
HEMATOLOGY

INSIDE 
Review of 
EHA 2016
Copenhagen, Denmark

ISSN 2053-6631 Vol 4.1 • July 2016 • emjreviews.com



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 2 3

EDITORIAL BOARD.........................................................................................................................................

CONGRESS REVIEW........................................................................................................................................

• Review of the 21st European Hematology Association (EHA) Annual Congress  
   2016, held in Copenhagen, Denmark, 9th–12th June 2016

INTERVIEWS WITH EMJ HEMATOLOGY EDITORIAL BOARD...............................................................

SYMPOSIUM REVIEWS

• BIOSIMILARS: SHAPING THE FUTURE IN HAEMATOLOGY.............................................................

• ADVANCES IN THE TREATMENT OF NON-HODGKIN’S LYMPHOMA: EXPLORING NEW  
   FRONTIERS..................................................................................................................................................

• NEW INSIGHTS IN BONE MARROW FAILURE....................................................................................

• NAVIGATING THE CHANGING MULTIPLE MYELOMA TREATMENT LANDSCAPE.....................

ABSTRACT REVIEWS.....................................................................................................................................

ARTICLES

• EDITOR’S PICK: MINIMISATION OF BLEEDING RISKS DUE TO DIRECT ORAL  
   ANTICOAGULANTS...................................................................................................................................

   Ovidiu Vornicu et al.

5

10

22

30

38

47

55

66

78

CONTENTS



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 2 3

91

100

110

117

129

136

139

• BRIDGING TO TRANSPLANT IN DIFFUSE LARGE B CELL LYMPHOMA.......................................

   Christian Gisselbrecht, Eric Van Den Neste

• THROMBOCYTOPENIA CAUSED BY INHERITED HAEMATOPOIETIC TRANSCRIPTION  
   FACTOR MUTATION: CLINICAL PHENOTYPES AND DIAGNOSTIC CONSIDERATIONS...........

   David J. Rabbolini et al.

• THE RELATIVE CONTRIBUTIONS OF GERMLINE VARIATION, EPIMUTATION, AND  
   SOMATIC MUTATION TO PAEDIATRIC LEUKAEMIA PREDISPOSITION.......................................

   Todd E. Druley

• CURRENT MANAGEMENT OF ADULT ACUTE LYMPHOBLASTIC LEUKAEMIA: EMERGING     
   INSIGHTS AND OUTSTANDING QUESTIONS.......................................................................................

   Xavier Thomas, Caroline Le Jeune

• MANAGEMENT OF CHILDREN WITH SICKLE CELL DISEASE IN EUROPE: CURRENT  
   SITUATION AND FUTURE PERSPECTIVES..........................................................................................

   Raffaella Colombatti, Laura Sainati

EVENTS.............................................................................................................................................................

BUYER’S GUIDE...............................................................................................................................................

HEMATOLOGY



Let’s stop it 
from hiding

www.shire.com
Information provided by Shire International GmbH 
INTSP/C-ANPROM/GAU/16/0009f  |  Date of preparation: June 2016
Intended for HCPs outside of the US

Gaucher disease?

He’s relying on your 
diagnosis today.

The most common presenting signs of 
Gaucher disease are thrombocytopenia 
and splenomegaly. 

These may be seen together with other features 
such as anaemia, bone pain, or gammopathies.

If you see the signs, suspect Gaucher.

Gaucher_EHA_journal_Ad_297x210.indd   1 15/06/2016   14:33



 HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 5

Editor-in-Chief: 

Prof Emili Montserrat, Chronic Lymphocytic Leukaemia (CLL) and Lymphoma Programme, University of 
Barcelona, Barcelona Hospital Clinic, Barcelona, Spain; Past-President, European Research Initiative on CLL.

Dr Emanuele Angelucci, Chairman, Hematology and Transplant Center, Ospedale Oncologico di Riferimento 
Regionale “Armando Businco”, Cagliari, Italy.

Prof Michele Baccarani, Professor of Hematology (retired), Universities of Trieste, Udine, and Bologna,  
Italy; Chairman of the GIMEMA Chronic Myeloid Leukemia (CML) Working Party (formerly the Italian 
Cooperative Study Group on Chronic Myeloid Leukaemia) and Working Package 4 CML, European 
LeukemiaNet; Past-President of the the Italian Society of Experimental Haematology (1994-1995) and  
Italian Society of Haematology (2002-2003).  

Prof Yves Chalandon, Interim Head, Hematology Division, University Hospital of Geneva,  
Geneva, Switzerland.

Prof Klaus-Michael Debatin, Chairman, Department of Paediatrics and Adolescent Medicine, University 
Medical Center Ulm, Ulm, Germany. 

Prof Stefan Karlsson, Professor of Molecular Medicine, Division of Molecular Medicine and Gene Therapy; 
Director, Hemato-Linné Program, Lund Stem Cell Center, Lund University Hospital, Lund, Sweden.

Prof Dr Karl-Anton Kreuzer, Department I of Internal Medicine (Haematology/Oncology), Centre for 
Integrative Oncology, University of Cologne, Cologne, Germany.

Prof Jeff Lipton, Princess Margaret Cancer Centre, University of Toronto Leukemia and Allogeneic Stem  
Cell Transplant Programs, Toronto, Ontario, Canada.

Dr Ruben Mesa, Professor of Medicine, Consultant Hematologist, Chairman of the Division of Hematology 
and Medical Oncology, and Deputy Director, Mayo Clinic Cancer Center, Scottsdale, Arizona, USA.

Dr Felipe Prósper, Director, Hematology and Cell Therapy, University Clinic of Navarra, Pamplona, Spain.

Editorial Board



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 6 7

Director   Spencer Gore
Project Director   Daniel Healy

Head of Operations   Rob Dohoo
Operations Co-ordinators   

Alice Angus, Debbie Kirby, Steffanie Robertson
Congress Reporters   

Jake Jones, Jack Redden
Senior Project Manager   Frederique Lidman

Project Manager   Roma Patel
Senior Account Managers   

Jeremy Betts, Ashby Shonpal
Account Managers   

Barney Hartley, Max Roy
Sales Administrator   Daisy Desmond
Finance Co-ordinator   Martin Bircher

Head of Publishing   Zoë Webster
Editor-in-Chief   Prof Emili Montserrat
Scientific Editor   Harry Thirkettle
Senior Editorial Assistant   James Coker 
Editorial Assistants  
Kerys Martin, Andrew Mott
Editorial Administrator   Katie Earl
Content Administrator   Jack Redden
Medical Writing By   
Apothecom, SciLink Medical Writing
Product Development Manager   Stacey Rivers
Product Development Co-ordinator   Joe Ellis
Product Development Administrators  
Harriet Fletcher, Jake Jones 
Production Co-ordinator   Peter Wilkes
Production Administrator   April Gibb

The MedBIC, Anglia Ruskin University, Chelmsford, CM1 1SQ

EUROPEAN UNION
Investing in Your Future
European Regional
Development Fund 2007-13

HEMATOLOGY  4.1  |  JULY 2016 Published by the European Medical Group

TO THE EMJ 
NEWSLETTER
www.news.emjreviews.com

TO THE EMJ 
NEWSLETTER
www.news.emjreviews.com

SUBSCRIBE



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 6 7

Welcome to this edition of our journal European Medical Journal Hematology, which is comprised of 
important haematology news, research, and breakthroughs in the form of high-quality peer-reviewed 
articles, insightful interviews, and a comprehensive review of one of the most important congresses of  
the year.

The 21st Congress of the European Hematology Association (EHA) took place in June earlier this year  
in the city of Copenhagen, Denmark. The event offered a substantial programme spanning many  
aspects of the haematology field as well as providing a welcome opportunity to interact and have  
discussions with experts from around the world. There was an array of research presentations, a  
selection of which have been summarised in our abstract reviews section. 

Our coverage of the EHA 2016 congress also extends to reporting on the news of the latest research 
developments elsewhere in the field which were first announced at the event. The congress review  
section provides an informative account of these news stories. Among them are the current results  
from ongoing clinical trials and the use of both immunotherapy and genome sequencing to combat  
various blood diseases. 

A collection of interviews with some of our EMJ Hematology board members also feature here,  
offering some invaluable reflections and insights from experienced and distinguished individuals  
working in the field. 

Finally, we have a number of peer-reviewed articles which skilfully engage with and offer new insights 
into important areas of haematology research and practice. There is a review of the standard 
across Europe of service delivery to children with sickle cell disease that also highlights the lack of  
up-to-date and systematically collected data on the burden of this disease across the European 
Union. There is also a discussion of the risk of bleeding caused by direct oral anticoagulants and the  
approaches which can be taken by physicians to appropriately prescribe this treatment and minimise 
this risk. The rest of the articles included in this year’s EMJ Hematology journal should also prompt  
some excellent discussion and reflection.

Thank you for reading EMJ Hematology, we hope you enjoy making your way through the journal and  
that you are looking forward to more discussions, development, and news from the EMJ team in next  
year’s edition.

European Medical Journal Hematology is published annually. 
For subscription details please visit www.emjreviews.com 

All information obtained by European Medical Journal and each of the contributions from various sources is as current and  
accurate as possible. However, due to human or mechanical errors, European Medical Journal and the contributors cannot  
guarantee the accuracy, adequacy, or completeness of any information, and cannot be held responsible for any errors or  
omissions. European Medical Journal is completely independent of the review event (EHA 2016) and the use of the  
organisations does not constitute endorsement or media partnership in any form whatsoever.
Front cover and contents photograph: Copenhagen, Denmark, home of EHA 2016.

Welcome

Spencer Gore
Director, European Medical Journal
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Foreword
Dr Emanuele Angelucci

 Chairman, Hematology and Transplant Center, Ospedale Oncologico di Riferimento 
Regionale “Armando Businco”, Cagliari, Italy.

Emanuele Angelucci
Chairman, Hematology and Transplant Center, Ospedale Oncologico di Riferimento Regionale 
“Armando Businco”, Cagliari, Italy.

Dear Colleagues,

Welcome to European Medical Journal Hematology. This issue offers a range of insightful and engaging 
discussions in many important areas of the haematology field. There is also a comprehensive review of  
the European Hematology Association (EHA) 2016 congress.

Among the articles featured in the journal, Druley explores how paediatric predisposition to leukaemia 
is influenced by germline genetic and epigenetic variation. This article touches on an important topic for 
geneticists studying paediatric leukaemia and it is valuable in highlighting new pathways for research  
into the disease and its treatment.

Allogeneic stem cell transplantation (alloSCT) is currently the only therapeutic approach to  
myelodysplastic syndrome (MDS) offering a curative option for patients. However, alloSCT is a procedure 
associated with a substantial risk of severe complications, presenting the persistent dilemma of gauging 
appropriate use. Thomas and Le Jeune discuss the latest in acute lymphoblastic leukaemia in adults. In this 
insightful piece they challenge a number of tricky questions in this topic.

There is also Colombatti and Sainati’s timely assessment of the current management of children with  
sickle cell disease (SCD) across Europe. The article draws important attention to the shortcomings  
currently found in regards to co-ordinated action and organised data collection across varying European 
countries. It also offers some practical guidance to improve care in the field of paediatric SCD. This is a  
topic which will continue to be of fundamental importance to European haematologists in light of the 
increasing patient numbers caused by recent migration.

This year’s EHA congress saw record-breaking success with more than 10,000 people in attendance 
and over 2,500 abstracts submitted. The journal has highlighted the important announcements and  
the significant research findings made at the event. I am confident that you will find the contents of  
EMJ Hematology to be both informative and interesting.

The journal has highlighted the important announcements and the  
significant research findings made at the event.
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he city of Copenhagen has been voted the go-to place for holiday makers 
in Denmark, and from the 9th of June and the 4 days that followed, it was 
without a doubt the go-to place for haematologists around the world as the 

21st Congress of the European Hematology Association (EHA) 2016 took place 
there. The beautiful city of Copenhagen is a cultural hub with international appeal, 
providing the perfect environment to meet and discuss all things haematology.

The EHA congress last appeared in Copenhagen back in 2008, welcoming 
around 6,500 people in attendance. After its 8-year break from the city,  
EHA 2016 is now able to boast well over 10,000 attendees. In light of the event’s 
popularity, the President of the EHA, Prof Tony Green, Haematology Department, 
University of Cambridge, Cambridge, UK, took the opportunity to express in the 
opening ceremony address: “We feel confident there is something for everyone.”  
This year’s congress included a record number of 2,435 submitted abstracts and 
84 submitted late breaking abstracts, all highlighting the latest innovations from  
a vibrant community of basic, translational, and clinical researchers within the  
field of haematology. 

Each year, the EHA recognises important contributions made by leading 
haematology researchers with the José Carreras Award. This year the award 
was bestowed upon Prof Eva Hellström Lindberg, Sweden, in recognition of her 
contributions to translational and clinical research into the pathogenesis and 
treatment of myelodysplastic syndromes. Established in 2008, the Jean Bernard 
Lifetime Achievement Award honours the lifetime contributions of outstanding 
physicians and scientists to the advancement of haematology medicine. 
This year’s award went to Prof Clara Camaschella, Italy, for her outstanding 
portfolio of work concerning the pathophysiology of inherited disorders of iron 
metabolism including hereditary haemochromatosis, genetic iron deficiency,  
and iron-loading anaemias. 

Several EHA research fellowships were allocated to support researchers just 
beginning their careers and the winners were as follows: The John Goldman  
Clinical Research Fellowship: H. Poeck (Germany); the Clinical Research Fellowship: 

T

Welcome to the European Medical Journal 
review of the 21st Congress of the  

European Hematology Association

EHA ANNUAL CONGRESS 2016
 THE BELLA CENTER, 

COPENHAGEN, DENMARK 
9TH-12TH JUNE 2016
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G. Jansen (Netherlands); the Non-Clinical Junior Research Fellowship: D. Passaro 
(UK); the José Carreras Non-Clinical Research Fellowship: A. Nai (Italy); the  
Non-Clinical Advanced Research Fellowship: E. Laurenti (UK); and M. Crisan (UK). 
EHA President Prof Green emphasised the commitment of the organisation to  
the development of junior and early career researchers with the announcement  
of the launch of the new Clinical Research Training in Hematology programme.  
“This is a programme that will run throughout the coming year and is specifically 
targeted at young haematologists with the aim of providing them with a way 
of becoming specialised in the area of clinical trials,” Prof Green said during the 
opening ceremony address. 

EHA 2016 was an excellent event that brought everyone up to speed with the 
latest innovations and developments through its comprehensive scientific and  
educational programme. It brought to the forefront many of the pressing issues 
and promising results that have emerged from recent haematology research and 
practice. This includes topics such as whether leukaemia patients can ever move 
on from life-long tyrosine kinase inhibitor therapy, and the promising results 
of the high remission rates for leukaemia patients receiving the antibody drug  
conjugate vadastuximab talirine in a Phase I trial. These are just two amongst the 
many stories reported in this year’s journal which reflect a brilliant year for the 
advancement of haematological medicine, and we are already looking forward  
to next year’s congress, which is set to take place in the Spanish capital, Madrid. 

This is a programme that will run throughout the coming year and 
is specifically targeted at young haematologists with the aim of 
providing them with a way of becoming specialised in the area  
of clinical trials.
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GSGN-CD33A Antibody Drug 
Causing High Remissions Rates  
for Leukaemia Patients

SGN-CD33A (also known as vadastuximab 
talirine) combined with hypomethylating 
therapy has shown promising results for the 
treatment of acute myeloid leukaemia (AML)  
in older patients.

This is according to a EHA press release dated 
11th June 2016. It reports on data from an 
ongoing Phase I trial evaluating the antibody 
drug conjugate vadastuximab talirine in 
concert with standard therapies (azacitidine, 
decitabine) in older AML patients who have 
declined intensive frontline therapy.

AML is an aggressive form of blood cancer 
which is difficult to treat in older patients 
because intensive chemotherapy can cause 
adverse effects and response rates from 
standard therapies are modest. SGN-CD33A 
is targeted to CD33, which is expressed on 
leukaemic blasts in nearly all AML patients, 
with expression remaining relatively consistent 
across the range of ages, risk factors, and 
disease characteristics. The SGN-CD33A drug 
conjugate is comprised of a novel antibody 
system stably linked to a highly potent cell-
killing agent. 

As of 11th June 2016, 53 AML patients with an 
average age of 75 years old have been treated 
with SGN-CD33A combined with either the 
azacitidine or the decitabine methylating 
agent. Efficacy evaluation was available in 
49 of the patients who had received this  
treatment. A composite complete remission  
rate of 73% was measured in the group. 
The mortality rates were 2% at 30 days and 
8% at 60 days. Grade III, or severe adverse 
events, occurred in at least 20% of the 
patients who experienced febrile neutropenia, 
thrombocytopenia, anaemia, and neutropenia. 
The combination of treatment was found to 
be well-tolerated by patients and yielded 
encouraging response rates in older AML 
patients, which are favourable to other 
hypomethylating agents in this population.

Congress Highlights
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Results of Ongoing Gene Therapy 
Study for Haemophilia B Reported 

RESULTS of an ongoing study have been 
reported evaluating the safety and tolerability 
of a single intravenous infusion designed to 
facilitate production of the Factor IX (FIX) 
protein, according to a EHA press release  
dated 11th June 2016.

Haemophilia B is a genetic bleeding disorder 
caused by insufficient or defective blood 
clotting protein FIX, which affects roughly 
80,000 males worldwide. Normal clotting 
factor activity levels range from >40–150%. 
Individuals with haemophilia B have FIX  
activity levels of <1%. This can result in recurrent 
joint, muscle, and tissue bleeding, as well as 
life-threatening bleeding in closed spaces such 
as the brain.

Prophylactic FIX protein replacement has been 
found to be effective in patients who fully 
adhere to the treatment. In spite of this, the 
burden of once or twice weekly intravenous 
infusions has meant that the treatment is not 
yet approved for widespread use. Researchers 
have provided updates on an ongoing  
Phase I/II study which is evaluating safety  
and tolerability of a single intravenous infusion 
of the gene transfer product SPK-9001. 
This product has been designed to allow 
the body to produce its own FIX protein by  
transferring a functioning FIX gene into the 
body of the patient.

As of 11th June 2016 four participants have 
been followed for 7–26 weeks after a single 
intravenous infusion with 5x1011 vector  
genomes/kg of SPK-9001 without the need  
for immunosuppression. No serious adverse 
effects related to the product or procedure  
have been reported, including immune 
responses, and no patients have required 
steroids or other medications to suppress the 
immune system.

As of 22nd May 2016 patients showed FIX  
activity levels of 32%, 39%, 25%, and 27%, 
respectively. These levels are above the 
threshold of 12% required to reduce the risk 
of bleeding. The participants are no longer 
infusing FIX protein products and all are 
free from bleeding with the exception of a  
suspected ankle bleed in one patient 2 days 
after the gene transfer.

New Oral Anticoagulants Studied as 
Treatment for Major Bleeding

NEW oral anticoagulants (NOACs) used to 
treat major bleeding (MB) have been the 
focus of an international prospective cohort 
study presented at this year’s EHA Congress 

...patients showed FIX activity 
levels of 32%, 39%, 25%, and 27%, 
respectively. These levels are above 
the threshold of 12% required to 
reduce the risk of bleeding.
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in Copenhagen, Denmark, according to a EHA 
press release dated 10th June 2016.

Death at 30 days was found to be significantly 
lower in patients treated with NOACs when 
compared with vitamin K antagonist (VKA) 
treatment. NOACs are presently used in 
clinical practice for prophylaxis of venous 
thromboembolism, along with prevention of 
stroke and systemic embolism in nonvalvular 
atrial fibrillation. They are associated with 
a favourable safety profile in Phase III  
randomised control trials, having lower 
incidences of MB compared with VKAs. 

The multicentre study was performed to 
gauge the efficacy of NOACS against VKAs 
in real-life, comparing clinical presentation, 
management, and outcome of bleeding.  
The research incorporated an Italian cohort 
of nine hospitals and a German cohort from 
the Dresden NOAC registry, with a primary 
study outcome of in-hospital death at 30 days.  
Of the 874 patients hospitalised for MB, 76%  
of participants were treated with VKAs  
and 24% treated with NOACs. Incidents of 
MB included intracranial haemorrhage in 
52% and 22% of patients on VKAs or NOACs,  
respectively; and gastrointestinal bleeding 
in 25% and 46%, respectively. Thirty-day  
mortality occurred in 136 patients: 17% of  
VKAs patients and 10% of NOAC patients.

Leader of the study Dr Laura Franco, Stroke 
Unit, Vascular and Emergency Medicine, 
University of Perugia, Perugia, Italy, explained 
that while NOAC patients have a higher 
rate of gastrointestinal bleeding and lower 
rate of intracranial haemorrhage than VKA 
patients, these rates differ across bleeding 
sites. She commented: “The great advantage 
of NOACs is the reduced risk of intracranial  
haemorrhage, so we show that the lower 
mortality rate is due, not to an intrinsic  

capacity to reduce death between NOAC 
as compared with VKA patients, but to a  
different pattern of bleeding sites.” 

New Form of Invisible Inherited 
Thrombocytopenia Discovered

MUTATIONS in the ETV6 gene can cause 
the development of a newly discovered 
form of inherited thrombocytopenia (IT), 
a EHA press release dated 10th June 2016 
reported. The disorder, named ETV6-related 
thrombocytopenia (ETV6-RT), is characterised 
by a deficiency of platelets and puts patients  
at risk of a number of conditions. 

The results of a study presented at this year’s 
EHA congress in Copenhagen, Denmark, which 
identified this particular form of IT, suggest 
that ETV6-RT could present in roughly 5% of 
patients who have been diagnosed with IT.  
The disorder is passed on to children if one 
parent possesses the faulty gene, and is 
particularly dangerous as its characteristics 
differ greatly from the recognised warning  
signs of IT. Firstly, it is one of a very small 
number of IT variants which do not cause  
large platelet sizes; and secondly, there is a 
greatly reduced occurrence of bleeding (often 
a mild tendency but sometimes none at all). 

The great advantage of NOACs 
is the reduced risk of intracranial 
haemorrhage, so we show that the 
lower mortality rate is due, not to an 
intrinsic capacity to reduce death 
between NOAC as compared with 
VKA patients, but to a different 
pattern of bleeding sites.



The risk of blood cancer is a particular  
concern for paediatric patients with ETV6-RT.  
The authors of the study noted that,  
together with the difficulty of diagnosis due  
to the aforementioned characteristics, the 
increased risks of developing haematological 
malignancies, and particularly the risk 
of childhood B cell acute lymphoblastic 
leukaemia, should not be underestimated.  
The authors recommend devoting more 
attention to detecting blood cancer than the 
potential bleeding complications associated 
with the disorder, due to the infrequency of 
such events, which rarely affect quality of life 
for patients. Their recommendation is to run 
genetic screening for the ETV6 mutation in 
any patient who displays platelets of a normal  
size but who has been diagnosed with IT. 

Pre-leukaemic Stem Cells may  
be Key to Relapse in Acute  
Myeloid Leukaemia

PERSISTENCE of pre-leukaemic cells after 
chemotherapy is associated with recurrence of 
acute myeloid leukaemia (AML), according to a 
EHA press release dated 10th June 2016. AML is 
an aggressive cancer; intensive chemotherapy 
can induce remission, however recurrence is 
common especially amongst older patients. 

The origin of AML in some patients is a  
mutation in a pre-leukaemic stem cell clone, 
this is a stem cell with somatic mutations  
which can develop into cells with additional 
mutations or into completely normal cells. 
Cells with additional mutations can progress 
to overt AML. Although chemotherapy 
can induce remission from leukaemia  
cells, pre-leukaemic cells can remain.  
This research aimed to divulge whether the 
persistence of these pre-leukaemic stem cells  
after chemotherapy changes outcomes and, 
ultimately, whether it affects survival.

The cohort for this trial consisted of 107 
patients who had entered remission during 
a German multicentre trial. Within these  
patients, 68 genes with their associated 
mutations were analysed at diagnosis 
and following treatment to see if they 
were cleared by chemotherapy. Remission 
specimens showed that, in 36% of patients,  
gene mutations found in leukaemia were still  
present, indicating the persistence of a pre-
leukaemic clone. The genes found included 
a specific subset including: DNMT3A, TET2, 
ASXL1, and SRSF2. The presence of these 
mutations was more common in older patients.

The most important finding from this research  
is the fact that these persisting mutations 
resulted in an increased risk of disease 
recurrence after chemotherapy, compared 
with those without persisting mutations. This 
is a step toward understanding why so many 
patients relapse and how we may soon be 
treating them beyond the initial chemotherapy.

Dr Klaus Metzeler, University Hospital, Ludwig-
Maximilians-University, München, Germany, 
said: “One thing that we plan to follow-up 
on this study, is to look at relapses in these  
patients and to track how often these really 
come from the pre-leukaemic clone. That 
would give us further arguments to actually 
treat patients who have a pre-leukaemic clone 
after their standard induction chemotherapy.”

The risk of blood cancer is a 
particular concern for paediatric 
patients with ETV6-RT.

One thing that we plan to follow-up 
on this study, is to look at relapses 
in these patients and to track how 
often these really come from the 
pre-leukaemic clone. 
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Potential Alternative for Relapsed 
and Refractory Myeloma Patients 

MYELOMA patients who have relapsed or 
become refractory to treatment could have 
access to an effective alternative following 
the success of the daratumumab antibody in  
a Phase III study.

The results of an ongoing, open-label, 
randomised Phase III study conducted in  
18 countries and involving 569 patients have  
been reported in a EHA press release dated  
10th June 2016. The study evaluated  
daratumumab, a monoclonal antibody that  
binds to a novel target on myeloma  
cells, in combination with lenalidomide and 
dexamethasone. This therapy was compared 
to a control group who received only  
the lenalidomide and dexamethasone.  
All patients involved in the study had 
relapsed or refractory multiple myeloma and  
had received at least one prior line of therapy.

Following an interim analysis, researchers 
found an unparalleled 63% reduction in the  
risk of progression or death in the group 
receiving daratumumab when compared 
to the control group. This led to an early  
unblinding of the study. Overall responses 
(p<0.0001) were experienced by 93% of 
the daratumumab group and 76% by the 
control group. The extent of treatment 
response was found to be much higher in 
those taking daratumumab with 76% patients  
experiencing a very good partial response 
or better (p<0.0001) in comparison to  
44% of control patients. With regards to a 
complete response, more than double the  
number of daratumumab patients (43% versus 
19%) experienced a complete response or  
better (p<0.0001).

The research suggests that this combination 
could be an effective alternative for refractory 
and relapsed patients as treatment was 
considered to be well-tolerated by the 
daratumumab group with the occurrence of 
adverse events among patients consistent  
with the known profiles of these drugs. 
Furthermore, the study has established a 
positive benefit/risk profile for daratumumab 
with lenalidomide and dexamethasone in 
multiple myeloma patients who have received 
at least one prior line of therapy. 

Immunotherapy Offers Life-Saving 
Approach to Leukaemia Patients

RELAPSED or refractory (r/r) patients with 
acute lymphoblastic leukaemia (ALL) may 
soon have access to a life-saving alternative 
treatment in the form of an immunotherapy 
agent. The rate of adults with ALL who achieve 
disease control with intense chemotherapy is 
as high as 90%, although only half of those 
responsive to the treatment will be cured. 
For those who are unresponsive and r/r after 
chemotherapy, the resulting outcome is 
poor, regardless of further chemotherapy or 
treatment such as allogenic haematopoietic 
stem cell transplantation. Immunotherapy, 

...the study has established a 
positive benefit/risk profile for 
daratumumab with lenalidomide 
and dexamethasone in multiple 
myeloma patients who have 
received at least one prior line  
of therapy.
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however, offers a new treatment alternative  
for r/r patients by delivering antibody  
constructs that engage with a patient’s T cells 
to fight ALL.

According to a EHA press release dated  
10th June 2016, the results of previous Phase II  
trials have shown that blinatumomab,  
a bispecific T cell engager antibody construct, 
caused 43% of r/r patients with ALL to  
achieve disease control. It also reported on 
a more recent Phase III clinical trial which 
tested whether blinatumomab could achieve 
an increased survival benefit in r/r ALL 
patients compared to standard chemotherapy.  
The study involved 405 r/r ALL patients from 
Europe, North America, Asia, and Australia 
who were randomised in a 2:1 ratio to receive 
either blinatumomab (n=271) or a standard 
chemotherapy regimen (n=134). The results 
showed an improved overall survival of  
patients receiving blinatumomab. 

The Phase II trial was stopped prematurely 
as the antibody treatment almost doubled 
the overall survival rate when compared 
to chemotherapy. This was witnessed 
in each subgroup of patients, including  
those who had relapsed after an allogenic 
haematopoietic stem cell transplantation, 
multiple different chemotherapy regiments, 
or both combined. No more severe side 
effects were seen after treatment with  
blinatumomab than chemotherapy. The results 
of the trial indicate that blinatumomab is 
the first immunotherapy agent proven to 
extend the life of a patient with r/r ALL when  
compared with chemotherapy.

Researchers Explore Effects  
of Leukaemia Patients Ending  
Life-Long Treatment

THE PROPORTION of chronic myeloid 
leukaemia patients maintaining a therapeutic 
response after stopping tyrosine kinase 
inhibitor (TKI) therapy has been examined in 
a study spanning across Europe. The study 
was conducted as an attempt to determine  
clinical and biological factors that would  
enable the successful ending of TKI therapy.

The results of the trial indicate 
that blinatumomab is the first 
immunotherapy agent proven  
to extend the life of a patient  
with r/r ALL when compared  
with chemotherapy.
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TKIs have significantly improved the survival 
rates of patients in the early chronic stages 
of chronic myeloid leukaemia yet this form 
of treatment continues for a period that 
spans across the lifetime of the patient.  
Previous research has explored the potential 
for patients to stop TKI therapy, revealing that 
40–60% have been able to do so with a good  
therapy response.

According to a EHA press release dated  
10th June 2016, 868 patients in 11 European 
countries were registered in the Phase III 
European Stop Tyrosine Kinase Inhibitor 
(EURO-SKI) study. The requirements of the 
study meant patients had to have at least  
3 years of TKI therapy and to have had a 
very good response to therapy for at least  
1 year prior to study entry. Patients were  
also required to have not failed previous TKI 
treatment in order to be included. 

The results of the study showed that 62% 
of the patients continued to maintain a 
therapeutic response 6 months after stopping 
the therapy. After 12 months of the therapy 
ending, 56% of patients continued a positive 
therapeutic response. The researchers also 
found that duration of TKI therapy as well as 
an encouraging treatment response prior to  
the end of the therapy was a predictor of 
whether stopping would be successful. The 
likelihood of a patient successfully stopping TKI 
therapy in relation to a patient’s gender, age,  
or risk score was not determined by the study. 

