
CO
NF

ER
EN

CE
  R

EP
OR

T
PE

ER
-RE

VI
EW

ED

M E D I C A L  P U B L I S H E R S

Editor Prof. Gert J. Ossenkoppele, Amsterdam UMC, the Netherlands

26th Congress of the EHA
European Hematology Association 

9-17 JUNE  2021

Immunotherapy in 
lymphoma
Checkpoint inhibitor immuno the
rapies are safe and effective in treat
ing classic Hodgkin’s lymphoma: 
read updates from CheckMate 205, 
KEYNOTE087, KEYNOTE204, and 
the NIVAHL trials.

Leukaemia 
Several clinical trials show promis
ing results for new drugs currently 
in development: Efficacy endpoints 
were met for zanubrutinib (ALPINE), 
azacitidine (QUAZAR AML001), aca
labrutinib (ELEVATETN, ELEVATE
RR), and venetoclax (HOVON 139/
GiVe, GLOW). 

COVID-19 
Renowned haematologists pre sen 
ted new insights into the patho
physio  logy of thrombosis in COVID19
and vaccineinduced thrombotic 
throm  bo cytopenia. To aid diagnosis 
of the latter, the acronym VITT can be 
used: Vaccine, Interval, Thrombosis, 
Thrombocytopenia.

PA G Eread more on 3 read more on PA G E 7 PA G Eread more on 18

Medicom International Conference Series in Haematology

Virtual Meeting



M E D I C A L  P U B L I S H E R S

Head Office
Medicom Medical Publishers
Faas Eliaslaan 5
3742 AR  Baarn
The Netherlands

Postal address
Medicom Medical Publishers
PO Box  90
3740 AB  Baarn
The Netherlands

Telephone  +31 85 4012 560    
E-mail publishers@medicom-publishers.com

Contents

COLOPHON
Editor Prof. Gert Ossenkoppele
 Amsterdam UMC, the Netherlands 

Advisory Board Prof. Susanne Saußele
 University of Heidelberg, Germany

 Dr Martine Chamuleau
 Amsterdam UMC, the Netherlands 

Publishing Director Paul Willers
Scientific Editor Dr Rachel Giles
Editorial Manager  Lisa Colson
Editorial Coordinators Sanne Lauriks
 Deirdre Boucherie
 Anne van Ham 
Medical Writer Dr Alexandra Kopić
Production Manager Desiree Heijl
Graphic Design  MOOZ grafisch ontwerp
Graphics  Wim Kempink
ISSN 2468-8762 21:10 
 

All rights reserved.
No part of this publication may be reproduced, distributed, or transmitted 
in any form or by any means, including photocopying, recording, or other 
electronic or mechanical methods, without the prior written permission of 
the publisher, except in the case of brief quotations embodied in critical 
reviews and certain other noncommercial uses permitted by copyright law.

Copyright ©2021 Medicom Medische Uitgeverij BV

Disclaimer:
Our independent peer-reviewed Medicom Conference Reports are made 
possible by sponsoring. The ideas and opinions expressed in this journal or 
other associated publications do not necessarily reflect those of Medicom 
Medical Publishers. Although great care has been taken in compiling 
the content of this publication, Medicom is not responsible or liable in 
any way for the currency of the information, for any errors, omissions or 
inaccuracies in the original articles, or for any consequences arising from 
the content.  Products mentioned in this report may not be covered by 
marketing authorisation in some countries. Product information, applicable 
in your country, should be reviewed before prescribing. The mention of any 
product, service, or therapy in this publication should not be construed as 
an endorsement of the products mentioned. It is the responsibility of the 
treating physician or other health care provider, relying on independent 
experience and knowledge of the patient, to determine drug dosages 
and the best treatment for the patient. Readers are advised to check 
the appropriate medical literature and the product information currently 
provided by the manufacturer of each drug to be administered to verify 
the dosage, method, and duration of administration, or contraindications. 
Readers are also encouraged to contact the manufacturer with questions 
about the features or limitations of any products. Medicom assumes no 
responsibility for any injury or damage to persons or property arising out of 
or related to any use of the material contained in this publication or to any 
errors or omissions.

Letter from the Editor

 3 Lymphoma
 3 Immuno-oncology agents effective in Hodgkin’s lymphoma
 4 MATRix with ASCT: best survival for primary CNS lymphoma
 4 Naratuximab emtansine + rituximab safe and effective in DLBCL 
 5 The journey ahead for CAR T cell in r/r follicular lymphoma
 6 ZUMA-5 vs SCHOLAR-5: Axicabtagene ciloleucel significantly 

improves FL outcome
 6 Promising chemo-free treatment options in r/r DLBCL
 
 7 Leukaemia
 7 Sabatolimab achieved durable responses in patients with high-

risk MDS and AML  
 8 Final analysis of EURO-SKI: primary endpoints met in CML
 9 Favourable outcomes with zanubrutinib vs ibrutinib in r/r CLL
 9 Oral azacitidine improves overall survival in patients with AML
 10 Reduced-intensity conditioning ASCT is effective in older patients 

with AML 
 11 ELEVATE-TN: Acalabrutinib shows long-term efficacy in CLL
 12 ELEVATE-RR: Acalabrutinib demonstrates similar efficacy and 

better safety versus ibrutinib
 13 Fixed 12 cycles and MRD-guided venetoclax consolidation 

effective in CLL 
 13 Superior PFS for ibrutinib+venetoclax as first-line CLL treatment 

	14	 Myeloma	and	Myelofibrosis
 14 Novel targets in myelofibrosis: overview of emergent therapies
 15 Immune therapy of multiple myeloma
 16 ANDROMEDA: Addition of daratumumab showed superior 

efficacy in patients with AL amyloidosis
 17 MAIA results confirm superior efficacy of daratumumab 
 
	18	 Thrombotic	and	Thrombocytopenic	Disorders	including	 

COVID-19	related
 18 Acquired TTP: new treatments and updated guidelines
 20 Maternal screening to prevent foetal alloimmune thrombocytopaenia 
 20 Fostamatinib effectively increased platelet counts in ITP
 21 Physiopathology of coagulopathy in and COVID-19
 21 Haemostatic abnormalities associated with mortality in COVID-19
 22 COVID-19 vaccine-induced  thrombotic thrombocytopenia
 23 COVID-19 VITT: discovery and diagnosis
 
	24	 Haemoglobinopathies
 24 Luspatercept in non-transfusiondependent β-thalassaemia
 26 Personalising treatment for sickle cell disease
 26 Gene therapy for hereditary haemoglobinopathies

M E D I C A L  P U B L I S H E R S

Join us on LinkedIn



Prof.  Gert Ossenkoppele

Biography
Prof. Gert Ossenkoppele was appointed in 2003 as 
professor of Haematology at the VU University 
Medical Center in Amsterdam, now named 
Amsterdam UMC, location VUMC. Gert 
Ossenkoppele has authored over 420 publications 
in peer-reviewed journals and is an invited speaker 
at many international scientific meetings. His 
research interests are mainly translational and 
include the (stem cell) biology of AML, leukemic 
stem cell target discovery, immunotherapy, and 
measurable residual disease (MRD) detection 
using flow cytometry to inform treatment of AML. 
He is the PI of various clinical trials in myeloid 
malignancies. He chairs the AML working party of 
HOVON (Dutch-Belgian Haematology Trial Group) 
He is a lead participant of the AML Work package 
of the European LeukemiaNet (ELN) as well as a 
board member of the ELN foundation. He is 
appointed as chair of the EHA Educational 
Committee. He just stepped down as chair of the 
AML Scientific working group of EHA, and he is 
chair of the Global and EU steering committee of 
the AMLGlobalPortal, an educational portal for 
haematologists.

Conflict of Interest Statement: 
Prof.Gert Ossenkoppele is a member of research support for 
Novartis, J&J and BMS-Celgene. 
He functions as a consultant for J&J, Daiichi-Sanyko, 
BMS-Celgene, Servier, and Roche. Lastly, he is a member of the 
advisory boards of Novartis, Pfizer, Abbvie, J&J, Daiichi-Sanyko, 
BMS-Celgene, AGIOS, Amgen, Astellas, Roche, Jazz 
pharmaceuticals, and Merus.

Dear colleagues,

It is my pleasure to introduce this peer-reviewed EHA 
2021 Medicom Conference Report. We all miss the in-
person meetings due to the COVID-19 pandemic. This 
year’s annual EHA meeting also had to be held virtually. 
Nevertheless, the Scientific Program Committee of the 
EHA has taken care of what, in my opinion, turned out to 
be a wonderful programme.
From this year’s EHA, we selected a number of interesting 
abstracts that are likely to 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. 

The increase of abstracts we have observed at previous 
meetings on immunotherapy including bispecific 
antibody and CAR T-cell treatment applied in a variety of 
haematological malignancies was maintained. Also, gene 
therapy is now rapidly moving from bench to bedside, 
resulting in new treatments for haemoglobinopathies 
and haemophilia. Treatment of AML, a disease in which 
no new developments emerged for a long time, is rapidly 
changing with the development of new effective targeted 
treatments and successful maintenance treatment with 
epigenetic agents. But also in the other haematological 
malignancies, new drugs are rapidly developed and 
approved by the regulatory authorities. Special attention 
is given to COVID-19 related problems. 

You will find snapshots of all these new developments 
in this report. I hope that these are helpful in your daily 
practice am sure you will enjoy.

Best Regards,

Gert Ossenkoppele

Letter from the Editor

CONFERENCE REPORT - EHA 2021



3LYMPHOMA

Lymphoma
primary endpoint was CMR after the end of study treatment, 
which was 90% of patients receiving concomitant treatment 
and 94% of patients receiving the sequential treatment. One-
year PFS was 100% and 98%, respectively. The treatment 
was well tolerated. 

Immuno-oncology	agents	in	r/r	disease
Dr André also presented the use of these agents in the 
treatment of r/r disease [1]. The CheckMate 205 study also 
assessed nivolumab in brentuximab vedotin-naïve patients 
(n=63), in patients treated with brentuximab vedotin after 
ASCT (n=80), and in patients treated with brentuximab vedotin 
before and/or after ASCT (n=100) [5]. Nivolumab (3 mg/kg) 
was administered intravenously (i.v.) biweekly until disease 
progression or unacceptable toxicity. The primary endpoint 
was objective response rate (ORR), which was 69% (95% CI 
63–75), with 16% complete response (CR) and 53% partial 
response (PR). Safety outcomes were favourable, with grade 
3 or 4 neutropenia in 49%, other haematological adverse 
events (AEs) in 2-10%, and other AEs in 2% of patients. 

The single-arm, phase 2 KEYNOTE-087 study (NCT02453594) 
assessed pembrolizumab (200 mg i.v. every 3 weeks) 
in patients with r/r cHL [6]. This trial also had 3 cohorts: 
cohort 1 included patients whose disease progressed after 
ASCT and brentuximab vedotin treatment (n=69); cohort 2 
included patients in whom chemotherapy and brentuximab 
vedotin had failed (n=81); and cohort 3 included brentuximab 
vedotin-naïve, post-ASCT patients (n=60). Between 16% and 
27.5% of patients completed the 2-year treatment period; 
discontinuations were due to disease progression, AEs, or CR, 
which was achieved in 11.6%, 11.1%, and 18.3%, respectively. 
The primary endpoint was ORR, which was 71.0% (95% CI 
64.3–77.0). Of the 58 patients with CR, 38 had no further 
consolidation therapy, 14 had consolidation therapy without 
ASCT, and 6 had ASCT. The median duration of response 
was 16.6 months, progression-free survival (PFS) was 13.6 
months. OS was 91.1% after 24 months and 86.4% after 36 
months. Safety outcomes were acceptable, and no grade 5 
treatment-emerging AEs occurred. 

The safety and efficacy of pembrolizumab versus bren
tuximab vedotin is being evaluated in the randomised, 

Immuno-oncology	agents	are	effective	in	
treating	classic	Hodgkin’s	lymphoma
Checkpoint inhibitors are effective and well tolerated 
in patients with refractory or relapsing (r/r) Hodgkin’s 
lymphoma. Several clinical trials also showed 
encouraging outcomes in patients with previously 
untreated, unfavourable Hodgkin’s lymphoma. 

Several immuno-oncology agents are being developed for 
the treatment of classic Hodgkin’s lymphoma (cHL). Dr Marc 
André (Centre Hospitalier Universitaire UCL Namur, Belgium) 
discussed their use in r/r disease post-brentuximab vedotin/
autologous haematopoietic stem cell transplantation (ASCT) 
and preASCT, as well as in firstline treatment of advanced 
and localised cHL [1]. 

Immuno-oncology	agents	as	first-line	treatment
The single-arm, phase 2 CheckMate 205 study (NCT02181738) 
included a cohort of adults with newly diagnosed, untreated, 
advanced-stage cHL (n=51) receiving nivolumab as mono-
therapy (4 doses) followed by a combination therapy with 
doxorubicin, vinblastine, and dacarbazine (AVD; 12 doses in 
6 cycles) [2]. ORR was 69% at the end of monotherapy, 90% 
after 2 cycles of combination therapy (nivolumab + AVD), and 
84% at the end of therapy, with CR reporting at 18%, 51%, and 
67%, respectively. Safety results were acceptable, with higher 
incidences of grade 3 or 4 AEs compared with nivolumab 
monotherapy, as expected with a combined treatment.

In the same patient population, a single-arm, phase 2 study 
(NCT03226249) was conducted to evaluate the safety and 
efficacy of sequential pembrolizumab (3 cycles) and AVD 
(2–6 cycles; n=30) [3]. This treatment regimen was effective 
with a 100% estimate of PFS after a median follow-up of 22.5 
months. The treatment was well tolerated. 

The randomised, open-label, phase 2 NIVAHL study 
(NCT03004833) was designed to evaluate concomitant 
treatment with nivolumab + AVD (4 cycles) versus sequential 
therapy of nivolumab monotherapy (4 cycles), combination 
therapy (nivolumab + AVD; 2 cycles), and radiotherapy 
in adults with newly diagnosed, untreated, early-stage, 
unfavourable cHL (n=109; median age 27 years) [4]. The 

https://clinicaltrials.gov/ct2/results?cond=&term=NCT02453594&cntry=&state=&city=&dist=
https://clinicaltrials.gov/ct2/show/NCT02181738?term=NCT02181738&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT02181738?term=NCT02181738&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03004833?term=NCT03004833&draw=2&rank=1
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open-label, phase 3 study KEYNOTE-204 (NCT02684292) 
in patients (n=304) with r/r cHL ineligible for ASCT or 
relapsing after ASCT [7]. Median PFS was 13.3 months for 
pembrolizumab and 8.3 months for brentuximab vedotin (HR 
0.65; 95% CI 0.48–0.88; P=0.0027). 

The use of checkpoint inhibitors before ASCT was tested 
in a phase 1/2 trial (NCT02572167) using 4 cycles of 
brentuximab vedotin + nivolumab in patients with r/r cHL 
who received ASCT per investigator discretion [8]. Results 
were encouraging: PFS was 77% after 36 months in all 
patients (n=91) and 91% in the subset that received ASCT 
after brentuximab vedotin + nivolumab (n=67). OS at 36 
months was 93%. Side effects were mild, and only 2 patients 
discontinued due to AEs.

In conclusion, anti-PD-1 antibodies have become the 
standard of care in r/r cHL and are safe and effective 
compounds in firstline treatment. Combination therapies 
seem to further improve response rates.

1. André M. Immuno-oncology agents in the treatment landscape of cHL. 3SS16-
SL5, EHA 2021 Virtual Congress, 9–17 June.

2. Ramchandren R, et al. J Clin Oncol. 2019;37(23):1997–2007.
3. Allen PB, et al. Blood. 2021;137(10):1318–26.
4. Bröckelmann PJ, et al. JAMA Oncol. 2020;6(6):872–80.
5. Armand P, et al. J Clin Oncol. 2018;36(14):1428–39 . 
6. Chen R, et al. Blood. 2019;134(14):1144-53.
7. Kuruvilla J, et al. Lancet Oncol. 2021;22(4):512–24.
8. Advani R, et al. Blood. 2021 DOI: 10.1182/blood.2020009178.

