarkable improvements in 
both clinical and molecular parameters. 
1. Vazquez MR, et al. Abstract 2927, ASH 2019, 7-10 December, Orlando, USA.

https://ashpublications.org/blood/article/134/Supplement_1/787/426909/Impact-of-Adding-Aspirin-to-Direct-Oral
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CAR T and Beyond
BCMA-targeted CAR T therapy yields 100% 
response	in	relapsed/refractory	MM
All 29 patients with progressive myeloma included in 
the phase 1b/2 CARTITUDE-1 trial attained objective 
responses with JNJ-4528, including complete responses 
in two-thirds of the patients [1]. All patients evaluable 
for minimal residual disease (MRD) were MRD-negative.

The study, presented by Dr Deepu Madduri (Mount sinai 
Medical Center, UsA), examined the investigational CAR 
T-cell therapy JNJ-4528. These CAR T-cells bind to 2 
different epitopes on the B-cell maturation antigen (BCMA). 
BCMA is almost always overexpressed in multiple myeloma. 

The study population was heavily pre-treated, had a median 
age of 60 years, a median disease duration of 6 years, as 
well as a median of 5 prior lines of therapy. All of the patients 
had received 3 standard therapies for myeloma (i.e. protease 
inhibitor, immunomodulatory agent, and CD38 inhibitor), 
and all but 2 of the patients had triple-refractory disease. 
Additionally, 25 of 29 patients had undergone autologous 
transplantation.

safety was the primary outcome of the current study, 
although efficacy was also included in the phase 2 
outcomes. Like all CAR T therapies, adverse events were 
significant. Haematologic toxicity was common, including 
neutropenia in 93% of patients (all grade ≥3), anaemia in 
86% (55% grade ≥3), thrombocytopenia in 86% (69% grade 
≥3), leukopenia in 52% (52% grade ≥3), and lymphopenia in 
45% (31% grade ≥3). The most common non-haematologic 
adverse events were increased liver enzymes (AST and ALT), 
diarrhoea, and upper respiratory tract infection, occurring 
in 25-30% of patients. Grade ≥3 non-haematologic toxicity 
was infrequent, consisting of 2 cases of increased AsT and 
1 each of increased ALT and diarrhoea. Out of 29 patients, 27 
developed cytokine release syndrome, which reached grade 
3 severity in 1 patient and was associated with 1 death. 
Immune effector cell-associated neurotoxicity syndrome 
occurred in 3 patients, including grade ≥3 in 1 patient. Dr 
Madduri said there were no unexpected treatment-related 
adverse events, and toxicity in general was manageable.
"We observed early and deep responses in patients, and 27 

of 29 patients remained progression free at 6 months of 
follow-up," Dr Madduri said. "Safety and efficacy results are 
consistent with a previous study conducted in China. The 
phase 2 portion of the study is fully enrolled, and phase 2 and 
3 studies have been initiated." The treatment just received 
breakthrough therapy designation from the fDA, she added.

1. Madduri D, et al. Abstract 577, Ash 2019, 7-10 December, Orlando, UsA.

Anti-BCMA/anti-CD38	in	refractory	multiple	
myeloma
In the first clinical trial of a novel, bispecific anti-BCMA 
and CD38 dual-targeted chimeric antigen receptor (CAR) 
T-cell therapy in refractory multiple myeloma, results 
demonstrated promising responses and a manageable 
safety profile [1].

The dose-escalation phase 1 trial, presented by Prof. Yu hu 
(Huazhong University of Science and Technology, China), 
included 22 patients with multiple myeloma that had 
returned or not responded to at least 3 prior therapies. Of the 
22 patients, 9 (41%) had extramedullary tumours. Myeloma 
cells in the bone marrow were observed at a median of 9.7% 
(0.50% to 56.1%) by flow cytometry; and 73% of patients had 
cytogenetic abnormalities such as amplified 1q21 (54.6%) or 
deletion of chromosome 13q (40.9%). 

All patients were treated with fludarabine at 25 mg/m2 and 
cyclophosphamide 250 mg/m2 before infusion with the 
engineered CAR T cells. Patients were infused with CAR T 
cells at 0.5 × 106/kg to 4.0 × 106/kg with at least 2 patients 
treated at every dose level. 