Nivolumab Benefits Patients with 
Relapsed Hodgkin’s Lymphoma

A STUDY has been undertaken to examine the 
efficacy and safety of the drug nivolumab for 
patients with classical Hodgkin’s lymphoma 
(cHL), according to a EHA press release 
dated 10th June 2016. The disease typically 
affects young men and women in their 30s 
and it is one of the most treatable types of 
cancer using a combination of chemotherapy  
and radiotherapy. 

TKIs have significantly improved the 
survival rates of patients in the early 
chronic stages of chronic myeloid 
leukaemia yet this form of treatment 
continues for a period that spans 
across the lifetime of the patient.
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Despite this, cHL should still be a high priority,  
as approximately 20% of patients experience 
some form of relapse and will not be  
cured with first or second-line treatments.  
It hastaken over three decades for a  
second drug to be introduced, nivolumab, as  
an effective treatment for the relapse of  
Hodgkin’s lymphoma. A few years ago,  
brentuximab vedotin was the first drug 
to be approved by the US Food and Drug  
Administration (FDA) for the treatment of 
Hodgkin’s lymphoma and nivolumab is due to 
be the second. 

Checkmate 205, the registrational trial for 
the Phase II evaluation of nivolumab with 
cHL showed positive results. Patients with 
cHL, after failure of both autologous stem 
cell transplantation and brentuximab vedotin 
treatment, were treated with nivolumab. The 
primary endpoint of objective response rate 
(ORR) per an independent radiologic review 
committee was 66.3% and 73% by investigator 
response (secondary endpoint). The median 
response time was 2.1 months, and time of 
remission was 7.8 months, (95% confidence 
interval: 6.6 to not evaluable). At the time of 
analysis, 62.3% of responses were ongoing. 
Forty-three patients who had exhibited 
no response when receiving brentuximab  
vedotin had an impressive 72% ORR with 
the newer drug. The results of the study also 
found no significant risks of using nivolumab, 
as the safety profile was consistent with  
previously reported data of this tumour type. 

Ibrutinib Performs Well in Aggressive 
Leukaemia Trials

POSITIVE outcomes have been observed 
from an integrated analysis of chronic 
lymphocytic leukaemia (CLL) patients 
treated with ibrutinib, reports a EHA press 
release dated 10th June 2016. CLL patients  
with deletion of chromosome 17p (del17p) 
often present with an aggressive disease and 
characteristically poor outcomes; survival  
rarely exceeds 2–3 years in patients initially 
treated with chemotherapy. 

The European Union (EU) and USA have 
nuanced regulations for use of the first-
in-class Bruton’s tyrosine kinase inhibitor,  
ibrutinib, although both have approved its use 
for those with del17p CLL. Aiming to examine  
the safety and efficacy outcomes of ibrutinib  
in this patient population, a cross-study of  
three clinical trials analysed 243 individuals  
with del17p CLL treated with once daily 
ibrutinib 420 mg (n=232) or 840 mg (n=11) to  
the primary endpoints of progressive disease 
or ‘unacceptable toxicity’. The median time in 
study was 28 months at which point overall 
response rate was consistent across all three 
trials at 84%. 

...cHL should still be a high priority, 
as approximately 20% of patients 
experience some form of relapse 
and will not be cured with first or 
second-line treatments.
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At a 30-month follow-up, ~55% of the 
participants were progression-free and 
67% had survived, figures exceeding the 
treatment outcomes of trials investigating 
alternative del17p CLL therapeutic strategies.  
Furthermore, adverse events Grade 3 or 
more leading to treatment discontinuation 
occurred in 15% of patients (n=36). This study 
is ongoing, with 45% of the cohort continuing 
on study treatment, however it is clear from 
the integrated results of these clinical trials 
presented at EHA 2016 that ibrutinib is a 
potential treatment candidate for difficult-
to-treat CLL populations. With promising 
survival outcomes and a relatively low rate 
of discontinuation from adverse events the 
continued study of this patient group will 
have great significance, and further clinical 
trials of the safety and efficacy of ibrutinib  
are vital. 

Genome Sequencing Used by 
Scientists to Tackle Blood Disease

RESEARCHERS around the world are  
currently in the process of sequencing the 
whole genomes of thousands of patients to 
identify the genetic causes of blood disorders 
as well as to gain insights into already known 
causes of some blood disorders.

Approximately three million people have a  
rare bleeding disorder or a disease of the 
platelets. Despite significant progress made in 
identifying the causes of many such diseases 
and disorders, many still remain unknown 
to scientists. The opportunity to generate 
large amounts of information to aid in future 
discoveries of the genetic causes of blood 
disorders and diseases could be a great  
benefit to millions of patients who experience 
these common life-threatening events.

According to a EHA press release dated the 
11th June 2016, researchers and collaborators 
across the world supported by the 
National Institute Health Research (NIHR) 
BioResource for Rare Diseases in the UK are 
sequencing the whole genomes of thousands 
of patients without a genetic diagnosis.  
By collating the information collected from 
the sequencing into a research database  
and running computational analysis, common 
genetic changes can be identified, which may 
contribute to the disease.

Already the innovative approach has proved 
a success. The team have reported on the 
discovery of a genetic link between large 
platelets and deafness; a genetic change in  
a well-known cancer gene responsible 
for fragile bones; a link between scarring  
of bone marrow and a low platelet  
count; and an association between large  
platelets and heart rhythm problems.  
The team also explained that these discoveries  
and others have been able to benefit  
patients through accessible genetic testing 
available in the UK and elsewhere provided  
by thrombogenomics.org.uk.

With promising survival outcomes 
and a relatively low rate of 
discontinuation from adverse events 
the continued study of this patient 
group will have great significance...


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Q: You are a specialist in both haematology and 
paediatrics. How much does haematological practice 
differ between adult and paediatric populations?

A: The spectrum of diseases is obviously 
different in the different age groups. Leukaemia 
and solid tumours have a high prevalence in 
the advanced age group while the frequency  
is low in children and adolescents, with a peak 
in leukaemia in early childhood. The different  
spectrum of disease entities is seen in leukaemia 
wherein childhood and adolescence acute 
lymphoblastic leukaemia is the most prevalent 
malignancy followed by Hodgkin’s lymphoma 
and acute myeloid leukaemia. Chronic myelocytic 
leukaemia is rare in the young age group, 
while in adults, chronic myeloid leukaemia,  
chronic lymphatic leukaemia, and acute myeloid  
leukaemia are the predominant diseases in  
addition to a broad spectrum of different  
lymphomas, mostly of mature lymphoid cells.  
The different disease spectrum may reflect different 
roots of origin such as genetic susceptibility, 
genetic driver lesions, etc. In general, malignant 
disorders in childhood are highly aggressive and 
are unequivocally rapidly fatal in course. In addition, 
paediatric haematology also deals with a large 
variety of, in part, very rare genetic disorders with 
a broad spectrum of clinical phenotypes, ranging 
from severe combined immunodeficiency due 
to defects in genes  of lymphoid development, 
to defects in immunoregulation, to bone  
marrow failure syndromes, and genetic causes  
of anaemia. The different spectrum provides  
an extreme challenge for individualised therapy.  

The enormous progress in genetic medicine 
provides a clear basis for understanding the  
diseases and developing of gene/pathway-directed 
therapies, both in malignant and non-malignant  
haematological diseases.

Q: What have been the main changes that you 
have witnessed since your career began in this area  
of medicine?

A: Over the past 30 years, the progress,  
especially in the treatment of childhood  
leukaemia has been enormous. With therapy 
protocols which started on the basis of trial and  
error, and empirical observations associated with  
a high burden of treatment related mortality, 
significant cure rates were achieved in the 1970s. 
Since then, treatment of childhood leukaemia  
and malignancies in childhood and adolescence 
in general has developed into one of the 
most significant success stories in oncology.  
To witness these developments directly, not only  
on the bedside of patients, but also on the  
bench of research has always been a privilege  
for me. The development of risk-adapted 
therapy protocols, where ‘risk’ is defined as 
outcome under a given therapeutic umbrella  
with a more and more refined risk-stratification  
strategy, has been the basis for this development.  
The identification of ‘risk factors’, starting  
from biological parameters such as age and  
gender, to immunophenotyping, to genotyping,  
to pathway-oriented translation of molecular  
genetic knowledge, is currently still the basis for  
clinical protocols that use a large extent of  
cytotoxic drugs that had been developed in the  
past without exact knowledge of their mechanism  
of action. Historically paediatric haematology/
oncology has been concerned, in the early days, 
mainly with partially frustrating attempts to cure 
the diseases, whereas now we are more concerned  

Klaus-Michael Debatin

Chairman, Department of Paediatrics and Adolescent Medicine, University Medical Center Ulm,  
Ulm, Germany.

My own area of research over 
the past almost 30 years has laid 
the basis for the development of 
novel therapeutic strategies...
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about the long-term sequelae of our patients 
on the background of an 80% success rate and  
long-term survival.

Q: What issues are currently affecting  
haematologists, especially those who focus on 
paediatric populations? What do you think could  
be done to address these problems?

A: In the area of malignant haematology we 
are particularly concerned with the long-term  
consequences of our successful therapies with 
the attempt to reduce therapy where possible and 
to sharpen therapeutic strategies. This includes 
pathway-directed approaches in areas where a 
cure is still not on the horizon. Genetic diseases 
on the other hand, to a large extent, will soon  
have the problem that we still cannot offer a true 
gene-oriented therapy, despite detailed knowledge 
of the genetic causes of the disease. Here, we  
clearly need more research on gene-correcting 
therapies, specifically with the knowledge that 
traditional approaches of gene therapy, using 
viral vector systems, led to a significant number 
of leukaemias in diseases, where haematopoietic  
stem cells have been gene-corrected.

Q: Your research focusses on apoptosis and  
tumour development. What are the latest 
developments in this field? Were there any 
particularly exciting presentations at this year’s 
European Hematology Association (EHA) congress 
on current research in this area?

A: My own area of research over the past almost 
30 years has laid the basis for the development of 
novel therapeutic strategies and novel compounds 
that specifically address cell death and survival 
pathways, both in tumour development as well as 
in therapy. These approaches include targeting  
anti-apoptotic Bcl-2 family members by BH3 
mimetics and the development of strategies 
to counteract apoptosis inhibitors. Also, p53 is  
coming back into the focus as a therapeutic 
target by novel compounds that enable or restore 
deficient p53 function. Such approaches have 
also been discussed in EHA meetings in the  
past 2 years.

Q: You have worked in Germany and the USA. How  
do the healthcare and research environments differ 
in terms of haematology between these countries?

A: I do not think that there are many differences 
with respect to patient treatment and outcome 
between Germany and the USA. As an example, 
Berlin-Frankfurt-Munster (BFM) protocols for 
treating acute lymphoblastic leukaemia developed 
in Germany have been, and still are, worldwide 
among the most successful treatment protocols  
and we are in good connection with our USA  
colleagues in balancing different treatment 
strategies and crossing over treatment elements 
that have shown superior outcome in either of  
these protocols. However, the difference between 
Germany (and Europe) and the USA is certainly in  
the research environment. While this is in part  
simply a financial issue, research budgets in the  
USA at comparable institutions are several fold 
up to 20-fold higher compared to budgets  
at German institutions. It is also a question of  
culture. Thus, the clinical researcher in the USA,  
although in many statements has been referred  
to as ‘in danger’ for the last few decades, is still 
active and many programmes at universities have  
a specific focus on the clinician scientist as a  
specific model for patient-oriented research. 
With the increasing knowledge in basic research  
related to clinical medicine, this translator  
position becomes even more important. Most 
universities in Germany have just started or built  
up clinical scientist programmes. In the past, 
like in my own career, becoming a clinical  
scientist has more been chance, opportunity,  
and individual initiative in the context of specific  
academic institutions or institutions funding 
researchers (Deutsche Forschungsgemeinschaft), 
than specific planning.

Q: How much progress has been made in cancer 
therapies in the last 10 years? What developments 
have had the most influence on this progress?

A: Over the past 10 years the speed of  
development in the -omics technologies and 
the discovery of genes causing specific diseases 
has certainly had the greatest impact on 
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our understanding of the nature of diseases.  
Incorporation of this knowledge into pathway-
oriented therapies and in a deeper understanding  
of cell biology provide a basis for further  
development. However, in paediatric haematology 
such as in the treatment of acute lymphoblastic 
leukaemia, we have reached a very high level of 
cure rates with conventional therapy. Despite 
our increasing knowledge in basic research,  
this knowledge has not yet really translated into  
highly significant progress in further increasing this  
level. This may be partly due to the fact that 
identification of single-genetic lesions and 
single-pathway targeting by specific compounds 
will not solve the problem of heterogeneity of 
leukaemia cells and of the sheer number of  
deregulated pathways that occur in tumour cells.  
Thus, leukaemia, with rare exceptions, such as  
BCR-ABL targeting by imatinib (Glivec®) as the  
driver lesion, malignancies apparently need more 
than a driver to exhibit their malignant phenotype. 

Q: How do congresses such as EHA benefit your 
clinical and research practice?

A: Over the years, EHA has become a central 
European and worldwide forum comparable (and 
sometimes even better) to American Society of 
Hematology (ASH) in discussing latest results in 
research and clinical practice. The quality of EHA 
meetings has improved greatly and the number of 
participants has now reached an astonishingly high 
level when compared to the starting years.

Q: Are there any areas in haematology which you 
feel are under-researched?

A: The focus on malignant haematology over the 
past years, has slightly put aside areas of non-
malignant haematology in research and clinics, 
such as anaemia. However, at the moment, with a 
deeper understanding of the genetic causes of  
these diseases, the balance will swing back.

Q: What have you been most proud of in your career 
to date?

A: This is a really tough question. I would not say 
that I am proud of, but I am very glad and satisfied 
having had the privilege to follow a specific area  
of research from the very beginning over the past  
30 years. When we discovered one of the key  
apoptosis systems, the CD95 system, we could not 
even spell the word ‘apoptosis’ and did not have 
the slightest idea that cell death is a regulated 
phenomenon similar to cell proliferation. At this 
time, in the mid-to-late 1980s, the prevailing  
concept in oncology was that the main  
characteristic of tumours is their unlimited 
proliferation potential. Consequently, all therapies 
were aimed and considered to target cell  
proliferation. Anti-cancer and anti-leukaemia 
therapy may in fact induce cell death and this 
cell death is a regulated phenomenon. Sensitivity 
or resistance of cancer and leukaemia cells may 
depend on their susceptibility and intactness to 
undergo programmed cell death or apoptosis.  
This was neglected because there was no concept  
to talk about. The focus on translation from  
deciphering one of the important cell death  
systems, to defining sensitivity and resistance of  
tumour cells, and more recently the development of 
preclinical models for leukaemia and solid tumours, 
is certainly what I consider my contribution to the 
field to be. I was always privileged to work in an  
area of constant development and to be part  
of this, both in research as well as in clinical  
application. This is a great satisfaction to me.

Q: Do you have advice for anyone who wishes to 
follow a similar career path to yours?

A: Seek and use the opportunities in research 
and clinical practice! Be hungry to get as much  
knowledge as possible on the diseases that you 
treat! Stay in the clinic and focus on your  
patients! Return to the lab and focus on your  
specific research and then go back to the patient! 
I consider this back and forth between the bench 
and bedside that I experienced and performed 
throughout my career as the most important 
contribution to my career path.

Anti-cancer and anti-leukaemia 
therapy may in fact induce cell 
death and this cell death is a 
regulated phenomenon.
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Q: What attracted you to the field of haematology 
and oncology, and more specifically, to researching 
myeloproliferative neoplasms (MPNs)?

A: The tremendous unmet needs in the field 
of cancer is really what drew me to focus on 
cancer; unmet needs scientifically, in terms of  
understanding, in terms of new therapies, and how 
to best help patients.  I had the opportunity to  
interact with patients with  MPNs even in my first  
year of medical school at the Mayo Medical School 
in Rochester, Minnesota, a long-time centre of 
excellence for these disorders. This significant  
lack of understanding, unmet needs, and lack 
of cohesion in the MPN community attracted  
me greatly.

Q: How far has our understanding and treatment 
of MPNs improved since you first began working in  
this area?

A: Our understanding of MPNs has grown 
exponentially since I began working in this arena  
in 1991. Our knowledge of the molecular  
pathogenesis had a watershed moment with the  
discovery of the JAK2 V617F mutation in 2005.  
Additionally, the development of agents specifically  
tested for MPNs has been transformational  
in that in the past we would largely only  
be able to test agents being looked at for other 
disorders. Finally, we have a much greater 
understanding of the unmet challenges of  
symptom burden in these patients.  

Q: What have you found to be the greatest clinical 
challenge facing patients with MPNs?

A: As we have done direct surveys of patients with  
MPNs, they feel that their greatest unmet need is 
the issue of progressive disease and the question 
surrounding it: how can our medical therapies 
in particular, which have greatly improved in  

their impact in preventing thrombosis, reducing 
splenomegaly, and improving symptoms, lead us  
to more definitive and longer periods of control  
of the disease and even disease eradication?  

Q: Can you tell us more about the important role 
of personalised medicine in the treatment of  
these disorders?

A: Indeed, personalised medicine is incredibly 
important in heterogeneous disorders such as  
MPNs, which necessitate medicines to be  
personalised not only in terms of a very 
heterogeneous group of mutation profiles that  
may lead to alternative prognoses but also  
regarding how the disease affects the patient  
and their individual disease-related complications, 
symptom burden, and risk of progression.

Q: You have also highlighted the importance of 
allogeneic stem cell transplantation as a unique 
treatment for patients with a serious bone 
marrow disorder, myelofibrosis. As this treatment 
can have life-threatening side effects and is not 
applicable to many patients, can you speak on the 
future alternatives you anticipate will emerge to  
cure myelofibrosis?

A. I predict that the progress in myelofibrosis will 
be along two lines: continued improved safety of 
transplantation, and expansion of this potentially  
life-saving therapy that relies on graft versus 
leukaemia effect into a safer and more viable  
option for a greater number of patients.  In parallel, 
I hope that further medical therapy will continue 
to either: 1) Control the disease indefinitely,  
which although not a cure would certainly be a 
step forward; or 2) Be able to further diminish the 
burden of disease for the individual so that other 
corresponding approaches would help eradicate 
the disease, whether they be based on the immune 
system or otherwise.

Ruben Mesa
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Q: What experimental treatments are you currently 
researching and do you expect any of these to enter 
clinical practice in the near future? Does it have a 
significant impact on the treatment of MPNs?

A: Many important therapies are in development:  
1) Janus kinase inhibitors may have a more  
favourable impact on cytopenias, including  
pacritinib and momelitinib, which each have 
benefits in patients with thrombocytopenia and/or  
anaemia. I envision a situation where both of these 
agents would hopefully be available in the future  
and complement the significant benefits we have  
seen from ruxolitinib, in improving splenomegaly 
symptoms and survival; 2) PRM-151 is a particularly 
intriguing agent working against the fibrosing 
process that we hope will delay disease  
progression; and 3) Imetelstat is a telomerase 
inhibitor which has shown significant activity in  
early studies. Results of ongoing studies are  
anticipated with great interest.

Q: Have you been involved in research which has 
identified the impact of MPNs and sexuality and 
quality of life? How has this research affected  
patient care and do you anticipate it will affect the 
direction of future research in the field?

A: We currently have data on over 5,000 MPN  
patients from 40 countries and 15 different  
languages.  With this cumulative information it is 
clear that intimacy is a major concern for patients 
with MPNs across the globe.  Intimacy challenges 
include: 1) Physical limitations with intimacy, such 
as impotence or other issues; and 2) Intimacy 
challenges, which I think can be a tremendous 
strain for quality of life, as patients feel poorly, 
have pain, night sweats, and discomfort from 
splenomegaly. This puts a tremendous strain on 
intimacy as well as relationships. I am hopeful that, 
having identified this important need, we will be  
able to bring in further psychosocial support for 
patients with MPNs in addition to purely medical 
therapies, in order to better address these needs  
and view their care in a holistic manner. 

Q: What efforts are being made to raise awareness 
for these disorders? Could anything be improved to 
help patients recognise warning signs or symptoms?

A: The era of the JAK2 mutation in particular has 
greatly increased the awareness about testing for 
MPNs amongst primary care providers, internal 
medicine physicians, and many others outside of 
the realm of haematology. I do think this has been 
impactful in identifying earlier cases. The disorders 
as a whole are uncommon enough that increasing 
overall awareness in the general population 
in regards to the signs or symptoms of MPNs 
would probably not be ideal, in that some of the  
symptoms individually can overlap with other 
medical disorders such as fatigue, weight loss, and 
night sweats. But I think it is particularly important  
to build awareness amongst primary care physicians 
and other providers who are on the frontlines of 
caring for patients so that when a patient has  
signs, symptoms, or abnormal haematologic values 
potentially indicative of an MPN, there is not an 
excess delay in their diagnosis.

Q: What advice do you have for practitioners and 
trainees working within the field of haematology  
and oncology?

A: Working in haematology and oncology is 
incredibly rewarding; it gives us the opportunity 
to learn from our patients and their loved ones  
as they go through an incredibly difficult journey.  
In parallel it is a very rewarding scientific experience 
in a period of tremendous advances and success. 
It is an emotional field for those involved and has 
both high points and low points that never really 
become easier, for example losing patients to the 
diseases that we have battled against together. It is 
important, I think, to recognise that the role of the  
haematologist and medical oncologist is to help 
patients along a difficult journey and that we 
hopefully leave each interaction rewarded. In some 
individuals we may be able to eradicate disease, 
in others we may not, but hopefully all patients  
benefit from the care that we provide.

Working in haematology and oncology is incredibly rewarding;  
it gives us the opportunity to learn from our patients and their  
loved ones as they go through an incredibly difficult journey. 
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Q: Biological therapy is proving useful in 
many areas of medicine; how are such  
therapies being implemented for patients with  
haematological conditions?

A: This is a difficult question. I think that biological 
therapy has definitely improved and treatment 
outcomes will further improve in many areas of 
medicine. In order to do this, a specific approach 
looking at each disease individually is necessary.

Q: In what ways has the global effort to increase 
the availability of treatments for haematological 
diseases been affected by the development of new 
technologies? Is the trajectory promising?

A: At the moment many of the new technologies 
are not widely used. However, the trajectory is 
promising. Special effort should be made to extend 
new technologies to allow patients better access.  
A particularly important issue is drug access in  
non-industrialised countries.

Q: Have there been any exciting developments in 
gene therapy in relation to your current research 
areas? How long before such approaches become 
part of daily practice?

A: Yes, indeed. Finally, after many years, gene  
therapy in thalassaemia seems to be close to being 
practical, approachable, and clinically applicable. 
However, two major problems still remain. 
Firstly, from a clinical point of view, there can be 
incomplete haemoglobin production after gene 
transfer. Secondly, there is the very high cost of the 
therapy itself. At the moment, the large majority 
of thalassaemia patients cannot approach gene 
therapy because of this.

Q: What are the crucial differences between  
genetic and acquired haematological diseases, from 
the point of view of the physician?

A: There are several differences that should be 
discussed depending on the disease. Genetic 
diseases such as thalassaemia are usually, but not 
always, chronic diseases which permit prolonged 
survival with traditional forms of treatment. On the 
other hand, acquired haematological diseases are 
usually, but not always, malignant diseases, mostly 
requiring a curative approach. Haematopoietic 
stem cell transplantation has changed the approach 

Q: What has been the proudest achievement of 
your career to date? Can you tell us about your 
professional goals for 2016?

A: I would say the proudest achievement of my 
career, having been involved with many clinical 
trials, getting medicines registered, and caring 
for many patients, has been our efforts to build  
greater awareness regarding the burden and 
suffering that patients with MPNs can have as a 
chronic disease. Also in helping physicians around 

the world to be a bit more sensitive to a holistic 
approach and how to care for their patients.   
My professional goals for 2016 include trying to  
translate many of the efforts that we have been 
involved with in the clinical trial setting in ways  
that both become practical and helpful for  
individual haematology and medical oncology 
practices, which can be of use for the care of  
patients receiving standard therapies each and  
every day.

Genetic diseases such as 
thalassaemia are usually, but not 
always, chronic diseases which 
permit prolonged survival with 
traditional forms of treatment.  

Emanuele Angelucci 

Chairman, Hematology and Transplant Center, Ospedale Oncologico di Riferimento Regionale  
“Armando Businco”, Cagliari, Italy.
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to treating thalassaemia, introducing the idea 
of a cure. Gene therapy will also further change  
the approach.

Q: What efforts are being made to raise awareness 
of haematological conditions? Could anything else 
be done to help patients recognise warning signs  
or symptoms?

A: Patient associations are growing. For example,  
the Italian Association against Leukaemia- 
Lymphoma and Myeloma (AIL) is a very  
important association that has initiatives for raising  
patient awareness.

Q: In terms of the Italian healthcare system, 
have there been any recent developments to  
reduce treatment costs and improve opportunities  
for physicians?

A: Yes. Payment by result, cost sharing, and 
reimbursements have been recently introduced. 
The major costs in the Italian healthcare system are 
not the medications, as they account for no more 
15% of the national healthcare system’s budget. 

The simplification of procedures and fight against 
excessive bureaucracy would help reduce the cost 
of the healthcare system.

Q: If you could suggest one way to increase the 
cure rate for elderly acute leukaemia patients,  
what would it be?

A: At the moment I believe that the best way 
to treat elderly patients with acute leukaemia 
is to enrol patients in well designed controlled  
clinical trials.

Q: Are there any areas of the field of haematology 
that you believe are under-researched? Why is 
this, and how would additional research in this 
area benefit the field as a whole?

A: Yes there are, rare diseases and non- 
malignant haematology.

Q: What do you foresee as being the ‘next big  
thing’ in haematology?

A: Hopefully, to make all therapies available for  
any patient with a stringent clinical indication.

I think that biological therapy has definitely improved and treatment 
outcomes will further improve in many areas of medicine.
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MEETING SUMMARY

Prof Robin Foà opened the symposium by highlighting how improving healthcare and an ageing  
population are increasing the burden on healthcare resources and creating challenges in maintaining the  
high level of healthcare provision that many people expect. Dr Armando López-Guillermo discussed the  
role of biosimilars in maintaining sustainable and affordable healthcare systems and the need to balance 
this against ensuring that biosimilars offer comparable efficacy and safety compared with their reference 
products. Dr Martin Schiestl outlined the differences in approval processes for biosimilars compared with 
novel biological therapies and generic versions of small-molecule drugs, and how this ensures similarity 
between biosimilars and their reference products. Prof Steffen Thirstrup reviewed the processes that 
European Union regulatory authorities undertake when deciding whether it is appropriate to extrapolate 
indications for biosimilars beyond a single approved indication. The meeting objectives were to discuss 
the role of biosimilars in meeting healthcare needs and to review what regulatory assessments biosimilars 
undergo prior to receiving marketing approval, and how additional extrapolated indications can be 
scientifically justified. 

Chairperson’s Introduction: How Can 
We Sustain Healthcare Provision?

Professor Robin Foà

Ageing societies are placing an increasing burden on  
healthcare resources, not only in terms of a greater  
number of people living longer, but declining birth 
rates are also resulting in populations composed of  

a higher proportion of older people than in the  
past. However, the ‘biological age’ of patients is  
also younger than it once was. For example, anyone 
who has lived to 70 years old can now be 
expected to live for another 20–25 years and  
these people want to maintain their quality of life  
as they age, which potentially means living with  
what may have once been a life-threatening disease 
that can now be managed as a chronic disease. 
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Many of these diseases are managed with 
biological therapies that have been driven by 
genetic technologies that evolved from generating 
simple peptides in bacteria and yeasts, such as 
aspirin, to producing complex glycoproteins, 
such as monoclonal antibodies using mammalian 
systems. However, the costs associated with new 
treatments are ever-increasing and risk limiting  
access to treatment (Figure 1).1 Accordingly, 
biosimilars, biologicals that have been shown  
to be highly similar to the originator or  
reference product in terms of the requirements for  
comparability, may play a role in improving access 
to biological treatments.

The Need for Biosimilars and the 
Challenge of Extrapolation:  

A Clinical Perspective?

Doctor Armando López-Guillermo

Biologicals have revolutionised the treatment 
options for many disabling and life-threatening 
diseases, including kidney disease, cancer, 
arthritis, psoriasis, and growth disorders.2-6 The 
advantages of biologicals have been exemplified  
in haematology, where the addition of 
rituximab to chemotherapy in patients with B  
lymphoproliferative disorders has significantly  
improved overall survival.7-13 Therefore, although  
the incidence of T cell lymphatic disorders has  
likely increased over the last decade, the incidence 
of death has decreased, which can most likely 
be attributed to the introduction of rituximab 
immunotherapy over the past few decades.14

However, a major limitation to the use of biologicals 
is their expense; biologicals account for <1% of all 
prescriptions, but up to 28% of prescription drug 
costs.15 The rise in long-term chronic conditions 

treated with biologicals, alongside increasing  
patient expectations among ageing populations 
means that providing affordable and sustainable 
healthcare to these patients is becoming 
increasingly challenging. 

Biosimilars may increase access to biological 
treatments by offering a more sustainable 
and affordable treatment option. Despite the  
affordability and comparable efficacy of biosimilars 
to the reference product, a primary barrier to their 
widespread use is clinician concerns regarding 
product quality, the lack of clinical and safety data, 
interchangeability, and extrapolated indications.16 
Although biosimilars are not exact replicas of the 
reference product, clinicians should understand  
that, before receiving marketing approval,  
biosimilars must undergo robust regulatory 
assessments and demonstrate clinical efficacy,  
safety, and product quality that is comparable with  
the original product. 