MATRix	with	ASCT:	best	long-term	survival	for	
primary CNS lymphoma
At 7 years of follow-up, MATRix treatment with whole-
brain irradiation or autologous stem cell transplantation 
(ASCT) consolidation showed excellent long-lasting 
survival in patients with primary central nervous system 
(CNS) lymphoma in the randomised, phase 2 IELSG32 
trial. 

Primary CNS lymphoma is an aggressive lymphoma 
in a special, immune-privileged, and highly sensitive 
environment. The open-label, randomised, phase 2 IELSG32 
trial (NCT01011920) has shown significantly increased 
efficacy and acceptable safety of the MATRix regimen (i.e. 
rituximab ± thiotepa plus methotrexate and cytarabine), 
and comparable efficacy of consolidation with wholebrain 
irradiation therapy (WBRT) or ASCT in patients ≤70 years of 
age [1,2]. Dr Gerald Illerhaus (Klinikum der Landeshauptstadt 
Stuttgart, Germany) presented the updated results at a 
median follow-up of 88 months (range 77-99 months) [3].

Patients with untreated primary CNS lymphoma (n=219; 
median age 58 years) were randomly assigned to 4 courses 
of methotrexate-cytarabine (arm A; n=75), or arm A plus 
rituximab (arm B; n=69), or arm B plus thiotepa (arm C; 
MATRix; n=75). Patients with responsive or stable disease 
were further randomised to one of 2 consolidation arms: 
either whole-brain irradiation (arm D; n=59) or carmustine-
thiotepa/ASCT (arm E; n=59) [2]. Primary endpoints were 
complete response rate and progression-free survival (PFS). 
Cognitive function was also assessed. 

PFS was statistically significantly better in arm C, with a 
7-year PFS of 20% for arm A, 29% for arm B, and 52% for arm 
C (C vs A P=0.00001; C vs B P=0.01); PFS was similar in both 
consolidation arms (55% vs 50%; P=0.35). At data cut-off, the 
7-year OS was 26% for Arm A, 37% for Arm B, and 56% for 
Arm C. Again, results were statistically significantly better for 
arm C (C vs A P=0.00007; C vs B P=0.03); OS was similar 
in both consolidation arms (63% vs 57%; P=0.17). Patients 
treated with MATRix plus consolidation treatment had a 
7-year OS of 70%, with no difference between whole-brain 
irradiation or ASCT. Cognitive function assessments showed 
a clear benefit for ASCT over WBRT in neuropsychological 
test endpoints attention/executive functions, memory, and 
quality of life. 

In conclusion, the MATRix regimen was associated with 
superior, long-lasting PFS and OS in primary CNS lymphoma 
patients. WBRT and ASCT exhibited similar efficacy. However, 
ASCT was advantageous over WBRT in cognitive function 
tests and is thus considered preferred firstline therapy. 

1. Ferreri AJM, et al. Lancet Hematol 2016;3(5):e217–27.
2. Ferreri AJM, et al. Lancet Hematol 2017;4(11):e510–23.
3. Illerhaus G, et al. MATRix followed by autologous transplant is associated with 

excellent survival and neurotolerability in primary CNS lymphoma: results of 
the IELSG32 trial at a median follow-up of 88 months. S219, EHA 2021 Virtual 
Congress, 9–17 June.

Naratuximab	emtansine	+	rituximab	safe	and	
effective	in	diffuse	large	B-cell	lymphoma	
Treatment with naratuximab emtansine + rituximab 
for patients with relapsed or refractory (r/r) diffuse 
large B-cell lymphoma (DLBCL) and other B-cell non-
Hodgkin’s lymphomas (B-NHL) demonstrated high 
efficacy and a tolerable and manageable safety profile 
in a phase 2 study. This treatment regimen could offer 
a new treatment option for these patients, including 
heavily pre-treated patients.

https://clinicaltrials.gov/ct2/show/NCT02684292?term=NCT02684292&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT02572167?term=NCT02572167&draw=2&rank=1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6688776/
https://ashpublications.org/blood/article/137/10/1318/463993/Pembrolizumab-followed-by-AVD-in-untreated-early
https://jamanetwork.com/journals/jamaoncology/fullarticle/10.1001/jamaoncol.2020.0750
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6075855/
https://doi.org/10.1182/blood.2019000324
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(21)00005-X/fulltext
https://ashpublications.org/blood/article-abstract/doi/10.1182/blood.2020009178/475691/Brentuximab-vedotin-in-combination-with-nivolumab?redirectedFrom=fulltext
https://clinicaltrials.gov/ct2/show/NCT01011920?term=IELSG32&draw=2&rank=1
https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(16)00036-3/fulltext
https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(17)30174-6/fulltext
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Patients with r/r B-NHL and particularly r/r DLBCL who are not 
candidates for stem cell transplantation or CAR T-cell therapy 
have a poor prognosis. A surface antigen of B lymphocytes, 
CD37, is highly expressed in NHL and thus a potential target 
for therapies. Naratuximab emtansine is an antibody-drug 
conjugate consisting of the humanised anti-CD37 antibody 
K7153A that targets CD37. A phase 1 monotherapy study 
demonstrated a good safety profile with a 22% objective 
response rate (ORR) in patients with DLBCL (NCT01534715) [1].

Dr Moshe Yair Levy (Texas Oncology-Baylor Charles A. 
Sammons Cancer Center, TX, USA) presented a subsequent, 
open-label, phase 2 study (NCT02564744) of naratuximab 
emtansine + rituximab in r/r NHL and r/r DLBCL patients [2]. 
Part 1 consisted of a safety run-in (r/r NHL including DLBCL; 
n=17) and a run-in expansion (cohort 1, r/r DLBCL n=8 ; 
cohort 2, other r/r NHL n=12). Part 2 only included DLBCL 
patients in 2 cohorts with different treatments: cohort A 
(n=33) received the same treatment as all patients in part 
1, consisting of 0.7 mg/kg naratuximab emtansine on day 1, 
followed by 375 mg/m² rituximab every 3 weeks. Cohort B 
(n=30) received 0.4 mg/kg naratuximab emtansine on days 1, 
8, and 15, followed by 375 mg/m² on day 1. A large proportion 
of patients were heavily pre-treated, with advanced DLBCL. 
Primary endpoints were ORR and safety. 

Efficacy outcomes in all treated DLBCL patients (n=80, with 
n=76 evaluable) showed an ORR of 44.7% with 31.6% complete 
response (CR). ORR in part 2 was 50% in cohorts A and B; CR was 
43.3% in cohort A and 33.3% in cohort B. In patients with non-
bulky DLBCL (n=61), ORR was 50.8%; in non-primary refractory, 
third-line+ treated patients (n=28), ORR was 46.4% and CR was 
32.1%. After a median follow-up of 15 months, median duration 
of response was not reached; 66% of responders had a duration 
of response >12 months. 

The most frequently observed grade 3–4 adverse events were 
haematological and manageable. Only 8 patients discontinued 
treatment due to adverse events. Of the 10 patients with grade 
5 adverse events, 2 were considered treatment-related. 

In summary, naratuximab emtansine + rituximab was tolerable 
and demonstrated high efficacy in this phase 2 study. This 
treatment regimen might offer a new treatment option for 
patients with r/r DLBCL, including heavily pre-treated patients. 

1. Stathis A, et al. Invest New Drugs 2018;36(5):869-76.
2. Levy MY, et al. Safety and efficacy of CD37targeting naratuximab emtansine 

plus rituximab in diffuse large B-cell lymphoma and other non-Hodgkin’s B-cell 
lymphomas – a phase 2 study. p205-3, EHA 2021 Virtual Congress, 9–17 June.

The	journey	ahead	for	CAR	T-cell	therapy	in	r/r	
follicular	lymphoma
Preliminary results from 3 independent phase 2 trials 
are promising for CAR T-cell therapies in patients with 
relapsed or refractory (r/r) follicular lymphoma. 

Follicular lymphoma has a generally good prognosis, but 
approximately 20% of patients experience disease relapse 
within 2 years of initial firstline chemoimmunotherapy and 
survival rates are as poor as 50% in these patients [1]. With 
each line of therapy, survival rates significantly decline [2]. 
CAR T-cell therapy is being developed as an option for early 
treatment failures as well as multiple relapses, as discussed 
by Dr Bastian von Tresckow (University Hospital Essen, 
Germany) [1]. 

Long-term data from a single-centre, phase 2a study 
(NCT02650999) with CAR T-cell therapy with pembrolizumab 
(targeting cell surface receptor PD-1) in patients with r/r 
follicular lymphoma showed a 71% complete response with 
tisagenlecleucel, a probability of remaining in response for 
5 years of 60% (95% CI 25–83) with a median response 
duration not reached at a median follow-up of over 5 years 
(60.7 months). However, the study only included 14 patients 
and no definitive conclusions can be drawn from these 
results [3]. 

Dr von Tresckow also discussed previously presented 
data from the phase 2 ZUMA-5 study (NCT03105336), 
which investigated axicabtagene ciloleucel (2 x 106 cells/kg; 
targeting CD19, CD28, and CD3zeta) in patients with r/r 
follicular lymphoma with a median of 3 prior lines of therapy. 
Preliminary outcomes after a median follow-up of 17.5 
months are encouraging, with an overall response rate of 94%, 
80% complete response, and 77.5% 12-month progression-
free survival rate (PFS). Cytokine release syndrome occurred 
in 84 of 124 patients, in only patients 6 being grade ≥3 [4]. 

The phase 2 ELARA trial (NCT03568461) of tisagenlecleucel-T 
(0.6–6 x 108 cells; targeting CD19) in r/r follicular lymphoma 
with a median of 4 prior lines of therapy also demonstrated 
promising outcomes with favourable safety profiles. A 
primary analysis after a median follow-up of 10.9 months 
showed an overall response rate of 86% with 66% complete 
response. Six-month PFS was 76% (95% CI 65–84). Median 
duration of response, PFS, and OS were not reached. Of 97 
treated patients, 48.5% developed cytokine release syndrome, 
all grade ≤2 [5]. 

https://clinicaltrials.gov/ct2/show/NCT01534715?term=IMGN529&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT02564744?term=NCT02564744&draw=2&rank=1
https://link.springer.com/article/10.1007/s10637-018-0570-4
https://clinicaltrials.gov/ct2/show/NCT02650999?term=tisagenlecleucel&cond=Follicular+Lymphoma&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT03105336?term=ZUMA-5&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03568461?term=ELARA&draw=2&rank=2
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In summary, in FL patients, firstline therapies typically 
induce remission and delay disease progression by several 
years but are not curative; almost all patients eventually 
develop progressive disease. Several CAR T-cell therapies 
are currently under investigation in phase 2 trials, and 
preliminary results suggest that CAR T-cell therapy could be 
effective even in extensively pre-treated patients. 

1. Von Tresckow B. CAR-T Cell Therapy: Journey Ahead in r/r Follicular Lymphoma (FL) 
and Second-Line r/r DLBCL. 1SS11-SL4-1, EHA 2021 Virtual Congress, 9–17 June.

2. Casulo C, et al. J Clin Oncol 2015:33(23):2516–22.
3. Chong EA, et al. N Engl J Med. 2021:384(7):673–4.
4. Jacobson C, et al. Abstract 700, ASH 2020, 5–8 December. 
5. Schuster SJ, et al. Oral 7508, ASCO 2021, 4–8 June. 

ZUMA-5	vs	SCHOLAR-5:	Axicabtagene	
ciloleucel	significantly	improves	FL	outcome
Updated results from the ZUMA-5 trial showed that 
treatment with axicabtagene ciloleucel resulted in 
significantly higher efficacy in patients with relapsed/
refractory (r/r) follicular lymphoma (FL) compared with 
real-world treatment patterns from the SCHOLAR-5 
control cohort. These results support that axicabtagene 
ciloleucel treatment represents a significant improvement 
in treatment options for these patients.

Prof. John Gribben (Barts Cancer Institute, UK) presented 
updated results of the ZUMA-5 study (NCT03105336), a 
prospective, interventional study of axicabtagene ciloleucel 
(axi-cel) in patients with r/r follicular lymphoma who have failed 
≥2 prior lines of therapy [1]. Clinical outcomes from the ZUMA
5 cohort were compared with the international SCHOLAR-5 
control cohort to provide comparative evidence in r/r follicular 
lymphoma patients meeting ZUMA-5 eligibility criteria.

Cross-study comparisons of a retrospective versus a 
prospective clinical trial may be difficult to interpret or 
prone to bias. Propensity score weighting was used to 
create balance for a broad set of prognostic covariates. 
The common support dataset included objective response 
rate, complete response, overall survival, progression-free 
survival (PFS), time to next treatment (TTNT), and duration 
of response. 

The SCHOLAR-5 real-world treatment strategies were highly 
heterogeneous and highlighted the lack of uniform treatment 
options. Median follow-up was 26.2 months for SCHOLAR-5 
and 23.3 months for ZUMA-5. Propensity score weighting 
created balance in 9 out of 10 variables (except for ECOG 
0/1) versus 4 out of 10 before weighting. 

Updated efficacy results showed a significantly higher 
efficacy of treatment in ZUMA5 compared with SCHOLAR5 
in objective response rate (94.2% vs 49.9%; P<0.0001) and 
complete response (79.1% vs 29.9%; P<0.0001), favouring 
axicel treatment. Also, PFS was significantly increased in 
ZUMA-5 (median not reached vs 12.68 months; P<0.001; see 
Figure). The same was true for TTNT (median not reached 
vs 14.43 months; P<0.001) and overall survival (median not 
reached vs 59.8 months; P=0.125). Subgroup analysis of 
efficacy endpoints consistently confirmed overall efficacy 
results. 

Figure: Progression-free survival in ZUMA-5 versus SCHOLAR-5 [1]
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In conclusion, after applying propensity score weighting, axi-
cel demonstrated better outcomes in in all clinical endpoints 
in the ZUMA-5 clinical trial when compared with SCHOLAR-5 
findings. The substantial benefits observed in this study 
suggest that axi-cel addresses an important unmet medical 
need for r/r follicular lymphoma patients. 

1. Ghione P, et al. A comparison of clinical outcomes from ZUMA-5 (axicabtagene 
ciloleucel) and the international SCHOLAR-5 external control cohort in relapsed/
refractory follicular lymphoma (r/r FL). P205-4, EHA 2021 Virtual Congress, 9–17 
June.

Promising	chemo-free	treatment	options	in	r/r	
DLBCL
Several novel agents and combinations are under 
develop  ment as alternatives to chemotherapy treatment 
in relapsed or refractory diffuse large B-cell lymphoma 
(r/r DLBCL). These new agents include novel antibodies, 
CAR T-cell therapy, checkpoint inhibitors, immunotoxins, 
PI3K inhibitors, novel kinase inhibitors, BiTE, Bcl-2 
inhibitors, and BTK inhibitors [1]. 

https://pubmed.ncbi.nlm.nih.gov/26124482/
https://www.nejm.org/doi/10.1056/NEJMc2030164?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://ashpublications.org/blood/article/136/Supplement 1/40/470462/Primary-Analysis-of-Zuma-5-A-Phase-2-Study-of
https://clinicaltrials.gov/ct2/show/NCT03105336?term=NCT03105336&draw=2&rank=1
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The poor outcomes of chemotherapy in patients with r/r 
DLBCL create a major unmet medical need for alternative 
treatment regimes. This is true for patients either eligible 
or ineligible for transplantation. For example, rituximab + 
gemcitabine and oxaliplatin (R-GemOx) in r/r DLBCL patients 
ineligible for autologous transplantation demonstrated a 
median progression free-survival time of 5 months and a 
median overall survival of only 10 months [2]. 

Prof. Marco Ladetto (University del Piemonte Orientale, 
Italy) discussed the use of non-chemotherapeutic agents 
in transplant-ineligible r/r DLBCL. Non-chemotherapeutic 
agents are used either alone, as a rational combination of 
biologicals, or in combination with chemotherapy. 