The objective response rate was 90.1%, with 12 patients 
achieving a stringent complete response (sCR) as their best 
response. Seven patients (31.8%) had a partial response 
(PR), with 2 patients achieving a very good partial response 
(VgPR). One patient had a minor response. furthermore, 
18 patients (81.8%) reached bone marrow minimal residual 
disease-negative status. 

At the cut-off date of 31 October 2019, 19 patients were still 
alive, with 10 stably maintaining sCR, 1 with VgPR, and 4 with 

https://clinicaltrials.gov/ct2/show/NCT03548207
https://ashpublications.org/blood/article/134/Supplement_1/577/426449/Results-from-CARTITUDE-1-A-Phase-1b-2-Study-of-JNJ
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PRs. Only 3 patients experienced relapse and 1 patient had 
progressive disease. The median progression-free survival 
(PFS) had not been reached; at 9 months PFS was 78.9%. 
for the 17 patients remaining in remission at 7 months after 
treatment, the median duration of response was 28.8 weeks. 

Cytokine release syndrome (CRs) was observed in 20 out of 22 
patients (90.9%); most were not severe with 11 having grade 
1 CRS and 4 with grade 2. Severe CRS grade ≥3 occurred in 
5 (22.7%). Only 6 patients overall required treatment for CRS. 
No neurotoxicity was observed. hepatotoxicity was seen in 3 
patients (13.6%) and 1 patient experienced nephrotoxicity. 

Of the 9 patients with extramedullary disease, 8 achieved 
complete or partial response undetectable by CT scan. 
follow-up on these patients will continue for 2 years, at 
which point these preliminary data points will be revised.  

1. Mei h, et al. Abstract 930, Ash 2019, 7-10 December, Orlando, UsA.

Off-the-shelf natural killer cells
Preclinical studies have provided the first evidence 
that cellular immunotherapy for B-cell cancers could 
ultimately become an off-the-shelf product, capable 
of being uniformly manufactured in large quantities, 
independent of the individual patient. FT596 is among 
the first cellular immunotherapies to be based on natural 
killer cells mass produced by inducible pluripotent 
stem cells (iPSCs) in the lab, and is the first cellular 
immunotherapy to be genetically engineered to contain 
3 active anti-tumour components. 

Dr Jode goodridge (fate Therapeutics, UsA) described 
the chimeric antigen receptor (CAR)-induced natural killer 
cell product, referred to as FT596 [1]. The FT596 platform 
circumvents some of the hurdles posed by conventional 

CAR19 T-cell therapy, such as product heterogeneity, and 
persistence of effect. Producing fT596 begins with human 
iPsCs that are capable of unlimited self-renewal and can 
differentiate into more than 200 types of human cells. The 
iPsCs are genetically engineered, after which a single clone 
is selected and grown in the laboratory to create a master 
engineered cell line that can be repeatedly used to generate 
cancer-fighting immune-system cells, such as natural killer 
and T cells. 

The researchers modified FT596 to carry a CAR targeting the 
CD19 protein, as well as CD16, which boosts and broadens 
the natural killer cells’ ability to kill cancer cells, and IL-15, 
which stimulates fT596 to proliferate and persist.  

To test it in vitro, the researchers used CD19+ CD20+ B 
lymphoblast target cells to demonstrate that the anti-tumour 
activity of fT596 is roughly comparable with the activity of 
primary CD19-targeted CAR T cells. When combined with 
the anti-CD20 monoclonal rituximab, activity was even 
more effective at eliminating CD19- CD20+ B lymphoblast 
target cells than the monoclonal antibody alone (64% vs 30% 
clearance, respectively, at 36 hours).

In vivo, the researchers used mouse models with B-cell 
malignancy to demonstrate that fT596 was superior at 
eradicating B-cell lymphoma, compared with mice treated 
with induced natural killer cells alone or induced natural killer 
cells modified with CD19-CAR alone (P<0.002).

Dr goodridge: “from 106 iPsCs, we can generate 1011 to 
1012 induced natural killer cells at a 100-liter scale, and the 
output is continuous.” The cost of a treatment with fT596 is 
about $2,500. first-in-human studies have yet to report. 

1. goodridge J, et al. Abstract 301, Ash 2019, 7-10 December, Orlando, UsA.

https://ashpublications.org/blood/article/134/Supplement_1/930/427103/A-Bispecific-CAR-T-Cell-Therapy-Targeting-Bcma-and
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