Due to the complexity of monoclonal antibodies, 
it is not possible to generate an exact replica of 
a biological product.17,18 Therefore, the goal of 
biosimilar development is to create a replica that 
is as close to the reference product as possible 
with no clinically meaningful differences in 
pharmacokinetics, pharmacodynamics, efficacy, 
safety, and immunogenicity.19 To achieve this,  
testing of biosimilar monoclonal antibodies relies  
on the well-established principles of having:19

•	 An identical amino-acid sequence to the  
original product

•	 High similarity in the chemical and biophysical 
characteristics of the original product

Following confirmation of similarity, clinical 
efficacy and safety must be validated in head-to-
head trials with the reference product, which are 
used by the European Medicines Agency (EMA) to 

Figure 1:  The challenge in sustaining healthcare provision.
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assess whether there are any clinically significant  
differences between the biosimilar and the 
reference product. To achieve this, validation 
studies must be conducted using a (preferably) 
double-blind, randomised, controlled trial that is 
adequately powered to assess non-inferiority.20  
For these studies, the most sensitive, homogenous, 
immunocompetent patient population should 
be used to detect any small product-related 
differences, minimise variability, and accurately 
assess immunogenicity.21 Trial data for rituximab, 
for example, suggest that the largest effect size is 
seen in patients with follicular lymphoma treated 
with a rituximab-cyclophosphamide-vincristine-
prednisone combination, making this a sensitive 
population for testing rituximab biosimilars.9,22-25

Provided a biosimilar has proven efficacious in a 
single, sensitive indication of the reference product, 
extrapolation to other approved indications 
of the reference product may also be justified. 
When considering extrapolating indications for a  
biosimilar, clinical experience in the indications of 
interest and the characteristics of the functional 
moieties of the biosimilar are considered against 
those of the reference product.26 Additionally, 
the biosimilar must have the same mechanism of  
action for each indication as the reference  
product,26 so obtaining an extrapolated indication 
for monoclonal antibodies with multimodal 
mechanisms of action can be difficult. For example, 
extrapolating the indication of rituximab biosimilars 
is challenging because different polymorphisms  
and mutations in B cell malignancies can influence 

CD20 expression, which in turn can affect affinity 
and response to rituximab.27 It is also unclear 
whether the mechanism of action of rituximab  
varies depending on the lymphoma subtype or 
localisation. Therefore, these concerns are valid 
considering that there are differences in CD20 
expression in vitro, and rituximab dose adjustment 
is required for different B cell malignancies, tumour 
burden, and phenotypes in the clinical setting.27,28 
Additionally, it is unclear whether the mechanism 
of action of rituximab remains the same when used 
in combination with chemotherapy. Therefore,  
in these cases additional clinical evidence may 
be required to support extrapolating the efficacy 
and safety of a rituximab biosimilar beyond its  
initial indication.

In conclusion, ageing populations and an increasing 
number of patients with chronic disease are driving 
a desire for increased access to biological therapies; 
biosimilars offer a more affordable treatment 
option that can increase patient access to high-
quality, clinically effective therapies. Biosimilars 
must meet the same quality standards as novel  
biologicals and undergo rigorous testing before  
approval is granted from the EMA or US Food 
and Drug Administration (FDA). Although there  
are concerns regarding extrapolating indications  
beyond a single indication, each indication is  
systematically evaluated independently and, in the  
case of monoclonal antibodies with multimodal  
mechanisms of action, further clinical evidence is 
often required to justify extrapolation.

Figure 2: Comparison of the development approach for originator biologicals and biosimilars.
PD: pharmacodynamics; PK: pharmacokinetics.
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The Science of Biosimilars:  
From Quality to Extrapolation

Doctor Martin Schiestl

Extrapolating indications for biosimilars remains 
controversial among clinicians. Despite regulatory 
bodies such as the EMA and FDA thoroughly 
evaluating the evidence for and against  
extrapolation prior to approval, some medical 
groups have critiqued the decisions of the EMA  
and expressed uncertainty about the findings, 
and have therefore recommended against 
using biosimilars in extrapolated indications.29-31  
In particular, clinician uncertainty is likely to be 
related to queries regarding the science behind  
the regulatory approval pathway for biosimilars and 
the way these products are developed. 

Clinicians are generally familiar with the 
development of new products, which focusses 
on the clinical evidence demonstrating safety 
and efficacy in various indications. However, the 
goal in biosimilar development is to demonstrate 
similarity of a product containing essentially the 
same active ingredient as the reference product,32 
and having no clinically meaningful differences,33  
so that the clinical experience of the reference 
product can be applied to the biosimilar. 

The most sensitive tools for demonstrating 
similarity are analytical methods for measuring 
the physicochemical and functional properties of 
products. Therefore, the analytical comparison 
sets the foundation for demonstrating biosimilarity, 
which is complemented by non-clinical and clinical 
confirmation of similarity (Figure 2).

For a biosimilar to receive marketing approval, the 
primary amino-acid sequence and protein folding 
must be identical to the reference product.34 
Other features, including post-translational 
modifications such as glycosylation, are required 
to have high similarity. However, differences are 
acceptable provided there is evidence to show 
that any differences are not clinically relevant, and 
it is important to note that protein glycosylation 
also varies from batch to batch for reference 
products, which is considered to be normal and is  
usually not problematic, provided this variability  
is controlled within acceptable margins.34,35 
Additionally, following approval of a reference 
product, it is common for the manufacturing  
process to be changed from time to time; for 
example, the cell culture media, purification 
methods, or manufacturing sites may be 

changed.36 These changes are tightly controlled 
by regulatory authorities and are only approved 
when there is evidence that they do not result in 
clinically meaningful differences to the product.37  
This evidence is also based on analytical 
comparisons, and may be supplemented by non-
clinical, or very rarely, clinical confirmation, which 
is then extrapolated to all indications. Therefore, 
the concept of extrapolation of indications for 
biosimilars on the basis of overall comparability is 
not new, given that it is already being continuously 
applied to reference products. 

However, based on the complexity of proteins, 
and the many structural and functional attributes 
(i.e. quality attributes) that need to be compared, 
there is concern that minor, but clinically 
relevant, product differences may be overlooked.  
To address these concerns, each quality attribute 
is assessed systematically for its contribution  
to immunogenicity, toxicity, pharmacokinetics,  
and efficacy. The clinical relevance of many quality 
attributes of biologicals are well understood 
and can be assessed independently for each  
indication.38-49 For example, it is well known that  
amino-acid sequence, protein folding, and 
glycosylation influence efficacy, whereas attributes 
such as amino-acid sequence, aggregates, 
host-cell proteins, and certain glycans can 
affect the immunogenicity of biologicals.38-49  
By understanding these features and comparing  
those of a biosimilar with the reference product, 
efficacy and immunogenicity can be controlled so 
that they are comparable.

Functional characterisation is also a key  
component in the biosimilar exercise and for 
elucidating structure–function relationships to 
increase product understanding.50 The availability 
of precise bioassays allows assessment of the 
functional properties of biologicals and to evaluate 
the potential clinical impact of minor differences 
in certain quality attributes between the biosimilar  
and reference product, if they exist.50

As extrapolation to other indications relies on the 
principle of sameness between the biosimilar and 
the reference product, each extrapolated indication 
is independently evaluated on the basis of totality  
of available evidence and is not automatically  
granted for all indications of the reference 
product.20,34 An extrapolated indication for a 
biosimilar must therefore be justified on the  
basis of the understanding of the mechanism of  
action, and the comparative analytical, non-clinical, 
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and clinical data between the biosimilar and the  
reference product.16,26

To conclude, for biosimilars to be approved they 
must undergo rigorous analytical, non-clinical, 
and clinical testing to establish similarity with the 
reference product. An extrapolated indication is 
systematically and independently evaluated and 
approved based on the totality of evidence for the 
biosimilar compared with the reference product.

The Evidence for Extrapolation:  
A Regulatory Perspective

Professor Steffen Thirstrup

As recently as 2014, both the EMA and the FDA 
have issued guidance on the evidence required for 
marketing authorisation for biosimilars,20,34 but key 
regulatory requirements for assessing products, 
whether reference biologicals, biosimilars, or small-
molecule generics, have not changed.50 However, 
the type and/or amount of data required for  
marketing authorisation varies, depending on the 
type of product. The documentation required 
for approving a new product is considerable and 
extensive data documenting the product’s quality 
(manufacturing, stability, and its controls), non-
clinical safety, as well as clinical efficacy and safety 
must be provided for agency review. In the case of  
biosimilars, in addition to establishing quality, as  
for any other product, the manufacturer must 
also establish biosimilarity to the reference 
product in all aspects, that is, the product is as 
similar as current methods allow. Furthermore, 
clinical data must be provided in at least one 
indication that establishes comparable efficacy 
and safety with that of the reference product 
using sensitive endpoints. In contrast, small-
molecule generics are only required to demonstrate 
equivalent bioavailability (bioequivalence) to claim  
therapeutic equivalence.36,50 

Biosimilars are developed using a method of  
‘reverse engineering’ as the manufacturer does not 
have direct access to data for the reference product 
at any point and, as such, a manufacturer must 
thoroughly analyse reference products available on 
the market, as well as utilise the scientific literature 
and general knowledge to understand how to 
develop cell lines and associated processes to 
manufacture a highly similar biological product.50  
By continually refining their manufacturing 
processes, biosimilar manufacturers will eventually 

produce a molecule that is as close to the  
reference product as possible.50 Once this has been 
achieved, the key focus becomes characterising 
the biosimilar and comparing it with the reference 
product to provide data to support an application  
for marketing approval where the regulatory 
authorities will look to determine the overall 
clinical effect of the biosimilar versus the reference 
product.50 The documentation supporting a 
request for marketing approval for a biosimilar  
encompasses extensive comparative detail on the 
physiochemical and biological properties of the 
biosimilar and its reference product, as well as 
preclinical, pharmacokinetic, and bioequivalence 
data. A limited amount of clinical data obtained 
using a sensitive endpoint in at least one indication 
approved for the reference product is needed to 
confirm no differences exist in efficacy and safety 
compared with the reference product.50 Once a 
biosimilar has established its comparability with 
its reference product in at least one sensitive 
indication, and provided that it is scientifically 
justified, the biosimilar’s indications can be 
extrapolated to all indications approved for the  
reference product.50

The regulatory concept of proving comparability is 
not new and is fundamental for all biologicals, as  
the manufacturing process for reference products 
can be expected to change over time as part 
of a normal product ‘life cycle’.36 For example,  
>35 changes have been made to the manufacturing 
process for infliximab since marketing approval 
was granted in 1999.36 Even minor changes in 
manufacturing must undergo regulatory review, 
whereby the characteristics of the product  
pre and post-change are compared. To facilitate 
this, both the EMA51 and FDA52 have developed  
guidelines for demonstrating comparability  
following a change in manufacturing process. 

These comparability guidelines are issued by 
the International Conference on Harmonisation 
of Technical Requirements for Registration 
of Pharmaceuticals for Human Use (ICH) and  
Committee for Medicinal Products for Human 
Use (CHMP) and set the data requirements for 
demonstrating comparability pre and post-
manufacturing change for biological products,  
taking into account the magnitude of the change 
and its potential impact on the product.51,52  
This process has been labelled the ‘comparability 
exercise’, and relies on comparing physicochemical 
testing, biological assays, and in some cases,  
non-clinical and clinical data.36 
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The ICH stipulates that comparability does not 
mean that these attributes are identical pre and 
post-change, but that they are “highly similar” 
and that any differences will have no impact on 
product efficacy or safety.51 For example, following 
a manufacturing change to the rituximab reference 
product, which resulted in changes in glycosylation 
and a subsequent increase in antibody-dependent 
cellular toxicity potency, on assessment, regulators 
concluded that the benefit-to-risk profile of the 
product was unchanged based on the totality of 
evidence available through pre and post-change 
characterisation, and no further clinical data  
were required.53

The same scientific principles apply to the  
generation of a biosimilar. One of the key  
questions from regulators is what clinical data 
is needed to show comparability and provide  
evidence to support an extrapolated indication. 
A regulatory authority will review the totality of 
evidence gained from the comparability exercise, 
and assess whether safety is clearly demonstrated, 
an increase in immunogenicity has been excluded, 
and if there are any remaining uncertainties,  
and then identify where further data is needed.  

The regulatory authorities are guided by several key 
principles when assessing the scientific justification 
for an extrapolated indication, including:

•	 Clinical experience with the reference product
•	 Established comparability
•	 Any differences in mechanism of action or 

safety (including immunogenicity)  
between indications

•	 Target receptors

An extrapolated indication is only likely to be  
granted for a similar or less sensitive indication or 
population, and this decision must be based on 
available clinical data (Figure 3).26

Therefore, extrapolating an indication is not a 
new process,26 and regulatory authorities have  
developed rigorous and scientific guidelines for  
assessing the comparability of therapeutic  
molecules that are applicable across various 
scenarios from a change in manufacturing process 
to the generation of a biosimilar.20,34,51,52 Extrapolation 
involves an extensive comparability exercise and 
regulatory authorities follow a key set of principles 
to establish stringent scientific justification before 
an extrapolated indication will be approved.26

Figure 3: Key characteristics of reference products and biosimilars that are assessed during the regulatory 
approval process.16,26,54

PK: pharmacokinetics; PD: pharmacodynamics; tox: toxicity.
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MEETING SUMMARY

A recent symposium at the European Hematology Association (EHA) congress, chaired by Prof Eva  
Kimby, explored the changing paradigms in the treatment of non-Hodgkin’s lymphoma (NHL) and the 
potential impact of new approaches to diagnosis and treatment. Prof Kimby opened the symposium 
by discussing the recent therapeutic advances in the treatment of follicular lymphoma (FL). Prof Georg 
Lenz then spoke about the clinical implications of diffuse large B cell lymphoma (DLBCL) diagnosis and 
the manner in which disease subtyping can foster effective use of targeted therapies. Prof Catherine  
Thieblemont presented on post-induction treatment in DLBCL, and the importance of effective treatment 
options to limit the number of patients who fail first-line therapy. Prof Pier Luigi Zinzani then concluded  
the symposium by presenting data on the new immuno-oncology treatments being evaluated in patients 
with relapsed or refractory NHL. 

Therapeutic Advances in  
Follicular Lymphoma

Professor Eva Kimby

The therapeutic management of FL is complicated 
by the disease heterogeneity, as evidenced by 
the differences in histological grading, prognostic 
factors (such as the FL International Prognostic 

Index [IPI], FLIPI2, and m7-FLIPI),1-3 and the blood 
and bone microenvironment, which can all vary 
widely between patients. Response to a specific 
treatment is also variable, as is the pattern of 
relapse. The cumulative effects of therapy such as 
cardiotoxicity, and the risk of transformation have 
to be considered when choosing therapy. IPIs are 
useful for predicting disease outcome at group  
level, but cannot identify a patient at low-risk 
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of disease progression, in whom the benefits 
of immediate induction therapy are unclear. 
Indeed, data from the British National Lymphoma 
Investigation (BNLI) indicate that a ‘watchful 
waiting’ approach in low-risk patients is associated 
with a median time-to-initiation of chemotherapy  
of 2.6 years, and that 19% of patients still  
do not require chemotherapy after 10 years.4 
More recent data also support the watchful 
waiting approach, with similar overall survival  
(OS) in patients receiving rituximab induction  
with maintenance, and those who undergo  
watchful waiting.5

The importance of rituximab maintenance in  
patients who show an initial response to first-line 
rituximab plus chemotherapy is well established.6 
Data from the PRIMA trial7 indicated that only 18% 
of patients will have disease progression during 
an initial 2-year rituximab maintenance therapy  
period and that 75% of patients receiving 
rituximab-based maintenance therapy will remain 
progression-free at 3 years, compared with 58% of 
those undergoing observation (stratified hazard 
ratio: 0.55; 95% confidence interval: 0.44–0.68; 
p<0.0001). Although these benefits of rituximab 
are well established in patients with FL in the 
first-line setting, there remains substantial debate 
regarding the most effective accompanying 
chemotherapy regimen. A comparison of rituximab 
in combination with CHOP (cyclophosphamide, 
doxorubicin, vincristine, and prednisone), CVP 
(cyclophosphamide, vincristine, and prednisone), 
or FM (fludarabine and mitoxantrone) indicates 
that rituximab-CHOP (R-CHOP) and rituximab-FM 
(R-FM) may yield an improved time-to-treatment 
failure compared with rituximab-CVP, but also that 
R-FM is associated with greater toxicity.8 Whether 
bendamustine plus rituximab offers an alternative 
to R-CHOP is unclear, although some data suggest 
that rituximab-bendamustine is associated with 
quality-of-life benefits and an improved toxicity 
profile.9,10 It is also unclear if chemotherapy is 
required in all patients, with data from Phase II  
and III trials suggesting that single-agent rituximab 
may also represent an alternative approach, albeit 
with a relatively short progression-free survival 
(PFS) of only 20–30 months.11,12 This is in contrast  
to the 3.5–7.4 years median PFS reported for  
patients on rituximab maintenance for 1–5 years.12 
The probability of long-term survival following 
single-agent rituximab therapy is 87–89%, as 
observed in the SAKK35/03, PRIMA, and Nordic 
trials, respectively.7,11

There is also evidence supporting the combination 
use of rituximab with the immunomodulatory 
agent, lenalidomide,13 in patients with untreated 
indolent lymphoma. In an open-label Phase II  
study, patients with FL receiving rituximab 
plus lenalidomide (R2) achieved a response  
rate of 98%, a complete response (CR) rate of  
87%, and >80% remained progression-free at  
5 years.13 These data supported the subsequent  
initiation of the Phase II randomised R2-trial  
SAKK 35/10, in which rituximab was administered  
alone or in combination with lenalidomide 
to patients with untreated FL (n=77, each).14  
At Week 23, overall response rates (ORR) were 
82% in the combination arm, compared with 61%  
in the monotherapy arm (p=0.002), and with CR 
rates of 36% and 25%, respectively. An ongoing 
international study15 comparing first-line R2 versus 
rituximab-chemotherapy in >1,000 patients will 
provide further insight into the benefits of the R2  
combination also in maintenance therapy.  

New therapeutic agents are undergoing evaluation 
in patients with relapsing or rituximab-refractory 
FL (Figure 1). The GADOLIN study in patients with 
rituximab-refractory FL assessed the combination 
of bendamustine with obinutuzumab followed 
by obinutuzumab maintenance therapy versus 
bendamustine alone without any maintenance.16 
Patients receiving the combination had improved 
PFS compared with those receiving bendamustine 
alone (median PFS not reached versus  
14.9 months, p=0.0001) and there was evidence 
of benefits associated with obinutuzumab  
maintenance therapy compared with no  
maintenance therapy. Other new agents currently 
being studied in patients with relapsing or  
refractory disease are the PlK3-delta inhibitor, 
idelalisib, which has shown very high response 
rates in patients with refractory FL.17 Later trials 
of combinations of idelalisib with rituximab or 
bendamustine plus rituximab were halted due to 
toxicities.18 Ibrutinib, a Bruton’s tyrosine kinase  
(BTK) inhibitor that has shown robust clinical  
activity when combined with rituximab in  
treatment-naïve patients.19 The BCL2 inhibitor, 
venetoclax, could be of particular interest in FL 
patients because of their over-expression of 
the BCL2 antiapoptotic protein.20 Checkpoint 
inhibitors such as the humanised anti-monoclonal 
antibodies, pidilizumab and nivolumab (PD1 
inhibitors), and durvalumab (a PD-L1 inhibitor), 
represent another exciting class of immunotherapy  
undergoing evaluation in patients with FL. 
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Further development of these interesting new  
agents would be facilitated by an early surrogate 
marker of PFS. In the current clinical trial  
environment, most first-line treatments will have a 
long remission period and patients can frequently 
have subsequent repeated relapses. The Follicular 

Lymphoma Analysis of Surrogate Hypotheses 
(FLASH) group has assessed individual patient  
data from 11 randomised clinical trials and identified 
the presence of a CR at 30 months (CR30) as a 
surrogacy candidate for PFS.21 CR30 captures 
the effects of both induction and maintenance 

Figure 2: Ibrutinib shows improved survival benefit in patients with activated B cell like versus germinal 
centre B cell like diffuse large B cell lymphoma.26

*All other: 12/35, 10/32, 14/30, respectively. p-value versus other: 1.00, 0.057, 0.031, respectively.
CR: complete response; PR: partial response; TNF-α-IP3: tumour necrosis factor alpha-induced protein 3; 
WT: wild-type.
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Figure 1: Novel and upcoming non-cytotoxic treatments* for patients with follicular lymphoma.
*Rituximab is approved as a single agent and in combination with chemotherapy for initial and maintenance 
treatment of follicular CD20-positive non-Hodgkin’s lymphoma. Idelalisib is approved for relapsed/
refractory follicular lymphoma. All other agents listed in Figure 1 are investigational.
BTK: Bruton’s tyrosine kinase; CAR: chimeric antigen receptor; BCL-2: B cell lymphoma-2.
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treatments, and is supported by clinical data 
indicating that durable CR is associated with 
prolonged PFS.22 Incorporation of markers such as 
CR30 into future clinical trial design may permit a 
reduction in overall clinical trial duration.

Novel Insights into Diffuse Large  
B Cell Lymphoma Diagnosis and  

Clinical Implications

Professor Georg Lenz

Existing diagnostic procedures for DLBCL are 
well established. A lymph node or extranodal 
biopsy is followed by morphological and 
immunohistochemistry (IHC) characterisation. IHC  
can also be employed for disease subtyping, 
fluorescent in situ hybridisation analysis for  
identification of translocations, and computed  
tomography or positron emission tomography  
(PET), and potentially bone marrow biopsy, for  
clinical staging. Within this diagnostic process, 
defining the DLBCL disease subtype is important  
because of the wide spectrum of heterogeneous  
disease. It is possible to distinguish a  
number of morphologic variants (centroblastic, 
immunoblastic, anaplastic large B cell, 
plasmablastic, etc.) each with specific morphology  
and pathology, and there is also wide  
heterogeneity with regard to disease manifestation  
(nodal DLBCL versus mediastinal, central nervous 
system [CNS], or testicular lymphomas) and  
treatment response. 

Gene expression profiling (GEP) can help in  
resolving DLBCL heterogeneity by reliably and 
reproducibly distinguishing the activated B cell 
like (ABC) subtype (35% of DLBCLs); the germinal 
centre B cell like (GCB) subtype (40%); and the 
primary mediastinal B cell lymphoma subtype.23 
Importantly however, 15–20% of all DLBCLs cannot 
be classified according to GEP and are considered 
to represent a mixture of different lymphomas. 
Unfortunately, the clinical use of GEP is limited by  
the requirement for fresh frozen biopsies and 
therefore IHC algorithms have also been evaluated 
for clinical applicability. The use of IHC for disease 
subtyping is also subject to practical limitations, 
most notably the inability to identify the 15–20% 
of patients who are unclassifiable through GEP. 
IHC disease subtyping therefore identifies patients  
only as GCB or non-GCB.24 Another approach 
to disease subtyping is the NanoString GEP 

assay, which is compatible with fresh frozen 
tissue and may therefore have utility within the  
clinical setting. Overall, disease subtyping is  
important because the DLBCL molecular subtypes  
rely of different oncogenic pathways: disease  
subtyping can therefore facilitate the rational use  
of targeted therapies.

The nuclear factor (NF)-κB pathway is one such 
oncogenic pathway that is utilised differently 
between ABCs and GCBs. NF-κB is a transcription 
factor family that is normally inactivated by  
inhibitory proteins but upon stimulation causes  
the release of NF-κB into the nucleus, resulting in  
cell proliferation and inhibition of apoptosis. 
In tumour cells, the NF-κB pathway can be  
constitutively activated and pre-clinical data  
suggest that the ABC subtype may be particularly 
reliant on this this oncogenic pathway.25 Ibrutinib 
and lenalidomide are inhibitors of the NF-κB  
pathway and both have shown activity in patients 
with ABC DLBCL. Ibrutinib is a high specific 
inhibitor of BTK, which plays an important role in 
activating the NF-κB pathway. It has shown better 
response rates in patients with ABC compared 
with GCB (37% versus 5%, p=0.0106), which 
also translated into a trend towards improved 
OS in the ABC group (median OS: 10.32 months 
in ABC versus 3.35 months in GCB, p=0.056).26 
Ibrutinib responses appear to be dependent on  
the presence of specific NF-κB pathway mutations 
within CD79B, MYD88, the CARD11 coiled coil 
domain, and TNF-α-IP3 (Figure 2). Lenalidomide 
also shows preferential activity in ABC compared 
with GCB DLBCL. A retrospective analysis 
has shown higher response rates in non-GCB  
patients compared with GCB patients with  
relapsed/refractory DLBCL receiving lenalidomide,  
resulting in significantly improved PFS in the non-
GCB group.27 Further evidence comes from a  
retrospective analysis of a Phase II study of  
R-CHOP alone or with lenalidomide in patients  
with DLBCL. Among patients receiving R-CHOP 
alone, OS was significantly better among GCB 
patients compared with non-GCB patients;  
however, in the combination therapy arm there  
was no difference in OS between GCB and non-
GCB groups, suggesting a lenalidomide-driven 
improvement in OS in the non-GCB population.28 
Further data on these agents will come from 
the ongoing Phase III studies ROBUST29 and  
PHOENIX,30 which will assess the combination 
use of ibrutinib or lenalidomide with R-CHOP in  
patients with non-GCB DLBCL.
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Although patients with GCB typically respond 
well to R-CHOP, there is also a need for additional 
targeted treatment options for these patients. 
In vitro evidence suggests that the PI3 kinase 
(PI3K) pathway may represent a rational drug 
target for GCB DLBCL.31 Expression levels of the  
phosphatase and tensin homolog (PTEN) protein, 
which normally blocks the PI3K pathway and 
therefore acts as a tumour suppressor, are lower in 
GCB compared with non-GCB patients; the addition 
of PTEN induces toxicity in PTEN-deficient GCB 
DLBCL cell lines and inhibition of PI3K results in 
toxicity in PTEN-deficient models.

For the foreseeable future, R-CHOP is likely 
to remain the standard treatment choice in 
DLBCL; however, improved understanding of the  
oncogenic pathways in each molecular subtype 
may precipitate a movement towards increased  
use of targeted therapies. ABCs and GCBs 
are clearly different tumours characterised 
by different GEPs and different genetic  
abnormalities. The ability to distinguish ABC and  
GCB in the clinical setting will be the first step  
towards specific treatment approaches for each  
molecular subtype.

Post-Induction Treatment in  
Diffuse Large B Cell Lymphoma:  
Current Data and Perspectives

Professor Catherine Thieblemont

In patients with DLBCL, first-line R-CHOP therapy 
results in a clinical cure in approximately 60% of 
treated patients while the remaining 40% typically 
relapse within 2 years. Survival in patients who 
relapse is poor: those with late relapse (~half) have  
a median survival of approximately 5 years and  
those with early relapse (i.e. within 1 year, ~half) 
typically of less than 6 months.32 Based on these  
data, it is clear that DLBCL is a ‘one-shot’ cancer 
with poor prognosis following relapse. Effective 
management approaches for preventing relapse  
are therefore required, raising two important 
questions: ‘what are the specific characteristics 
of relapsed patients?’ and ‘how can these 
patients be effectively treated?’ Patients with  
refractory disease can be identified based on 
the clinical features of the disease (the site of 
involvement, e.g. CNS disease and the IPI); their 
immunophenotypic characteristics (such as Ki67); 
biological characteristics (such as MYC or the  

double hit); gene expression signatures (GCB/ABC, 
microenvironment, stromal signatures); and their 
treatment response based on PET analysis.33 

For patients who will relapse, the R-CHOP induction 
regimen is clearly insufficient and additional 
treatment is required. Various Phase III studies have 
examined replacement of CHOP with intensified 
chemotherapy regimens such as etoposide, 
prednisone, vincristine, cyclophosphamide, and 
doxorubicin (CHO[E]P or EPOCH) or doxorubicin, 
cyclophosphamide, vindesine, bleomycin, and 
prednisone (ACVBP), or the use of high-dose  
therapy plus autologous stem cell transplantation 
(ASCT) as consolidation.34 Studies examining 
intensified chemotherapy regimens have generally 
not yielded improved survival rates compared with 
CHOP.31 Alternatively, replacement of rituximab 
by another antibody such as ofatumumab or 
obinutuzumab may represent another approach 
to mitigating relapse. A third approach has 
therefore been pursued which involves an 
additional drug treatment to the R-CHOP regimen, 
either during the induction treatment phase or as  
a maintenance therapy. The rationale for the 
maintenance therapy approach is to prevent post-
remission relapse in patients with a first complete 
remission after induction therapy. This approach 
has been successfully adopted with new agents 
in the treatment of other cancers such as multiple 
myeloma, where lenalidomide maintenance therapy 
following ASCT has been shown to significantly 
prolong OS.35

The assessment of minimal residual disease (MRD) 
based on circulating tumour DNA may be one 
approach to evaluating the benefit of maintenance 
therapy. Only one study has reported that after  
three cycles of first-line therapy, the presence 
of circulating tumour DNA is associated with 
reduced PFS and OS. Strategies to decrease MRD 
using maintenance therapy may therefore delay 
or prevent relapse.36 While studies suggest no 
benefit associated with rituximab or everolimus 
maintenance therapy in DLBCL,37,38 data in 
support of lenalidomide maintenance therapy 
are more promising. Notably, a Phase II study in  
chemosensitive patients with relapsed DLBCL 
receiving lenalidomide maintenance therapy after 
a complete or partial response to rituximab-based 
salvage therapy indicated a favourable survival 
advantage.39 Of the 41 patients enrolled in this  
study, 30 had DLBCL and 11 had transformed  
DLBCL. The 1-year PFS was 74% and 1-year OS was 
84%. Encouragingly, 6 of the 16 patients with a  
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partial response after salvage therapy achieved 
a CR during lenalidomide maintenance. In this 
study, lenalidomide had a predictable toxicity 
profile; 22% of patients developed Grade 3/4 
neutropenia. Lenalidomide is also currently under 
evaluation as first-line maintenance therapy 
in the randomised Phase III REMARC study  
in patients with DLBCL and response following  
R-CHOP induction.40

In conclusion, maintenance therapy approaches 
may help to reduce or prevent relapse and  
improve treatment outcomes for patients with 
DLBCL. Evaluation of MRD may help to adapt 
this treatment approach specifically for DLBCL  
patients and studies are ongoing in this regard. 
Data from the REMARC study of maintenance 
lenalidomide after R-CHOP in elderly patients are 
also eagerly awaited.

New Frontiers in Immuno-oncology

Professor Pier Luigi Zinzani

Novel immunotherapeutic agents represent  
exciting new treatment modalities for relapsed/
refractory NHL. At the forefront of research are 
a number of different strategies that utilise the 
immune system to promote tumour destruction.  
The pleiotropic pathway modifier, CC-122, 
exhibits both tumouricidal and anti-angiogenic  
effects in vitro (Figure 3), and shows excellent 
immunomodulatory activity compared with 
lenalidomide.41 Whereas lenalidomide appears to  
be more effective in the ABC subtype, preliminary  
in vitro data suggest that CC-122 is active in both  
ABC and GCB subtypes, implying therapeutic 
potential in a wider cross-section of patients.42 
This agent is currently undergoing evaluation in 
patients with NHL, both as a single agent and 
also in combination with rituximab, ibrutinib,  
or obinutuzumab. Studies examining CC-122 in 
triple therapy regimens include combinations with 
rituximab plus a mammalian target of rapamycin 
inhibitor, or rituximab plus a BTK inhibitor.