Prof. Ladetto discussed 3 of the interesting treatment options 
currently under development: 
• loncastuximab tesirine, a novel immunotoxin, showed 

durable response and an acceptable safety profile in the 
phase 2 LOTIS-2 trial (NCT03589469) [3];

• glofitamab, a Tcell engaging agent, showed durable res
ponse in patients with r/r aggressive B-cell non-Hodgkin’s 
lymphoma in a recent phase 1 trial (NCT03075696) [4]; and 

• the combined use of tafasitamab, an anti-CD19 antibody, 
and lenalidomide, an immunomodulatory agent, which 
synergistic effects led to markedly longer median 
progression-free survival of 16.2 months (median follow-
up 22.6 months) than chemotherapy regimens, such as 
R-GemOx [2,5]. 

Prof. Ladetto concluded, “Given the modest value of 
chemotherapy salvage treatments, it is reasonable to further 
explore the value of non-chemotherapeutic agents, either 
alone or in rational combinations.”

1. Ladetto M. What is the role of chemo-free regimens for the treatment of R/R 
DLBCL? 1SS08-OD2, EHA 2021 Virtual Congress, 9-17 June.

2. Cazelles C, et al. Leuk Lymphoma. 2021. DOI 10.1080/1428194.2021.1901090.
3. Kahl BS, et al. Clin Can Res. 2019;25(23):6986–94.
4. Hutchings M, et al. J Clin Oncol. 2021;39(18):1959–70.
5. Salles G, et al. EP1201 EHA 2020 Congress, 11–21 June.

Leukaemia
Sabatolimab	achieved	durable	responses	in	
patients	with	high-risk	MDS	and	AML	
Sabatolimab plus hypomethylating agents (HMA) showed 
durable responses in a phase 1b study in patients with 
myelo dysplastic syndrome (MDS) and acute myeloid 
leukaemia (AML) with poor-outcome cytogenetic risk 
profiles. Treatment was well tolerated. 

Novel therapies with durable efficacy and favourable safety 
profiles represent an unmet medical need in highrisk and 
very high-risk MDS (HR/VeryHR MDS) and AML. TIM-3 is an 
inhibitory receptor expressed on immune and leukaemic cells 
but not on normal haematopoetic stem cells. Sabatolimab is a 
novel immuno-myeloid therapy targeting TIM-3. Prof. Andrew 
Wei (Alfred Hospital and Monash University, Australia) 
presented updated results of a multi-arm, open-label, phase 
1b study (NCT03066648) [1].

The study enrolled patients with HR/VeryHR MDS or newly 
diagnosed AML unfit for chemotherapy and without prior 

treatment with HMA. The participants received 28-day 
treatment cycles with sabatolimab 240 mg or 400 mg 
(every 2 weeks), or 800 mg (every 4 weeks) plus either 20 
mg/m² decitabine on days 1–5 or 75 mg/m² azacitidine 
on days 1–7. Primary endpoints were maximum tolerated 
dose, recommended dose, safety, and tolerability. Secondary 
endpoints included preliminary efficacy evaluation. 

At data cut-off (22 September 2020), 53 HR/VeryHR MDS 
patients (sabatolimab + decitabine n=19; sabatolimab 
+ azacitidine n=34) and 48 AML patients were included 
(sabatolimab + decitabine n=22; sabatolimab + azacitidine 
n=26). Of all patients, 36 had interrupted sabatolimab 
treatment, 1 received a reduced dose, 2 had dose-interruption 
plus -reduction, 5 discontinued treatment, and 3 had dose-
interruption plus discontinuation; 4 discontinuations were 
due to adverse events (1 related to study treatment), and 
4 due to death. Most adverse events were consistent with 
HMA treatment alone. 

https://clinicaltrials.gov/ct2/show/NCT03589469?term=LOTIS-2&draw=2&rank=1
https://www.clinicaltrials.gov/ct2/show/NCT03075696
https://www.tandfonline.com/doi/full/10.1080/10428194.2021.1901090
https://clincancerres.aacrjournals.org/content/25/23/6986.long
https://ascopubs.org/doi/full/10.1200/JCO.20.03175
https://library.ehaweb.org/eha/2020/eha25th/293691/gilles.salles.long-term.outcomes.from.the.phase.ii.l-mind.study.of.tafasitamab.html?f=listing%3D0%2Abrowseby%3D8%2Asortby%3D1%2Asearch%3Dep1201
https://clinicaltrials.gov/ct2/show/NCT03066648?term=NCT03066648&draw=2&rank=1


8 CONFERENCE REPORT - EHA 20218

Sabatolimab plus HMA demonstrated promising response 
rates with emerging durability: objective response rate (ORR) 
in patients with HR/VeryHR MDS was 58%, with a median 
duration of response (DOR) of 16.1 months (95% CI 6.7–not 
evaluable [NE]) and an estimated 12-month progression-free 
survival (PFS) rate of 50.1% (95% CI 27.3–69.2). In patients 
achieving complete response (CR), the median DOR was 
21.5 months (95% CI 12.1–NE), while median DOR was 7.3 
months (95% CI 3.0–NE) in patients achieving bone marrow 
CR only. In the AML cohort, ORR was 42.5%, median DOR was 
12.6 months (95% CI 5.2–NE) and the estimated 12-month 
PFS rate was 27.4% (95% CI 14.5–42.0). Median DOR was 
23.0 months (95% CI 1.3–NE) in patients with CR and 5.2 
months (95% CI 2.4–NE) in patients with bone marrow CR. 
Biomarker assessment showed that interleukin (IL)1β was 
significantly reduced in responding patients. 

Evaluation of poor-risk subgroups showed that sabatolimab 
treatment achieved durable responses. Results for HR/VeryHR 
MDS subgroups were: 
• TP53: ORR 71.4%, median DOR 14.7 months (n=14); 
• TP53/RUNX1/ASXL1: ORR 67.7%, median DOR 16.1 

months (n=31); 
• cytogenetic poor risk: ORR 60%, median DOR 12.1 

months (n=5); and 
• cytogenetic very poor risk: ORR 65%, median DOR 7.9 

months (n=20). 
Results for AML subgroups were: 
• TP53: ORR 40.0%, median DOR 4.2 months (n=5); and 
• TP53/RUNX1/ASXL1: ORR 53.8%, median DOR 12.6 

months (n=13). 

Prof. Wei summarised, “Sabatolimab plus HMA is well 
tolerated and demonstrated durable clinical benefit in 
patients with HR/VHR MDS and AML. Further phase 2/3 
studies are underway as part of the STIMULUS immune-
myeloid clinical trial programme.”

1. Wei A, et al. Sabatolimab plus hypomethylating agents (HMAS) in patients (pts) 
with high-/very high-risk myelodysplastic syndrome (HR/VHR-MDS) and acute 
myeloid leukemia (AML): subgroup analysis of a phase 1 study. S168, EHA 2021 
Virtual Congress, 9–17 June.

 
Final	analysis	of	EURO-SKI:	primary	endpoints	
met	in	chronic	myeloid	leukaemia
EURO-SKI evaluated the duration of treatment-free 
molecular remission and survival after cessation of 
treatment with tyrosine kinase inhibitors (TKIs) in the 
largest patient population studied to date. Three-year 

results of the EURO-SKI trial showed that approximately 
half of the participants with chronic myeloid leukaemia 
(CML) were in treatment-free remission.

Treatment cessation has become a realistic therapy goal 
since the introduction of TKIs for the treatment of CML, with 
treatment-free remission being achievable in up to 55% of 
patients with deep molecular response (DMR). However, 
little is known about prognostic indicators of sustained 
treatment-free remission. Thus, the multicentre, open-label, 
uncontrolled EURO-SKI study (NCT01596114), aimed to 
define prognostic markers besides other goals. Prof. Susanne 
Saußele (Heidelberg University, Germany) presented the final 
analysis after 3 years of follow-up [1].

EURO-SKI enrolled 728 adult CML patients on TKI treatment 
(≥3 years) and in confirmed DMR (≥1 year). The median age 
was 51 years, and 46.8% were women. First and secondary 
primary endpoints were molecular recurrence-free survival 
(MRecFS) at 6 and 36 months. Molecular recurrence was 
defined as BCRABL1 >0.1% (major molecular response 
[MMR] loss) at 1 time point. Patients were followed for 3 
years after stop of TKI treatment. Median duration of TKI 
therapy was 7.5 years (3.1–22.6 years), with imatinib as 
firstline treatment in 93.7% of patients [2]. 

At 36 months, MRecFS was 48% (n=678; 95% CI 44–52) and 
molecular treatment-free survival (MRecTFS) was 46% (95% 
CI 43–50); 15 patients re-started TKI therapy without MMR 
loss. The cumulative incidence of MMR loss was 50% at 36 
months (95% CI 46–54; see Figure). Of the 9 deaths, none 
were attributed to MMR relapse or CML. 

Figure: Cumulative incidence of MMR loss after TKI treatment cessation [1]
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https://clinicaltrials.gov/ct2/show/NCT01596114?term=NCT01596114&draw=2&rank=1
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The first primary endpoint at 6month was met: 434 out of 
713 patients (61%; 95% CI 57–64) were in MMR or better, and 
the null hypothesis of ≤40% MMR maintenance at 6 months 
was rejected (P<0.0001). Similarly, the secondary primary 
endpoint of 36-month MRecFS was met: 309 out of 678 
patients (46%; 95% CI 42–49) are still in MMR or better, and 
the null hypothesis of MMR maintenance at 36 months was 
rejected (P<0.0001). There were 17 patients who prematurely 
restarted TKI therapy and 33 patients with missing data.

Prof. Saußele also presented a preliminary analysis of prog nostic 
factors. For MMR loss at 6 months, TKI treatment duration and 
DMR duration are the most important factors. For late MMR loss, 
TKI treatment duration before stop is the only relevant variable.

In summary, the primary endpoints of the EURO-SKI study were 
met and MRecFS probabilities were 62% and 46% after 6 and 
36 months, respectively. First prognostic analyses support the 
importance of TKI treatment duration for early and late MMR 
loss, with further prognostic analyses to follow. The EURO-SKI 
study outlined important preconditions that can be employed 
as guidance for stopping criteria. 

1. Saußele S, et al. Final analysis of a pan European stop tyrosine kinase inhibitor trial 
in chronic myeloid leukemia: the EURO-SKI study. S152, EHA 2021 Virtual Congress, 
9–17 June.

2. Saußele S, et al. Lancet Oncol 2018;19(6):747-57.

Favourable	outcomes	with	zanubrutinib	versus	
ibrutinib	in	patients	with	r/r	CLL
Interim results of the ALPINE study suggest that zanu-
brutinib exhibits superior efficacy and safety in patients 
with chronic lymphocytic leukaemia/small lymphocytic 
lymphoma (CLL/SLL) compared with ibrutinib. 

Treatment of chronic CLL/SLL has been transformed with the 
advent of effective inhibitors of B-cell receptor signalling, such 
as Bruton’s tyrosine kinase (BTK) inhibitor ibrutinib. Zanu brutinib 
is a potent, next-generation BTK inhibitor designed to maximise 
BTK occupancy and minimise off-target effects, which might mi-
nimise toxicities and improve efficacy compared with ibrutinib [1]. 

The phase 3, randomised ALPINE study (NCT03734016) com-
pared zanubrutinib with ibrutinib in patients with relapsed or 
refractory (r/r) CLL or SLL with ≥1 prior lines of treatment and 
measurable lymphadenopathy. The participants (n=652) were 
randomised 1:1 to receive either 160 mg zanubrutinib twice daily 
or 420 mg ibrutinib once daily. The primary endpoint was overall 
response rate (ORR), non-inferiority, and superiority [2].

Prof. Peter Hillmen (University of Leeds, UK) presented the 
pre-planned interim analysis approximately 12 months 
after randomisation of the first 415 patients. Median follow
up with zanubrutinib (n=207) was 15.3 months and with 
ibrutinib (n=208) 15.4 months; 87.4% and 75.5%, respectively, 
remained on treatment. Discontinuation of treatment was 
mainly due to adverse events (AEs) in both arms. 

ORR was 78.3% (95% CI 72.0–83.7) in the zanubrutinib 
arm and 62.5% (95% CI 55.5–69.1) in the ibrutinib arm, 
demonstrating superiority in the primary endpoint for 
zanubrutinib (P=0.0006). In a patient subset with 17p deletion, 
ORR was 83.3% in the zanubrutinib arm versus 53.8% in the 
ibrutinib arm. The event-free rate at 12-months was 94.9% 
versus 84.0% (HR 0.40; 95% CI 0.23–0.69; P=0.0007). Disease 
progression at 18 months was observed in 20 patients 
included in the zanubrutinib arm and in 42 patients included 
in the ibrutinib arm. There were no statistically significant 
differences in overall survival at this point (P=0.1081).

Safety analysis revealed that ≥95.6% of patients experienced 
any-grade AEs. Rates of serious AEs (27.5% in the zanubrutinib 
group vs 32.4% in the ibrutinib group), as well as fatal AEs (3.9% 
vs 5.8%, respectively) were similar in both groups. Treatment 
discontinuation due to AEs was less frequent in the zanubruti-
nib arm (7.8%) compared with the ibrutinib arm (13.0%), as was 
the occurrence of atrial fibrillation and flutter (2.5% vs 10.1%; 
P=0.0014). 

Prof. Hillmen concluded, “In this interim analysis of the 
ALPINE study, zanubrutinib had a superior response rate, 
improved PFS, and a lower rate of atrial fibrillation and flutter. 
These data support that more selective BTK inhibition, with 
more complete and sustained BTK occupancy, results in 
improved efficacy and safety outcomes.”

1. Tam CS, et al. Blood 2019;134(11):851–9.
2. Hillmen P, et al. First interim analysis of ALPINE study: results of a phase 3 

randomised study of zanubrutinib vs ibrutinib in patients with relapsed/refractory 
chronic lymphocytic leukemia/small lymphcytic lymphoma. LB1900, EHA 2021 
Virtual Congress, 9–17 June.

Oral	azacitidine	improves	overall	survival	in	
patients	with	acute	myeloid	leukaemia
Updated results of the QUAZAR AML-001 trial showed an 
overall survival (OS) benefit of treatment with oral aza citi
dine compared with placebo in acute myeloid leukaemia 
(AML). This improvement was irrespective of the patients’ 
mutational status, however, NPM1 and FLT3 mutations were 
prognostic and predictive of a survival benefit. 

https://linkinghub.elsevier.com/retrieve/pii/S1470-2045(18)30192-X
https://clinicaltrials.gov/ct2/show/NCT03734016?term=ALPINE+zanubrutinib&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03734016?term=ALPINE+zanubrutinib&draw=2&rank=1
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Characterisation of NPM1mut (23–30%) with and without 
concomitant internal tandem duplications in FLT3 (FLT3-ITD) 
(approximately 25%) are used to ascribe risk categories 
in patients with AML [1,2]. In the multicentre, placebo-
controlled, randomised, phase 3 QUAZAR AML-001 trial 
(NCT01757535), oral azacitidine (CC-486) maintenance 
therapy significantly prolonged OS and relapsefree survival 
(RFS) compared with placebo [3]. Prof. Hartmut Döhner 
(Universitätsklinikum Ulm, Germany) presented previously 
unpublished survival outcomes for oral azacitidine versus 
placebo by NPM1/FLT3 mutational status at diagnosis [4]. 

The QUAZAR AML-001 trial enrolled 469 patients with de 
novo or secondary AML, intermediate-risk or poor-risk 
cytogenetics (NPM1mut n=137; FLT3mut n=66; NPM1wt n=332; 
FLT3wt n=403), and not eligible for haematopoietic stem cell 
transplantation. Participants received either oral 300 mg 
azacitidine or placebo once daily for a 14/28-day treatment 
cycle. Primary endpoints were OS and RFS. 