A number of new monoclonal antibody-drug 
conjugates (ADC) are also undergoing evaluation 
in patients with relapsed or refractory NHL. 
The ROMULUS study compared two ADCs, 
pinatuzumab vedotin (a CD22 ADC) and 
polatuzumab vedotin (a CD79b ADC), each in 
combination with rituximab, in 41 patients with 
relapsed or refractory FL.43 Most patients in 

this study were heavily pre-treated and all had  
received prior rituximab: 43% of those in the 
pinatuzumab and 25% of those in the polatuzumab 
arms became rituximab refractory within 6 months. 
Neurotoxicity was reported in both treatment 
arms, with 50–60% of patients reporting peripheral 
neuropathy or peripheral sensory neuropathy. 
CRs were 40% and 10% in the polatuzumab and 
pinatuzumab arms, with ORR of 70% and 62%, 
respectively. On the basis of these results, ongoing 
Phase II studies are evaluating combinations 
of polatuzumab plus rituximab plus CHOP and 
pinatuzumab plus rituximab plus bendamustine.

Denintuzumab mafodotin is another ADC under 
evaluation in relapsed/refractory NHL. It has a 
similar mechanism of action to polatuzumab and 
pinatuzumab (an anti-CD19 monoclonal antibody), 
but with a different vinca alkaloid cytotoxic agent 
(monomethyl auristatin F instead of monomethyl 
auristatin E) which confers a different toxicity 
profile.44 A Phase I study including 54 patients with 
primarily relapsed/refractory DLBCL evaluated 
3-weekly (0.5–6 mg/kg every 3 weeks) and 
6-weekly (3 mg/kg every 6 weeks) dose regimens 
of single-agent denintuzumab mafodotin. Ocular 
toxicity, including blurred vision, dry eye, fatigue, 
keratopathy, and photophobia were the main  
safety observations, and, similar to polatuzumab  
and pinatuzumab, there was little evidence of 
significant haematological toxicity. The ORR 
was 37% with the 3-weekly regimen and 44% 
with the 6-weekly regimen, with CRs achieved  
in 20% and 44% of patients, respectively.  
These data are considered preliminary and the  
ocular toxicity profile suggests further study of this 
agent is required.

Checkpoint inhibitors represent another exciting 
therapeutic approach to the treatment of  
aggressive NHL. Nivolumab has shown activity 
in patients with previously treated NHL and 
pembrolizumab in those with relapsed/refractory 
Hodgkin’s lymphoma. A Phase II study of 
the PD-1 inhibitor pidilizumab reported ORR 
of 51% in patients with relapsed/refractory 
DLBCL; and a Phase I study of single-agent 
nivolumab response rates of 28%, 36%, and  
40% in patients with relapsed/refractory indolent  
non-follicular B cell lymphoma (n=29), DLBCL  
(n=11), and FL (n=10), respectively.44,45 Checkpoint  
inhibitors also appear to have an acceptable safety  
profile with no concerning haematological or  
stomatological toxicity, and no clear association 
between pneumonitis and prior therapies.46  
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Finally, durvalumab, a selective high-affinity human 
immunoglobulin G monoclonal antibody that  
blocks PD-L1,47 is also beginning clinical evaluation  
in a Phase Ib/II2 study, both as a monotherapy 
and as a combination therapy in patients with  
lymphoma and chronic lymphocytic leukaemia.48 

Chimeric antigen receptor (CAR)-modified T cells 
are known to be effective in treating relapsed 
and refractory acute and chronic lymphocytic  
leukaemia, and it has been hypothesised that  
CAR-modified T cells directed against CD19 may 
result in anti-tumour responses in patients with 
advanced CD19+ B cell NHL.49 Initial data from 
a Phase II study which enrolled patients with 
relapsed/refractory CD19+ NHL suggest promising 
anti-tumour activity. Following a single intravenous 
infusion, ORR was 47% in patients with DLBCL  
and 73% in those with FL, with CRs achieved in 

20% and 36% of patients, respectively.49 The safety 
and anti-tumour activity of another CD19+ targeted 
CAR-T cell, JCAR017, is also being evaluated 
in a Phase I study in patients with relapsed/ 
refractory NHL.50

In conclusion, immunotherapy is advancing at 
a spectacular rate; its role in NHL continues 
to evolve and early phase clinical trial 
results are promising. New compounds with 
immunomodulatory activity, monoclonal antibodies,  
checkpoint inhibitors, and CAR-T cell therapy have  
yielded interesting preliminary data in DLBCL and 
FL. These new immunological approaches have  
the potential to improve treatment outcomes, 
and further clinical evaluation will help define 
their role in the treatment of patients with  
relapsed/refractory NHL.

Figure 3: Mechanism of action of the pleiotropic pathway modifier, CC-122.
IFN-γ: interferon gamma; NK: natural killer; IL: interleukin; GM-CSF: granulocyte-macrophage colony-
stimulating factor; RANTES: regulated on activation, normal T cell expressed and secreted.
Taken with permission from http://www.researchoncology.com/ 
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MEETING SUMMARY

Several rare haematological diseases are linked to bone marrow failure (BMF). This symposium provided 
the latest scientific insights into the different pathophysiological mechanisms and clinical advances 
in the management of these conditions, with a specific focus on the clinical management of patients  
with paroxysmal nocturnal haemoglobinuria (PNH) in the context of aplastic anaemia (AA), and the 
pathophysiology, consequences, and identification of PNH in the context of BMF. 

Prof Gérard Socié chaired the symposium and overviewed BMF. Dr Austin Kulasekararaj gave a  
presentation on new paradigms in BMF, followed by Prof Gérard Socié, who reviewed the diagnosis and 
management of AA. Dr Alexander Röth then discussed the diagnosis and management of PNH in the 
context of BMF. The symposium was concluded by a short question and answer session. 

Overview of Bone Marrow Failure 

Professor Gérard Socié

Several different diseases overlap within BMF 
syndromes and share the propensity to develop 
into myelodysplastic syndromes (MDS) and acute 
myeloid leukaemia (AML) (Figure 1).1 For any 
BMF or AA, especially in children or young adults,  
a congenital disorder should be ruled out during 
diagnosis. Patients with congenital BMF will not 
respond to immunosuppressive therapy (IST).

Anaemia is the most common clinical sign of 
BMF, others include neutropenia, monocytopenia,  
and thrombocytopenia. Blood analysis is important 
for differential diagnosis to detect abnormalities 
in neutrophils, platelets, blast cells, and other 
cells. During bone marrow analysis mast cells and  
plasma cells are frequently detected in patients 
with severe AA, increased erythroblasts frequently 
detected in PNH, and dyserythropoiesis in both. 

Bone marrow aspirate and trephine biopsy are  
fundamental to a differential diagnosis. However, 
it is important to consider that ageing is also 
associated with reduced bone marrow cellularity.2  
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Theoretically, distinguishing between AA and  
hypoplastic MDS is relatively simple, as dysplastic 
neutrophils and, in particular, dysplastic 
megakaryocytes are key features of hypoplastic 
MDS but not of AA.3 CD34+ cells may also be 
used. Cytogenetic analysis plays a key role in 
diagnosis, as hypocellular bone marrow can lead to  
insufficient cellular metaphase. Fluorescence in situ 
hybridisation for chromosomes 5, 8, and 7 should 
be considered for differential diagnosis. However, 
an abnormal cytogenetic clone does not imply 
a diagnosis of MDS, particularly as trisomy 8 is 
frequently detected in patients who are otherwise 
typical for AA. Flow cytometry is a key diagnostic 
tool for PNH and will be discussed in depth later. 
Other diagnostic tools may include screening for 
viral hepatitis or autoimmune disease (although 
cases linked to these diseases are rare) and  
vitamin B12 dosing.

Two rare diseases to consider in children, and 
adolescents and young adults, are Fanconi  
anaemia, which can easily be discounted using 
a chromosomal breakage test, and dyskeratosis 
congenita. Over recent years, the number of  
patients with a diagnosis of dyskeratosis 
congenita has increased, even though the disease  

development presents a wide spectrum of clinical 
features. A family history of pulmonary fibrosis, 
unknown pulmonary complications, or non-
alcohol-related cirrhosis should be investigated, 
and dyskeratosis congenita has a frequent 
association with mutations of the telomerase  
RNA compartment (TERC) or telomerase reverse 
transcriptase (TERT). Despite the variety of tests 
available, in practice differential diagnosis between 
MDS and severe AA/PNH is not necessarily easy.

New Paradigms in Bone Marrow Failure 

Doctor Austin Kulasekararaj 

AA is an immune-mediated non-malignant disease, 
and clonal haematopoiesis in AA is linked to the 
evolution of disorders such as PNH and MDS/
AML, which are associated with acquired genetic 
abnormalities.3 Recently, studies have identified 
inherited GATA2 mutations in patients presenting 
with AA, MDS, and also paediatric neutropenia,  
but invariably with severe monocytopenia.4 

AA is associated with CD8+ autoreactive cytotoxic  
T cells which inhibit haematopoietic stem cells, 

RBDS

Figure 1: Overlapping entities in bone marrow failure syndromes.1

AA: aplastic anaemia; PNH: paroxysmal nocturnal haemoglobinuria; FA: Fanconi anaemia; VSAA: 
very severe aplastic anaemia; SAA: severe aplastic anaemia; NSAA: non-severe aplastic anaemia;  
DC: dyskeratosis congenita; RBDS: ribosomal dysgenesis syndrome; 5q-: q arm of chromosome 5 deletion; 
MDS: myelodysplastic syndrome; MPD: myeloproliferative disorder; LGL: large granular lymphocytic 
leukaemia; AML: acute myeloid leukaemia.
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leading to apoptosis and BMF; a significant 
reduction in CD4+ regulatory T cells, which are also 
non-functional and have an abnormal cytokine 
profile; and an expansion of CD4+ T helper (Th) 1  
and Th17 cells.5-7 These anomalies can be identified 
by routine flow cytometry or cytokine profiling. 
Recent studies using newer techniques such as 
single cell mass cytometry (also called Cy-TOF)  
have identified aberrant subsets of T regulatory  
cells with pro-inflammatory properties in AA that 
predict poor response to IST.8

PNH in the context of BMF is characterised by 
progressive expansion of one or more PNH stem 
cell clones (immunological escape clones), which 
are deficient (partial or complete) in the expression 
of glycosylphosphatidylinositol (GPI)-anchored 
proteins.9 Other examples of such escape clones 
include trisomy 8, which leads to expansion of 
Wilms’ tumour 1-specific cytotoxic CD8+ T cells,10 
uniparental disomy on chromosome 6p, the human 
leukocyte antigen (HLA) locus, and del 13q, which 
has been increasingly associated with BMF with 
PNH clones and responsive to IST, particularly in  
the context of AA rather than MDS.11

Several somatic mutations have been identified 
in a subgroup of patients with AA that can 
predict malignant transformation to MDS and  
monosomy 7.12 In a study of 150 patients with AA 
and no morphological evidence of MDS, acquired 
somatic mutations were identified in approximately 
20%.12 ASXL1 (8% of patients) and DNMT3A (5% of  
patients) were the most common mutations, while 
BCOR was present in 4% of patients. In this study, 
41% of patients had <10% mutation clonal load.12  
In patients with AA with a disease duration 
of >6 months, these somatic mutations were  
associated with a 40% risk of transformation 
to MDS versus 4% risk without the mutations.12 
Similar findings have been reported by the 
National Institutes of Health (NIH), Cleveland, 
and Japanese groups.13 The acquisition of these 
mutations increases with age, with each mutation  
demonstrating a different pattern of change over 
time.13 Importantly, the identification of these 
mutations may allow prediction of response to  
IST.13 Interestingly, presence of the BCOR mutation 
seems to predict a better response to IST.12 
Additionally, studies investigating the mutational 
landscape of PNH indicate a stepwise pattern of 
MDS-type mutations, with these mutations arising 
either as a sub-clone within the PIG-A mutant 
population or prior to PIG-A mutation.14

Telomere length/attrition is another important 
factor in transformation to MDS in AA.12,15 Patients 
with AA and somatic mutations have been shown 
to have reduced telomere length. In a study of  
13 patients with severe AA, patients who evolved 
to MDS and AML had marked telomere attrition 
that preceded the emergence of monosomy 7.15 
In a study of patients with refractory AA treated 
with eltrombopag (a small molecule agonist of the 
c-mpl [thrombopoietin] receptor), approximately 
40% of patients showed an improved haematologic 
response; however, they also had an increased risk 
of clonal evolution to monosomy 7, with a shorter 
time to evolution.16

There are several different ways in which  
monosomy 7 can occur, including familial origin, 
myeloid neoplasia, following haematopoietic stem 
cell transplantation (HSCT), AA, and following 
treatment with granulocyte colony-stimulating 
factor.17 In a recently reported Phase I/II study, 
patients with telomere diseases were treated with 
the synthetic steroid danazol 800 mg/day for  
24 months, with the aim of attenuating accelerated 
telomere attrition. After just 3 months of treatment, 
almost all patients had a gain in telomere length  
and 79% had haematological response. Adverse 
effects included elevated liver enzymes (41%) and 
cramps (33%).18 

Reports of spontaneous remission in patients 
with PNH have been described in the literature.19,20  
In the UK PNH Service, where 303 patients  
have been treated with eculizumab (a humanised 
monoclonal antibody to complement protein 
C5), five patients have stopped treatment due 
to spontaneous remission,21 although the recent 
case report indicates that there is no recovery of  
normal haematopoiesis.19

A Phase III trial (A Prospective Randomized 
Multicenter Study Comparing Horse Antithymocyte 
Globuline [hATG] + Cyclosporine A [CsA] With 
or Without Eltrombopag as Front-line Therapy 
for Severe Aplastic Anemia Patients; RACE) is in 
progress to evaluate the efficacy and safety of 
eltrombopag versus placebo combined with IST. 

Diagnosis and Management of Patients 
with Aplastic Anaemia 

Professor Gérard Socié

AA is characterised by pancytopenia and persistent 
unexplained marrow hypoplasia. There is no  



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 50 51

specific marker and the diagnosis is mainly 
consequent with the differential diagnosis of 
hypoplastic MDS.22 Careful blood analysis, bone 
marrow aspirate, and bone marrow biopsy are all 
important aspects in correct diagnosis.22 Differential 
diagnosis versus congenital disorders should  
always be considered, especially with regard to 
dyskeratosis congenita.23 Finally, differentiation  
from MDS should be considered, as outlined earlier 
in this report.

Severe AA is defined as hypocellularity  
<30% and at least two criteria from: <0.5×109/L  
polymorphonuclear neutrophils, <20×109/L 
platelets, and <20×109/L reticulocytes; very severe  
AA is defined as <0.2×109/L polymorphonuclear 
neutrophils.24 All patients with severe or very severe 
AA require treatment. 

For patients <40 years of age with severe AA,  
HSCT is mandatory, as it has been shown to be 
effective with low treatment-related mortality.  
At a median follow-up of 73 months in 61 patients 
(mean age: 21 years) who underwent HSCT from an 
HLA-matched sibling donor after irradiation-based 
conditioning with cyclophosphamide and ATG, 
6-year overall survival was 87% (95% confidence 
interval: 78–97).25 Only one patient developed 
secondary malignancy. Osteonecrosis (observed in 
10 patients) remains a concern in this disease.25

In patients >40 years of age or without a sibling 
donor, IST with ATG plus cyclosporine is an  
effective alternative to HSCT and improves blood 
counts and survival. A Phase III randomised 
trial comparing hATG and rabbit ATG (rATG) in  
60 patients with severe AA showed that hATG 
was superior to rATG as a first-line treatment for 
severe AA. At 6-month follow-up, the haematologic 
response was 68% for patients treated with hATG 
versus 37% with rATG (p<0.001). Overall survival 
at Day 800 was 86% in the hATG group versus 
68% in the rATG group (p=0.009). Transplant-free 
survival was 52% for rATG versus 76% for hATG  
(p=0.002).26 Similar results were demonstrated 
in a Phase II study conducted in 35 patients with 
AA treated with rATG and compared with 105 age 
and disease severity-matched patients from the 
European Blood and Marrow Transplant (EBMT) 
registry.27 The ongoing RACE study (mentioned 
earlier) is also investigating hATG with or without 
eltrombopag as first-line therapy for severe AA. 

In patients refractory to IST, the decision to  
transplant stem cells from unrelated donors often 

represents a dilemma for physicians. Evaluations 
of outcomes in patients <30 years of age without 
a sibling donor and refractory to IST demonstrate 
that survival after unrelated HSCT for severe AA  
has improved significantly over the past 15 years,  
due to better HLA matching and improved 
conditioning regimens.28 Similar improvements 
in survival rates have been shown in other studies 
in patients with severe AA and unrelated donors 
receiving fludarabine, cyclophosphamide, and ATG.29

For patients >30 years of age and refractory 
to IST and with no suitable unrelated donor, 
there are three options: second-line IST, 
androgens (20–30% response rate for each), or  
currently still an investigational drug, eltrombopag.  
Long-term follow-up of a cohort of 43 patients  
with severe AA treated with eltrombopag  
demonstrated durable tri and bi-lineage responses, 
with a 40% response rate at 3–4 months.16

In conclusion, in the diagnosis of AA, inherited AA 
and MDS must be excluded. First-line treatment 
remains IST or bone marrow transplant, according 
to the availability of a donor. In patients who 
are refractory to first-line therapy, HSCT from a  
matched unrelated donor may be used in patients 
<30 years of age, and in patients >30 years of age, 
eltrombopag, androgen, or second-line IST.

Diagnosis and Management of 
Paroxysmal Nocturnal Haemoglobinuria 
in the Context of Bone Marrow Failure 

Doctor Alexander Röth

The classical clinical triad of PNH includes 
haemolytic anaemia, thrombophilia, and cytopenia. 
Haemoglobinuria is present in approximately 
one-third of patients at the time of diagnosis. 
All patients have some degree of BMF, from 
isolated thrombocytopenia to AA, which typically  
precedes PNH. Thromboembolic complications, 
usually involving the brain, liver, or abdomen, are 
the leading cause of morbidity and mortality in  
patients with PNH.30-32 PNH originates from a 
somatic mutation in the PIG-A gene in a HSC, 
which is essential for biosynthesis of GPI-anchors 
for proteins, two of which (CD55 and CD59) 
are complement regulatory proteins. Selection 
and expansion of the mutant stem cell are  
both necessary for clinical development of PNH, 
which may explain the rarity of this disease.33  
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The absence of CD55 and CD59 on affected red  
blood cells leads to the formation of a membrane 
attack complex, which activates complement-
mediated haemolysis and the release of 
free haemoglobin.34 Large amounts of free  
haemoglobin causes depletion of nitric oxide. The 
resulting reduction of nitric oxide levels leads to 
the activation of haemostasis with thromboembolic 
complications and smooth muscle dystonias that 
occur in PNH, which manifest as abdominal pain, 
dysphagia, pulmonary and systemic hypertension, 
and erectile dysfunction caused by impaired 
regulation of smooth muscle contractions.35

Patients are typically diagnosed with PNH in their 
early 30s36 and 5-year mortality is 35%, despite 
best supportive care.19 Thrombosis occurs in  
18–40% of patients with PNH and increases the risk 
of death 7-fold compared with patients without 
thrombosis.19,37 Studies have reported a 21%  
incidence of a thrombotic event prior to PNH 
diagnosis.19,38 Silent thromboembolic complications 
are also possible in PNH and may be severe. 
Evaluation of the entire blood vessel might be  
helpful for diagnosis and may be conducted 
using magnetic resonance angiography with the 
angiographic system for unlimited rolling fields of 
view (AngioSURF).39 

Markers for risk of thrombosis include D-dimers 
and tissue factor microparticles, both of which 
may be elevated in patients with PNH.40-43 Patients 
with thrombocytopenia also have an elevated 

risk of thromboembolism.40 Data from the South 
Korean National PNH Registry identified several 
haemolysis and clinical symptoms associated with 
increased risk of thromboembolism.37 Patients 
with elevated haemolysis (lactate dehydrogenase 
[LDH] levels ≥1.5-times the upper limit of normal 
[ULN] at diagnosis) were at significantly higher 
risk for thromboembolism than patients with 
LDH <1.5-times ULN (odds ratio: 7.0; p=0.013). 
The combination of LDH ≥1.5-times ULN with the  
clinical symptoms of abdominal pain, chest pain, 
dyspnoea, or haemoglobinuria was associated with 
a greater increased risk for thromboembolism than 
elevated haemolysis or clinical symptoms alone.37

Flow cytometry is the gold standard for diagnosis 
of PNH.44 Detection of GPI-anchor proteins 
such as CD59 or CD55, or fluorescent aerolysin 
reagent (FLAER) on haematopoietic cells using  
monoclonal antibodies forms the basis of a 
specific PNH diagnostic test.44,45 Identification of 
FLAER may be particularly useful as it selectively 
binds to the glycan core of GPI.46 Patients at risk 
who should be tested for PNH include those with 
haemolysis (e.g. Coombs negative haemolytic 
anaemia, haemoglobinuria, or renal dysfunction), 
BMF (e.g. AA, MDS, or cytopenia), and patients  
with unexplained thrombosis.44,47

Supportive care for patients with PNH may 
include blood transfusion, folic acid and vitamin 
B12 supplementation, oral iron supplementation 
(if the patient is iron deficient), early treatment of 

and

Figure 2: Proposed treatment algorithm for paroxysmal nocturnal haemoglobinuria.61
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MEETING SUMMARY

The treatment landscape for patients with multiple myeloma (MM) is constantly evolving. Over the past 
decade, the introduction of novel agents including proteasome inhibitors (PI) and immunomodulatory 
agents has led to notable changes in therapeutic strategy and significant improvements in survival. 
Understanding this landscape and what this means in terms of translating clinical trials to everyday practice  
is essential. 

Prof Paul Richardson opened the symposia with an introduction to currently available agents and 
recent developments in MM, and highlighted the importance of how we think about current studies.  
Prof Roman Hájek explored clonal evolution, how it can be prevented in the context of relapsed disease,  
and the evidence from clinical trials supporting the use of combination therapy. Dr Antonio Palumbo 
addressed the concept of continuous therapy in MM and where the field is at present. Prof Shaji Kumar  
described the early phase development of ixazomib. Prof Paul Richardson presented the results from the  
TOURMALINE-MM1 trial. 
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Exploring Recent Developments in 
Multiple Myeloma Therapeutics

Professor Paul Richardson

Prof Richardson opened the symposia by 
highlighting the array of agents currently available 
and the recent developments in therapies to 
treat MM (Figure 1). While the increasing range of 
effective therapeutic agents is very encouraging 
and promises to further improve patient outcomes, 
it adds to the complexity of clinical treatment  
decisions and clinicians therefore need to carefully 
examine the evidence base in guiding their  
decisions. The danger of cross-trial comparison 
was highlighted by the difference in response rates  
(RRs) reported in several trials studying the same 
drug combination in the same disease setting.1,2 

Cross-trial comparisons therefore should be 
approached with caution and it is important to 
remember that outcomes depend on the patient 
population and study design which can lead to 
possible bias and choice of endpoints. Baseline 
patient characteristics, including cytogenetic risk, 
International Staging System (ISS) stage, age,  
renal function, refractory status, and prior therapy,  
will all influence outcomes and ideally patients  
baseline characteristics in these parameters should 
be well-balanced between treatment arms.3-8

Study design should be taken into account 
when comparing the outcomes of clinical trials;  
single-arm trials do not adequately characterise  
time-to-event endpoints (such as overall survival 
[OS], time-to-progression and progression-free  
survival [PFS]); therefore, randomised trials 
are necessary to evaluate these endpoints to 
account for the variability in the natural history of  
cancer.9 Open-label trials can lead to assessment 
bias for PFS.10 Blinding is preferred and is  
particularly important when patient or investigator 
assessments are included as components of the  
progression endpoint.9 

Potential sources of bias can arise from the  
comparison between older studies that used 
modified European Society for Blood and Marrow 
Transplantation (EBMT) criteria, which would 
penalise high rates of complete response (CR) 
as reappearance of a positive immunofixation 
electrophoresis would be counted as progression 
from CR11,12 while more recent trials use international 
uniform response criteria.12,13 Additionally, open-
label studies are at risk of asymmetrical censoring 
(attrition bias), especially early in the study, which 

can affect the Kaplan–Meier curve.10 Double-blind, 
placebo controlled studies, on the other hand,  
are less vulnerable to bias.

While the ideal main endpoint would be OS,  
surrogate endpoints (e.g. PFS, RR, and rate of 
minimal residual disease [MRD]) are commonly 
used. The depth of response, including MRD, has 
been shown to correlate with PFS and OS.14-16 
Interestingly, outcomes can vary within categories 
of response; as an example patients who sustain 
a partial response have longer survival compared  
with patients achieving and then losing CR17  
and patients who improve their response to  
near-CR (nCR) post-transplant have longer OS  
compared with patients achieving nCR before  
transplant.18 Arguably, sustained response may 
be more important than rapid achievement of  
deep response. 

When interpreting clinical trials, the efficacy (OS, 
median PFS, hazard ratio [HR] for progression or 
death, and overall response rate [ORR]), patient 
population (how many prior lines of therapy), 
study design, primary endpoints, and eligibility 
criteria driving the patient study population should 
be considered. Additionally, when choosing a  
treatment regimen for an individual patient,  
the toxicity profile and real-world outcomes need 
to be considered (such as route of administration, 
the number of clinic visits, dosing schedule, 
administration time, whether premedication and  
pre-hydration are required, and what can be  
achieved in terms of convenience) (Table 1). 

Preventing Clonal Evolution in Multiple 
Myeloma: Evidence from Clinical Trials

Professor Roman Hájek

Introducing the concepts of intraclonal 
heterogeneity and clonal evolution

MM is a complex disease that arises from an initial 
‘hit’ that causes premalignant proliferation of 
plasma cells derived from post-germinal-centre B 
cells. The natural course of disease evolves from 
these early stages to monoclonal gammopathy 
of undetermined significance, progressing to 
smouldering myeloma, through to active myeloma, 
and eventually to plasma cell leukaemia, the most 
aggressive form of disease.19,20 

In the initial stages of disease, primary genetic 
events include immunoglobulin heavy locus 
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(IGH) translocations and hyperdiploidy. Transition 
throughout different states is thought to involve 
increasing genetic instability with the acquisition 
of secondary genetic events, such as copy 
number abnormalities, DNA hypomethylation, and  
acquired mutations.20 

At the time of diagnosis, multiple genetically  
distinct subclones are present and evolve over 
time due to selective pressure imposed by  
treatment and factors in the microenvironment  
which can result in disease progression and 

resistance to treatment.21-25 Myeloma can exhibit 
either: no heterogeneity (all MM cells are the same), 
intraclonal heterogeneity (different MM clones 
that share features), and interclonal heterogeneity 
(different MM clones that do not share features).25 
In a proof-of-concept report, a patient with MM  
and multiple sites of extramedullary disease was 
followed serially with biopsies taken from multiple 
tumour sites. Different mutations were detected 
in samples from different biopsy sites in the same 
patient which outlines the concept of spatially 
divergent clonal evolution.26 

MAPK

MEK

mTORC2

mTORC2

Raf

Akt

Ras

PI3K

Degradation of  
IKZF1 and IKZF3

Figure 1: The changing treatment landscape in multiple myeloma. 
IMiDs: immunomodulatory drugs; MAbs: monocolonal antibodies; PARP: poly A ribose polymerases;  
HDAC: histone deacetylase; Hsp-90: heat shock protein 90; IL: interleukin; FGFR3: fibroblast growth factor 
receptor 3; PDGFR: platelet-derived growth factor receptor; VEGFR: vascular endothelial growth factor 
receptor; IGF: insulin-like growth factor; EGF: epidermal growth factor; PD-1: programmed cell death 
protein 1; BAFF: B cell activating factor; KSP: kinesin spindle protein; MAPK: mitogen-activated protein 
kinase; MTORC: mammalian target of rapamycin complex.
Adapted from Ocio EM et al.79 and Fink EC, Ebert BL.80 
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What are the clinical implications of 
clonal evolution?

The clinical implications of clonal evolution can 
be simplified into three key points: 1) Rationale 
for earlier therapy when there is less genetic 
instability and a lower number of clones such  
as treating high-risk smouldering myeloma;27  
2) There is generally no place for monotherapy, 
targeted therapy, and personalised therapy 
at the beginning of treatment in both newly  
diagnosed MM (NDMM) and relapsed/refractory  
patients, on the contrary combination therapy is  
needed; 3) However, residual disease may  
be possibly an important place for the use of  
targeted therapy.22,25

What are our current strategic approaches?

There are three main therapeutic strategic 
approaches to address clonal heterogeneity 
in MM:10,11

•	 Combining agents with different mechanisms of 
action (MoAs)

•	 Sequencing multiple different MoAs
•	 Prolonging duration of therapy

Combining several drugs with different MoAs has 
a proven place in preventing clonal evolution, as 
demonstrated by several clinical trials both in  
newly diagnosed and in the relapsed setting28-38  
that compared doublet versus triplet regimens.  
All of the reviewed trials demonstrated the 
superior outcomes seen with triplet over doublet 

Table 1b: Phase III trials in relapsed/refractory multiple myeloma. Efficacy and key toxicities. 

Clinical trial Treatment arms Median PFS 
(months)

HR for 
progression 
or death

ORR Key toxicities of clinical 
relevance/considerations

PANORAMA-1 Bortezomib + 
dexamethasone 
and panobinostat 
versus placebo

12 vs. 8 0.63  
p<0.0001

61% vs. 55% Haemorrhage, hepatotoxicity, 
diarrhoea, cardiac toxicities, 
myelosuppression, infections

ASPIRE Lenalidomide + 
dexamethasone ± 
carfilzomib

26 vs. 18 0.69  
p=0.0001

87% vs. 67% Cardiac toxicities, acute renal 
failure, TLS, pulmonary toxicity, 
pulmonary hypertension, 
dyspnoea, HTN, VTE, infusion 
reactions, thrombocytopenia, 
hepatic toxicity and hepatic 
failure, TTP/HUS, PRES

ELOQUENT-2 Lenalidomide + 
dexamethasone ± 
elotuzumab

19 vs. 15 0.70  
p<0.001

79% vs. 66% Infusion reactions, Infections, 
second primary malignancies, 
hepatotoxicity, interference with 
determination of CR

TOURMALINE-
MM1

Lenalidomide + 
dexamethasone 
and ixazomib 
versus placebo

21 vs. 15 0.74  
p=0.01

78% vs. 72% Thrombocytopenia, GI toxicities, 
peripheral neuropathy, peripheral 
oedema, cutaneous reactions, 
hepatotoxicity

CASTOR Bortezomib + 
dexamethasone ± 
daratumumab

NR vs. 7 0.39  
p<0.0001

83% vs. 63% Infusion reactions, interference 
with serological testing (causes 
false positive Coombs test) and 
with determination of CR*POLLUX Lenalidomide + 

dexamethasone ± 
daratumumab

NR vs. 18 0.37  
p<0.0001

93% vs. 76%

*Based on single-agent studies
IMiD: immunomodulatory drugs; PI: proteasome inhibitors; HR: hazard ratio; ORR: overall response rate; FLC: 
free light-chain; CrCl: creatinine clearance rate; PFS: progression-free survival; R/V-refractory: lenalidomide/
bortozemib refractory; IV: intravenous; N/A: not applicable NR: not reported; HTN: hypertension; TTP: 
thrombotic thrombocytopenic purpura; HUS: haemolytic-uremic syndrome; PRES: posterior reversible 
encephalopathy syndrome; VTE: venous thromboembolism; CR: complete response; TLS: tumour lysis 
syndrome; GI: gastrointestinal.
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therapies. Furthermore, a meta-analysis of triplet  
versus doublet regimens in relapsed MM recently 
demonstrated a clear benefit for triplet therapy in  
RRs and PFS.39 Among the patients with high-risk  
cytogenetics, improved outcomes with triplet  
therapy are particularly notable in TOURMALINE-
MM1, where the addition of ixazomib to the 
lenalidomide-dexamethasone backbone improved 
median PFS among patients with high-risk 
cytogenetics; 9.7 months to 21.4 months (HR: 0.54, 
p=0.02).30 Similarly, in ELOQUENT-2 the addition 
of elotuzumab to lenalidomide-dexamethasone 
backbone resulted in improvement in PFS among 
patients with high-risk cytogenetics (HR: 0.53).31  
In newly diagnosed patients, trials comparing 
triplet and doublet regimens have proven benefits 
for both PFS and OS outcomes, with impressive  
results from SWOG S0777, where the combination  
of bortezomib-lenalidomide-dexamethasone is  
compared to lenalidomide-dexamethasone. 
The combination of bortezomib-lenalidomide-
dexamethasone, when compared to lenalidomide 
and dexamethasone, was associated with an 
improvement of PFS (median PFS: 43 versus 
30 months respectively; HR: 0.712; p=0.0018) and 
OS (median OS: 75 versus 64 months, respectively, 
HR: 0.709; p=0.025).37 

A sequential or alternating MoA schedule was 
recently investigated by Mateos et al.40 The trial 
compared a sequential scheme of nine cycles of 
bortezomib plus melphalan and prednisone (VMP) 
and then nine cycles of lenalidomide plus low-dose 
dexamethasone (Rd) or an alternating scheme 
of VMP and Rd in newly diagnosed transplant- 
ineligible patients. Compared with treatment 
with VMP alone or Rd alone reported historically,  
both alternating and sequential schedules gave a 
greater RR as well as longer PFS. 

In summary, MM is a complex disease, with 
multiple genetically distinct subclones present 
at diagnosis.21-24 Intraclonal heterogeneity has  
implications for disease progression and resistance 
to therapy through clonal evolution.25 Combining 
agents with different MoAs may have a synergistic 
effect and result in a deeper response by 
targeting all coexisting disease subclones.22,25,41 
Sequential use of  agents with different MoAs also  
shows promise in improving outcomes for patients  
with MM.40,42 

Continuous Therapy: Are We There Yet?

Doctor Antonio Palumbo

The progression of myeloma involves increasing 
genetic and epigenetic abnormalities; and the 
number of present mutations is increased at 
each relapse. While patients in the early phase 
of the disease can expect a 67% likelihood of 
being progression-free at 5 years, patients who 
are refractory to prior therapies have a median 
PFS of around 5 months.43,44 Complete remission 
in response to therapy is more likely in NDMM  
than in relapsed/refractory MM.30 Furthermore,  
with each subsequent relapse up to 40% will not  
proceed for various reasons to receive subsequent 
therapy. This is changing the clinical paradigm,  
where the aim should be to prolong the early  
phases of disease, while shifting the goals of care  
to consider early palliative care in the late stages. 

Continuous therapy has been developed 
to prolong the early, sensitive phase of the 
disease. Although continuous therapy has  
cost implications, meta-analyses of thalidomide, 
lenalidomide, and bortezomib maintenance 
trials show a clear advantage for PFS and OS for  
maintenance therapy.45 

While there may be a theoretical concern about 
therapy pressure leading to the new treatment-
resistant clones, the results of clinical studies to  
date suggest that continuous treatment does not 
encourage the development of resistant tumours.  
On the contrary, when the tumour is not controlled, 
there is a higher risk of clonal evolution, whereas 
treatment delays the occurrence of mutations.25 
In a pooled analysis of three Phase III trials, 
an improvement of PFS1, PFS2, and OS was 
demonstrated for continuous therapy compared 
with fixed duration therapy, while the duration of 
second PFS was 15 months with both approaches.

Continuous therapy versus fixed-duration therapy 
makes a significant difference even in the subgroup 
of patients who achieved CR in terms of PFS  
(5-year PFS: 42% and 21%, respectively) and  
OS (5-year OS: 80% and 54%, respectively).46  
The reason for the survival benefit is likely because 
residual disease is present but undetected, even in 
patients who appear to have CR.47,48

The question of how long maintenance therapy  
should be continued has yet to be definitively 
answered, but tumour reduction can still be 
seen after 18 months of treatment.49 If possible,  
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treatment should continue until progression. 
However, continuous therapy must be well  
tolerated; fatigue, diarrhoea, or other adverse 
events (AEs) are likely to impact heavily on 
patient quality of life over 5 years. Toxicities 
associated with therapies such as bortezomib or  
lenalidomide, like neutropenia or neuropathy,50-52 
will need to be managed or reduced. Early data 
on ixazomib single agent used in maintenance 
showed limited peripheral neuropathy and 
haematologic toxicity which opens the possibilities 
to examine the use of this PI in the maintenance  
setting. In fact, there are two ongoing  
large Phase III studies examining ixazomib  
for maintenance (TOURMALINE-MM3 and MM4, 
NCT02181413, and NCT02312258, respectively).

Another PI, carfilzomib, is also being studied in 
maintenance (FORTE study).53 Maintenance therapy 
with monoclonal antibodies such as elotuzumab  
or daratumumab are also being investigated.54 

The Ixazomib Development Journey 
Ixazomib for Myeloma:  
Where Could it Fit in?

Professor Shaji Kumar

PIs have played a very important role in all stages 
of myeloma therapy over the past 15 years.  
PI-based combinations are standard initial therapy 
regimens, and a meta-analysis has demonstrated 
improved survival outcomes.55 They are critical for 
patients with high-risk cytogenetics56 and renal 
failure,57,58 and have roles in both consolidation 
and maintenance approaches.49,57 There are 
some challenges we face with current PIs; most  
notably, peripheral neuropathy with bortezomib,59,60  
potential vascular side effects with carfilzomib,61 
and need for parenteral administration with both 
bortezomib and carfilzomib.62,63 In this context, 
ixazomib was developed as an oral PI. Preclinically,  
it was shown to be efficacious against a variety  
of cell lines as well as xenograft models.64

In clinical trials, ixazomib has shown efficacy as 
a single agent or in combination.65-68 As a single-
agent in Phase I studies of twice-weekly and 
once-weekly dosing in heavily pretreated MM 
patients with relapsed/refractory disease, ixazomib 
achieved ORRs of 15%69 and 27%70 (at maximum 
tolerated dose), respectively. Its pharmacokinetic 
properties were not affected by body surface area, 
enabling fixed dosing of 4 mg (given at Days 1, 8,  

and 15 of a 28-day cycle), with a reduced dose of  
3 mg for patients with severe renal insufficiency or  
moderate/severe hepatic impairment.71-75 

While ixazomib induced a response as a single 
agent in some patients in early phase clinical 
trials, combination with dexamethasone improves  
efficacy. When combined with dexamethasone 
on an as-needed basis, in patients with relapsed  
disease who were not refractory to bortezomib,  
an ORR of about 30%65 was achieved; and in  
combination with dexamethasone at two  
different doses, 4 mg and 5.5 mg, ORRs of  
31% (95% confidence interval [CI]: 17–49) and  
51% (95% CI: 37–71) were achieved, respectively.65  
Overall, patients in the ixazomib 5.5 mg treatment  
arm had more dose reductions, treatment delays, 
and a higher frequency of AEs (54% of patients  
in the 5.5 mg arm experienced Grade 3+ AEs  
compared to 26% in the 4 mg arm) than patients  
in the 4 mg treatment arm.65

In the newly diagnosed setting, a Phase I/II study of 
weekly ixazomib in combination with lenalidomide 
and dexamethasone demonstrated an ORR of  
90%, with 27% of patients achieving CR or  
stringent CR (sCR)66 after 12 cycles. In a similar  
study with twice-weekly ixazomib dosing, 26% of  
patients achieved CR, including 19% with sCR.67  
When combined with cyclophosphamide and 
dexamethasone in newly diagnosed patients, 
the ORR was 77% (95% CI: 63–88). Grade 3 or 
higher AEs were seen in 73% of patients and  
most commonly included cytopenias, fatigue, and 
gastrointestinal side effects.1

Ixazomib’s side effects are generally manageable 
and toxicities are well managed with dose  
reduction and supportive care.69,70,75 No cumulative  
toxicities have been seen within the timeframe of  
the clinical trials. The most common toxicities  
include cytopenias (potentially a class effect of 
PIs), gastrointestinal side effects, and fatigue.69,70,75 
Peripheral neuropathy, a significant side effect of 
bortezomib, does not appear to be very common 
in single-agent or combination therapy with 
ixazomib, and when present is generally low grade  
(Grade 1–2) with infrequent Grade 3 toxicity.  
Most patients recovered with dose modification. 

Ixazomib has been shown to be effective with 
manageable side effects and, as an oral drug,  
is potentially more convenient. It is currently  
being studied in combination with alkylators  
such as melphalan and cyclophosphamide, 
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immunomodulatory drugs, histone deacetylase 
inhibitors, and monoclonal antibodies. Future 
directions aim to explore suitability with other  
novel drugs and alternating dosing schedules. 

The Phase III TOURMALINE-MM1 Study

Professor Paul Richardson

As has been discussed in this symposium review,  
PIs form the backbone of therapy29,44,67,76,77 but 
the critical point is the shift in treatment patterns  
towards extended therapy. In that context,  
acceptable side effect profiles are key to enable 
patients to continue therapy for prolonged periods 
of time.77 Preclinical studies of ixazomib and 
lenalidomide have indicated synergy64 and early-
phase studies of ixazomib-Rd in NDMM appeared  
to be promising;66,67 providing a rationale for the 
Phase III TOURMALINE-MM1 study.30 

The TOURMALINE-MM1 study was the first 
Phase III study of an all-oral triplet regimen 
incorporating an oral PI and an immunomodulatory  
agent in relapsed/refractory myeloma patients.30  
After the Phase I development of ixazomib defined 
an optimal dose and schedule,68,69 combination 
studies in the newly diagnosed setting appeared 
to support the use of Ixazomib in combination  
with lenalidomide.65 

Study design

The global, double-blind, placebo-controlled 
study enrolled 722 patients with relapsed/
refractory MM who had received 1–3 prior  
lines of therapy. Patients in the investigational  
arm (n=360) received ixazomib 4 mg on  
Days 1, 8, and 15, lenalidomide 25 mg on  
Days 1–21 and dexamethasone 40 mg on  
Days 1, 8, 15, and 22 (IRd). Patients in the control  
arm (n=362) received placebo, lenalidomide,  
and dexamethasone (placebo-Rd).30 

Key inclusion criteria included confirmed diagnosis 
of MM, measurable disease by serum protein 
electrophoresis, urine protein electrophoresis or 
free light-chain assay, 1–3 prior lines of therapy, 
relapsed and/or refractory disease and creatinine 
clearance ≥30 mL/min. Patients who were  
refractory to previous PI or lenalidomide-based 
treatment and those with peripheral neuropathy 
higher than Grade 1 with pain or Grade 2 or more 
were excluded.30 

Patient demographics were well balanced across 
both groups, including median age, ISS stage,  
prior lines of therapy, PI exposure, type of prior 
regimen, and cytogenetics. 

Key efficacy data

The median PFS (primary endpoint) at the final 
PFS analysis was 20.6 months in the IRd arm and 
14.7 months in the placebo-Rd arm (p=0.012,  
HR: 0.74). While not statistically powered for PFS 
subgroup analysis, PFS benefit was consistent  
across key pre-specified patient subgroups,  
including those with poor prognosis, such as 
patients with high-risk cytogenetic abnormalities  
(defined as del(17p), t(4;14) or t(14;16)), multiple  
prior lines of therapy and high disease burden.  
The median PFS data indicate that an ixazomib  
regimen might offer improved prognosis for  
patients with high-risk cytogenetics by lengthening  
PFS to a value that is similar to that among  
patients with standard-risk cytogenetics. Among  
the patients with high-risk cytogenetics, median  
PFS for IRd and placebo-Rd was 21.4 months 
and 9.7 months, respectively (HR: 0.543).  
There was an 11-month median PFS benefit for  
patients with del(17p) and a 7-month median PFS 
benefit for patients with t(4;14) translocation.  
Median OS was not reached in either arm. IRd 
improved RRs versus placebo-Rd, and deepening 
responses were observed with ongoing treatment.30

Key safety data

In terms of tolerability, the median relative dose 
intensity was 97.4% and 98.8% for ixazomib versus 
placebo. There was a higher frequency of Grade 
≥3 AEs with IRd versus placebo-Rd, primarily due 
to thrombocytopenia. Serious AEs were marginally 
higher in the placebo group (49% in placebo-Rd 
versus 47% in IRd). In general, the difference in 
AEs was not pronounced; although, one AE, rash, 
was more prominent in the treatment group, from  
clinical experience, this is generally manageable.30 
Importantly, patient-reported quality of life (as 
measured by EORTC-QLQ-C30) was maintained 
when ixazomib was added to the lenalidomide/
dexamethasone doublet regimen.30,78 

Overall, ixazomib, when combined with Rd for 
patients with relapsed or refractory MM and 
compared with placebo-Rd, was associated with a 
significant and clinically meaningful improvement 
in PFS, improved time-to-progression and RRs.
While not powered for subgroup analysis ixazomib 
regimen improved PFS in high-risk patients that  
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Patients with chronic liver disease variably exhibit 
abnormalities of coagulation related to decreased 
synthesis of coagulation proteins. This results in 
prolongation of routine coagulation tests such 
as prothrombin time (PT) and activated partial 
thromboplastin time (APTT). In addition, patients 
suffer from thombocytopenia of variable severity 
and the mechanisms underlying this decreased 
platelet count are multifactorial, including  
decreased production of thrombopoietin (TPO). 
These abnormalities of coagulation are often 
equated with an excess risk of bleeding and  
patients are often treated in the context of active 
bleeding, or peri-procedurally in the presence 
of abnormalities. Commonly used haemostatic 
replacement therapies include fresh frozen plasma 
(FFP), prothrombin complex concentrates (PCC), 
cryoprecipitate, and/or platelets. The antifibrinolytic 
agent tranexamic acid along with TPO receptor 
agonists have been used in restricted clinical 
circumstances, the latter to increase platelet counts.

Practicing clinicians are faced with two questions 
in the management of this coagulopathy: the first 
is when to treat, and the second is what to use. 
The evidence base for products that are available 
for use is less contentious. FFP has been used for 
many decades in this context and multiple studies 
have demonstrated that the response to treatment 
is related to volume, i.e. a higher dose of FFP  
results in a better correction of PT with higher  
factor levels.1 Similarly, PCC have been used with 
complete correction of the international normalised 
ratio seen in the majority of the patients, unlike  
the situation seen with the use of FFP.2 PCC have 
been demonstrated to be efficacious and there  

does not appear to be an obvious excess of  
thrombotic events. Platelet transfusions are  
commonly prescribed for bleeding patients and 
peri-procedurally in the context of moderate-to-
severe thombocytopenia. There is ongoing debate 
regarding transfusion  thresholds and values used 
in liver disease, as they are based on evidence 
gathered from other areas, principally oncology 
patients undergoing intense chemotherapy and  
stem cell transplantation. TPO agonists have  
also been used peri-procedurally in the context 
of clinical trials and one of them (eltrombopag)  
is licensed for use in the context of interferon- 
based treatment for hepatitis C infection,  
where thrombocytopenia limits treatment options. 
TPO agonists have been associated with an 
unexpectedly high risk of thrombosis, in particular 
portal vein thrombosis, and caution needs to be 
exercised when used in routine clinical practice.3

Whilst the effects of the various products are well 
documented, there is much debate concerning the 
appropriate transfusion thresholds. Laboratory and 
clinical data show dysregulated coagulation with 
an increased risk of thrombosis; this is concurrently 
associated with a diminished reserve and a potential 
for excess risk of bleeding.4-6 Conventionally, the 
PT, APTT, fibrinogen, and platelet count have been 
used to define transfusion thresholds. There is 
increasing evidence that use of viscoelastic tests 
of whole blood (TEG®, ROTEM®) may decrease the 
number of patients requiring treatment.7,8 A recent 
study evaluating two different tests for transfusion 
demonstrated markedly decreased requirements 
for transfusion when a TEG-based strategy  
was instituted. Prospective studies with PT as an  
endpoint demonstrate that PCC are more effective 
than FFP, and with the latter the effectiveness 
is related to the volume infused with sub- 
therapeutic doses being in common usage.1,2 
Thresholds for platelet transfusion are similarly 
variable and in a prospective study of eltrombopag 
and platelet transfusion that aimed for a target of  
50,000 per mm3, bleeding complications were  
seen in approximately one-fifth of the patients.3

The dilemma relates to appropriate transfusion 
thresholds. Pragmatically, this is dictated by 
individual clinicians’ perception of risk versus  benefit 



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 66 67

EHA 2016

in a given patient for a given procedure, and indeed 
a national audit of transfusion practices in cirrhosis 
in the UK reflects this anxiety and ambiguity.9 
There is an urgent need for observational studies 
correlating abnormal coagulation parameters to 
bleeding outcomes and interventional studies to 
redefine the transfusion thresholds for procedures 
and haemostatic products.
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Superficial vein thrombosis (SVT), indicating 
thrombosis of the superficial vein system, is less  
well-studied than deep vein thrombosis (DVT)  
because it has been considered a minor, self-limiting 
disease, easily diagnosed on clinical grounds, 
and deserving only symptomatic relief. The most 
frequently affected area of the superficial vein  
system are the lower limbs, especially the long 
and short saphenous vein, mostly in relation to 
varicose veins. The incidence of SVT of the lower 
limbs is estimated to be approximately 0.64 out 
of 1,000 per year in primary care, which is a lower 
incidence than that of venous thromboembolism 
(VTE), which is estimated to be 1 out of 1,000 per  
year. Lower limb SVT shares the same risk factors as  
DVT, such as advanced age, obesity, active cancer,  
previous thromboembolic episodes, pregnancy, 

oral contraceptives, hormone replacement 
therapy, recent surgery, and auto-immune diseases 
(particularly Behçet’s and Buerger’s diseases).
It can propagate into the deep veins and have a 
complicated course with pulmonary embolism.
Clinical diagnosis may not be accurate and  
presently ultrasonography is indicated for both 
confirmation and evaluation of SVT extension 
and exclusion of concomitant DVT.  No validated 
diagnostic algorithms are available for SVT of 
the lower limbs. As a result, the approach to SVT 
diagnosis in clinical routine is variable and  
dependent on local sources; unlike DVT diagnosis, 
objective testing may still be considered neither 
mandatory nor urgent. Studies conducted on  
D-dimer diagnostic accuracy for SVT are few,  
with a high false negative rate. Treatment aims are 
symptom relief and prevention of VTE in relation to 
the thrombotic burden. SVT of the long saphenous 
vein within 3 cm of the sapheno-femoral junction 
(SFJ) is considered equivalent to DVT and thus 
deserving therapeutic anticoagulation. Less severe 
forms of SVT of the lower limbs not involving the 
SFJ have been included in randomised clinical trials 
of surgery, compression hosiery, non-steroidal 
anti-inflammatory agents, unfractionated heparin, 
and low molecular weight heparins (LMWH) with 
inconclusive results. The largest randomised 
clinical trial available, including 3,004 patients 
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with lower limb SVT not involving SFJ, showed that 
fondaparinux 2.5 mg once daily for 6 weeks is more 
effective than placebo in reducing the risk of the 
composite endpoint of death from any cause and 
symptomatic VTE (0.9% versus 5.9%). The second 
largest study, STEFLUX, in 664 patients showed  
that LMWH, parnaparin, at 8,500 UI aXa (anti-factor 
Xa activity) once daily for 10 days followed by  
6,400 UI aXa once daily for 20 days is effective and  
safe for the treatment of lower limb SVT. Inherited 
thrombophilic alterations have a similar frequency 
in SVTs when compared with DVT, however there  
are no data to indicate that the presence of  
thrombophilia should alter the management or 
influence rates of SVT recurrence or progression. 
No data are available on the best treatment of  

Trousseau’s syndrome, which is a recurrent and 
migratory pattern of inflammation of superficial 
veins in cancer. No studies are available either 
on the optimal treatment of cancer-associated 
SVT or screening for an occult malignancy after 
SVT. Pregnant women have usually been excluded 
from studies of SVT treatment, but pregnancy is a 
risk factor for both VTE and SVT. Unfractionated 
heparin and LMWH do not cross the placenta 
and are the agents of choice for treatment in  
pregnancy. Further studies are needed to define  
the optimal management strategies of SVT of the 
lower limbs and other possible SVT sites, such 
as the upper limbs, abdominal or thoracic wall,  
penis, or neck. 
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GBT440 is a novel, small molecule haemoglobin 
oxygen affinity modifier. In vitro data has shown that  
by increasing sickle haemoglobin (HbS) oxygen  
affinity, GBT440 can delay HbS polymerisation 
and inhibit red blood cell sickling. By acting on 
the fundamental pathophysiologic mechanism 

in sickle cell disease (SCD), GBT440 has the 
potential to inhibit polymerisation, decrease red 
blood cell damage, and prevent the downstream 
clinical complications caused by haemolysis and 
vaso-occlusion. The  GBT440-001 study was  
designed with the objective of understanding 
pharmacokinetics, pharmacodynamics, and safety, 
as well as to determine the effect on haemolysis  
and irreversibly sickled cells.

GBT440-001 is a randomised, placebo-controlled, 
double-blind, single and multiple ascending dose  
study evaluating GBT440 in both healthy subjects  
and patients with SCD. Data presented at EHA  
included 46 SCD patients at three dose levels  
including 6 patients who completed 700 mg/day  
for 90 days, 12 patients who completed  
700 mg/day for 28 days, 10 patients who  
completed 500 mg/day for 28 days, 6 patients  
who completed 1,000 mg/day (administered as  
500 mg twice a day for 28 days), and 12 patients  
who received placebo.

The 90-day results with GBT440 700 mg/day 
(n=6) showed a durable reduction in haemolysis 
from baseline to Day 90, as evidenced by a rapid 
and sustained reduction in bilirubin starting as early 
as Day 4 and continuing through Day 90 (median 
decrease of >35% compared with an increase 
of approximately 20% with placebo). A median  
1.1 g/dL increase in haemoglobin was observed with  
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GBT440 treatment compared with 0.2 g/dL  
decrease with placebo. A median decrease of  
approximately 20% in reticulocyte count, compared 
with an approximately 20% increase with placebo,  
suggested that the observed increase in  
haemoglobin is due to a decrease in haemolysis.  A 
sustained reduction in irreversibly sickled cells was 
observed, with a median decrease of approximately 
70% within 90 days compared to an increase of 
approximately 15% with placebo.  Results from 
cohorts dosed for 28 days showed similar trends. 

GBT440 was well-tolerated in all 28 and 90-day 
cohorts. There have been no drug-related serious 
or severe adverse events. The majority of adverse  
events were Grade 1 or 2 in severity and appeared 
in similar if not higher frequency in the placebo 
arms as compared to GBT440-treated arms.  
This data was presented in a moderated poster 
session at EHA, as well as in an educational session  

on novel SCD therapeutics. The results generated 
great interest among haematologists and  
investigators because of the large unmet need in  
SCD and the paucity of experimental drugs that  
directly target the underlying mechanism of disease 
and therefore have the potential to chronically 
control symptoms and disease progression. Many 
SCD investigators expressed interest in participating 
in future studies with this compound. These results 
suggest that GBT440 is rapidly and durably  
inhibiting HbS polymerisation in vivo at well- 
tolerated doses, and that a meaningful reduction 
in haemolysis and anaemia is achieved. Given that 
the mechanism of action of GBT440 addresses 
the underlying pathophysiology of  sickling, these  
results suggest the potential of GBT440 to modify 
the course of this devastating disease over time. 
Future clinical studies to investigate GBT440’s 
potential clinical benefit in longer duration studies 
are being planned.
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Polycythaemia vera (PV), essential 
thrombocythaemia (ET), and primary myelofibrosis 
(PMF) are the three classical Philadelphia 
chromosome-negative myeloproliferative   
neoplasms (MPNs). More than 95% of PV patients 
and ~50% of ET and PMF patients have mutations  
in the JAK2 gene. Around 5% of patients with ET 
or PMF carry mutations in the thrombopoietin  
receptor gene MPL. In December 2013, two research 
groups reported mutations in the calreticulin gene 
(CALR) in ~25% of ET and 35% of PMF patients.1,2 

Mutations in JAK2, MPL, or CALR were found to 
be mutually exclusive. ET and PMF patients who 
did not have mutations in any of the three genes 
were referred to as ‘triple-negative’.1 The two 
groups identified 361 and 192 different types of 
CALR mutations, two of which were common: a  
52 base pair deletion (Type 1; c.1099_1150del) and a 
5 base pair insertion (Type 2; c.1154_1155insTTGTC).  
These accounted for 53%1/45%2 and 32%1/41%2 
of all the CALR mutations, respectively. In recent  
reports, non-Type 1/2 CALR mutations have been  
categorised together with Type 1 or 2 into ‘Type 
1-like’ and ‘Type 2-like’ mutations.3,4 All mutations in  
CALR led to a shift of the reading frame and the 
expression of a novel, common C-terminal peptide 
in the CALR protein.1,2 CALR mutations were 
described as early events in the clonal development 
of the disease1,2 and were detected in a range of 
haematopoietic stem and progenitor cell (HSPC) 
fractions from patients.2

In ET, CALR mutations were associated with 
significantly lower age, lower haemoglobin levels, 
lower white blood cell counts, and higher platelet 
levels compared with JAK2 mutations.1,2,5-7 When 
stratifying ET patients according to genotype 
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(mutant JAK2, MPL or CALR, or triple-negative), 
there was neither a significant difference in overall 
survival nor in the incidence of disease progression 
to myelofibrosis or acute myeloid leukaemia 
based on statistical models correcting for age.5-7 

CALR mutant ET patients had a significantly lower 
incidence of thrombosis compared to patients with 
the JAK2 mutation.6 A stratification of ET patients 
according to Type 1-like and Type 2-like CALR 
mutations showed in one study that particularly 
Type 2-like mutations were associated with a lower 
incidence of thrombosis,3 while no differences were 
observed in another study.8 Patients with CALR  
Type 1-like mutations had a significantly higher 
incidence of myelofibrotic transformation 
compared to both, patients with JAK2 or CALR  
Type 2-like mutations.3

In PMF, patients with CALR mutations were 
significantly younger, had a higher platelet  
count,1,9,10 and a lower leukocyte count1,9 than 
those with JAK2 mutations. They were less  
likely to develop anaemia, thrombocytopenia,  
or leukocytosis.9 In contrast to ET, CALR mutations  
patients had a significantly better age-corrected 
overall survival than patients with JAK2 mutations 
or triple-negative patients.9,10 This difference is 
predominantly attributable to Type 1-like rather 
than Type 2-like mutations.4 In multivariable models 
correcting for age and variables of the International 
Prostate Symptom Score (IPSS), or Dynamic 
International Prognostic Scoring System for 
myelofibrosis (IPSS), or the Dynamic IPSS plus the 
mutational status had an independent prognostic 
effect.9,10 CALR mutant patients had a significantly 
lower age-adjusted cumulative incidence of 
thrombosis than JAK2 mutant patients with PMF.9

Biochemical studies in cell lines revealed that  
mutant CALR binds to the thrombopoietin  
receptor MPL and activates downstream signalling.11-13  
In a retroviral mouse model, mice transplanted 
with mutant CALR-expressing HSPCs developed 
an MPN-like disease phenotype showing elevated 
platelet counts and progression to myelofibrosis.14 
While in the stem cell compartment only CALR 
Type 1 mutant cells had a competitive advantage 
over wildtype cells, both Type 1 and Type 2 CALR 
mutations were associated with elevated numbers 

of megakaryocytes and platelets.14 Expression of 
MPL was required for the development of the 
disease phenotype in mice.14 

In conclusion, mutations in CALR are novel 
markers in MPN that are strongly associated 
with thrombocytosis in patients. Activated MPL 
signalling is a central requirement for the disease 
pathogenesis in a mutant CALR context. Genotyping 
for CALR mutations aids diagnosis, and may 
have a role in prognosis and treatment decisions, 
although so far only retrospective studies have  
been published.
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BACKGROUND  

Cord blood transplantation (CBT) from a related 
family member is an effective therapy for 
patients with sickle cell disease (SCD) resulting in  
encouraging outcomes with similar or superior 
survival to adult donor transplant. Efforts to 
implement family-directed umbilical cord blood 
(UCB) banking have been developed in the past 
two decades for siblings requiring stem cell 
transplantation. Public UCB banks are faced with 
the challenge regarding the units to be stored, 
be discarded, or used for other endeavours such  
as research.

AIM OF THE STUDY 

We report here our 20-year experience in family-
directed UCB banking for SCD. The aim of the  
study is to review the characteristics of the UCB  
units collected between 1995 and 2014 and to 
evaluate their take-up rate.

METHODS  

Families were eligible if they had a child with SCD  
and were expecting the birth of a sibling.  
Participation was voluntary and free of charge.  
All mothers underwent a panel of serologic  
screening tests. UCB units were collected in remote 
sites. Collections were processed and stored in  
two public banks. UCB testing included viral  
serology, bacterial cultures, and cell counts. Human 
leukocyte antigen typing of the UCB was not  
routinely performed unless requested by the 
physician caring for the affected child.
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RESULTS  

A total of 338 directed UCB units were collected  
and stored for 302 families, including 4 mothers  
with twins and 28 with two to three births.  
All collections were for an existing affected 
sibling. Potential recipients had a median age of  
6 years (range: 11 months–15 years) at time of  
UCB harvest. Fifteen families (5%) had more than 
one affected child.