In a multivariate OS analysis of azacitidine (n=234) versus 
placebo (n=233), azacitidine significantly improved OS 
independent of mutation status (P=0.00297). NPM1mut at AML 
diagnosis was favourably prognostic for OS (P≤0.032) and 
RFS (P≤0.011), and predictive of a survival benefit for patients 
treated with oral azacitidine versus placebo (OS P≤0.038; RFS 
P=0.005). Measurable residual disease-negativity at baseline 
was more common in patients with NPM1mut (62%) than with 
NPM1wt (49%). Median OS was 42.2 months for NPM1mut + 
azacitidine; 15.9 months for NPM1mut + placebo; 19.6 months 
for NPM1wt + azacitidine; and 14.6 months for NPM1wt 
+ placebo. Median RFS was 23.2 months for NPM1mut + 
azacitidine; 6.9 months for NPM1mut + placebo; 7.8 months for 
NPM1wt + azacitidine; and 4.6 months for NPM1wt + placebo.

Median OS and RFS in patients with FLT3-ITD were 
statistically significantly (P≤0.032) prolonged in the oral 
azacitidine arm versus placebo. OS (in months): FLT3-ITD + 
azacitidine 28.2; FLT3-ITD + placebo 9.7; FLT3wt + azacitidine 
24.7; FLT3wt + placebo 15.2. RFS (in months): FLT3-ITD + 
azacitidine 23.1; FLT3-ITD + placebo 4.6; FLT3wt + azacitidine 
10.2; FLT3wt + placebo 4.9. Evaluation of patients with 
mutations in both genes also showed markedly longer OS 
and RFS in azacitidine-treated patients. 

In conclusion, NPM1mut and/or FLT3wt was predictive for 
survival benefit in patients in remission treated with oral 
azacitidine in QUAZAR AML-001. Multivariate analyses 

confirmed the independent prognostic influence of NPM1 and 
FLT3 mutations, and oral azacitidine showed improvement in 
OS independent of these mutations.

1. Papaemmanuil E, et al. N Engl J Med 2016;374:2209–21.
2. Tiede C, et al. Blood 2002;99(12):4326–35.
3. Wei AH, et al. N Eng J Med 2020;383:2526–37.
4. Döhner H, et al. Survival outcomes from the QUAZAR AML-001 trial with oral 

azacitidine for patients with acute myeloid leukemia in remission by disease 
subtype, cytogenetic risk, and NPM1 mutation status at diagnosis. S131, EHA 
2021 Virtual Congress, 9–17 June.

Reduced-intensity	conditioning	ASCT	is	effective	
in	older	patients	with	AML	
Two consecutive trials in older patients with acute 
myeloid leukaemia (AML) or high-grade myelodysplastic 
syndromes (MDS) showed improved efficacy results 
for allogeneic stem cell transplantation (ASCT) with 
reduced-intensity conditioning (RIC). 

Although >65% of older (i.e. >60  years) patients with AML 
can achieve a complete response (CR) with intensive 
chemotherapy, only 20% will survive to 5 years. Thus, 
interventions based on preventing relapse are a priority. 
Options include consolidation chemotherapy, maintenance 
therapy, and RIC ASCT, which has made ASCT with curative 
intent available for older patients. Patients who achieve a CR 
but remain minimum residual disease (MRD)-positive are 
known to have an adverse prognosis and are at a higher risk 
of relapse following RIC transplant [1,2].

Prof. Nigel Russell (Guy's Hospital, UK) discussed the 
outcomes of 2 consecutive, randomised trials for patients 
>60 years with AML or high-grade MDS: the NCRI AML16 
(NCT00454480) and AML18 trials (NCT02272478), which 
both included an evaluation of RIC transplant in first 
remission [3]. Both trials included a standard chemotherapy 
schedule of daunorubicin + cytarabine (DA) combined with 1 
dose of gemtuzumab, followed by consolidation with DA or 
intermediate-dose cytarabine. AML18 also included a post-
course 1 intensification randomisation to either FLAGIDA, 
DA + cladribine, or DA alone for those patients not in MRD-
negative remission. Patients in remission with unfavourable 
risk cytogenetics could undergo a RIC transplant. AML16 
enrolled 983 patients in first remission aged 60–70 years, 
with 144 (15%) receiving RIC transplant. AML18 included 648 
patients in first remission aged 60–74 years, with 201 (31%) 
receiving a RIC transplant. 

At 5 years, AML16 results demonstrated clear benefits for 
RIC compared with chemotherapy: overall survival (OS) was 

https://clinicaltrials.gov/ct2/show/NCT01757535?term=QUAZAR+AML-001&draw=2&rank=1
https://www.nejm.org/doi/10.1056/NEJMoa1516192?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200www.ncbi.nlm.nih.gov
https://ashpublications.org/blood/article/99/12/4326/105972/Analysis-of-FLT3-activating-mutations-in-979
https://www.nejm.org/doi/10.1056/NEJMoa2004444?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.nejm.org/doi/10.1056/NEJMoa2004444?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://clinicaltrials.gov/ct2/show/NCT02272478?term=AML18&draw=2&rank=1
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increased (37% vs 20%; P<0.001), relapse risk was reduced (43% 
vs 83%; P<0.001), while non-relapse mortality was increased 
(39% vs 11%; P<0.001). Survival in RIC-treated patients was not 
different between those with sibling (44.2%) or unrelated donors 
(33.6%; P=0.3). These results were confirmed by multivariate 
Mantel-Byar analysis of survival by risk groups.

In AML18, 648 out of 847 (76%) patients achieved complete 
remission and the outcome for post-course 1 MDR-positive 
patients was not different from MRD-negative patients. Interim 
analysis confirmed the AML16 result of a benefit for transplant 
with 3-year survival from remission of 48.0% versus 37.4% 
(P=0.027). Most transplants were performed after courses 2 
or 3. Overall, 120 out of 222 (59%) of patients who were MRD-
positive post-course 1 became MRD-negative post-course 2 
and the benefit for transplant was greater in these patients 
compared with those who remained MRD positive. 

To conclude, 2 consecutive trials in over 1,500 older AML 
patients demonstrated a consistent benefit for RIC transplant 
in first remission, independent of postcourse 1 MRD status. 
The overall improvement in outcome for post course 1 
MRD-positive patients in AML18 compared with AML16 
may reflect treatment intensification postcourse 1 and the 
impact of the increased uptake of RIC transplant in AML18. 

1. Freeman SD, et al. J Clin Oncol 2013;31(32):4123–31.
2. Hourigan CS, et al. J Clin Oncol 2020;38(12):1273–83.
3. Russell N. Sequential NCRI AML trials show consistent benefit for RIC transplant 

in CR1 for older patients >60 years that is independent of MRD status after first 
induction. S130, EHA 2021 Virtual Congress.

ELEVATE-TN:	Acalabrutinib	shows	long-term	
efficacy	in	chronic	lymphocytic	leukaemia
Acalabrutinib with or without obinutuzumab 
demon strated superior longterm efficacy over 
obinutuzumab + chlorambucil in treatment-
naïve patients with chronic lymphocytic 
leukaemia (CLL). Results from the 4-year 
followup of the ELEVATETN study confirmed 
previously published interim results. 

Dr Jeff Sharman (US Oncology Network, USA) 
discussed 4-year follow-up results of the 
multicentre, open-label, phase 3 ELEVATE-TN study 
(NCT02475681), which was designed to compare 
efficacy and safety of Bruton’s tyrosine kinase 
(BTK) inhibitor acalabrutinib ± obinutuzumab 
versus obinutuzumab + chlorambucil in patients 
with treatment-naïve CLL [1,2].

ELEVATE-TN enrolled 535 patients (median age 70 years) 
with previously untreated CLL with comorbidities and 
similar patient characteristics at baseline. Participants 
were randomised into 3 treatment arms: acalabrutinib + 
obinutuzumab (n=179), acalabrutinib monotherapy (n=179), 
and obinutuzumab + chlorambucil (n=177). Crossover from 
obinutuzumab + chlorambucil to acalabrutinib monotherapy 
was allowed after progression. The primary efficacy endpoint 
was progression-free survival (PFS) of acalabrutinib + 
obinutuzumab versus obinutuzumab + chlorambucil. 
Previously reported interim results demonstrated superior 
efficacy and acceptable tolerability of acalabrutinib ± 
obinutuzumab [2].

Median follow-up was 46.9 months (0.0–59.4 months). PFS 
was significantly prolonged in patients receiving acalabrutinib 
+ obinutuzumab versus obinutuzumab + chloram bucil treat-
ment (P<0.0001), as well as in acalabrutinib monotherapy 
versus obinutuzumab + chlorambucil (P<0.0001), and in aca-
labrutinib + obinutuzumab versus acalabrutinib monotherapy 
(P=0.0296). Median PFS was not reached in treatment arms 
acalabrutinib + obinutuzumab and acalabrutinib monothera-
py, and median PFS was 27.8 months with obinutuzumab + 
chlorambucil. The 48-month PFS rate was 87% for acalabru-
tinib + obinutuzumab, 78% for acalabrutinib monotherapy and 
25% for obinutuzumab + chlorambucil (see Figure). Efficacy of 
acala brutinib + obinutuzumab was also superior in patients 
with 17p deletion and/or mutated TP53 or unmutated IGHV. 

The rate of complete response increased from the interim 
analysis to the 4-year follow-up analysis and was 30.7% 
for acalabrutinib + obinutuzumab, 11.2% for acalabrutinib 

Figure: 4-year progression-free survival rates in ELEVATE-TN [1]
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https://ascopubs.org/doi/10.1200/JCO.2013.49.1753?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://ascopubs.org/doi/10.1200/JCO.19.03011?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://ascopubs.org/doi/10.1200/JCO.19.03011?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
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monotherapy, and 13.0% for obinutuzumab + chlorambucil. 
The minimal residual disease status in patients also showed 
favourable outcomes for acalabrutinib + obinutuzumab. 
Median overall survival was not reached in any treatment arm. 
At 48 months, overall survival rates were 93%, 88%, and 88%, 
which was not statistically significantly different. At 60 months, 
there were still notably fewer deaths with acalabrutinib + 
obinutuzumab compared with other treatment arms.

More than 25% of patients in any treatment group experienced 
adverse events, as previously reported [2]. Neutropenia 
was more frequently observed in patients treated with 
acalabrutinib + obinutuzumab versus acalabrutinib mono-
therapy-treated patients, but less frequently than with 
obinutuzumab + chlorambucil. Most of the adverse events 
occurred in the first year of treatment and declined over time. 
No new safety signals were observed. 

Dr Sharman concluded, “acalabrutinib with or without obinutu-
zumab demonstrates durable disease control, tolerability, and 
flexibility to tailor treatment as a monotherapy or combination 
therapy in treatment-naïve CLL patients.”

1. Sharman JP, et al. Acalabrutinib ± obinutuzumab vs obinutuzumab + chlorambucil 
in treatment-naïve chronic lymphocytic leukemia: ELEVATE-TN 4-year follow-up. 
P409-4, EHA 2021 Virtual Congress, 9–17 June.

2. Sharman JP, et al. Lancet 2020;395:1278–91.

ELEVATE-RR:	Acalabrutinib	demonstrates	similar	
efficacy	and	better	safety	versus	ibrutinib
The phase 3, head-to-head ELEVATE-RR trial compared 
acalabrutinib versus ibrutinib in previously treated patients 
with chronic lymphocytic leukaemia (CLL). The first results 
indicate that acalabrutinib achieved better tolerability with 
fewer patients experiencing cardiovascular toxicities. 
Moreover, acalabrutinib had similar efficacy to ibrutinib.

Ibrutinib was the first irreversible Bruton’s tyrosine kinase 
(BTK) inhibitor but has been associated with adverse 
events (AEs), particularly cardiovascular toxicities, that can 
lead to treatment discontinuation. Acalabrutinib is a next-
generation, more selective BTK inhibitor. 

Prof. Peter Hillmen (St James’s University Hospital, UK) 
reported the first safety outcomes results of the randomised, 
multicentre, open-label ELEVATE-RR trial (NCT02477696), 
which compared safety and efficacy of acalabrutinib and 
ibrutinib in patients (n=533) with previously treated CLL 
and presence of del(17p) or del(11q) (median age 66 years) 
[1]. Patients were randomised 1:1 to receive either 100 mg 

acalabrutinib twice daily (n=268) or 420 mg ibrutinib once 
daily (n=265). The primary endpoint was non-inferiority in 
progression-free survival (PFS).

With a median follow-up of 40.9 months (0.0–59.1 months), 
median PFS was 38.4 months in both arms. Thus, the primary 
endpoint of non-inferiority of PFS with acalabrutinib versus 
ibrutinib was met (HR 1.00; 95% CI 0.79–1.27). 

More than half of the patients discontinued treatment (52.6% 
in the acalabrutinib arm vs 58.5% in the ibrutinib arm), mainly 
due to disease progression. The first safety outcomes of the 
secondary endpoints showed a significantly lower incidence of 
atrial fibrillation/flutter with acalabrutinib (P=0.02; see Figure), 
the incidence of grade ≥3 infection was similar (P=0.88), the 
incidence of Richter’s transformation was comparable (3.8% 
with acalabrutinib vs 4.9% with ibrutinib). Overall survival 
showed an initial 18% benefit for acalabrutinib (HR 0.82; 95% 
CI 0.59–1.15). Summarising safety data revealed fewer AEs 
leading to treatment discontinuation (14.7% with acalabrutinib 
vs 21.3% with ibrutinib), fewer deaths due to AEs for acalabrutinib 
(6.4% vs 9.5%, respectively), while anygrade and grade ≥3 AEs 
incidences were comparable (97.7% vs 97.3%; 68.8% vs 74.9%). 

Figure: Incidence of atrial fibrillation and flutter in the ELEVATERR trial [1]
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Prof. Hillmen concluded, “Acalabrutinib was non-inferior to 
ibrutinib in the primary endpoint PFS and demonstrated lower 
frequencies of common AEs. These results demonstrate that 
acalabrutinib is better tolerated and has similar efficacy to 
ibrutinib in patients with previously treated CLL.”

1. Hillmen P, et al. First results of a head-to-head trial of acalabrutinib versus ibrutinib 
in previously treated chronic lymphocytic leukaemia. P409-1, EHA 2021 Virtual 
Congress, 9–17 June.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8151619/
https://clinicaltrials.gov/ct2/show/NCT02477696?term=NCT02477696&draw=2&rank=1
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Fixed	12	cycles	and	MRD-guided	venetoclax	
consolidation	effective	in	CLL	
Primary endpoint results of the phase 2 HOVON 139/GiVe 
trial demonstrated high efficacy and good tolerability 
after fixed 12 cycles of venetoclax or minimal residual 
disease (MRD)-guided treatment with venetoclax 
after pre-induction with obinutuzumab. These results 
warrant further research on both these treatment 
options for patients with naïve chronic lymphocytic 
leukaemia (CLL) who are unfit for firstline fludarabine, 
cyclophosphamide, and rituximab (FCR).

Fixed-duration treatment of CLL patients with venetoclax 
combined with antiCD20 antibody, both in firstline (12 
cycles) and in relapsed/refractory (r/r) disease (24 cycles) 
results in high rates of undetectable MRD and prolonged 
progression-free survival (PFS) [1]. The randomised, phase 
2 HOVON 139/GiVe trial enrolled CLL patients who were 
unfit for firstline FCR. The trial evaluated the impact of a 
standard or MRD-based addition of venetoclax for 12 cycles 
after induction treatment with obinutuzumab + venetoclax. 
Dr Mark-David Levin (Albert Schweitzer Hospital, the 
Netherlands) presented the primary endpoint analysis after 
a maximum of 24 cycles [2].

The participants (n=67) first received 2 cycles of 
obinutuzumab for pre-induction, followed by induction with 
6 cycles of obinutuzumab + venetoclax, and 6 cycles of 
venetoclax monotherapy. They were randomised to receive 
maintenance therapy with venetoclax for 12 additional cycles 
in arm A or MRD-guided venetoclax arm B (i.e. venetoclax 
maintenance stopped or not started if patients reached blood 
MRD-negativity at any time point following randomisation). 

After obinutuzumab pre-induction treatment, the risk of 
tumour lysis syndrome (TLS) was downgraded in most 
patients. There was no clinical TLS and 2 cases of laboratory 
TLS (1 in pre-induction, 1 with obinutuzumab + venetoclax 
treatment). At randomisation, undetectable MRD was 
79–88% and overall response rate (ORR) was 97% (32% in 
complete remission [CR] and 65% in partial remission [PR]). 