All UCBs were negative for human  
immunodeficiency virus and 64 UCBs (30%) had 
positive hepatitis B surface antigen and/or anti- 
hepatitis B core antigen with negative hepatitis B 
surface antigen. Median UCB volume at 
cryopreservation was 91 mL (range: 23–196) with  
a unit volume lower than 40 mL in only 9%  
of the cases (29 units). Median total nucleated  
cell count at cryopreservation was 8.6x108 (range:  
0.7–75x108). The median collected CD34+ and colony 
forming units of granulocytes-monocytes colonies 
cell counts were 2.5x106 (range: 0.14–61x106) and 
3.4x105 (range: 0.15–63x105), respectively.

The haemoglobin status of the UCB units  
was assessed through the neonatal screening.  

Data were available for 298 UCBs (88%), including 
105 (31%) haemoglobin AA, 152 (45%) haemoglobin  
AS, 36 (11%) haemoglobin SS, and 5 (<1%) other 
types of abnormal haemoglobin.

Out of 338 banked UCB units 28 were released  
for CBT either alone (n=24) or in combination with 
the bone marrow of the same donor (CBT + bone 
marrow transplant, n=4), reflecting a utilisation rate 
of 8% over 20 years. Infused cells had a median  
total nucleated cell count of 3.7x108 (range:  
0.2–10.4x108) and median CD34+ of 1.7x106 (range: 
0.2–38.4x106). Post-transplant data was available  
for 25 patients: all of them have stable engraftment 
of donor cells and are alive, free of SCD.

CONCLUSION  

Our data showed that family-directed UCB  
banking is feasible and yields good quality cord 
blood units for sibling transplantation. However, 
the number of CBTs performed is disappointing 
despite the good results of sibling transplantation 
in SCD. Therefore, one must think about the  
cost-effectiveness of this approach when a  
human leukocyte antigen identical sibling donor  
is available.
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Mantle cell lymphoma (MCL) is an uncommon but 
aggressive form of B cell non-Hodgkin lymphoma.  
It often presents at an advanced stage and with a 
median survival of 3–5 years and is generally 
regarded as incurable.1,2 Ibrutinib, an orally  
activeinhibitor of Bruton’s tyrosine kinase, has  
demonstrated impressive safety and efficacy in 
patients with relapsed/refractory MCL within  
several large clinical trials.3,4 Prior to licensing, the 
global named patient program (NPP) gave access 
to ibrutinib for eligible patients with relapsed/
refractory MCL in a large number of countries.  

Using real-world data from the ibrutinib MCL NPP,  
the aim of this study was to investigate whether 
treatment benefits reported in randomised clinical 
trials were reflected in clinical practice. Data was 
collected from the NPP on the ordering and 
reordering of ibrutinib in order to estimate patient 
time-on-treatment and therefore to provide a 
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conservative approximation of progression-free 
survival using Kaplan–Meier and Cox proportional 
hazard regression analysis.  

In total, 715 patients from 26 countries were 
included in this analysis. The median age was  
70 years, and 76.1% were male. After 12 months, 
52.3% (95% confidence interval: 43.5–60.4%) 
remained on treatment. This estimate is similar to 
the 12-month time-on-treatment rate observed in  
the Phase III RAY study of ibrutinib for relapsed/ 
refractory MCL.5 Moreover, Kaplan–Meier curves 
for time on treatment for the global MCL NPP  
population and the RAY study population were not  
statistically different. An exploration of time-on-
treatment using multivariate analysis revealed 
that the timing of MCL diagnosis was the only  
independently significant variable, with time-on- 
treatment being longer in patients diagnosed with  
MCL within the last 2 years. In total, 168 patients  
(23.5%) discontinued treatment during the  
observation period with the most common reasons 
being death (10.8%), disease progression (7.3%),  
and adverse events (1.3%).

Although these data are based on physician 
declarations and are therefore unmonitored, 
this analysis provided a conservative proxy for 
progression-free survival which is similar to that 
observed in the RAY study. This suggests that the 
impressive safety and efficacy results observed in 
clinical trials of ibrutinib for MCL are reproducible  
in real-world clinical practice.
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This presentation described the occurrence of late 
side effects (commonly described as ‘late effects’) 
in childhood cancer survivors (CCS), and how 

paediatric oncology healthcare professionals and 
researchers across the world have worked together 
to reduce or eliminate their impact on the long- 
term health of survivors.  

The long-term overall survival of childhood cancer 
or leukaemia is now at 80%, but this modern-day 
success story has created an ever-increasing  
number of long-term survivors, many of whom 
have a high-risk of late effects of their cancer and 
especially of its treatment. Large cohort studies 
have shown that 15–30 years after diagnosis of 
their initial malignancy, approximately 60–75% of 
CCS suffer from at least one late effect, 25–45% 
from at least two late effects, and 25–40% from a 
severe, life-threatening, or disabling late effect.  
The range of late effects observed in CCS is very 
wide. Most are due to damage to the function,  
or structure, of organs, organ systems, or tissues;  
for example: cardiovascular, gonadal/reproductive, 
neurological/sensory, renal/urinary tract,  
and respiratory toxicities. Some late effects lead  
to impaired quality of life or neurocognitive 
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function, whilst others have more general  
consequences such as the development of the  
metabolic syndrome, accelerated ageing (frailty),  
or secondary malignancies.

Late effects have many different causes, most 
commonly chemotherapy drugs, radiotherapy, 
and major surgical procedures. In some children, 
particularly those with brain tumours, the site and 
nature of the primary tumour may affect the risk 
of developing late effects and determine their 
consequences. Genetic susceptibility may also  
play an important role, for example genetic  
polymorphisms may modify the risk of late 
effects by influencing drug pharmacokinetics and 
pharmacodynamics, whilst cancer predisposition 
syndromes can increase the risk of second or 
subsequent malignancies. By their very nature,  
most late effects are persistent, causing chronic 
medical, psychological, or social problems. 
Nevertheless, late effects vary greatly in their  
timing of onset, with some, such as chemotherapy 
induced renal toxicity, initially presenting during or  
soon after treatment, whilst others, for example 
secondary malignancies, may occur decades later. 
Some late effects appear to be largely or entirely 
due to one cause, for example sensorineural  
hearing loss due to platinum drugs, whilst  
others are complex and multifactorial, such 
as cardiac damage which may be due to  
anthracycline drugs or radiotherapy to a field,  
including the heart, or both. The impact of late  
effects is also very variable, ranging from easily  
correctable subclinical organ dysfunction, such as  
compensated hypothyroidism, to life-threatening 
consequences, such as secondary malignancies, or 
even late (but still very premature) mortality. 

The risks of late effects have led to the development 
of long-term follow-up (LTFU) for CCS, seeking to 
manage existing late effects, undertake surveillance 

to allow earlier detection or ideally prevention 
of potentially severe late effects, and provide 
information for CCS about their current and future 
late effects risks and what steps they can take to 
optimise their health. Alongside this development 
of clinical LTFU care, several large cohorts of CCS 
have been constructed in North America (for 
example, the Childhood Cancer Survivor Study) and 
especially in Europe (such as the British Childhood 
Cancer Survivor Study). These cohorts have allowed 
detailed epidemiological study of the nature and 
outcomes of late effects in CCS and have identified 
which survivors are at highest risk due to personal, 
genetic (in some cases), disease, and treatment-
related factors. This can allow development and 
evaluation of risk stratification approaches to guide 
surveillance for clinically important late effects. 
Ongoing research is needed to inform optimal 
management which may comprise both medical 
treatment of incipient or existing late effects and 
pharmacological and/or lifestyle interventions to 
reduce the risk of future effects. 

International collaboration also continues to play 
a vital role in efforts to improve the longevity and 
quality of life of CCS. PanCareSurFup (Childhood 
and Adolescent Cancer Survivor Care and Follow-
Up Studies) is a landmark Pan-European study 
investigating the risk factors for cardiotoxicity, 
second malignancies, and premature mortality in 
unprecedented detail. Furthermore, PanCareSurFup 
is developing evidence-based clinical practice 
guidelines for models of LTFU care, transition to 
age-appropriate care in adolescence and young 
adulthood, and health promotion which are all 
important components of LTFU. Reassuringly,  
large-scale international randomised clinical trials 
are now including late effects as important study 
outcomes in an effort to reduce long-term toxicities 
of curative treatment.
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Chronic lymphocytic leukaemia (CLL) mainly  
affects elderly patients.1 With the increasing 
comorbidity burden and frailty in elderly patients, 
evaluation of functional status before treatment 
initiation is essential. So far, there is no ideal tool 
to measure the comorbidity burden, but geriatric 
assessment for example, with the G8 score2 before 
treatment initiation, is strongly recommended.3,4 

While more intensive combination regimens based 
on chemotherapy plus antibody, such as the 
combination of fludarabine, cyclophosphamide, 
and rituximab (FCR), are standard in younger 
and/or physically fit patients, with concomitant 
diseases and physical fitness playing a major role 
in the selection of treatment for the elderly who do 
not tolerate such regimens well.5 Dose reductions 
or milder chemoimmunotherapy regimens are 
well tolerated in the elderly and yield promising 
results.6,7 The combination of chlorambucil plus 
a CD20 antibody has become the new standard  
first-line therapy in many countries because it 
yields long progression-free survival (PFS) rates  
of 15–27 months.8-10 Data from the CLL11 study 
presented at European Hematology Association 
(EHA) Congress 2016 showed that achieving a 
negative measure of minimal residual disease in 
peripheral blood or bone marrow by polymerase 
chain reaction was associated with significantly 
longer PFS among elder patients being treated  
with chlorambucil plus rituximab or obinutuzumab.11

With the approval of new oral drugs that inhibit 
kinases attached to the B cell receptor, better 
treatment options which are well tolerated are now 
available for relapsed CLL patients12,13 as well as 

front-line therapy.14 A randomised Phase III study in 
elderly CLL patients showed a clear superiority of 
the Bruton’s tyrosine kinase inhibitor ibrutinib over 
chlorambucil alone for PFS and overall survival.14 
However, even in a front-line setting minimal  
residual disease  negativity is rarely achieved with 
the new substances. With these continuously 
administered substances, drug interactions and 
compliance have to be considered, particularly in 
elderly patients. A retrospective analysis presented 
at EHA 2016 showed that a different side effect 
profile has to be considered with each new  
compound, as for example atrial fibrillation, 
which may occur in elderly patients receiving 
ibrutinib.15 Current studies are investigating the 
bcl2 inhibitor venetoclax in front-line therapy 
of elderly. The combination with obinutuzumab 
was shown to be safe in a run-in phase study.16  
These as well as many other data presented at  
EHA 2016 regarding kinase inhibitors show that  
the selection of optimal treatment for elderly CLL 
patients remains challenging.
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EDITOR’S PICK
Direct oral anticoagulants (DOAC) provide clinicians with a valuable method for the  
prevention and treatment of thrombotic events. However, DOAC also expose patients to the 
risk of bleeding or major bleeding, which can lead to major adverse events as a result of their 
inappropriate use. This article by Vornicu et al. highlights the various aspects that require 
consideration in order to minimise the incidence of these adverse events and points to the 
approaches available to ensure this can be done effectively. The article also provides important 

practical guidance in specific situations where DOAC are vulnerable to mismanagement. 
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ABSTRACT

Direct oral anticoagulants (DOAC) are used in several indications for the prevention and treatment  
of thrombotic events. As highlighted by data from clinical trials and case studies, all DOAC carry the risk  
of bleeding despite careful selection and patient management. Previous publications have demonstrated 
the limited knowledge of many physicians concerning the indications for, and correct management of,  
these anticoagulants. Health institutions should develop risk minimisation strategies and educational 
materials to prevent major adverse events related to DOAC administration. Major bleeding events are 
reported in clinical practice and specific antidotes are emerging from Phase III trials. Some antidotes  
are licensed but their high cost might limit routine use. We therefore illustrate approaches and tools  
that can help physicians prescribe DOAC appropriately. We focus on screening for modifiable bleeding  
risk factors and adapting doses according to the individual benefit-risk profile. We also provide  
recommendations on managing a missed dose, switching, bridging, and resumption.

Keywords: Prevention, bleeding, direct oral anticoagulants (DOAC).
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INTRODUCTION

Bleeding events have been reported in all  
the major clinical trials comparing direct oral 
anticoagulants (DOAC) with other anticoagulants 
despite regular monitoring of adverse events, 
strong medication adherence, and careful  
patient selection.1-4

Large randomised trials comparing bleeding risks 
of different DOAC are not available as DOAC have  
always been compared with warfarin, low molecular 
weight heparin (LMWH), and antiplatelet agents. 
When DOAC were prescribed at prophylactic 
doses in orthopaedic surgery, rates of bleeding 
were similar to LMWHs.5 When DOAC were 
prescribed for patients with non-valvular atrial 
fibrillation (NVAF) or venous thromboembolism 
(VTE), a recent meta-analysis showed a lower 
rate of fatal bleeding and case-fatality of major 
bleeding (MB) events for DOAC than with 
warfarin.6 Another meta-analysis showed that 
patients with a creatinine clearance (CrCl) 
between 50–80 mL/min who received DOAC 
had significantly fewer MB events than  
those receiving vitamin K antagonists (VKA).  
For patients with CrCl <50 mL/min, the difference 
in MB was not statistically significant, but using 
indirect comparisons, apixaban was associated with 
significantly fewer MB episodes than other DOAC.7 

Post-marketing surveillance registries provide 
real-world data on the safety and efficacy of 
DOAC. A retrospective cohort study of Medicare 
beneficiaries with NVAF found a higher incidence  
of MB with dabigatran than with warfarin,  
regardless of anatomical site.8 A smaller Italian 
cohort study revealed a safe profile of either 
110 mg or 150 mg dabigatran twice daily (bid), 
regarding fatal bleeding in patients at high risk of  
haemorrhage and thromboembolism.9 The Dresden 
New Oral Anticoagulants (NOAC) registry found 
that the routine safety profile of dabigatran 
etexilate (DE) was no worse than that reported  
in the RE-LY trial even if selection bias might  
exist.10 The Danish national registry found a  
higher bleeding rate in previous VKA users than 
VKA-naïve patients. This observation may reflect 
patient selection and ‘drug switching’ practices.11  
Concerning rivaroxaban, a large observational  
study showed that the MB rate was generally 
consistent with registration trial results and that  
fatal bleeds were rare.12 The MB rate with  
rivaroxaban from the Dresden NOAC registry was 
lower than that for VKA.13 However, the ROCKET 

AF trial identified age, sex, diastolic blood pressure, 
prior gastrointestinal bleeding, prior aspirin  
use, and anaemia as clinically relevant factors  
associated with MB risk with rivaroxaban and 
VKA.14 This review aims to discuss strategies 
to prevent DOAC-related bleeding in normal  
clinical practice.

HOW TO PREVENT MAJOR BLEEDING  

Various aspects of the management of patients 
treated with DOAC should be highlighted to  
reduce the incidence of MB.

Appropriate Use of Direct  
Oral Anticoagulants 

Off-label use or misuse 

The off-label use or misuse of DOAC means use 
outside of approved indication, at an inappropriate 
dose, or an inappropriate choice of DOAC  
according to patient characteristics. Inappropriate 
use is frequent (occurring in 8–49% of patients) 
and may cause infra or supra-therapeutic  
anticoagulation carrying risks of thromboembolism 
or severe, even fatal bleeding (Table 1).11,15-19 A recent 
publication indicated a significant risk for patients 
related to lack of physicians’ knowledge about 
DOAC and highlighted the need for additional 
education and training.20

Renal function 

Renal failure is the most common risk factor 
associated with bleeding in elderly patients, and 
should therefore be assessed before initiating  
DOAC and during treatment.21 The updated  
European Heart Rhythm Association (EHRA) 
practical guide on the use of DOAC suggests that 
renal function should be checked every 6 months 
in patients >75–80 years (especially those on DE  
or edoxaban), and in frail patients.22 The proposed 
recheck interval (in months) is the CrCl divided 
by 10, if the CrCl is <60 mL/min. More frequent 
checks are recommended in patients with  
conditions that might affect renal function.  
In clinical trials of DOAC for NVAF, drug eligibility  
and dosing were determined using the Cockcroft– 
Gault equation to estimate CrCl. The modification  
of diet in renal disease equation (used to estimate 
glomerular filtration rate) tends, at low estimate 
glomerular filtration rate values, to overestimate 
renal function compared with the Cockcroft–Gault 
equation.23,24 This overestimation may lead to  
incorrect decisions about eligibility or dose.
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Table 1: Summary of pharmacokinetic properties, indication, and dose regimens of direct oral  
anticoagulants in the European Union.29,35,46,54,62-83

Dabigatran Rivaroxaban Apixaban Edoxaban

Target Factor lla Factor Xa Factor Xa Factor Xa

Prodrug Yes No No No 

Tmax (hours) 1.5–3.0 2.0–4.0 3.0–4.0 1.0–2.0

Distribution  
volume (L)

60–70 ±50 23 107

Half-life (hours) 11: healthy individuals 
12–13: elderly

5–9: healthy individuals 
11–13: elderly

8–15: healthy 
individuals

10–14

Bioavailability 3–7% pH sensitive 2.5–10 mg dose: 
80–100%  
(fasting/fed) 
15–20 mg dose: 66% 
(fasting) ± 100% (fed)

±50% 62%

Protein binding 35% >90% 87% 55%

Metabolism Conjugation CYP-dependent 
and independent 
mechanisms

CYP-dependent 
mechanisms

CYP-dependent (<5%) 
and independent 
mechanisms (<10%)

Active metabolites Yes: glucuronide 
conjugates

No No Yes (<15%)

Elimination 80% renal 33% unchanged via the 
kidney

27% renal 50% renal

20% bile (glucuronide 
conjugation)

66% metabolised in 
the liver into inactive 
metabolites eliminated 
via the kidney (50%) or 
the colon (50%)

73% through the 
liver while the 
residue is excreted 
by the hepatobiliary 
route 

50% metabolism 
and biliary/intestinal 
excretion

Effects of food Tmax delayed; Cmax & 
AUC unchanged

Tmax delayed; Cmax & 
AUC increased (15–20 
mg)

Tmax delayed; Cmax & 
AUC unchanged

Cmax increased, but 
minimal effect on total 
exposure

CYP substrate No CYP3A4, CYP2J2 CYP3A4 CYP3A4 (<5%)

P-gp substrate DE: Yes Yes Yes Yes

Venous  
thromboembolism 
Prophylaxis

220 mg/day
(2 caps 110 mg qd) 
Cmax: 
 71 (35–162) ng/mL 
(mean; 25–75 PCTL) 
Cmin: 
 22 (13–36) ng/mL
(mean; 25–75 PCTL) 
150 mg/day  
(2 caps 75 mg qd)
 if CrCl 30–50  
mL/min, if >75 years, if 
verapamil, amiodarone, 
and quinidine  
THR: 28–35 days 
TKR: 10 days

10 mg/day
(1 tablet 10 mg qd) 
Cmax:  
125 (91–196) ng/mL 
(median; 5–95 PCTL) 
Cmin:
9 (1–38) ng/mL
(median; 5–95 PCTL)
THR: 5 weeks 
TKR: 2 weeks

5 mg/day
(1 tablet 2.5 mg bid) 
Cmax:  
77 (41–146) ng/mL 
(median; 5–95 PCTL) 
Cmin:  
51 (23– 109) ng/mL
(median; 5–95 PCTL)
THR: 32–38 days
TKR: 10 days

 (EU)

Bioavailability 

If DE capsules are opened, the bioavailability 
increases to 75% and the bleeding risk is greatly 
enhanced.25 Therefore, DE should not be given via 
a gastrostomy or jejunostomy and capsules should 
not be opened or crushed before administration. 

Rivaroxaban and apixaban have similar  
bioavailability when administered in crushed form 
mixed with apple sauce or water through a 
nasogastric tube or gastrostomy.26,27 To the best of 
our knowledge, there are currently no data  
available for edoxaban.
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Table 1 continued.

Dabigatran Rivaroxaban Apixaban Edoxaban

Non-valvular  
atrial  
fibrillation*

300 mg/day 
(1 caps 150 mg bid) 
Cmax:  
175 (117-275) ng/mL 
(mean; 25–75 PCTL)  
Cmin: 91 (61-143-200) 
ng/mL (mean; 
25–75–90 PCTL)
220 mg/day   
(1 caps 110 mg bid) 
 if >80 years  
or verapamil

20 mg/day
(1 tablet 20 mg qd) 
Cmax:  
249 (184–343) ng/mL 
(mean; 5–95 PCTL) 
Cmin: 
44 (12–137) ng/mL 
(mean; 5–95 PCTL)  
15 mg/day  
(1 tablet 15 mg qd)  
 if CrCl between  
15-49 mL/min  
Cmax: 
229 (178–313) ng/mL
(mean: 5–95 PCTL)
Cmin:  
57 (18–136) ng/mL 
(mean; 5–95 PCTL)

10 mg/day
 (1 tablet 5 mg bid)
Cmax:  
171 (91–321) ng/mL 
(median; 5–95 PCTL) 
Cmin:  
103 (41–230) ng/mL 
(median; 5–95 PCTL) 
5 mg/day
(1 tablet 2.5 mg bid) 
 If at least 2 of the 
following conditions: 
≥80 years, ≤60 kg or 
serum creatinine ≥  
1.5 mg/dL;  
 Or if CrCl 15-29 
mL/min
Cmax:  
123 (69–221) ng/mL 
(median; 5–95 PCTL) 
Cmin:  
79 (34–162) ng/mL 
(median; 5–95 PCTL)

60 mg/day
(1 tablet 60 mg qd) 
Cmax: 
+/-170 (165–195)  
ng/mL
(median; IQR)
Cmin:  
36 (19–62) ng/mL 
(median; IQR)  
30 mg/day
(1 tablet 30 mg qd)  
if CrCl between 15–50 
mL/min,  
≤60 kg or 
concomitant use 
of dronedarone, 
erythromycin, 
ketoconazole, 
ciclosporin  
Cmin:
27 (15–45) ng/mL 
(median; IQR)

Venous  
thromboembolism 
treatment

300 mg/day 
(1 caps 150 mg bid)  
after at least 5 
days of parenteral 
anticoagulants  
Cmax: 
175 (117–275) ng/mL 
(mean; 25–75 PCTL) 
Cmin: 
60 (39–95–146)  
ng/mL (mean;  
25–75–90 PCTL)
220 mg/day
(1 caps 110 mg bid)  if 
>80 years or verapamil

Treatment phase: 
30 mg/day
(1 tablet 15 mg bid) 
for 21 days  
 followed by  
20 mg/day  
(1 tablet 20 mg qd)  for 
3–6 months  
Cmax:  
270 (189–419) ng/mL
(mean; 5–95 PCTL)
Cmin:  
26 (6–87) ng/mL 
(mean; 5–95 PCTL)  
15 mg/day 
(1 tablet 15 mg qd) 
 if CrCl between 15–
49 mL/min and the risk 
of bleeding outweighs 
the risk of recurrent 
DVT or PE

Treatment phase: 
20 mg/day 
(2 tablet 5 mg bid) 
for 7 days  
Cmax:
251 (111–572) ng/mL 
(median; 5–95 PCTL) 
Cmin:  
120 (41–335) ng/mL 
(median; 5–95 PCTL) 
 followed by  
10 mg/day 
(1 tablet 5 mg bid) 
for 3–6 months
Cmax:  
132 (59–302) ng/mL 
(median; 5–95 PCTL) 
Cmin:  
63 (22–177) ng/mL 
(median; 5–95 PCTL)
If high risk of 
recurrent DVT or PE: 
5 mg/day 
(1 tablet 2.5 mg bid)  
after 6 months 
treatment 

60 mg/day
(1 tablet 60 mg qd)  
after at least 5 
days of parenteral 
anticoagulant 
treatment 
 
30 mg/day  
(1 tablet 30 mg qd) 
 if CrCl between  
15–50 mL/min, BW 
≤60 kg or concomitant 
use of dronedarone, 
erythromycin, 
ketoconazole, 
ciclosporin

Prevention of  
athero-thrombotic 
events after 
ACS with 
elevated cardiac 
biomarkers

 5 mg/day
(1 tablet 2.5 mg bid)
with ASA (75–100 mg) 
or, ASA + clopidogrel 
(75 mg) or ticlopidine
Cmax:
46 (28–70) ng/mL
(median; 5–95 PCTL)
Cmin:
17 (6–37) ng/mL
(median; 5–95 PCTL)

 

Tmax: time to reach peak concentration; Cmax: peak concentration; AUC: area under the curve; CYP3A4: 
cytochrome P450 isozyme 3A4; P-gp: P-glycoprotein; BRCP: breast cancer resistance protein;  
caps: capsule; qd: once daily; bid: twice daily; CrCl: creatinine clearance; DVT: deep-vein thrombosis; 
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Table 1 continued.

Patient body weight 

There is evidence that anticoagulant clearance  
rates increase with body weight, however optimal 
dosing strategies for DOAC in obese patients 
remain unknown.28 In the RE-LY study, dabigatran 
concentrations tended to increase with decreasing 
body weight.28 Close clinical surveillance is 
recommended by several authorities because of 
limited clinical experience in these populations.29,30 

Kubitza et al.31 showed that rivaroxaban peak 
concentration (Cmax) was increased by 24% in 
subjects weighing ≤50 kg while the area under the 
curve (AUC) was unaffected (difference was <25%) 
by body weight resulting in a small (15%) increase 
in prolongation of prothrombin time, which was 
not considered to be clinically relevant. Similarly 
to dabigatran, no dose adjustment is currently 
proposed by the European or American agencies.32 

Regarding apixaban, a 30% and 20% increase in 
Cmax and AUC, respectively, have been reported 
in patients weighing <50 kg.33 Since body weight 
seems to have a modest effect on apixaban  
exposure, the US Food and Drug Administration 
(FDA) and the European Medicines Agency (EMA) 
recommend dose adjustment in patients weighing 
<60 kg (2.5 mg bid instead of 5 mg bid) in the 
presence of additional risk factors, namely age  
≥80 years or serum creatinine >1.5 mg/dL.34,35 

Dose adjustment in patients weighing <60 kg is 
also recommended for edoxaban (30 mg once 
daily since Cmax and AUC in patients with low body 
weight (median 55 kg) were increased by  
40% and 13%, respectively, compared with 
patients with high body weight (median 84 kg)  
in a population pharmacokinetic analysis of the  
ENGAGE AF-TIMI 48 study in NVAF.36

Patients with impaired hepatic function  

The manufacturer’s recommendations for DOAC in 
patients with impaired hepatic function are based 
on both Child–Pugh classification and liver-related 
exclusion criteria applied in clinical trials (elevated 
liver enzymes [aspartate transaminase/alanine 

transaminase] >2-times the upper limit of normal  
or total bilirubin ≥1.5-times the upper limit of  
normal).37 The EMA contraindicates the use of 
dabigatran in patients with hepatic impairment or 
liver disease expected to have any impact  
on survival.29 

In contrast to dabigatran, liver metabolism is an 
important route of elimination for FXa inhibitors. 
Approximately two-thirds of the administered 
rivaroxaban dose is metabolised by the liver via 
CYP3A4, 2J2, and CYP-independent mechanisms 
into inactive metabolites.32 Apixaban undergoes 
liver metabolism mainly via CYP3A4/5, but 
other isoenzymes are also involved, while 
edoxaban is metabolised via carboxylesterase-1 
hydrolysis, conjugation, or oxidation by CYP3A4/5 
(<10%). Therefore, the EMA contraindicates their  
use in cases of hepatic disease associated with 
coagulopathy and clinically relevant bleeding risk. 
Apixaban and edoxaban are not recommended in 
patients with severe hepatic impairment, 
rivaroxaban is also contraindicated in cirrhotic 
patients with Child–Pugh B/C. Although one  
limited study showed a similar bleeding risk in 
Child–Pugh A/B cirrhosis patients treated with 
apixaban or rivaroxaban compared with traditional 
anticoagulants, further evaluations and larger  
studies are needed to better inform clinicians’ 
decision-making.38

Drug interactions 

In addition to these specific populations,  
DOAC also interact with P-glycoprotein substrates 
and CYP3A4 inhibitors, which may greatly  
increase their plasma concentrations, and hence,  
bleeding risks. Table 2 summarises drug-drug  
interactions reported in the literature as well  
as recommendations for dose adaptation 
and contraindications for the EMA and FDA  
prescribing guidelines.22,39,40 As there is an 
increased risk of bleeding, DOAC should be used 
with caution if a concomitant use of antiplatelet 
agents is indicated29,32,35 and non-steroidal  
anti-inflammatory drugs (NSAID) should be  
avoided if possible.28,31,39 Concomitant use with  

PE: pulmonary embolism; THR: total hip replacement; TKR: total knee replacement; ASA: acetylsalicylic  
acid; ACS: acute coronary syndrome; Cmax and Cmin: peak and trough concentrations providing from  
the clinical trials; PCTL: percentiles; IQR: interquartile range; BW: body weight; DE: dabigatran etexilate.
 = off-label; EU: European Union.
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Table 2: Summary of drug-drug interactions with available recommendations for dose adaptation  
or contraindications by the competent authorities.22,39,40,83

Dabigatran 
P-gp substrate

Rivaroxaban
P-gp and 
CYP3A4/2J2 
substrate

Apixaban
P-gp and 
CYP3A4/5 
substrate

Edoxaban
P-gp substrate

Molecule Mechanism

Antiarrhythmics

Dronedarone P-gp and  
CYP3A4 inhibitor

AUC: +114%   
(400 mg: single 
dose)*

Minor effect  
(use with  
caution if CrCl  
15-50 mL/min)†

No data yet Cmax: +46%  
AUC: +85%***

AUC: +136%  
(400 mg: 
multiple doses)

Quinidine P-gp
competition

AUC: +53% 
(1,000 mg: single 
dose)**

Minor effect 
(use with caution if 
CrCl  
15–50 mL/min)

No data yet AUC: +77%
Cmax: +85%  
(300 mg: 
multiple doses)

Verapamil P-gp  
competition and 
weak CYP3A4 
inhibitor

AUC: +18% 
(120 mg IR: single 
dose taken  
2 hours after DE 
intake)**/***

Minor effect 
(use with caution if 
CrCl 15–50 mL/min)

No data yet AUC and Cmax: 
+53% (240 mg: 
multiple doses)

AUC: +143% 
(120 mg IR:  
single dose,  
1 hour before DE 
intake)**/***

Cmax: +12% 
(120 mg IR: single 
dose taken 2 
hours after DE 
intake)**/***

Cmax: +179% 
(120 mg IR:  
single dose,  
1 hour before DE 
intake)**/***

Amiodarone P-gp competition AUC: +58% 
(600 mg:  
single dose)**

Minor effect 
(use with caution if 
CrCl 15–50 mL/min)

No clinically 
relevant effect

AUC: +40%
Cmax: +66% (400 
mg: single dose)

any other anticoagulant is strictly contraindicated, 
except during switching procedures from DOAC  
to VKA or when unfractionated heparin (UFH) 
is given at doses necessary to maintain an open  
central venous or arterial catheter.29

Screening for Bleeding Risk Factors  

Non-modifiable and potentially reversible clinical 
features associated with higher bleeding risks 
must be carefully identified when initiating DOAC 
therapy and assessed regularly throughout 
treatment. Various risk stratification scores can  
help clinical decision-making.41,42 The bleeding risk 
score HAS-BLED has shown better performance  

than the HEMORR(2)HAGES and ATRIA risk scores 
in predicting MB in anticoagulated AF patients.41 

A value ≥3 indicates a high risk for 
haemorrhage and suggests review and correction 
of modifiable risk factors (hypertension, renal/ 
hepatic impairment, alcohol excess, concomitant  
use of non-steroidal anti-inflammatory drugs, 
antiplatelet agents, or selective serotonin reuptake 
inhibitors). The simple five-element ORBIT AF 
bleeding risk score (older age [>75 years], reduced 
haemoglobin/haematocrit history of anaemia, 
bleeding history, insufficient kidney function, 
and treatment with antiplatelet agents) had the 
best ability to predict MB in patients with NVAF  
compared with HAS-BLED and ATRIA risk scores.43 
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Table 2 continued.

Dabigatran 
P-gp substrate

Rivaroxaban
P-gp and 
CYP3A4/2J2 
substrate

Apixaban
P-gp and 
CYP3A4/5 
substrate

Edoxaban
P-gp substrate

Molecule Mechanism

Diltiazem P-gp and 
CYP3A4 inhibitor

No effect Minor effect 
(use with caution if 
CrCl 15–50 mL/min)

AUC: +40% No data yet

Antianginal/antihypertensive drugs

Ranolazine P-gp and  
CYP3A4 inhibitor

No data yet Minor effect
(use with caution if 
CrCl 15–50 mL/min)

No data yet No data yet 

Felodipine P-gp and  
CYP3A4 inhibitor

No data yet Minor effect
(use with caution if 
CrCl 15–50 mL/min)

No data yet No data yet

Anti-inflammatory

Naproxen P-gp competition No data yet AUC: +10% (500 
mg)

Cmax: +61%
AUC: +55%
(500 mg)

No effect, but 
pharmacod 
namically 
increased 
bleeding time

Antihypercholesterolemiant

Atorvastatin P-gp and 
CYP3A4 
substrate

AUC: +18% No effect No PK data yet No effect

Antimycotic

Ketoconazole P-gp and 
CYP3A4 inhibitor

AUC: +138% 
(400 mg: single 
dose)*

Cmax: +72% (400 
mg: single dose †

Cmax: +62%
(400 mg 
multiple doses)†

Cmax: +89%***
(400 mg 
multiple doses)

AUC: +153% 
(400 mg: 
multiple doses)

AUC: +158% (400 
mg: single dose)†

AUC: +100% 
(400 mg 
multiple doses)†

AUC: +87% 
*** (400 mg 
multiple doses)

Itraconazole P-gp and 
CYP3A4 inhibitor

No data yet* No data yet, but 
similar results than 
ketoconazole are 
expected†

No data yet, 
but similar 
results than 
ketoconazole 
are expected†

No data yet

Voriconazole P-gp and 
CYP3A4 inhibitor

No data yet No data yet

Posaconazole P-gp and 
CYP3A4 inhibitor

No data yet*** No data yet† No data yet

Fluconazole CYP3A4 inhibitor No data yet - 
supposed  
no effect

Cmax: +28%
AUC: +42%

No data yet No data yet

Antibacterial

Clarithromycin P-gp and 
CYP3A4 inhibitor

Cmax: +49% No data yet No data yet

AUC: +60% AUC: +54%  
(500 mg multiple 
doses)

Azithromycin P-gp and 
CYP3A4 inhibitor

No data yet Minor effect 
(use with caution if 
CrCl 15–50 mL/min)

No data yet No data yet

Erythromycin P-gp and 
CYP3A4 inhibitor

No data yet AUC: +34% (500 
mg multiple doses)

No data yet Cmax: +68%***
AUC: +85%***

Rifampicin P-gp and 
CYP3A4 inducer

Cmax: -65,5%†
AUC: -67%†
(600 mg: 
multiple doses)

AUC: -50%† AUC: -54%† AUC: -35% 
but with 
compensatory 
increase of active 
metabolite (avoid 
if possible)
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Table 2 continued.

*Contraindicated by the European Medicines Agency (EMA). 
**The EMA recommends dose reduction for dabigatran: from 220 mg qd to 150 mg qd in prevention of  
VTE in joint replacement. 
***The EMA recommends dose reduction for dabigatran: from 150 mg bid to 110 mg bid) in patients with 
NVAF or VTE; and for edoxaban a dose reduction of 50% (30 mg qd) in patients with NVAF or VTE. 
†Concomitant treatment with these drugs are not recommended by the EMA.
NVAF: non-valvular arterial fibrillation; VTE: venous thromboembolism; P-gp: p-glycoprotein;  
CYP: cytochrome; AUC: area under the curve; CrCl: creatinine clearance; PK: pharmacokinetics;  
Cmax/Cmin: peak and trough concentrations providing from the clinical trials; qd: once daily; bid:  
twice daily; DE: dabigatran etexilate.

Dabigatran 
P-gp substrate

Rivaroxaban
P-gp and 
CYP3A4/2J2 
substrate

Apixaban
P-gp and 
CYP3A4/5 
substrate

Edoxaban
P-gp substrate

Molecule Mechanism

Protease inhibitors

Ritonavir P-gp and CYP 
3A4 inhibitor

No data yet† Cmax: +55%  
(600 mg multiple 
doses)†

No PK data 
but strong 
increase†

No data yet†

AUC: +153%  
(600 mg multiple 
doses)†

Immunosuppressor

Ciclosporine P-gp competition No data yet* AUC: +50% No data yet AUC: +73%***
Cmax: +74%
(500 mg  
single dose)

Tacrolimus P-gp competition No data yet† AUC: +50% No data yet No data yet

Screening for injuries (e.g. recent intracranial 
haemorrhage) and conditions (e.g. colon cancer) 
that may lead to MB is essential before starting 
DOAC therapy. 

Particular attention should be paid to renal 
protective strategies for patients on dabigatran 
and edoxaban. These patients should be informed 
about the impact of concurrent medications  
(e.g. NSAID) or comorbidities (e.g. dehydration) 
on their renal function, which could lead to an  
enhanced and prolonged anticoagulant effect.

Adapting Direct Oral Anticoagulant Dosage  
to Individual Benefit-Risk Ratios 

Why and when? 

Several criteria should be taken into account when 
considering drug monitoring: 1) intra and  
2) inter-individual variability in plasma drug level,  
both justifying the identification of the optimal 
dose for the individual at the start of treatment,  

3) variability and reproducibility of the testing 
method, 4) correlation between drug level and 
clinical outcome, and 5) the therapeutic value of 
drug monitoring. 

DOAC demonstrate high intra and inter-individual 
variability depending on patients’ age, renal and 
hepatic function, drug-drug interactions, and 
body weight.44 While package inserts recommend 
dose adaptation according to the patient’s  
characteristics, they do not give guidance for 
patients with multiple interfering factors in whom 
a targeted plasma level cannot be reached. 
The importance of targeted plasma levels is 
supported by analysis of large trials (RE-LY and  
the ENGAGE-AF TIMI 48), which showed that  
plasma concentrations of dabigatran and edoxaban 
were correlated with the incidence of MB and  
thrombotic events.45-47 Although there are currently 
no published data for rivaroxaban and apixaban, 
data from the FDA Clinical Pharmacology  
and Biopharmaceutics Reviews (available at 
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Table 3: Current indication, clinical need, and required assay characteristics for the measurement of direct 
oral anticoagulants.49-51

Indication Emergent 
situation†

Information required Characteristic of  
the assay

Assays recommended††

Bleeding Yes Identifying above  
on-therapy levels 

•	 Sensitive 
(qualitative and 
quantitative) 

•	 Rapid turn-
around time

•	 Specific coagulation tests 
(i.e. dTT, ECA - dabigatran; 
chromogenic anti-Xa - direct 
FXa inhibitors)

•	 Global coagulation tests (i.e. 
PT (rivaroxaban - edoxaban) - 
aPTT (dabigatran) or dRVVT)

Elective invasive 
procedure

No Excluding on-therapy 
level and ensure safe 
procedure‡

•	 Sensitive 
(qualitative and 
quantitative)

•	 Accurate

•	 Specific coagulation tests 
(i.e. dTT, ECA - dabigatran; 
chromogenic anti-Xa - direct 
FXa inhibitors)

•	 Thrombin time (dabigatran)

Urgent invasive 
procedure

Yes Excluding on-therapy 
levels and ensure safe 
procedure‡

•	 Sensitive 
(qualitative and 
quantitative)

•	 Accurate
•	 Rapid turn-

around time

•	 Specific coagulation tests 
(i.e. dTT, ECA - dabigatran; 
chromogenic anti-Xa - direct 
FXa inhibitors)

•	 Global coagulation tests (i.e. 
PT (rivaroxaban edoxaban) - 
aPTT (dabigatran) or dRVVT)

•	 Thrombin time (dabigatran)

Thrombolysis Yes Exclude on-therapy 
drug level and ensure 
safe procedure

•	 Sensitive 
(qualitative and 
quantitative)

•	 Accurate
•	 Rapid turn-

around time

•	 Specific coagulation tests 
(i.e. dTT, ECA - dabigatran; 
chromogenic anti-Xa -  
direct FXa inhibitors)

•	 Thrombin time (dabigatran)

http://www.fda.gov) clearly suggest an association 
between drug exposure and safety outcomes. 
Thus, patients may benefit from individualised  
dose tailoring.

In addition, specific situations require an  
assessment of the intensity of anticoagulation to 
prevent bleeding and other complications. These 
include the peri-procedural management of urgent 
surgery or elective procedures, before thrombolysis 
or percutaneous coronary intervention, and 
bridging therapy. Patients on dual antiplatelet 
therapy added to DOAC could also benefit from 
a reduced posology to prevent bleeding.48 

How to handle and perform such measurements? 

Compared to VKA, the effect of DOAC on clotting 
tests varies greatly depending on the time  
between the last dose and blood sampling  
(Table 1).49 Therefore, the time of the last dose  
in relation to the blood sampling must be known in 
order to interpret the results of a particular test.

In ambulatory patients, regulatory documents 
only state thresholds associated with a risk of 

bleeding for dabigatran. The cut-offs proposed  
for apixaban, rivaroxaban, and edoxaban are  
based on the pharmacokinetic characteristics 
of these drugs where it is suggested that  
exceeding the highest percentile of a trough 
concentration carries a risk of bleeding.  
Regarding which test should be used, Table 3 
summarises recommendations depending on the 
situation and the drug. While limitations have been 
mentioned for routine coagulation tests such as 
prothrombin time, activated partial thromboplastin 
time, and even thrombin time,50,51 the aim of 
this comprehensive approach is to provide reliable 
options, even for laboratories where more specific 
tests are not available, to give physicians sufficient 
information to support their clinical decisions.

Dealing with Missed Doses 

If a missed dose is noticed within 6 hours of 
the correct time for dabigatran/apixaban or  
within 12 hours for edoxaban/rivaroxaban, patients 
should take the forgotten dose immediately.  
Beyond these times, the dose should be skipped  
and the next scheduled dose should be taken.22  
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A double dose should never be taken to make  
up for a missed dose except during the first  
21 days of rivaroxaban administration for VTE  
treatment, where two 15 mg tablets may be taken  
simultaneously if a dose is missed to ensure a  
total daily dose of 30 mg.32 

Adherence to Switching Procedures 

The correct timing of switching procedures is 
essential to avoid excessive anticoagulation due to 
additional effects and to reduce thromboembolic  
risk due to transitory low anticoagulation.  
This timing has been fixed for each DOAC taking 
into account the drug profile and trial protocols.52  
The Dresden NOAC registry reported that 25% of 
patients did not have an international normalised 
ratio (INR) measurement before switching from  
VKA to DE or rivaroxaban.53

Practically, when VKA are switched to DOAC, 
VKA should be discontinued and DOAC should be  
started as soon as the INR is ≤2 for dabigatran  
and apixaban, ≤2.5 for edoxaban, or ≤3 for  
rivaroxaban. The EMA recommends that for 
patients with a deep vein thrombosis, rivaroxaban 
should be initiated once the INR is ≤2.5.22

When DOAC are switched to VKA, DOAC should  
be administered concomitantly until the INR  
reaches an appropriate anticoagulation level. 

As DOAC can have an impact on the INR  
measurements, this should be taken just before the 
next scheduled administration of the DOAC and  
be rechecked 24 hours later. Close monitoring of 
the INR is recommended within the first month of 
switching. For edoxaban, the administration of a  
half dose is recommended when VKA is started.22  
For DE, the starting time of the VKA should be  
based on CrCl as follows: 3 days if CrCl is  
>50 mL/min, 2 days if CrCl is 30–50 mL/min, and  
1 day if CrCl is 15–30 mL/min.29,30 

When switching from DOAC to parenteral 
anticoagulants (LMWH or UFH), these should be 
started when the next DOAC dose is due. Inversely, 
DOAC should be started at the same time or up to 
2 hours before the next parenteral anticoagulant 
dose. For intravenous UFH, DOAC should be started 
at the time of discontinuation of the infusion.22,29  

The EMA recommends that edoxaban should be 
started 4 hours after stopping the UFH infusion.54  
The renal function should be assessed before 
switching from heparin to DOAC. 

Adherence to Bridging Procedures 

The peri-procedural interruption of DOAC  
treatment depends on the bleeding risk of the 
procedure and the patient’s thromboembolic 
risk. Interruption may require bridging therapy 

Indication Emergent 
situation†

Information required Characteristic of  
the assay

Assays recommended††

Overdose 
(without 
complication)

No Detection of 
overdose and inform 
on period at risk of 
bleeding

•	 Sensitive 
(qualitative and 
quantitative)

•	 Rapid turn-
around time

•	 Specific coagulation tests (i.e. 
dTT, ECA - 
dabigatran; chromogenic anti-
Xa - direct FXa inhibitors)

•	 Global coagulation tests (i.e. 
PT (rivaroxaban edoxaban) - 
aPTT (dabigatran) or dRVVT)

Factors 
interfering with 
pharmacokinetics 
(drug interactions, 
renal or hepatic 
impairment, genetic 
polymorphism)

No Ensure on-therapy 
level and exclude too 
low or too high drug 
levels

•	 Accurate 
quantitative test

•	 Specific coagulation tests 
(i.e. dTT, ECA - dabigatran; 
chromogenic anti-Xa - direct 
FXa inhibitors)

†Emergency situations are those in which anticoagulant effects should be measured within 30 minutes. 
††Assays recommended are presented from the more to the less suitable among those able to respond  
the clinical need.
‡The assessment will depend on the type of procedure.
aPTT: activated partial thromboplastin time; dRVVT: dilute Russell’s Viper Venom Time; dTT: dilute  
thrombin time; ECA: ecarin chromogenic assays; PT: prothrombin time; FXa: factor Xa.

Table 3 continued.
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ABSTRACT

Non-Hodgkin lymphoma (NHL) is the eighth most common malignancy worldwide. Diffuse large  
B cell lymphoma (DLBCL) is the most frequent subtype, accounting for >30% of NHL cases. Advances 
in novel approaches in the last two decades, such as immunotherapy with rituximab, have achieved  
improvements in terms of overall and long-term survival rates. The current standard of care for the first-
line treatment of DLBCL is chemotherapy with rituximab plus cyclophosphamide, hydroxydaunorubicin, 
vincristine, and prednisolone; this regimen achieves complete and sustained remission in approximately 
60% of patients. Nevertheless, DLBCL relapses in 30–40% of patients, of which 10% develop refractory 
disease. Recent findings have demonstrated that substantial responses could be achieved after second 
or third-line treatments with combined chemotherapy. Since 2012, the aza-anthracenedione, pixantrone, 
has been approved as a single agent for relapsed or refractory DLBCL. The drug could be a new option 
as a bridging therapy to consolidate autologous or allogeneic stem cell transplantation, which in turn, can  
deliver prolonged durations of remission. Numerous clinical studies are ongoing that aim to improve 
salvage rates, outcomes, and access to stem cell transplantations for relapsed or refractory DLBCL.  
The development of novel targeted therapies or chemotherapeutics, such as pixantrone, will help to  
salvage more patients and achieve further sustained and complete responses without compromising their  
quality of life.

Keywords: Non-Hodgkin lymphoma (NHL), diffuse large B cell lymphoma (DLBCL), refractory DLBCL, 
relapsed DLBCL, salvage therapy, pixantrone, stem cell transplantation (SCT).

INTRODUCTION

Non-Hodgkin lymphoma (NHL) is the eighth most 
common malignancy worldwide,1 with diffuse large 
B cell lymphoma (DLBCL) being its most frequent 
subtype. DLBCL accounts for over 30% of cases 
of NHL.2 It is a rapidly growing and aggressive 
malignancy in which large B cells with high  
levels of mitotic activity spread into lymph nodes  
or other tissues outside the lymphatic system.  
DLBCL generally occurs in patients >50 years old, 
and is slightly more common in women.3 

Over the last two decades, advances in novel 
therapeutic approaches, such as immunotherapy 
with rituximab, have achieved very good results 

in terms of overall and long-term survival.4-6 The 
current standard of care for the first-line treatment 
of DLBCL is chemotherapy with rituximab 
plus cyclophosphamide, hydroxydaunorubicin, 
vincristine, and prednisolone, yielding complete  
and sustained remission in ~60% of cases.5 

Despite these good results, between 30% and 40% 
of patients relapse following first-line therapy and 
an additional 10% present the refractory disease.6-8 
As defined by the criteria of Cheson et al.,9 relapsed 
DLBCL is characterised by the appearance of any 
new lesion after a complete response (CR), while 
refractory DLBCL is defined as failure of <50% of 
lesions to reduce in size following initial treatment. 
In these clinical settings, the standard therapeutic 
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option is to initiate high-dose therapy prior  
to either autologous or allogeneic stem cell 
transplantation (SCT). Patients who are ineligible 
for SCT or who fail after second-line therapy have  
a poor prognosis,10 but recent findings have  
revealed that they could benefit from alternative 
salvage therapies.11 Salvage therapies may also be 
used as a bridge to autologous or allogeneic SCT. 
The aim of this article is to provide an overview of 
advances and perspectives related to induction 
therapies as a bridge to transplantation in relapsed 
or refractory DLBCL (RR-DLBCL), as well as novel 
strategies in multiply relapsed DLBCL (MR-DLBCL).

MANAGEMENT OF RELAPSED OR 
REFRACTORY DIFFUSE LARGE 
B CELL LYMPHOMA 

Management of Refractory Diffuse Large B 
Cell Lymphoma in Patients Eligible for Stem 
Cell Transplantation 

Salvage chemotherapy as a bridge to autologous 
SCT is the standard therapeutic option for relapsed 
DLBCL and is successful in 30–40% of patients.12 
High-risk, chemotherapy-sensitive patients with 
a low probability of success with autologous SCT  
may be oriented to allogeneic SCT. Rates of 
relapse and progression in high-risk patients are  
comparable for the two approaches, although 
allogeneic SCT is associated with higher rates of 
non-relapse mortality than autologous SCT.13,14 

There are many salvage therapies available, mostly 
involving rituximab in combination with standard 
antineoplastic agents. The most frequently used 
combinations are as follows:15

•	 R-ICE: rituximab plus ifosfamide, carboplatin, 
and etoposide 

•	 R-DHAP: rituximab plus cytosine, arabinoside, 
cisplatin, and dexamethasone 

•	 R-GDP: rituximab plus gemcitabine, 
dexamethasone, and cisplatin 

•	 R-ESHAP: rituximab plus etoposide, 
methylprednisolone, cytarabine, and cisplatin 

•	 R-GemOx: rituximab plus gemcitabine  
and oxaliplatin

What is the Best Salvage Therapy?

The best chemotherapy regimens are those that 
provide the highest response rates with the most 
tolerable toxicity. There is still no clear evidence 
regarding the superiority of one regimen over the 
other. Two prospective randomised studies have 

compared available salvage therapies (CORAL 
[COllaborative trial in Relapsed Aggressive 
Lymphoma] and LY12) but have failed to detect 
any significant differences in clinical outcomes,  
as detailed below.

COllaborative trial in Relapsed Aggressive 
Lymphoma (CORAL) Study 

In the multicentre Phase III CORAL study,  
477 patients with CD20+ DLBCL during their first 
relapse or who had disease that was refractory 
to first-line therapy were randomly allocated 
(1:1) to three courses of R-ICE (243 patients) 
or three courses of R-DHAP (234 patients). In 
both groups, treatment was followed by high- 
dose chemotherapy with carmustine, etoposide, 
cytarabine, and melphalan (BEAM), and then 
autologous SCT.16,17 Response rates were 64%  
(95% confidence interval [CI]: 56–70%), and 63% 
(95% CI: 55–69%), respectively. Overall, 50% of 
patients were able to proceed to autologous 
SCT, mainly due to an insufficient response to the  
second-line therapy. There was no significant 
difference between the two rituximab (R-ICE and 
R-DHAP) regimens in terms of 3-year event-free 
survival (EFS) or overall survival (OS). 

In the subpopulation that underwent autologous  
SCT, 122 patients received 1-year maintenance 
treatment with rituximab and 120 patients 
were assigned to observation only.16 At 4 years,  
no difference in EFS was observed between the 
rituximab maintenance group and the control  
group (52% versus 53%, respectively), although  
there was a 15% attributable risk of serious adverse 
events in the active therapy group. Rituximab is 
therefore not recommended as a maintenance 
therapy after autologous SCT.

In the subpopulation that failed to proceed to 
autologous SCT, 13 patients died and 6 withdrew 
consent.18 The remaining 203 patients were 
candidates for third-line chemotherapy, for which 
they had an overall response rate (ORR) of 39%, 
including 27% CR/unconfirmed complete response 
(CRu) and 12% partial response (PR) (Figure 1). 
Of these, 32% (n=64) of patients subsequently 
underwent autologous SCT (n=56) or allogeneic 
SCT (n=8). The authors concluded that, while 
third-line salvage chemotherapy for DLBCL can 
lead to a clinical response, with the chance for 
transplantation and long-term survival, the rates 
are still relatively low and there is an urgent need  
for new drugs.
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LY12 Study

The LY12 Phase III study was conducted by the 
National Cancer Institute of Canada in patients with 
RR-DLBCL. The aim was to compare two salvage 
therapies R-DHAP (n=310) and R-GDP (n=309),19,20 
followed by autologous SCT, which was performed 
in 49% and 52% of cases, respectively. Four-year 
survival rates were comparable, with EFS rates of 
26% and 26%, and OS of 39% and 39%, respectively. 
Notably, patients in the R-GDP treatment arm 
seemed to benefit from lower toxicity and higher 
scores for quality of life.

Other Studies

Other agents are being explored as bridging 
therapies in RR-DLBCL. As an example, in an open-
label Phase II study, the combination of everolimus 
(an mTOR inhibitor) and rituximab were evaluated  
in 24 heavily pre-treated patients with RR-DLBCL.21 
The ORR was 38% with three patients achieving CR 
and six patients with PR. Two of the patients with 
a CR were able to use this regimen as a bridging 
therapy and consequently underwent allogeneic 
SCT. After a follow-up period of 19 months,  
both patients were alive and disease-free.

Recently, the German High Grade Non-Hodgkin 
Lymphoma Study Group conducted a Phase II 

study in 84 patients with relapsed and refractory 
aggressive NHL to evaluate rituximab as an  
addition to graft-versus-host-disease prophylaxis 
following SCT.22 After myeloablative conditioning, 
all patients underwent allogeneic SCT, after which 
they were randomly allocated to receive rituximab 
or placebo (1:1). The results demonstrated that the 
addition of rituximab did not affect the incidence  
of graft-versus-host-disease or OS.

Other authors have also explored the addition of 
a new monoclonal antibody to a chemotherapy 
regimen. For example, a multicentre Phase II 
trial investigated the safety and efficacy of  
the anti-CD20 monoclonal antibody, ofatumumab, 
combined with ICE or DHAP as a second-line  
therapy in 61 patients with B cell lymphomas,  
including RR-DLBCL.23 The ORR was 61% for a  
CR of 37% (stem cell mobilisation was successful  
in 43 out of 45 patients). In the subsequent  
randomised comparison with rituximab, there was 
no difference between the two arms in terms of 
relative risk or progression-free survival (PFS).24

Can we Predict the Outcomes for Patients with 
Refractory Diffuse Large B Cell Lymphoma?

The poor outcomes obtained in patients with  
RR-DLBCL indicate that there remains a substantial 

Figure 1: Overall survival (months) of 116 patients from time-to-treatment failure of CORAL induction 
according to the response to the third-line regimen.18

DLBCL: diffuse large B cell lymphoma; SD/PD: stable disease/progressive disease; PR: partial remission; 
CR: complete response; CRu: unconfirmed complete response; CORAL: COllaborative trial in Relapsed 
Aggressive Lymphoma study.
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unmet medical need. A recent multi-cohort 
study, SCHOLAR-1 (Retrospective NHL Research)  
in patients with refractory DLBCL reported 
homogeneous outcomes with response rates 
of between 20% and 30% and a median OS of 
approximately 6 months.25 Some prognostic 
factors have been identified for salvage therapy  
in RR-DLBCL. In the CORAL study, after BEAM 
and autologous SCT, 3-year EFS and OS were 
not significantly different but the outcomes 
were dependent on prior rituximab use, relapse 
within the first 12 months, and secondary age-
adjusted International Prognostic Index (IPI) 
(Figure 1).16 Poorer outcomes in patients with early 
relapse after autologous SCT (<12 months) are 
consistent with those of the PARMA trial and other  
earlier studies.12,26,27 

As previously stated, rituximab-naïve patients 
from the CORAL study had higher response rates 
and 3-year EFS than patients previously exposed 
to rituximab (response rates: 83% versus 51%, 
p<0.001; and 3-year EFS, 47% versus 21%, p<0.001, 
respectively).16 These results are in accordance 
with data from a retrospective study on R-ESHAP 
in patients with or without previous exposure to 
rituximab.28 As many patients develop disease 
that is refractory to rituximab, the available 
evidence suggests that its role in salvage therapy 
should be reconsidered. This challenge should 
also be overcome by the development of new  
chemotherapy combinations and novel agents.29 
Finally, relapsed patients appear to have a higher 
OS than refractory patients.30 A low-risk age- 
adjusted IPI at relapse was also associated with 
higher PFS and OS rates.31 

Management of Refractory Diffuse Large B 
Cell Lymphoma in Patients Not Eligible for 
High-Dose Therapy and Autologous  
Stem Cell Transplantations

A substantial proportion of patients are not 
eligible for high-dose chemotherapy followed by 
autologous SCT. This may result from advanced age 
or comorbidities, as they are refractory to second-
line treatment, or because they express a wish 
not to undergo the treatment. Patients who are  
ineligible for high-dose chemotherapy followed 
by autologous SCT as described in the  
bone marrow transplant guidelines have distinctly 
lower survival rates.10,32,33 Treatment options 
comprise enrolment in Phase I or II clinical trials,  
palliative care with radiotherapy, rituximab therapy,  
and optimal supportive care.34 

Management of Multiply Relapsed Diffuse 
Large B Cell Lymphoma

The standard of care for patients experiencing 
a second relapse is not clearly established 
and prognosis is extremely poor.35 Third-line   
chemotherapy may be attempted in  
chemosensitive patients, with the objective of 
achieving sufficient response to initiate allogeneic 
SCT. Allogeneic SCT appears to be the main option 
in MR-DLBCL, in the event that a histocompatible 
donor is available for a patient. This option 
offers two main advantages, namely the infusion  
of tumour-free stem cells and the graft-versus- 
lymphoma effect.36-38 

In a retrospective study of the GITMO (Gruppo 
Italiano Trapianto di Midollo Osseo) database, 
165 patients who underwent autologous SCT 
relapsed and were subsequently treated with 
allogeneic SCT.39 The results showed an ORR of  
49%, with 43% of patients achieving CR and  
a further 5% obtaining PR. On the other  
hand, myeloablative conditioning with high-dose 
chemotherapy can generate higher transplant-
related morbidity and non-relapse mortality. 
Thus, non-myeloablative or reduced-intensity 
conditioning approaches have been and continue  
to be evaluated.40-44

Chemotherapy can also be effective in MR-DLBCL. 
The CORAL study investigators conducted a 
retrospective analysis of patients failing second-
line therapy (R-ICE or R-DHAP) and who could 
not proceed to autologous SCT (n=203).11 Third-
line therapy included ICE (19%), DHAP (18%), 
gemcitabine-containing (14%), and miscellaneous 
regimens (32%), with or without rituximab. ORRs 
were lower than those of second-line therapies  
in the intent-to-treat analysis (39% versus 63%),  
but still acted as a bridging therapy in 32% of  
patients who underwent high-dose chemotherapy  
followed by autologous SCT (n=56), or high-dose 
chemotherapy followed by allogeneic SCT (n=8). 
In this third-line setting all patients were ineligible 
for (allogeneic) SCT, and a non-negligible proportion 
of this cohort benefited from autologous SCT.

In the subgroup of patients who were able 
to undergo a transplant, the median OS was  
11.1 months, with a 1-year OS of 42%, compared  
with a median OS of 3.3 months (1-year OS,  
16%) in patients who did not undergo 
transplantation (p<0.0001). OS was influenced by  
secondary age-adjusted IPI at the point of failure.  
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However, the type of third-line regimen did not  
affect the outcomes, nor did the type of SCT 
(autologous or allogeneic). In a multivariate 
analysis, the IPI at relapse and SCT independently  
predicted OS (hazard ratio [HR]: 2.41 and 0.38,  
respectively) (Table 1). 

Overall, it appears that prolonged remission can 
still be achieved in an acceptable proportion 
of MR-DLBCL patients, with effective salvage 
regimens acting as bridging therapies to enable 
SCT. However, an improvement in salvage rates is 
a crucial requirement that needs to be addressed; 
the development of novel therapeutic agents will 
improve outcomes that allow more patients to  
be treated with SCT.