The primary endpoint was the proportion of patients who have 
MRD-negative bone marrow after a maximum of 24 cycles 
of venetoclax and no progression at any earlier time point 
after randomisation. In arm A (n=32), 28 patients received 12 
cycles of venetoclax; 19 patients showed undetectable MRD 
and no progression, with an ORR of 88% (CR 16 patients; 

PR 12 patients; disease progression 3 patients). In arm B 
(n=30), 1 patient received 3 cycles of venetoclax; 17 patients 
showed undetectable MRD and no progression, with an ORR 
of 97% (CR 19 patients; PR 10 patients; disease progression 
1 patient). In arm B, patients who were MRD-negative at 
randomisation did not start venetoclax treatment. The safety 
profile of arms A and B were similar. Adverse events were 
mostly pulmonary infections.

In summary, 2 cycles of obinutuzumab pre-induction led to 
a lower TLS risk in most patients receiving obinutuzumab 
+ venetoclax, which was shown to be a highly effective 
treatment regimen in firstline, for FCRunfit patients. 
Venetoclax consolidation treatment (arm A) and MRD-based 
venetoclax consolidation (arm B) were well tolerated and led 
to high efficacy outcomes 2 years after starting treatment. 

1. Kater AP, et al. J Clin Oncol 2020;38(34):4042–54.
2. Levin MD, et al. MRDguided or fixed 12 cycles of venetoclax consolidation after 

venetoclax plus obinutuzumab treatment in firstline FCRunfit patients with CLL: 
primary endpoint analysis of the HOVON 139/GiVe trial. P409-5, EHA 2021 Virtual 
Congress, 9–17 June.

GLOW:	Ibrutinib	+	venetoclax	showed	superior	
PFS	as	first-line	CLL	treatment	
Fixed-duration ibrutinib + venetoclax showed superior 
efficacy in older or unfit patients with chronic lymphocytic 
leukaemia (CLL) compared with chlorambucil + obinu-
tuzumab in the phase 3 GLOW study. These results support 
the positive clinical profile of alloral, oncedaily, fixed
duration ibrutinib + venetoclax as firstline treatment. 

Prof. Arnon Kater (Amsterdam University Medical Centres, the 
Netherlands) presented the primary results of the randomised, 
open-label, phase 3 GLOW study (NCT03462719) [1]. The 
oncedaily, alloral, fixedduration therapy induced deep 
remissions in young or fit patients in the phase 2 CAPTIVATE 
study (NCT02910583), with 2-year progression-free survival 
(PFS) of 95% [2].

A total of 211 patients ≥65 years of age or <65 years with 
cumulative illness rating scale (CIRS) >6 or creatinine 
clearance <70 mL/min were randomised 1:1 to receive 
420 mg ibrutinib daily for a 3-cycle lead-in followed by 
ibrutinib + venetoclax for 12 cycles (n=106), or chlorambucil 
+ obinutuzumab for 6 cycles (n=105). Primary endpoint 
was PFS, and secondary endpoints included undetectable 
minimal residual disease (MRD) in bone marrow (<1 CLL 
cell/10,000 leukocytes), complete response rate, overall 
response rate, overall survival, and safety. 

https://ascopubs.org/doi/10.1200/JCO.20.00948?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://clinicaltrials.gov/ct2/show/NCT03462719
https://clinicaltrials.gov/ct2/show/NCT02910583
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With a median follow-up of 27.7 months, PFS for ibrutinib + 
venetoclax was superior to chlorambucil + obinutuzumab 
(P<0.0001); ibrutinib + venetoclax reduced the risk of progression 
or death by 78% (HR 0.216; 95% CI 0.131–0.357). Median PFS 
was not reached with ibrutinib + venetoclax, while median PFS 
was 21.0 months with chlorambucil + obinutuzumab (see 
Figure). PFS analysis in prespecified subgroups consistently 
favoured ibrutinib + venetoclax. 

Figure: Progressionfree survival was significantly improved with ibrutinib 
+ venetoclax [1]
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Clb+O, chlorambucil + obinutuzumab; I+V, ibrutinib + venetoclax; PFS, progression-free survival.

Complete response rates were significantly higher for ibrutinib 
+ venetoclax versus chlorambucil + obinutuzumab (38.7% vs 
11.4%; P<0.0001) and responses to ibrutinib + venetoclax were 
more durable, with 90% versus 41% of responders sustaining 

response 24 months after initial response. Undetectable MRD 
rate was also significantly higher in ibrutinib + venetoclax
treated patients (bone marrow P<0.0001; peripheral blood 
P=0.0259) and sustained by the majority of ibrutinib + 
venetoclax-treated patients at 12 months post-treatment. 
The risk of needing second-line therapy was reduced by 86% 
with firstline ibrutinib + venetoclax versus chlorambucil + 
obinutuzumab. 

In the ibrutinib + venetoclax arm, 11 deaths occurred 
compared with 12 in the chlorambucil + obinutuzumab 
arm. Causes of death were similar in nature, with infections 
and cardiac events being most common. Hazard ratio for 
overall survival was 1.048 (95% CI 0.454–2.419) in ibrutinib 
+ venetoclax versus chlorambucil + obinutuzumab.

Median exposure was 13.8 months with ibrutinib + venetoclax 
and 5.1 months with chlorambucil + obinutuzumab. Interim 
safety results showed serious adverse events in ≥5% of 
patients (infections 12.3% vs 8.6%; atrial fibrillation 6.6% 
vs 0%, respectively). Two patients (1.9%) in the ibrutinib + 
venetoclax arm discontinued ibrutinib due to atrial fibrillation. 
In summary, fixedduration ibrutinib + venetoclax as firstline 
treatment for older or unfit adults with CLL demonstrated 
superior efficacy in the primary endpoint PFS as well as in key 
secondary endpoints. Tolerability profiles were consistent 
with CLL treatment in elderly comorbid patients. 

1. Kater A, et al. Fixed duration ibrutinib and venetoclax (I+V) versus chlorambucil 
plus obinutuzumab (Clb+O) for firstline (1L) chronic lymphocytic leukemia (CLL): 
primary analysis of the phase 3 GLOW study. P205-2, EHA 2021 Congress, 09–17 
June. 

2. Ghia P, et al. Abstract 7501, ASCO 2021, 4–8 June.

Myeloma and Myelofibrosis
Novel	targets	in	myelofibrosis:	overview	of	
emergent	therapies
Several late-stage clinical trials have shown encouraging 
results for novel therapies for myelofibrosis in at least 
a subset of patient populations. The novel agents, 
including pacritinib, momelotinib, parsaclisib, KRT-232, 
and tagraxofusp, are directed at a variety of targets.

Prof. Francesco Passamonti (University of Insubria, Italy) 
gave an overview of the evolving therapeutic landscape of 
myelofibrosis, which is moving beyond ruxolitinib alone [1]. 
Different pathways can be used to modify myelofibrosis: 
signal transduction inhibitors such as JAK inhibitors, apoptotic 
pathway enhancers, epigenetic modifiers, agents harnessing 
host immunity, and agents affecting DNA replication [2]. 

https://meetings.asco.org/abstracts-presentations/201560
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The JAK2 inhibitor pacritinib was tested in phase 3 
clinical studies (PERSIST-1 [NCT01773187]; PERSIST-2 
[NCT02055781]) and found to be effective in spleen volume 
response (SVR35; P≤0.001) but not in total symptom score 
(TSS50; P≤0.24) [3,4]. In a phase 2 study (NCT04884191), 
pacritinib was assessed as a monotherapy in patients (n=161) 
with ruxolitinib intolerance or resistance. Overall efficacy was 
poor, but SVR35 was 17% in a subpopulation with severe 
thrombocytopaenia [5]. 

Momelotinib is another JAK inhibitor developed in 
phase 3 trials (SIMPLIFY-1 [NCT01969838]; SIMPLIFY-2 
[NCT02101268]). Its efficacy was compared with ruxolitinib. 
SIMPLIFY-1 (n=432) demonstrated robust overall survival 
(OS) for JAK inhibitornaïve patients (median OS ≥53.1 
months), met the non-inferiority endpoint SVR35 (P=0.011) 
but not TSS50 (P=0.98). SIMPLIFY-2 (n=156) also showed 
robust OS with a median of 34.3–37.5 months. Momelotinib 
failed to meet the primary endpoint for SVR35 (P=0.90) 
but achieved the TSS50 endpoint (P=0.0006). Both studies 
showed a good safety profile [6,7]. 

A third signal transduction inhibitor is the PI3K inhibitor 
parsaclisib. In a phase 2 trial (NCT02718300), parsaclisib 
plus ruxolitinib was effective in SVR in patients (n=33) with a 
suboptimal response to ruxolitinib. At 24 weeks, haemoglobin 
level and platelet count were stable [8].

Prof. Passamonti further presented results for KRT-232, an 
MDM2 inhibitor (i.e. apoptotic pathway enhancer), which 
was evaluated in the BOREAS phase 2 trial (NCT03662126) 
in patients with refractory or relapsing myelofibrosis. The 
most effective dose (240 mg once daily) showed SVR35 of 
16% (n=25) and a TSS50 of 30% (n=27). However, results 
may be confounded by a lack of ruxolitinib washout [9]. 

CD123 could also be a useful target in myelofibrosis patients 
with ruxolitinib failure. Tagraxofusp is a novel CD123-
directed cytotoxin therapy developed in a phase 2 trial 
(NCT02268253). Results from 36 patients showed 56% with 
a spleen (by palpation at week 24), 46% had symptom burden 
reduction, and 56% of patients were classified as having 
stable disease. The safety profile was good [10]. 

To conclude, the therapeutic landscape of myelofibrosis is 
evolving. Many non-JAK inhibitor-based therapies are being 
investigated in pre-clinical and early clinical studies and 
several novel therapies are in late-stage clinical development. 

The future treatment landscape aiming to improve the lives 
of patients with myelofibrosis is emerging. 

1. Passamonti F. Novel targets in myelofibrosis – Emergent therapies. 2SS16SL3, 
EHA 2021 Virtual Congress, 9–17 June.

2. Venugopal S & Mascarenhas J. J Hematol Oncol 2020;13:162.
3. Mesa RA, et al. Lancet Haematol 2017;4(5):e225–36.
4. Mascarenhas J, et al. JAMA Oncol 2018;4(5):652–9.
5. Gerds AT, et al. Abstract 667, ASH 2019, 7–10 December.
6. Mesa RA, et al. J Clin Oncol 2017;35:3844–50.
7. Harrison CN, et al. Lancet Haematol 2018;5:e73–e81.
8. Yacoub A, et al. S216, EHA 2020, 11-21 June.
9. Al-Ali HK, et al. S215, EHA 2020, 11-21 June.
10. Pemmaraju N, et al. P2986, ASH 2020, 5-8 December.

Immune therapy of multiple myeloma
Several recent clinical trials for immuno- and cellular 
therapies in myeloma have shown promising efficacy 
and safety results, paving the way for increased efficacy 
by combining or sequencing novel therapies.

Prof. Noopur Raje (Massachusetts General Cancer Center 
and Harvard Medical School, USA) presented an overview 
on targeted immune stimulation therapies in multiple 
myeloma (MM) [1]. Multiple treatments are currently under 
development or were recently approved that harness the 
immune system and specifically redirect T cells. 

One such exciting target in MM is B-cell maturation antigen 
(BCMA), an antigen expressed on plasma and myeloma 
cells, with higher expression on the latter. BCMA promotes 
myeloma cell growth and immunosuppression in the bone 
marrow [2]. Serum BCMA is elevated in MM and correlates 
with disease status and decreased survival, and many 
different immunotherapies are being developed: BCMA-CAR 
T-cells, BCMA-ADC (antibody-drug conjugate), and BCMA-
TCE (T-cell engagers) [3]. 

One of the TCEs is CC-93269, a humanised IgG1-based TCE 
that binds to BCMA on myeloma cells and to CD3 on T cells, 
enabling specific and tight binding. CC93269 was efficacious 
in animal models and primary patient bone marrow aspirates 
[4,5]. Preliminary results of a phase 1, dosefinding study 
(NCT03486067) in 30 patients with relapsing or refractory 
(r/r) MM showed an overall response rate (ORR) of 43.3% 
with 16.7% achieving a complete response (CR) [6]. Patients 
receiving 10 mg CC-93269 (n=9) showed an ORR of 88.9% 
with a CR of 44.4%, indicating a dose-response relationship. 
The median time to response was 4.1 weeks. Adverse events 
occurred in 73.3% of patients, and cytokine release syndrome 
(CRS) in 76.7%.

https://clinicaltrials.gov/ct2/show/NCT01773187?term=PERSIST-1&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT02055781?term=PERSIST-2&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04884191?term=PAC203&draw=2&rank=2
http://NCT01969838
https://clinicaltrials.gov/ct2/show/NCT02101268?term=SIMPLIFY-2&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT02718300?term=parsaclisib+ruxolitinib&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03662126?term=BOREAS&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT03662126?term=BOREAS&draw=2&rank=2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7709419/
https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(17)30027-3/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5885169/
https://ashpublications.org/blood/article/134/Supplement_1/667/426494/Results-of-PAC203-A-Randomized-Phase-2-Dose
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6553796/
https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(17)30237-5/fulltext
https://library.ehaweb.org/eha/2020/eha25th/295036/abdulraheem.yacoub.addition.of.parsaclisib.a.pi3kdelta.inhibitor.in.patients.html?f=menu%3D6%2Abrowseby%3D8%2Asortby%3D2%2Amedia%3D3%2Ace_id%3D1766%2Aot_id%3D23233%2Afeatured%3D16775
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Teclistamab is a humanised BCMA x CD3 bispecific 
IgG4 antibody. Prof. Raje presented updated results from 
an ongoing phase 1 study (NCT03145181; n=149) [7]. 
Preliminary efficacy data showed a dosedependent ORR of 
73% and CR of 23% with 1.5 mg/kg (high dose; n=22) after 
a median follow-up of 6.5 months. Responses were durable 
and deepened over time. CRS was recorded in 82 out of 149 
patients, and there were no treatment discontinuations due 
to CRS events. PF06863135, another bispecific antibody 
candidate, showed a similar response rate of 80% in 20 
participants in a phase 1 trial (NCT03269136) [8].

CAR T-cell therapy is an option for MM. Recently, idecabtagene 
vicleucel was approved after the KarMMa phase 2 pivotal 
study (NCT03361748) in patients with r/r MM (n=128) [9]. 
One dose of 300–460 x 106 cells led to an ORR of 73%, with a 
median duration of response of 10.9 months. After a median 
follow-up of 24.8 months, median PFS was 8.6 months and 
median OS was 24.8 months. The benefitrisk profile was 
favourable and supports its role as a treatment option for 
heavily pre-treated r/r MM.

Ciltacabtagene autoleucel is another CAR T-cell therapy, 
which is being investigated in the CARTITUDE-1 phase 1b/2 
trial (NCT03548207) in r/r MM patients who were refractory 
to all prior lines of treatment (n=97) [10]. The overall response 
rate was 93% and after a median follow-up duration of 12.4 
months, median PFS has not been reached. 

The UNIVERSAL study (NCT04093596) is the firstinhuman 
trial of allogeneic CAR T-cell therapy in patients with r/r MM 
(n=35) [11]. Preliminary data showed an ORR of ≤67%, with 
6 out of 9 patients in the high-dose groups remaining in 
response. Toxicity was easy to manage.

Prof. Raje concluded, “Targeting BCMA is the new standard. 
Efficacy of CAR Tcells seems to be high, and toxicity is well 
manageable. Next steps will include strategies to combine or 
sequence these therapies, and next-generation approaches 
will focus on improving efficacy and duration of response.” 

1. Raje N. Targeted immune stimulation in myeloma: Immuno- and cellular therapies. 
3SS133-SL4, EHA 2021 Virtual Congress, 09–17 June.

2. Cho SF, et al. Front Immunol 2018;9:1821.
3. Sanchez E, et al. Br J Haematol 2012;158(6):727–38.
4. Seckinger A, et al. Cancer Cell 2017;31(3):396–410.
5. Vu MD, et al. Blood 2015;128:2998.
6. Costa LJ, et al. Abstract S205, EHA 2020, 11–21 June.
7. Garfall AL, et al. Abstract 180, ASH 2020, 5–8 December.
8. Lesokhin AM, et al. Abstract 3206, ASH 2020, 5–8 December.
9. Anderson LD, et al. Abstract 8016, ASCO 2021, 4–8 June.
10. Berdeja JG, et al. J Clin Oncol 2020;38:8505.
11. Mailankody S, et al. Blood 2020;136(Suppl. 1):24-25. 

ANDROMEDA:	Addition	of	daratumumab	showed	
superior	efficacy	in	patients	with	AL	amyloidosis
Addition of daratumumab to standard-of-care treatment 
in patients with amyloid light-chain (AL) amyloidosis 
showed superior efficacy to standardofcare treatment 
alone, according to updated results of the ANDROMEDA 
trial. Based on these results, this combination therapy has 
become the first approved therapy for AL amyloidosis. 

Systemic AL amyloidosis is a rare plasma cell disease 
characterised by the deposition of insoluble amyloid fibrils 
causing organ dysfunction and death. Patients have a poor 
prognosis: about 30% die within the first year of diagnosis and 
the 4-year survival rate is 54% [1]. Median overall survival in 
patients with Mayo stage IIIB at baseline is 2.5–3.5 months [2].

Prof. Efstathios Kastritis (National and Kapodistrian University 
of Athens, Greece) presented updated results of the ongoing, 
open-label, randomised, phase 3 ANDROMEDA study 
(NCT03201965) [3,4]. The study included 388 patients 
with newly diagnosed AL amyloidosis who had ≥1 organs 
impacted. They were randomised to receive 6 cycles of either 
bortezomib, cyclophosphamide, and dexamethasone (VCd) 
plus 1,800 mg of subcutaneous daratumumab (D-VCd) 
followed by daratumumab every 4 weeks for up to 24 weeks 
(n=195) or VCd alone (n=193). The primary results after a 
median follow-up of 11.4 months showed that addition of 
subcutaneous daratumumab (D-VCd) to the standard-of-
care combination (VCd) was superior to VCd alone [5]. 

Prof. Kastritis presented the updated results after a median 
20.3-month follow-up (D-VCd n=193; VCd n=188) [3]. In the 
D-VCd arm, 40% of participants were still receiving daratu-
mumab mono therapy and the median duration of therapy 
was 18.5 months versus 5.3 months for VCd. There were 31 
deaths in the D-VCd group and 40 deaths in the VCd group. 

The primary endpoint was complete haematologic response 
(CR) defined as normalisation of free light chain (FLC) levels 
and FLC ratio, and negative serum and urine immunofixation. 
Rates of CR were significantly higher with DVCd (P<0.0001), 
the median time to CR was 2.0 versus 2.8 months, and CR rates 
were high across all prespecified subgroups (see Figure on 
the next page). Haematologic overall response was 92% in the 
D-VCd group versus 77% of VCd-treated patients (P<0.0001). 

Cardiac response rate, defined as a baseline NTproBNP 
of ≥650 ng per litre or baseline NYHA class of III or IV, was 

https://clinicaltrials.gov/ct2/show/NCT03145181?term=NCT03145181&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03269136?term=NCT03269136&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03361748?term=NCT03361748&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03548207?term=NCT03548207&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03548207?term=NCT03548207&draw=2&rank=1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6095983/
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2141.2012.09241.x
https://www.cell.com/cancer-cell/fulltext/S1535-6108(17)30016-8
https://ash.confex.com/ash/2015/webprogramscheduler/Paper77603.html
https://library.ehaweb.org/eha/2020/eha25th/295025/luciano.j.costa.interim.results.from.the.first.phase.1.clinical.study.of.the
https://ash.confex.com/ash/2020/webprogram/Paper138831.html
https://ash.confex.com/ash/2020/webprogram/Paper133355.html
https://meetings.asco.org/abstracts-presentations/195486
https://ascopubs.org/doi/abs/10.1200/JCO.2020.38.15_suppl.8505
https://ashpublications.org/blood/article/136/Supplement 1/24/469975/Universal-An-Allogeneic-First-in-Human-Study-of
https://clinicaltrials.gov/ct2/show/NCT03201965?term=NCT03201965&draw=2&rank=1
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higher in D-VCd at 6 (42% vs 22%; P=0.0029) and 12 months 
(57% vs 28%; P<0.0001), improving with longer follow-up. 
The same was true for renal response rate at 6 (54% vs 
27%; P<0.0001) and 12 months (57% vs 27%; P<0.0001). The 
safety profile of the 2 treatment arms was comparable.

In conclusion, longer followup data support the benefit of 
adding daratumumab to VCd treatment. With D-VCd now 
approved in the United States and Brazil, these data support 
D-VCd as the new standard of care for patients with AL 
amyloidosis. 

1. Muchtar E, et al. Blood 2017;129(15):2111–9.
2. Palladini G, et al. Blood 2020;136(Suppl.1):50–1.
3. Kastritis E, et al. Updated results from phase 3 ANDROMEDA study of patients with 

newly diagnosed AL amyloidosis treated with bortezomib, cyclophosphamide, and 
dexamethasone plus subcutaneous daratumumab. P417-5, EHA 2021 Virtual 
Congress, 9–17 June.

4. Kastritis E, et al. N Engl J Med 2021;385:46–58.
5. Kastritis E, et al. LB2604, EHA 2020, 11–21 June. 

MAIA	results	confirm	superior	efficacy	of	
daratumumab	with	standard-of-care
In patients with newly diagnosed multiple myeloma 
(MM), daratumumab in combination with standard-of-
care (i.e. lenalidomide and dexamethasone) achieved 
superior outcomes in overall survival (OS), progression-
free survival (PFS), and overall response rate compared 
with standard-of-care alone, as demonstrated by the 
overall survival results of the phase 3 MAIA trial.

The phase 3 MAIA (NCT02252172), ALCYONE (NCT02195479), 
and CASSIOPEIA (NCT02541383) studies established the 
superior PFS of daratumumab with standard-of-care versus 
standard-of-care alone for patients with newly diagnosed 
MM [1–3]. ALCYONE also established, for the first time, 
an OS benefit of a daratumumabbased regimen in newly 
diagnosed MM without eligibility for autologous stem cell 
transplantation [4]. In the previous MAIA update, OS data was 
not yet mature [5]. At the EHA 2021 congress, Prof. Thierry 
Facon (University of Lille, France) reported the updated 
efficacy and safety results from a prespecified interim 
analysis after a median follow-up of 56.2 months [6].

MAIA is a multicentre, randomised, open-label, active-
controlled phase 3 study of daratumumab plus lenalidomide 
and dexamethasone (D-Rd; n=364) versus lenalidomide 
and dexamethasone alone (Rd; n=365). Participants were 
randomised 1:1 and received treatment in cycles of 28 
days until disease progression. Primary endpoint was PFS. 
Secondary endpoints included OS and overall response rate. 

Median duration of follow-up was 56.2 months, with 42% of 
patients in the D-Rd arm and 18% of patients in the Rd arm 
remaining on treatment. Adverse events led to more patients 
discontinuing in the Rd-arm (23%) than in the D-Rd arm 
(13%). No new safety concerns were identified with longer 
follow-up. 

Figure: Haematologic CR rates in prespecified subgroups favour DVCd treatment [3]
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The updated PFS data showed a 60-month PFS rate of 52.5% in 
D-Rd versus 28.7% in Rd (P<0.0001). Median PFS has not been 
reached with D-Rd so far and was 34.4 months with Rd. These 
results provide a new PFS benchmark in patients with newly 
diagnosed MM who are transplant ineligible. Overall response 
rate analysis showed that D-Rd induced deeper responses with 
significantly higher rates of complete response and very good 
partial response [2]. With >28 months of additional follow-up, 
responses deepened with continued daratumumab therapy.

DRd also demonstrated a significant benefit (P=0.0013) 
in OS, with a 32% reduction in the risk of death: 60-month 
OS rate was 66.3% in D-Rd and 53.1% in Rd (see Figure). 
Subgroup analysis confirmed OS benefit with DRd, as it was 
consistent across patient subgroups. 

In summary, after almost 5 years of followup, a significant 
OS benefit of DRd versus Rd was demonstrated in patients 
with transplant-ineligible, newly diagnosed MM, representing 
a 32% reduction in the risk of death. The significant PFS 
benefit of DRd was maintained and no new safety concerns 
were identified with continuous therapy and longer follow
up. Prof. Facon concluded, “These results strongly support 
upfront D-Rd as new standard-of-care for patients with 

transplant-ineligible, newly diagnosed MM.”

1. Mateos MV, et al. N Eng J Med 2018;378(6):518–28.
2. Facon T, et al. N Eng J Med 2019;380(22):2104–15.
3. Moreau P, et al. Lancet 2019;394(10192):29–38.
4. Mateos MV, et al. Lancet 2020;395(10218):132–41.
5. Kumar SK, et al. Abstract 2276, ASH 2020, 5–8 December.
6. Facon T, et al. Overall survival results with daratumumab, lenalidomide, and dexa-

methasone versus lenalidomide and dexamethasone in transplant-ineligible newly di-
agnosed multiple myeloma: phase 3 MAIA study. P205-1, EHA 2021 Virtual Congress, 
9–17 June. 

Figure: Overall survival data from an interim analysis show superior efficacy 
of D-Rd versus Rd [1]
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Thrombotic and Thrombocytopenic 
Disorders including COVID-19 related
Acquired	TTP:	new	treatments	and	updated	
guidelines
New, effective treatments have become available for 
patients with acquired thrombotic thrombocytopenia 
(aTTP). Updated guidelines include new treatment 
decision trees and recommendations for the monitoring 
of patients in remission.

Dr María Mingot-Castellano (Hospital Universitario Virgen 
del Rocío, Spain) reviewed some significant changes in 
aTTP management in the last 5 years as a result of the 
introduction of new drugs, guidelines, and real-world data [1]. 
The evolution of therapeutic strategies started in 1975 with 

the introduction of corticosteroids and plasma exchange, 
which increased survival from 10% to 78% [2]. However, 
≤42% of patients are refractory to plasma exchange and 
immunosuppression and the risk of relapse is 30–50%. 
Today, treatment strategies aim to stop inhibitor production, 
supply ADAMTS13 (a disintegrin and metalloproteinase 
with a thrombospondin type 1 motif) and prevent thrombus 
formation. 

To stop inhibitor production, immunomodulation is used 
targeting T cells (e.g. cyclosporine A, mycophenolate, 
azathioprine), B cells (e.g. rituximab), plasma cells (e.g. 
steroids, bortezomib), and/or clearance of antibodies (e.g. 

https://www.nejm.org/doi/10.1056/NEJMoa1714678?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200www.ncbi.nlm.nih.gov
https://www.nejm.org/doi/10.1056/NEJMoa1817249?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)31240-1/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)32956-3/fulltext
https://ash.confex.com/ash/2020/webprogram/Paper134847.html
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plasma exchange, splenectomy). Rituximab was shown 
to reduce relapse rate over >50 months and increased 
ADAMTS13 remission in a triplet regimen with corticosteroids 
and caplacizumab [3,4].

To replenish ADAMTS13 levels, plasma exchange or plasma 
infusions are used and a recombinant ADAMTS13 is currently 
being investigated in a phase 2 study.

Inhibition of thrombus formation or von Willebrand factor 
(VWF) interaction can be achieved by caplacizumab, 
N-acetylcysteine, and aptamers. Caplacizumab was 
evaluated in the phase 3 HERCULES trial (NCT02553317) 
and led to fewer days in hospital and intensive care unit 
(ICU) compared with placebo [5]. Furthermore, refractory 
aTTP was reduced to 0 and recurrence was significantly 
lower (P<0.001). A recent integrated analysis including 
participants from HERCULES and the phase 2 TITAN 
study (NCT01151423) confirmed the superior efficacy of 
caplacizumab [6]. Integrated safety data showed more 
frequent bleeding events with caplacizumab compared with 
standard of care (11.3% vs 1.8%), but most bleeding events 
were mild to moderate. Real-world evidence also supports 
the good efficacy of caplacizumab [4,7]. 

ISTH treatment guidelines have been updated in 2020 and 
new concepts regarding ADAMTS13 levels, caplacizumab, and 
rituximab were included (see Figure). Evaluation of ADAMTS13 
levels in patients in remission is recommended monthly for 
the first 3 months, every 3 months for the first year, and every 
6–12 months when stable, and more frequently if levels begin 
to drop. For patients with ADAMTS13 activity <10%, the risk for 
relapse may be prevented by rituximab [8]. 

In summary, the determination of ADAMTS13 is the 
foundation for the diagnosis and monitoring of aTTP. 
Recommended firstline treatment is steroids, plasma 
exchange, and caplacizumab ± rituximab. Patients with 
an ADAMTS13 plasma level of <20% are at high risk of 
relapse and rituximab treatment should be considered. New 
treatment regimens and therapeutics (e.g. recombinant 
ADAMTS13) might become available in the future.

1. Mingot-Castellano ME. The treatment armamentarium in 2021 – from evidence to 
clinical practice. 5SS133-SL3, EHA 2021 Virtual Congress, 9–17 June.

2. George JN. Blood 2021;137(6):719–20.
3. Scully M, et al. Blood 2011;118(7):1746–53.
4. Coppo P, et al. Blood 2021;137(6):733–42.
5. Scully M, et al. N Engl J Med 2019;380(4):335–46.
6. Peyvandi F, et al. Blood Adv. 2021;5(8):2137–41.
7. Dutt T, et al. Blood 2021;137(13):1731–40.
8. Zheng XL, et al. J Thromb Haemost. 2020;18(10):2486–95. 

Figure: Decision tree for the treatment of aTTP patients, according to updated ISTH 2020 guidelines. Modified from [8]
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Maternal	screening	to	prevent	foetal	and	
neonatal	alloimmune	thrombocytopaenia	
Maternal prenatal screening and intervention can 
successfully prevent foetal or neonatal intracranial 
bleeding in foetal and neonatal alloimmune throm-
bocytopaenia (FNAIT). To eradicate this disease, all 
pregnant women should be screened for risk factors.

FNAIT is a devastating disease leading to bleeding events 
in foetuses and neonates (e.g. intracranial and intracerebral 
haemorrhage [ICH]). The disease is caused by the mother’s 
immune system targeting the foetus’ or neonate’s platelets, 
with maternal plateletspecific antibodies and (rarely) 
human leukocyte antigen (HLA) alloantibodies crossing 
the placenta. Prof. Dick Oepkes (Leiden University Medical 
Centre, the Netherlands) presented a clinician’s point of view 
on treatment and prophylaxis with the aim to prevent all 
bleeding in all foetuses and neonates [1].

Not every pregnant woman with HPA-1a antibodies (1:50) 
produces HPA-1a alloantibodies (1:400), and not every severe 
case of thrombocytopaenia (1:1,500) causes ICH (1:12,500). 
However, to prevent ICH from causing life-long, irreversible 
handicaps, measures must be taken at the bottom of this 
event pyramid. Prevention of antibody formation in pregnant 
women is the key to preventing FNAIT. 

Currently, only pregnant women with previous FNAIT are 
included in a treatment algorithm leading to a near 100% 
prevention of foetal or neonatal ICH. Maternal antenatal 
intervention is commenced at 12–16 weeks of gestation 
using intravenous immunoglobulins (IVIG) and planned 
caesarean section delivery at 34–37 weeks of gestation, 
depending on the individual risk of FNAIT. 

To prevent FNAIT in a woman’s first child and make FNAIT 
a disease of the past, like Rhesus disease, all pregnant 
women should be tested for HPA-type (2.5% screen positive) 
and high-risk groups have to be selected within women 
tested positive for HPA antibodies. High-risk group patients 
should receive weekly IVIG from 16 weeks onward, should 
be entered in a randomised clinical trial with monoclonal 
FcRn blocker, and should schedule a caesarean section at 37 
weeks in a perinatal centre with matched platelets available, 
Prof. Oepkes recommended. 

In summary, to prevent foetal ICH, maternal antenatal inter-
vention is required. To eradicate this debilitating disease, 

FNAIT screening of all pregnant women should be commenced 
to detect high-risk pregnancies early enough for successful 
prophylactic treatment. 

1. Oepkes D. Prophylaxis and treatment. P550-3, EHA 2021 Virtual Congress, 9–17 
June.

Fostamatinib	effectively	increased	platelet	
counts	in	immune	thrombocytopenic	purpura
Fostamatinib effectively elevated platelet counts and 
provided durable response in patients with immune 
thrombocytopenic purpura (ITP), as shown in phase 3 
clinical trials. Thus, fostamatinib can be considered a 
valuable new treatment approach for ITP. 

Prof. Waleed Ghanima (University of Oslo, Norway) presented 
results of a phase 3 programme that assessed the efficacy, 
safety, and durability of response of fostamatinib in patients 
with ITP [1]. In 2 parallel, double-blind, placebo-controlled 
phase 3 studies (FIT-1 NCT02076412; FIT-2 NCT02076399), 
150 patients were randomised 2:1 to receive either 100 mg 
fostamatinib twice daily (n=101) or placebo (n=49) for 24 
weeks, with bi-weekly visits. Patients with a platelet count 
of <50 x 109/L after 12 weeks or patients who completed 24 
weeks of treatment were eligible to enter the FIT-3 trial. FIT-
3 (NCT03363334) is an open-label, ongoing extension study 
to assess the long-term effects of fostamatinib (n=123). 
Glucocorticoids, azathioprine, or danazol were allowed as 
concomitant treatment, and rescue medication consisted 
of intravenous immunoglobulins, anti-D, corticosteroids, 
and platelet transfusion [2,3]. The primary endpoint in FIT-1 
and FIT-2 was stable response, which was considered very 
restrictive and difficult to achieve. 

Pooled results from FIT1 and FIT2 showed significantly 
improved results for patients treated with fostamatinib: 43% 
achieved overall response compared with 14% with placebo 
(P=0.0006) and 18% achieved stable response, defined as 
≥50 x109 platelets/L in 4 of 6 visits in weeks 14–24. Only 
2% of placebo-treated patients showed a stable response 
(P=0.0003). The median time to first response was 15 
days. The incidence of bleeding in patients who received 
fostamatinib (regardless of responder status) was 29% 
compared with 37% of those who received placebo. However, 
no severe or serious bleeding events were experienced by 
responders. Use of rescue medication was necessary for 
30% of fostamatinib-treated and 45% of placebo-treated 
patients (P=0.07) [2]. 

https://clinicaltrials.gov/ct2/show/NCT02076412?term=fostamatinib&cond=Immune+Thrombocytopenia&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT02076399?term=fostamatinib&cond=Immune+Thrombocytopenia&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT03363334?term=fostamatinib&cond=Immune+Thrombocytopenia&draw=2&rank=5
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Of the 101 fostamatinib-treated patients from FIT-1 and FIT-2, 
79 entered FIT-3; 44 out of 49 patients initiated with placebo 
entered FIT-3. The primary endpoint of the FIT-3 study is stable 
response, defined as ≥50 x109 platelets/L in ≥1 visit in the first 
3 months, followed by platelet counts of ≥50 x109 platelets/L 
at the subsequent 2 out of 3 monthly visits without use of 
rescue medication. Fostamatinib is dosed at 100 mg or 150 
mg twice daily based on platelet response and tolerability. An 
interim analysis showed overall response in 48% and stable 
response in 23% of patients, with 81% of stable responders 
maintaining a level of ≥50 x 109 platelets/L. No new or more 
frequent adverse events were detected with long-term use 
of fostamatinib [3]. Results after 5 years showed increasing 
platelet counts over time and 70% of patients gaining clinical 
benefit of ≥30 x 109 platelets/L [4]. 

In conclusion, fostamatinib effectively elevates platelet counts 
in adult ITP patients refractory to other treatment, leading to a 
decrease in bleeding events and in use of rescue medication. 
Furthermore, fostamatinib has a good safety profile with mostly 
mild or moderate, easy-to-manage side effects. 

1. Ghanima W. Evidence from clinical trials for the role of fostamatinib in ITP. 
2UiHMON-L2, EHA 2021 Virtual Congress, 9–17 June.

2. Bussel JB, et al. Am J Hematol 2018;93(7):921–30.
3. Bussel JB, et al. Am J Hematol 2019;94(5):546–53.
4. Cooper N, et al. Ther Adv Hematol. 2021;12. DOI: 10.1177/20406207211010875. 

Physiopathology	of	coagulopathy	in	
haematological	malignancies	and	COVID-19
Coagulopathies in critically ill patients display similar 
clinical manifestations but have distinctly different under-
lying pathophysiologies. Prof. Marcel Levi (Chair of the 
Dutch Research Council; Amsterdam University Medical 
Centre, the Netherlands) presented the patho physiology of 
coagulopathies in patients with cancer and COVID-19 [1]. 

Excessive blood loss during disseminated intravascular 
coagulation (DIC) is much more common in cancer patients 
(10–20%) than in DIC associated with other conditions 
(1–5%) and associated with higher mortality. The most 
important contributing cause for coagulopathies in cancer 
patients is tissue factor (TF) in TF-bearing microparticles 
of tumour cells. Furthermore, there is direct platelet-cancer 
interaction as well as thrombotic complications that arise 
due to anticancer drugs [2].

Coagulopathy in COVID19 is difficult to classify due to its 
overlapping features with DIC, thrombotic microangiopathy, 

catastrophic antiphospholipid syndrome, and cytokine storm 
syndrome. The coagulation abnormalities and thrombosis in 
patients with COVID-19 are caused by distinct mechanisms than 
what is usually seen in patients with severe infections [3]. The 
presence of D-dimers is associated with disease severity and 
mortality, as shown by several studies [4,5]. However, it remains 
unclear whether this is a result of systemic thrombin generation 
and subsequent fibrin formation and breakdown (Ddimer 
increase is disproportional to other markers of coagulation), or 
a result of enhanced fibrin turnover in the lung due to severe 
pneumonia (fibrin deposition is a hallmark of adult respiratory 
distress syndrome and macrophage activation). Post-mortem 
findings in COVID19 patients are also indicating microvascular 
thrombosis and haemorrhage in lungs and a massive release 
of ultra-large von Willebrand factor multimers from injured 
endothelial cells, which might be unmatched by ADAMTS13 
(a disintegrin and metalloproteinase with a thrombospondin 
type 1 motif)-cleaving capacity, with low ADAMTS13 plasma 
levels being predictors of mortality in COVID-19 patients [6]. 
Furthermore, SARS-CoV-2 can directly infect endothelial cells, 
increasing the burden of endotheliopathy [7].

Prof. Levi concluded, “Coagulopathies in critically ill patients 
display similar clinical manifestations but have a distinctly 
different underlying pathophysiology. Thrombin generation, 
injured endothelial cells, and abnormal platelet-vessel wall-
interaction play a crucial role in both cancer-induced and 
COVID-19-associated coagulopathies. New insights into 
coagulopathies in critically ill patients may provide points of 
impact for better adjunctive treatment.”

1. Levi M. Physiopathology of coagulopathy in hematological malignancies and in 
COVID-19. P-202-3, EHA 2021 Virtual Congress, 9–17 June.

2. Levi M and Sivapalaratnam S. Thromb Res 2020;191(Suppl. 1):S17–S21.
3. Li H, et al. Lancet 2020;395:1517–20.
4. Shah S, et al. Cardiol Rev. 2020;28(6):295–302.
5. Hu Y. P214-1, EHA 2021 Virtual Congress, 9–17 June.
6. Bazzan M, et al. Intern Emerg Med 2020;15:861–3.
7. Goshua G, et al. Lancet Haematol 2020;7(8):e575–82.

Haemostatic	abnormalities	are	associated	with	
mortality	in	COVID-19
COVID-19 causes a variety of abnormalities in 
thrombosis and haemostasis. Several studies have 
demonstrated that the severity grade of coagulopathies 
is significantly associated with the severity of COVID19 
disease progression and mortality.

COVID-19 is a systemic infectious disease affecting various 
organ systems and thus causing a broad variety of symptoms, 
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https://journals.lww.com/cardiologyinreview/Abstract/2020/11000/Elevated_d_Dimer_Levels_Are_Associated_With.5.aspx
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https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(20)30216-7/fulltext
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including haematological abnormalities, such as thrombosis, 
embolism, and petechiae [1]. In a single-centre, retrospective 
cohort study (n=380) looking at complications of 55 non-
survivors, acute respiratory distress syndrome was present 
in 69%, septic shock in 20%, disseminated intravenous 
coagulation (DIC) in 15% and venous thromboembolism 
(VTE) in 5% [2]. Dr Yu Hu (Wuhan Union Hospital, China) 
discussed coagulopathies in COVID-19 in further detail [3].

Dr Hu noted that patients with fatal COVID-19 had a 
significantly higher level of Ddimer compared with 
COVID-19-survivors, as well as increased activated partial 
thromboplastin time (aPTT), increased prothrombin time 
(PT), and decreased fibrinogen levels. Results from a meta
analysis evaluating 24 studies demonstrated that PT values at 
baseline were significantly associated with risk stratification 
and prognosis. D-dimer at baseline was associated with 
stratification [4]. Platelet count was significantly decreased in 
patients who died from COVID-19 (P<0.001). The incidence 
of thrombocytopenia in non-survivors (n=55) was 63.6% 
versus 15.3% in survivors (n=176).

Three studies from China indicated that nadir platelet count 
was associated with the risk of in-hospital death (P<0.05), 
with 92.1% mortality in patients with 0–50 x 109 platelets/L 
and 61.2% mortality in patients with 50–100 x 109 platelets/L 
at nadir platelet count [5–7]. Thrombotic microangiopathy 
was confirmed by histopathology from autopsy, thrombi 
mostly being red thrombi formed by fibrin network and red 
blood cells.

The incidence of DIC has also been associated with disease 
severity and mortality, but numbers differed markedly 
between studies, ranging from 0.1–2.7% in survivors and 
from 14.6–71.4% in non-survivors [4,8,9]. Dr Hu hypothesised 
that the discrepancies in DIC incidence may be due to a lack 
of recognition of COVID-19-associated DIC at the beginning 
of the outbreak, the complexity of both COVID-19 and DIC, 
and the lack of a golden standard for DIC diagnosis. 

Mechanisms of COVID-19-associated coagulopathy include 
systematic inflammation, endothelial dysfunction (by direct 
infection and secondary damage), and platelet activation (SARS-
CoV-2 directly binds and enhances platelet activation in vitro). 

In summary, coagulopathy is one of the important causes 
of death in COVID-19 patients and should be closely 
monitored by clinicians. Given the various haematological 

abnormalities in COVID-19, timely therapeutic intervention 
with anticoagulant therapy could improve prognosis.

1. Gupta A, et al. Nat Med 2020;26(7):1017–32.
2. Liao D, et al. Lancet Haematology 2020:7(9)e671–8.
3. Hu Y. Abnormalities in thrombosis and haemostasis in patients with COVID-19. 

P214-1, EHA 2021 Virtual Congress, 9–17 June.
4. Luo L, et al. Aging 2020:12(16):15918–37.
5. Yang X, et al. J Thromb Haemost. 2020;18(6):1469–72.
6. Liu Y, et al. Platelets 2020;31(4):490–6.
7. Zhao X, et al. EPMA Journal 2020;11(2):139–45.
8. Helms J, et al. Intensive Care Med 2020;46(6):1089–98.
9. Tang N, et al. J Thromb Haemost. 2020;18(4):844–7.

Mechanisms	of	COVID-19	vaccine-induced	
thrombotic	thrombocytopenia
Vaccine-induced thrombotic thrombocytopenia (VITT) 
is caused by anti-PF4 autoantibodies, starting a proco-
agulatory cascade, eventually leading to a highly pro-
throm botic state, amplification, and loss of control. This 
is likely triggered by a response to free proteins and the 
preservative EDTA in the vaccine. 

Since February 2021, several cases of unusual thrombotic 
events in combination with thrombocytopenia were observed 
in people who received AstraZeneca’s ChAdOx1 nCov-19 
vaccine. Prof. Andreas Greinacher (Universitätsmedizin 
Greifswald, Germany) presented previously published and 
unpublished data on VITT [1]. 

The typical VITT pattern is development of thrombo cyto-
paenia, cerebral vein, and/or splanchnic vein thrombosis 
4–20 days after vaccination with an adenoviral vector-based 
SARS-CoV-2 vaccine, strongly positive results for platelet 
factor 4 (PF4)/heparin IgG ELISA, and Fc-gamma receptor 
mediated platelet activation in presence of PF4 [2–5]. 

The current hypothesis of the mechanism of VITT is as follows: 
early stage (days 1–2) consists of 2 parts, namely antigen 
formation of PF4/vaccine complexes and danger signalling 
by vaccineinduced inflammation; in late stage (days 5–14), 
highly pathogenic anti-PF4 antibodies are produced in high 
titres, which induce platelet activation and NETosis, leading to 
prothrombotic state, amplification, and loss of control [1]. 

The complex formation theory was supported by dynamic light 
scattering analysis of ChAdOx1 nCOV-19, with the particles 
being approximately 90 nm long (corresponding to the size 
of adenovirus). Then, VITTpatient affinitypurified antiPF4 
was added, which significantly increased the size of particles. 
When DNA was added, complexes increased to approximately 
750 nm in size. 

https://www.nature.com/articles/s41591-020-0968-3
https://www.nature.com/articles/s41591-020-0968-3
https://www.aging-us.com/article/103581/text
https://onlinelibrary.wiley.com/doi/10.1111/jth.14848
https://www.tandfonline.com/doi/full/10.1080/09537104.2020.1754383
https://link.springer.com/article/10.1007%2Fs13167-020-00208-z
https://link.springer.com/article/10.1007%2Fs00134-020-06062-x
https://onlinelibrary.wiley.com/doi/full/10.1111/jth.14768
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The coinflammatory signal is suggested to come from 
the HEK cell line in which the vaccine is raised, and which 
contributes to approximately 50% of protein content (17.5–
20 µg) per vaccine dose. Thus, there are many free hexon 
proteins in the vaccine, which are strong triggers of the 
innate immune system. Another factor might be EDTA-
induced vascular leakage, which allows vaccine components 
to enter the vasculature at injection site, adding strong pro-
inflammatory effects. 

Prof. Greinacher also hypothesised that the HEK-cell protein 
in the vaccine may cause the formation of alloantibodies, 
which may then induce thrombocytopenia. This is supported 
by a vaccine-induced foetomaternal incompatibility causing 
pancytopaenia due to alloantibody formation in cattle and 
should be investigated further [1,6]. 

In summary, VITT is caused by anti-PF4 antibodies. Human 
and free proteins, and EDTA in the vaccine likely trigger the 
immune response to PF4. Anti-PF4 autoantibodies activate 
platelets, which recruit granulocytes, which then get into 
NETosis. This amplifies the reaction and causes a thrombin 
burst. It remains unclear whether the vaccine induces 
immune responses against other proteins. 

1. Greinacher A. Vaccine associated thrombotic thrombocytopenia. EHA 2021 Virtual 
Congress, 9–17 June:p217-3.

2. Greinacher A, et al. N Engl J Med 2021; 384:2092–101.
3. Schulz NH, et al. N Engl J Med 2021; 384:2124–30.
4. Scully M, et al. N Engl J Med 2021; 384:2202–11.
5. Muir KL, et al. N Engl J Med 2021; 384:1964–5.
6. Bastian M, et al. Vaccine 2011;29(32):5267–75.

COVID-19	vaccine-induced	immune	thrombotic	
thrombocytopenia:	discovery	and	diagnosis
The first diagnosis of vaccineinduced immune throm
botic thrombocytopenia (VITT) and updated patient 
character istics from Europe and Canada were presented. 
An acronym that might aid in diagnosis is VITT: Vaccine, 
Interval, Thrombosis, Thrombocytopaenia. 

Prof. Sabine Eichinger (Medical University Hospital of Vienna, 
Austria) reviewed the discovery of VITT and discussed 
algorithms for VITT diagnosis and treatment [1]. The first 
diagnosed case of VITT was a 49-year-old woman. On 17 
February 2021, she received the first COVID19 vaccine 
(ChAdOx1 nCov-19, AstraZeneca) and experienced mild fever, 
headache, and myalgia, which resolved after 2–3 days. From 
day 5, she experienced increasing abdominal pain, chills, and 
vomiting. In the morning of day 10, the patient was admitted 

to a local hospital and tested negative for SARS-CoV-2. She 
had a low platelet count (18/mm³) and elevated D-dimer 
(35 µg/mL), gamma-GT (141 U/L), and CRP (8.8 mg/dL). 
Computer tomography (CT) imaging showed portal vein 
thrombosis and peripheral pulmonary embolism. The patient 
was transferred to a tertiary hospital in good condition. Due 
to high fibrinogen levels (101 mg/dL), she received 4000 IU 
enoxaparin subcutaneously in the evening of day 10. On day 
11, she had massive abdominal pain. A repeat CT showed 
progression of portal vein thrombosis including splenic 
and upper mesenteric veins, oedema of intestinal walls due 
to malperfusion, and small thrombi in the infrarenal aorta 
and both iliac arteries. Laboratory results were similar to 
those of day 10. There were no safe therapeutic options 
due to increased bleeding risk. Low-dose unfractionated 
heparin was stopped after 1.5 hours due to tachycardia. 
The patients developed elevated lactate levels (3.6 mmol/L), 
haematemesis, was transferred to intensive care unit, and 
died on the evening of day 11. Autopsy confirmed cerebral 
thrombosis which was supported by clinical parameters 
taken prior to death.

Several differential diagnoses were considered and dismissed: 
COVID-19 (patient repeatedly tested negative), disseminated 
intravascular coagulopathy (DIC; no signs of malignancies or 
sepsis), antiphospholipid syndrome (aPTT normal, and anti-
cardiolipin/β2glycoprotein antibodies negative), thrombotic 
thrombocytopenic purpura (no haemolysis, no schistocytes, 
macrothrombosis), and heparin-induced thrombocytopenia 
(no heparin before onset of symptoms, severe DIC very 
unusual). The mechanisms of VITT were discussed in detail 
by Prof. Greinacher (see ‘Mechanisms of COVID-19 vaccine-
induced thrombotic thrombocytopenia’) [2]. 

Platelet activation tests of 4 patients with suspected VITT 
finally led to the discovery of VITT [1]. Serum of suspected 
VITT patients was spiked with normal platelets and platelet 
factor 4 (PF4), which led to strong platelet activation 
and which was not the case with heparin or intravenous 
immunoglobulins (IVIG) controls [3]. 

Prof. Eichinger also presented patient characteristics from 
different research groups. While in mainland Europe most 
patients (n=16) were women (≥80%) and maximum 54 years 
old, only 57% of patients in the United Kingdom (n=23) were 
female and ≤77 years of age [3–5]. First reported cases from 
Canada (n=3) are in line with British findings: 33% female and 
>60 years old. 
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To aid in the diagnosis, the acronym VITT can be used: 
•  Vaccine (until now AstraZeneca and Johnson & Johnson/

Janssen)
•  Interval (symptoms start between 5–10 days)
•  Thrombosis
•  Thrombocytopenia
A diagnostic and treatment algorithm was presented and the 
confirmation assay PIFPA is now available (see Figure). 

Figure: Diagnostic and treatment algorithm for patients with suspected VITT. Modified from [1,3]
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In conclusion, the diagnosis of VITT and supporting diag-
nostic tools have improved over the last few months. However, 
typical characteristics of patients at risk and predictive factors 
remain unknown to date.

1. Eichinger S. Vaccine induced immune thrombotic thrombocytopenia. P241-2, EHA 
2021 Virtual Congress, 9–17 June.

2. Greinacher A. p217-3, EHA 2021 Virtual Congress, 9–17 June.
3. Greinacher A, et al. N Engl J Med 2021; 384:2092–101.
4. Schulz NH, et al. N Engl J Med 2021; 384:2124–30.
5. Scully M, et al. N Engl J Med 2021; 384:2202–11.

Haemoglobinopathies
Luspatercept	improved	anaemia	in	
patients	with	non-transfusion-dependent	
β-thalassaemia
Results from the double-blind, multicentre, phase 
2 BEYOND study demonstrated that luspatercept is 
safe and efficacious in patients with nontransfusion
dependent βthalassaemia (NTDT). A durable increase in 
haemoglobin levels was achieved, which was associated 
with increased quality of life scores. 

βthalassemia is an inherited haemoglobinopathy charac
terised by impaired haemoglobin (Hb) production, chronic 
anaemia, and iron overload that affects survival and quality of 
life. Tailored red blood cell transfusions and novel therapies 
target key pathophysiologic mechanisms in transfusion-
dependent βthalassaemia (TDT) and NTDT. Patients with 
NTDT do not require lifelong regular transfusion for survival; 
however, they may require occasional transfusions during 
pregnancy, surgery, or infection [1]. 

https://www.nejm.org/doi/10.1056/NEJMoa2104840?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.nejm.org/doi/full/10.1056/NEJMoa2104882?query=recirc_curatedRelated_article
https://www.nejm.org/doi/full/10.1056/NEJMoa2104882?query=recirc_curatedRelated_article
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The Hb level significantly correlates with morbidityfree 
survival in NTDT: an Hb increase of <8 g/dL to >10 g/dL in 
steps of 1 g/dL dramatically decreases the development 
of morbidities [2]. This highlights the need for effective 
management options for anaemia in NTDT, which are 
currently unavailable.

Therefore, the BEYOND study (NCT03342404) aimed to 
determine the safety and efficacy of luspatercept in adult 
patients with NTDT. Luspatercept is an ActRIIB/IgG1 Fc 
recombinant fusion protein that has been approved for the 
treatment of anaemia in adult patients with TDT. Participants 
were randomised to either 1 mg/kg subcutaneous luspatercept 
(n=100) or placebo (n=50) every 3 weeks for a duration of at 
least 48 months. The study was followed by an open-label 
treatment period and post-treatment follow-up. The primary 
endpoint was ≥1.0 g/dL mean Hb increase from baseline, in the 
absence of transfusions, over a 12-week interval from weeks 
13 to 24. 

Prof. Ali Taher (American University of Beirut Medical Center, 
Lebanon) presented the first results. The primary endpoint 
was met: 77.1% of participants treated with luspatercept 
achieved a mean Hb increase of ≥1.0 g/dL from baseline 
(P<0.0001), regardless of the baseline being <8.5 or ≥8.5 g/dL 
and regardless of patient subgroup (see Figure), whereas 
none of the participants treated with placebo achieved this 
endpoint. Moreover, 52.1% of participants in the luspater-
cept arm achieved a mean Hb increase of ≥1.5 g/dL from 
baseline. 

 A key secondary endpoint was improvement in quality of life 
as assessed in NTDT–patient-reported outcomes (PRO) in 
the domains of tiredness and weakness (T/W) scores from 
baseline, which occurred more frequently in patients receiving 
luspatercept and was consistently improving through week 78. 
The improvement in NTDTPRO T/W score was significantly 
correlated with Hb increase (R= -0.29; P<0.0001). The safety 
outcomes were similar in both arms; no deaths, malignancies, 
or thromboembolic events were reported. 

Prof. Taher summarised, “The clinical benefit of luspatercept 
treatment, previously observed in patients with TDT through 
significant reduction in red blood cell transfusion burden, has 
now also been observed in patients with NTDT, as measured 
by meaningful improvement of anaemia.”

1. Taher AT, et al. The BEYOND study: results of a phase 2, double-blind, randomized, 
placebo-controlled multicenter study of luspatercept in adult patients with non-
transfusion dependent beta-thalassemia. P204-2, EHA 2021 Virtual Congress, 
09–17 June. 

2. Musallam KM, et al. Ann Hematol 2021;Feb 11. DOI: 10.1007/s00277-020-04370-2.

Personalising	treatment	for	sickle	cell	disease	
Sickle cell disease (SCD) includes various inherited red 
blood cell disorders, calling for a variety of treatment 
approaches. To achieve the optimal treatment for each 
SCD patient, physicians should consider patient-related 
factors in combination with available treatment options.

Dr Erfan Nur (Amsterdam University Medical Center, the 
Netherlands) discussed personalised treatment options and 

Figure: Subgroup analysis of mean change in Hb from baseline to weeks 13-24 [1]
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[β0/β0, β+/β+, β+β0] without α-thalassaemia

[β0/β0, β+/β+, β+β0] with α-thalassaemia

[β0/β, β+/β] with a gene duplication

Baseline Hb: <8.5 g/dL

Baseline Hb: ≥8.5 g/dL

Baseline NTDT-PRO T/W score: <3 points

Baseline NTDT-PRO T/W score: ≥3 points

Favours luspatercept
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their importance for patients with SCD [1]. Each SCD patient 
has a unique set of factors to consider in the treatment 
decision process: genotype (e.g. haemoglobin [Hb]SS, HbSC, 
HbSβ0, HbSβ+), disease burden (relative contribution of 
pathophysiologies: vaso-occlusion, haemolytic anaemia), 
complications (e.g. acute coronary syndrome, stroke, splenic 
sequestration), treatment factors (e.g. efficacy, side effects, 
availability, clinical trial eligibility), care network (level of 
access), and impact on daily and social life. 

Before 2017, treatment and management options for SCD 
were limited to blood transfusions, dietary supplements, 
haematopoietic stem cell transplant (HSCT), hydroxyurea 
(HU), alternative management (e.g. rest, hydration), 
analgesics, and dietary supplements. Potential limitations of 
these therapies are adverse events, limited availability, and in 
some cases limited efficacy [2].

For example, blood transfusion treatment showed a 92% 
reduction of stroke risk versus placebo in the STOP trial 
(NCT00006182). Active transfusions are performed in 
emergency situations whereas chronic transfusions are, for 
instance, performed to prevent cerebrovascular disease or 
frequent pain episodes [3]. However, transfusions have potential 
long-term complications, including iron overload, red blood cell 
allo-immunisation, and delayed haemolytic reactions. 

So far, HSCT is the only potentially curative treatment, but 
it also has several limitations. Only 18% of patients have a 
matched sibling donor and are eligible for this treatment. 
There are two types of HSCT treatment: myeloablative and 
non-myeloablative conditioning. The latter is associated with 
reduced transplant-related complications, such as reduced 
toxicity, but leads to higher graft failure rates [4].

HU was one of the earliest promising drugs in SCD and is, to 
date, the mainstay of SCD therapy in adults [5]. HU increases 
Hb levels, resulting in a reduced annual rate of vaso-
occlusive crises (VOCs), reduced frequency of pain crises, 
and a reduction in stroke risk. However, not all patients 
obtain a response and adherence to therapy remains an 
issue [6]. Since 2017, HU is also approved for children. 
Paediatric studies in SCD show similar safety of HU as in 
adults, providing an invaluable resource to prevent organ 
damage in children. 

Over the past years, new treatment options have become 
available or are in clinical development, such as L-glutamine 

(an antioxidant), crizanlizumab (an anti-P-selectin mono-
clonal antibody), and voxelotor (a sickled haemoglobin 
polymerisation inhibitor) [2]. L-glutamine reduced the VOC 
frequency by 25% and hospitalisation by 33% versus placebo 
[7]. Crizanlizumab significantly reduced the annual rate 
of VOCs by 45% compared with placebo, demonstrated a 
longer time to first VOC, and little risk for immunogenicity 
and hypersensitivity reactions [8]. Voxelotor reduced levels of 
haemolysis markers and increased Hb levels and reduced the 
annualised incident rate of VOCs [9]. Gene therapies are also 
under investigation, including LentiGlobin, CTX001, OTQ923, 
and HIX763. 

Dr Nur concluded, “consideration of treatment options must 
be in the context of specific patientrelated factors to come 
to a personalised treatment decision”. 
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Gene	therapy:	A	promising	approach	for	
hereditary	haemoglobinopathies
Gene addition and gene editing approaches for sickle cell 
disease (SCD) and transfusiondependent βthalassaemia 
(TDT) have shown encouraging results in clinical studies. 
Long-term follow-up will be required to assess the long-
term safety and durability of gene expression. 

Dr Haydar Frangoul (Sarah Cannon Research Institute, 
USA) presented gene therapy approaches for 2 haemo-
globinopathies caused by mutations: SCD and TDT [1]. SCD 
is an inherited disorder of haemoglobin affecting 270,000 
infants born yearly worldwide, leading to chronic haemolysis 
and vaso-occlusive crises (VOCs). Patients with SCD have a 
lower life expectancy (median 48 years) [2]. Current therapy 
includes supportive care, transfusion, and biologicals. 
Allogeneic stem cell transplantation is the only curative 
therapy; however, most of the patients lack an HLA-identical 
donor. βthalassaemia affects 40,000 infants born each year, 
approximately half of them being classified as transfusion
dependent. Patients suffer from iron overload, thrombosis, 
skeletal, and cardiopulmonary symptoms. Current therapy 
includes red blood cell transfusions, iron chelation therapy, 
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and luspatercept. Allogeneic bone marrow transplant from 
HLA-identical siblings is the only curative therapy. 

There are 2 approaches to gene therapy: gene editing 
and gene addition [1]. An example of gene addition in 
haemoglobinopathies is a lentiviral vector encoding a 
modified βglobin gene including an antisickling mutation. 
Dr Frangoul presented 2 case reports, with both patients 
expressing ≤50% of the transduced βglobin after >1year 
post-treatment [3,4]. In a phase 1/2 study (NCT02140554) 
including 32 patients with SCD, LentiGlobin treatment 
effectively prevented vaso-occlusive events [5]. 

Dr Frangoul also presented a gene-editing approach to 
increase foetal haemoglobin (HbF) production. In patients 
with SCD and TDT, symptoms occur when haemoglobin is 
switched from foetal to adult. In patients with persistence 
of HbF, fewer or no symptoms of SCD or TDT are present, 
suggesting HbF could be a treatment option. A CRISPR-Cas9 
gene-editing tool (CTX001) was used to target BCL11A to 
decrease the expression of BCL11A protein and increase the 
expression of HbF [6]. Patients’ blood stem cells were collected 
and CRISPR-Cas9-edited. Patients received chemo therapy to 
facilitate engraftment, infused with CTX001 and followed up 
for Hb production, HbF expression, transfusion requirements 
(TDT; NCT03655678), and VOCs (SCD; NCT03745287).

Preliminary results of the first 7 TDT patients in this study 
showed a clinically meaningful expression of HbF. Increased 
total haemoglobin was achieved early and maintained, and 
all patients became transfusion independent (median follow-

up 8.9 months). CTX001 was also used in 3 SCD patients and 
the first results after a median followup period of 7.8 months 
were presented at the EHA 2021 Virtual Congress. HbF 
represented 31–47% after 3 months with a trend towards an 
increase at later time points. A pancellular HbF expression of 
almost 100% was observed with followup times ≥4 months. 
All patients had detectable haptoglobin and improved LDH, 
indicating no evidence of haemolysis, and were VOC-free. 
All patients treated to date demonstrated increased total 
haemoglobin and HbF [7].

Despite encouraging results, gene therapy approaches 
still have limitations. Recently, cases of myelodysplastic 
syndrome and acute myeloid leukaemia after receiving 
LentiGlobin were reported (NCT02140554; NCT04293185). 
Follow-up times are still short and there is a need for high-
dose chemotherapy to facilitate engraftment. 

Dr Frangoul concluded that “gene therapy approaches can 
offer an alternative to allogeneic stem cell transplantation 
especially for patients who lack an HLA-identical donor.” 
Data for gene addition and gene editing approaches are 
promising. Additional follow-up is required to determine the 
longterm safety and persistence of genemodified cells in 
the marrow. 
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