Pixantrone in Multiply Relapsed B Cell  
Non-Hodgkin syndrome

Pixantrone dimaleate is a novel aza-anthracenedione  
with unique structural and physiochemical 
properties,45,46 whose effects on DNA damage 
induction and cell death appear to be different 
from those of doxorubicin and anthracyclines. 
Pixantrone impairs mitotic fidelity, resulting in  

aberrant mitosis. The mechanism of action and  
efficacy of pixantrone seem to be independent 
of p53 status and influenced by checkpoint  
kinase 1 inhibition.47-49

The development of pixantrone was initiated to 
address severe cardiotoxicity issues related to 
the anthracyclines. As pixantrone lacks an iron-
binding site, it has less potential to produce  
reactive oxygen species and does not form 
toxic drug-metal complexes. Pixantrone has 
also been demonstrated to be selective for  
Type II topoisomerase in stabilising enzyme-DNA 
complexes, which has also been hypothesised 
to explain the attenuated cardiotoxicity.50 These 
advantages, along with less alcohol metabolite 
formation in cardiac tissue, account for the limited 
cardiac toxicity potential. Thus with pixantrone, 
there are no dose restrictions or warnings related 
to prior anthracycline use. However, as stated in  
the summary of product characteristics, patients 
with prior cumulative doses of doxorubicin or 
equivalent exceeding 450 mg/m2 should receive 
careful risk versus benefit consideration before 
receiving treatment with pixantrone.45

Table 1: Overall survival according to prognostic factors.18

SCT: stem cell transplantation; CI: confidence interval; CRu: complete response undetermined; IPI: 
International Prognosis Index; NA: not available; OS: overall survival; SD/PD: stable disease/progressive 
disease; PR: partial remission. 

Parameter n Median OS (months) Range (months) 1-year OS (%) 95% CI (lower–upper) p-value

Total population 193 4.4 3.4–5.9 23.0 16.8–29.8 -

Tertiary IPI

0–2 63 10.3 5.9–12.8 41.3 29.1–53.0 <0.0001

>2 52 3.2 2.6–4.2 6.4 1.7–15.7 -

Third-line immunotherapy

Yes 56 5.6 3.4–10.6 33.2 20.3–46.7 0.42

No 116 5.4 3.4–6.9 21.3 13.7–30.0 -

Response to third-line regimen

CR/CRu 55 63.6 15.5–NA 70.0 50.5–83.1 <0.0001

PR 24 11.7 2.6–15.2 44.4 22.2–64.6 -

SD/PD 87 3.7 3.2–5.0 8.3 3.6–15.3 -

Transplantation

Yes 64 11.1 8.3–19.5 41.6 26.7–55.8 <0.0001

No 129 3.3 2.7–4.2 16.3 10.3–23.5 -

Transplantation type

Autologous SCT 56 11.5 8.5–NA 43.1 26.9–58.3 0.37

Allogeneic SCT 8 7.9 1.3-NA 33.3 4.6–67.6 -
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Pixantrone (Pixuvri®, CTI BioPharma Corp.) has 
a conditional European marketing approval for 
monotherapy in adults with RR or MR aggressive 

B cell NHL. This authorisation was based on the 
results of the Phase III PIX301 study. This open- 
label, randomised, controlled, multicentre, single-
agent, Phase III trial evaluated the efficacy of 
pixantrone in the treatment of patients with 
relapsed, aggressive NHL after more than two 
combination chemotherapy regimens.51,52 Pixantrone 
was therefore assessed in the setting of third-
line therapy and beyond. A total of 140 patients 
were randomised (1:1) into two treatment arms:  
pixantrone (on Days 1, 8, and 15 of 28-day cycles) 
or a comparator (at the physician’s discretion) 
for up to six cycles of treatment. The primary  
endpoint was independently assessed CR and CRu. 
Approximately half of the patients had previously 
received rituximab therapy. 

In the intention-to-treat population, the primary 
endpoint CR/CRu rate at the end of study was  
24.3% (median duration 9.6 months) and 7.1% 
(median duration 4.0 months) for the pixantrone 
and the comparator arm, respectively (p=0.009).52 
The ORR at the end of the study reached  
37.1% versus 14.3% (p=0.001). Most importantly, 
pixantrone achieved CR/CRu in patients that had 
PR, stable disease, or progressive disease from  
prior intensive salvage therapies. Overall, 82% 
(14 out of 17) of the pixantrone CR/CRu had a 
suboptimal response to these prior therapies 
and yet went on to achieve a CR with pixantrone.  
Median PFS survival was longer in the pixantrone  
arm (5.3 months; 95% CI: 2.3–6.2) than in the 
comparator arm (2.6 months; 95% CI: 1.9–3.5; 

Table 2: Response rates until the end of study in patients with aggressive B cell non-Hodgkin lymphoma 
receiving their third or fourth-line therapy.53

CR: complete response; CRu: unconfirmed complete response; ORR: overall response rate. 
p-value versus comparator (Fisher’s exact test).

Pixantrone Comparator p-value

Patients with aggressive B cell non-Hodgkin lymphoma with histology determined by central review (n=78)

Number of patients 39 39 - 

CR (%) 7 (17.9) 0 (0.0) 0.012

CR or CRu (%) 9 (23.1) 2 (5.1) 0.047

ORR (%) 17 (43.6) 5 (12.8) 0.005

Patients with aggressive B cell non-Hodgkin lymphoma with histology determined by central review who had 
previously received rituximab (n=38)

Number of patients 20 18  -

CR or CRu (%) 6 (30.0) 1 (5.6) 0.093

ORR (%) 9 (45.0) 2 (11.1) 0.033
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Figure 2: Post-hoc analysis: Response at end of  
study in patients with aggressive B cell non-
Hodgkin lymphoma (determined by central review) 
receiving their third or fourth-line of therapy.53

CR: complete response; CRu: unconfirmed complete 
response; ORR: overall response rate. 
p-value versus comparator (Fisher’s exact test).
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p=0.005; HR: 0.6 [95% CI: 0.42–0.86]). Similar 
results were observed in the subpopulation of 
patients with DLBCL (4.6 months; 95% CI: 2.3–6.5  
versus 2.1 months; 95% CI: 1.8–3.2; p<0.001;  
HR: 0.47 [95% CI: 0.30–0.71]).

In a post hoc analysis of the trial, the population 
with a histologically confirmed diagnosis after 
central review was subdivided according to  
previous rituximab use and whether they received 
the study treatment as a third or fourth-line.53  
In this population, when it was used in the third 
or fourth-line, pixantrone monotherapy was more 
effective than comparator in terms of response 
(CR: 23.1% versus 5.1%, p=0.047; ORR: 43.6% versus 
12.8%, p=0.005; Table 2, Figure 2). These results  
were found to be consistent in patients who had 
previously received rituximab. Moreover, the 
observation of a 45.0% ORR with pixantrone in 
those patients versus 43.6% in the whole population 
(Table 2) suggests that treatment with pixantrone 
may have more potential as a bridge to transplant.

The most common Grade 3 or 4 adverse events 
for pixantrone in the entire study were cytopenias 
(uncomplicated, non-cumulative neutropenias, 
leukopenias, or thrombocytopenias), with an 
incidence of febrile neutropenias in 7.4% of 
cases for pixantrone versus 3.0% for comparator  
agents.52 No high-grade treatment-emergent 
alopecia, mucosal inflammation, or opportunistic 
infections were reported for pixantrone and the 
incidence of severe infections was low.45

Following these promising results, a larger scale 
randomised, active-controlled, multicentre Phase III 
trial (PIX306 study) was initiated and is currently 
recruiting participants.54,55 This trial aims to enrol 
260 patients with RR B cell NHL or follicular  
Grade 3 lymphoma who previously received 
at least one rituximab-containing multi-agent 
therapy regimen and are not eligible for SCT. 
In the study protocol, patients are randomised 
(1:1) to pixantrone and rituximab combination or 
gemcitabine plus rituximab for up to six cycles of  
treatment. The primary endpoint is PFS; secondary 
endpoints comprise OS, CR rate, ORR, and  
safety outcomes.

The National Institute for Health and Care  
Excellence (NICE) published a final guidance 
document on February 26th 2014, on pixantrone 
monotherapy in RR or MR B cell NHL.56 Key clinical 

evidence from PIX301 allowed NICE to appraise 
pixantrone under the single technology appraisal 
process, which concluded that the available 
results demonstrated that pixantrone can be 
a therapeutic option in RR or MR B cell NHL in  
the third or fourth-line settings. Cost-effectiveness 
assessments revealed that pixantrone was a cost-
effective therapeutic option with an incremental  
cost-effectiveness ratio of £22,000 per quality-
adjusted life year gained. Thus, pixantrone is 
currently licensed under the indications cited 
above; further clinical studies will evaluate its 
benefits in other therapeutic situations alone or in  
combination therapies.

IS PIXANTRONE A CANDIDATE FOR 
BRIDGING TO AUTOLOGOUS 
STEM CELL TRANSPLANTATION? 

The trial evidence with pixantrone indicates that 
this agent can induce CR in patients with relapsed 
aggressive NHL.52,53 Clinical responses have even 
been observed in patients with disease that was 
refractory to standard salvage chemotherapy. 
The response appears to be sufficiently strong to 
hypothesise that mobilisation of stem cells may be 
an option. Although this has not been demonstrated 
in the clinical trial setting, this finding implies that 
bridging to autologous SCT may be feasible with 
pixantrone and should be explored further.

FUTURE PERSPECTIVES 
AND CONCLUSION

Patients failing after second-line therapy for DLBCL 
suffer from an overall poor prognosis. Nevertheless, 
recent findings have demonstrated that substantial 
responses could be achieved after second or third-
line treatments with combined chemotherapy.  
The novel agent, aza-anthracenedione pixantrone 
as a third-line approach or beyond, has  
demonstrated efficacy in the same patient setting. 
Thus, these therapies might be successfully used 
as a bridge to consolidation of autologous or 
allogeneic SCT, which in turn can deliver prolonged 
remission durations. Numerous clinical studies 
are being conducted to improve salvage rates 
and outcomes of RR-DLBCL. The development  
of novel chemotherapeutic agents or targeted  
therapies will certainly help to salvage more 
patients and achieve further sustained CRs without 
compromising the quality of life of the patient.



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 98 99

REFERENCES

1. International Agency for Research on 
Cancer, GLOBOCAN 2012: Estimated 
Cancer Incidence, Mortality and 
Prevalence Worldwide in 2012, IARC, 
Lyon, France, 2013. Available at: http://
globocan.iarc.fr/Pages/fact_sheets_
population.aspx. Last accessed: 1 
July 2016.
2. Jaffe ES et al. Classification of 
lymphoid neoplasms: The microscope as 
a tool for disease discovery. Blood. 2008; 
112(12):4384-99.
3. Smith A et al. Incidence of 
haematological malignancy by sub-
type: A report from the Haematological 
Malignancy Research Network. Br J 
Cancer. 2011;105(11):1684-92.
4. Matsuki E, Younes A. Checkpoint 
Inhibitors and other immune therapies 
for Hodgkin and non-Hodgkin lymphoma. 
Curr Treat Options Oncol. 2016;17(6):31.
5. Coleman M et al. Role of rituximab 
and rituximab biosimilars in diffuse 
large B-cell lymphoma. Clin Lymphoma 
Myeloma Leuk. 2016;16(4):175-81.
6. Coiffier B et al. Long-term outcome 
of patients in the LNH-98.5 trial, the first 
randomized study comparing rituximab-
CHOP to standard CHOP chemotherapy 
in DLBCL patients: A study by the Groupe 
d’Etudes des Lymphomes de l’Adulte. 
Blood. Sep 23 2010;116(12):2040-5.
7. Pfreundschuh M et al. CHOP-like 
chemotherapy plus rituximab versus 
CHOP-like chemotherapy alone in young 
patients with good-prognosis diffuse 
large-B-cell lymphoma: a randomised 
controlled trial by the MabThera 
International Trial (MInT) Group. Lancet 
Oncol. 2006;7(5):379-91.
8. Habermann TM et al. Rituximab-CHOP 
versus CHOP alone or with maintenance 
rituximab in older patients with diffuse 
large B-cell lymphoma. J Clin Oncol. 2006; 
24(19):3121-7.
9. Cheson BD et al. Revised response 
criteria for malignant lymphoma. J Clin 
Oncol. 2007;25(5):579-86.
10. Feugier P et al. Long-term results of 
the R-CHOP study in the treatment of 
elderly patients with diffuse large B-cell 
lymphoma: a study by the Groupe d’Etude 
des Lymphomes de l’Adulte. J Clin Oncol. 
2005;23(18):4117-26.
11. Van Den Neste E et al. Diffuse Large 
B-Cell Lymphoma (DLBCL) Patients 
Failing Second-Line R-DHAP Or 
R-ICE Chemotherapy included In the 
Coral Study. Abstract 764. 55th ASH 
Annual Meeting and Exposition. 7–10  
December 2013.
12. Philip T et al. Autologous bone 
marrow transplantation as compared 
with salvage chemotherapy in relapses of 

chemotherapy-sensitive non-Hodgkin’s 
lymphoma. N Engl J Med. 1995;333(23): 
1540-5.
13. Doocey RT et al. Allogeneic 
haematopoietic stem-cell transplantation 
for relapsed and refractory aggressive 
histology non-Hodgkin lymphoma. Br J 
Haematol. 2005;131(2):223-30.
14. Lazarus HM et al. A comparison of 
HLA-identical sibling allogeneic versus 
autologous transplantation for diffuse 
large B cell lymphoma: A report from the 
CIBMTR. Biol Blood Marrow Transplant. 
2010;16(1):35-45.
15. Sehn LH, Gascoyne RD. Diffuse large 
B-cell lymphoma: optimizing outcome 
in the context of clinical and biologic 
heterogeneity. Blood. 2015;125:22-32.
16. Gisselbrecht C et al. Salvage regimens 
with autologous transplantation for 
relapsed large B-cell lymphoma in the 
rituximab era. J Clin Oncol. 28(27): 
4184-90.
17. Gisselbrecht C et al. Rituximab 
maintenance therapy after autologous 
stem-cell transplantation in patients 
with relapsed CD20(+) diffuse large 
B-cell lymphoma: Final analysis of 
the collaborative trial in relapsed 
aggressive lymphoma. J Clin Oncol. 2012; 
30(36):4462-9.
18. Van Den Neste E et al. Outcome of 
patients with relapsed diffuse large B-cell 
lymphoma who fail second-line salvage 
regimens in the International CORAL 
study. Bone Marrow Transplant. 2016; 
51(1):51-7.
19. Crump M et al. Randomized 
comparison of gemcitabine, 
dexamethasone, and cisplatin versus 
dexamethasone, cytarabine, and cisplatin 
chemotherapy before autologous stem-
cell transplantation for relapsed and 
refractory aggressive lymphomas: NCIC-
CTG LY.12. J Clin Oncol. 2014;32(31): 
3490-6.
20. Kuruvilla J et al. Salvage chemotherapy 
and autologous stem cell transplantation 
for transformed indolent lymphoma: a 
subset analysis of NCIC CTG LY12. Blood. 
2015;126(6):733-8.
21. Barnes JA et al. Everolimus in 
combination with rituximab induces 
complete responses in heavily pretreated 
diffuse large B-cell lymphoma. 
Haematologica. 2013;98(4):615-9.
22. Glass B et al. Rituximab after 
lymphoma-directed conditioning and 
allogeneic stem-cell transplantation for 
relapsed and refractory aggressive non-
Hodgkin lymphoma (DSHNHL R3): An 
open-label, randomised, Phase 2 trial. 
Lancet Oncol. 2014;15(7):757-66.
23. Matasar MJ et al. Ofatumumab 

in combination with ICE or DHAP 
chemotherapy in relapsed or refractory 
intermediate grade B-cell lymphoma. 
Blood. 2013;122(4):499-506.
24. van Imhoff GW et al. Ofatumumab 
versus rituximab salvage 
chemoimmunotherapy in relapsed or 
refractory diffuse large B-cell lymphoma: 
The Orcharrd Study (OMB110928). 
Abstract 630. 56th ASH Annual Meeting 
and Exposition. 6–9 December 2014. 
25. Crump M et al. Outcomes in refractory 
aggressive diffuse large b-cell lymphoma 
(DLBCL): Results from the international 
SCHOLAR-1 study. Abstract 7516. ASCO 
Annual Meeting. 3–7 June 2016.
26. Vellenga E et al. Rituximab improves 
the treatment results of DHAP-VIM-
DHAP and ASCT in relapsed/progressive 
aggressive CD20+ NHL: A prospective 
randomized HOVON trial. Blood. 2008; 
111(2):537-43.
27. Guglielmi C et al. Time to relapse 
has prognostic value in patients with 
aggressive lymphoma enrolled onto the 
Parma trial. J Clin Oncol. 1998;16(10): 
3264-9.
28. Martin A et al. R-ESHAP as salvage 
therapy for patients with relapsed or 
refractory diffuse large B-cell lymphoma: 
the influence of prior exposure to 
rituximab on outcome. A GEL/TAMO 
study. Haematologica. 2008;93(12): 
1829-36.
29. Gisselbrecht C. Ofatumumab in 
diffuse large B cell lymphoma? Blood. 
2013;122(4):469-70.
30. Kewalramani T et al. Rituximab and ICE 
as second-line therapy before autologous 
stem cell transplantation for relapsed or 
primary refractory diffuse large B-cell 
lymphoma. Blood. 2004;103(10):3684-8.
31. Hamlin PA et al. Age-adjusted 
International Prognostic Index predicts 
autologous stem cell transplantation 
outcome for patients with relapsed or 
primary refractory diffuse large B-cell 
lymphoma. Blood. 2003;102(6):1989-96.
32. Thieblemont C, Coiffier B. Lymphoma 
in older patients. J Clin Oncol. 2007; 
25(14):1916-23.
33. Jabbour E et al. Outcome of elderly 
patients with aggressive Non-Hodgkin’s 
lymphoma refractory to or relapsing 
after first-line CHOP or CHOP-like 
chemotherapy: A low probability of cure. 
Leuk Lymphoma. 2004;45(7):1391-4.
34. Murthy V et al. Efficacy of palliative 
low-dose involved-field radiation therapy 
in advanced lymphoma: A phase II study. 
Clin Lymphoma Myeloma. 2008;8(4): 
241-5. 
35. Vose JM et al. Progressive disease 



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 98 99

after high-dose therapy and autologous 
transplantation for lymphoid malignancy: 
clinical course and patient follow-up. 
Blood. 1992;80(8):2142-8.
36. Rezvani AR et al. Non-myeloablative 
allogeneic haematopoietic cell 
transplantation for relapsed diffuse 
large B-cell lymphoma: A multicentre 
experience. Br J Haematol. 2008;143(3): 
395-403.
37. van Besien KW et al. Management of 
lymphoma recurrence after allogeneic 
transplantation: the relevance of graft-
versus-lymphoma effect. Bone marrow 
transplantation. Bone Marrow Transplant. 
1997;19(10):977-82. 
38. Bishop MR et al. Clinical evidence of 
a graft-versus-lymphoma effect against 
relapsed diffuse large B-cell lymphoma 
after allogeneic hematopoietic stem-
cell transplantation. Ann Oncol. 2008; 
19(11):1935-40. 
39. Rigacci L et al. Allogeneic 
hematopoietic stem cell transplantation 
in patients with diffuse large B cell 
lymphoma relapsed after autologous 
stem cell transplantation: A GITMO study. 
Ann Hematol. 2012 Jun;91(6):931-9.
40. Sirvent A et al. Low nonrelapse 
mortality and prolonged long-term 
survival after reduced-intensity allogeneic 
stem cell transplantation for relapsed or 
refractory diffuse large B cell lymphoma: 
Report of the Societe Francaise de Greffe 
de Moelle et de Therapie Cellulaire. Biol 
Blood Marrow Transplant. 2010;16(1): 
78-85. 
41. Thomson KJ et al. Favorable long-term 
survival after reduced-intensity allogeneic 
transplantation for multiple-relapse 
aggressive non-Hodgkin’s lymphoma. J 
Clin Oncol. 2009;27(3):426-32. 
42. van Kampen RJ et al. Allogeneic stem-
cell transplantation as salvage therapy for 

patients with diffuse large B-cell non-
Hodgkin’s lymphoma relapsing after an 
autologous stem-cell transplantation: An 
analysis of the European Group for Blood 
and Marrow Transplantation Registry. J 
Clin Oncol. 2011;29(10):1342-8.
43. Bacher U et al. Conditioning regimens 
for allotransplants for diffuse large B-cell 
lymphoma: Myeloablative or reduced 
intensity? Blood. 2012;120(20):4256-62. 
44. Hamadani M et al. Impact of 
pretransplantation conditioning regimens 
on outcomes of allogeneic transplantation 
for chemotherapy-unresponsive diffuse 
large B cell lymphoma and grade III 
follicular lymphoma. Biol Blood Marrow 
Transplant. 2013;19(5):746-53.
45. European Medicines Agency. Pixuvri - 
Summary of Product Characteristics. 2013. 
Available at: http://www.ema.europa.eu/
docs/en_GB/document_library/EPAR_-_
Product_Information/human/002055/
WC500127968.pdf. Last accessed: 1  
July 2016.
46. Adnan N et al. DNA binding by 
pixantrone. Org Biomol Chem. 2010; 
8(23):5359-66.
47. Beeharry N et al. Pixantrone induces 
cell death through mitotic perturbations 
and subsequent aberrant cell divisions. 
Cancer Biol Ther. 2015;16(9):1397-406.
48. Pettengell R, Kaur J. Pixantrone 
dimaleate for treating non-Hodgkin’s 
lymphoma. Expert Opinion on Orphan 
Drugs. 2015;3(6):747-57.
49. Results presented at the AACR-
NCI-EORTC International Conference 
on Molecular Targets and Cancer 
Therapeutics, October 2013, Boston.
50. Hasinoff BB et al. Cellular mechanisms 
of the cytotoxicity of the anticancer drug 
elesclomol and its complex with Cu(II). 
Biochem Pharmacol. 2015;93(3):266-76.

51. Engert A et al. EXTEND PIX301: A 
phase III randomized trial of pixantrone 
versus other chemotherapeutic agents 
as third-line monotherapy in patients 
with relapsed, aggressive non-Hodgkin’s 
lymphoma. Clin Lymphoma Myeloma. 
2006;7(2):152-4.
52. Pettengell R et al. Pixantrone 
dimaleate versus other chemotherapeutic 
agents as a single-agent salvage 
treatment in patients with relapsed 
or refractory aggressive non-Hodgkin 
lymphoma: A phase 3, multicentre, open-
label, randomised trial. Lancet Oncol. 
2012;13(7):696-706. 
53. Pettengell R et al. Monotherapy with 
pixantrone in histologically confirmed 
relapsed or refractory aggressive 
B-cell non-Hodgkin lymphoma: Post-
hoc analyses from a phase III trial. Br J 
Haematol. 2016. [Epub ahead of print].
54. U.S. National Institutes of Health. 
Comparison of Pixantrone + Rituximab 
with Gemcitabine + Rituximab in 
Patients with Aggressive B-cell Non-
Hodgkin Lymphoma or Follicular Grade 
3 Lymphoma Who Have Relapsed After 
Therapy and Are Not Eligible for Stem 
Cell Transplant (PIX-R). NCT01321541. 
Available at: http://clinicaltrials.gov/ct2/
show/NCT01321541.
55. Belada D et al. Pixantrone-rituximab 
versus gemcitabine-rituximab in 
relapsed/refractory aggressive non-
Hodgkin lymphoma. Future Oncol. 2016 
[Epub ahead of print].
56. National Institute for Health and Care 
Excellence Technology appraisal guidance 
TA306. Pixantrone monotherapy for 
treating multiply relapsed or refractory 
aggressive non-Hodgkin’s B-cell 
lymphoma. Available at: https://www.nice.
org.uk/Guidance/ta306. Last accessed: 1 
July 2016.



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 100 101

THROMBOCYTOPENIA CAUSED BY INHERITED 
HAEMATOPOIETIC TRANSCRIPTION FACTOR MUTATION:  

CLINICAL PHENOTYPES AND  
DIAGNOSTIC CONSIDERATIONS

David J. Rabbolini, Christopher M. Ward, *William S. Stevenson

Department of Haematology and Transfusion Medicine, Royal North Shore Hospital;  
Northern Blood Research Centre, Kolling Institute of Medical Research,  

University of Sydney, Sydney, Australia
*Correspondence to william.stevenson@sydney.edu.au

Disclosure: The authors have declared no conflicts of interest.
Received: 10.03.16 Accepted: 24.06.16
Citation: EMJ Hematol. 2016;4[1]:100-109.

ABSTRACT

Inherited thrombocytopenias comprise a heterogeneous group of blood disorders with abnormalities in 
genes related to glycoproteins and adhesion molecules, signalling pathways, cytoskeletal components, 
granule formation, and transcription factor complexes. Recent improvements in sequencing technology 
have increased the number of transcription factor mutations that have been implicated as causative 
for these platelet disorders. Mutations in RUNX1, GATA1, GFI1B, FLI1, and ETV6 share common features, 
including a variable bleeding history often associated with abnormal but non-specific changes in platelet  
morphology and platelet function testing. The phenotype of the underlying platelet disorder is often  
variable despite mutations in the same transcription factor, suggesting that the site of mutation and the 
protein domain that is perturbed is an important determinant of the clinical syndrome. Importantly, some 
of these transcription factor mutations are associated with other physical abnormalities, including an  
increased risk of acute leukaemia as well as solid organ malignancies. Genetic diagnosis of these disorders 
allows rational medical management to prevent bleeding, as well as providing an opportunity for family 
screening in order to reduce disease burden. 

Keywords: Transcription factors, inherited thrombocytopenia, megakaryopoiesis,  
next-generation sequencing.

INTRODUCTION

Platelets mediate primary haemostasis after tissue 
trauma. Abnormalities in the number or function of 
platelets may predispose to spontaneous mucosal 
bleeding, or may precipitate problematic bleeding 
at the time of surgery. The correct diagnosis 
of platelet disorders provides an opportunity 
to prevent bleeding episodes and allows 
optimisation of haemostatic function for surgery.  
Isolated thrombocytopenia is a relatively common  
abnormality detected on full blood count analysis  
with most cases resulting from an increase in 
consumption of platelets in the circulation or a failure 
of adequate production from the bone marrow. 
Common causes include autoimmune or drug-

induced consumption, sepsis, immunodeficiency 
syndromes, or bone marrow suppression from 
malignancy. Inherited causes of thrombocytopenia 
are caused by a range of genetic defects and 
are important to correctly identify; isolated 
thrombocytopenia has been misdiagnosed as 
immune thrombocytopenia in a number of clinical 
cohort studies with subsequent inappropriate 
treatment using corticosteroid therapy and 
splenectomy.1,2 Traditional laboratory investigation 
of inherited causes of thrombocytopenia includes 
assessment of blood film morphology, functional 
aggregation studies, and flow cytometry.3 In recent 
years, an increasing use of genetic technologies 
with DNA sequencing has allowed better molecular 
characterisation of platelet disorders and provided 
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a platform for the discovery of new genetic defects 
that are causative of platelet-related bleeding. 

THE ROLE OF TRANSCRIPTION 
FACTORS IN MEGAKARYOPOIESIS 
AND PLATELET PRODUCTION 

Megakaryopoiesis and platelet production occur 
through a series of co-ordinated differentiation 
and maturation events that are orchestrated  
by cytokines and tightly regulated by networks 
of haematopoietic transcription factors.4,5  
Different transcription factors have been identified 
to act at various stages of haematopoiesis,4  

and in the megakaryocyte lineage a complex of 
key transcription factors (GATA2, LYL1, TAL1, ERG, 
FLI1, RUNX1, LMO2) expressed by haematopoietic  
stem cells is considered to initiate the 
development programme.5 These ‘prime’ sets of  
lineage-specific genes4,5 such as GP1BA and GP1BB,  
are uniquely expressed in platelets and provide 
haemostatic potential. The principal components 
of this complex are the GATA-binding transcription  
factors (GATA1 and GATA2), E twenty-six (ETS) 
factors (FLI1 and GABP-α), and the transcription 
activator-like helix-loop-helix factors that regulate 
target genes and interact with other factors.4

Figure 1: Platelet abnormalities associated with haematopoietic transcription factor mutation.
A) Photomicrograph of a blood film (100x) from an individual with a RUNX1 C-terminal transactivation 
domain mutation. A normal sized platelet with normal granulation is seen (arrow). 
B) Photomicrograph of a blood film (100x) from an individual with the FLI1 R324W mutation. Two large 
abnormal platelets are seen (arrow and arrow head). One of these platelets (arrow head) appears to 
contain a giant granule. 
C) Transmission electron micrograph from an individual with the FLI1 R324W mutation showing a platelet 
with a giant fused α-granule and a platelet with normal α-granule distribution. 
D) Photomicrograph of a blood film (100x) from an individual with the GFI1B C168F mutation. Two large 
platelets with normal granulation are seen (arrows). 
E) Photomicrograph of a blood film (100x) from an individual with the GFI1B H294fs mutation. A Large 
abnormal hypogranular platelet is present (arrow) as well as a normogranular platelet (arrow head). 
F) Transmission electron micrograph from an individual with the GFI1B H294fs mutation showing  
both an agranular platelet and a platelet with normal α-granule content. 
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Runt-Related Transcription Factor 1  

The core binding factor (CBF) is a haematopoietic 
transcription complex that is composed of  
α (CBF-α) and β (CBF-β) subunits. RUNX1 is one 
of three possible α subunits (RUNX1, RUNX2, 
or RUNX3) that binds to DNA via a conserved 
128-amino-acid runt homology domain (RHD).  

CBF-β does not bind DNA directly but binds  
the RHD and stabilises the complex.6 RUNX1  
acts on numerous target genes and proteins 
that are important in megakaryocytic maturation  
(for example MYH10), and platelet formation 
(MPL, MYL9, MYH9, TUBB1/2) and function  
(protein kinase C-theta and integrin αIIbβ3).7-10 

Gene 
references

Platelet disorder 
OMIM entry Inheritance

Target 
megakaryocytic 

and platelet 
genes

Characterised 
mutations Platelet phenotype

Associated 
features

RUNX1  
11, 12, 13, 15, 16, 18, 

19, 20

Familial platelet 
disorder and 

predisposition 
to acute myeloid 

leukaemia  
(601399).

AD

MYH10,  
MPL,  

MYL9,  
TUBB1/2

R201Q,  
K83E,  
R135fs, 
Y260X, 

A107P, T148fs,  
A129E       

Symptoms: Mild-to-moderate 
bleeding usually present 
from childhood (variable). 
Blood film: Mild-to-moderate 
thrombocytopenia. (normal 
sized platelets) LTA: Reduced 
response to several platelet 
agonists (ADP, epinephrine, 
AA, collagen, TRAP).  
Flow cytometry: Deficiency 
of platelet dense granules 
with reduced uptake and 
release of mepacrine.                                            

Increased risk of 
MDS/AML.

GATA1  
(XLT)  

27, 28, 29, 30, 31        

X-linked 
thrombocytopenia 

with or without 
dyserythropoietic 

anaemia   
(300367)

X-linked 
recessive

GP1BA,  
GP1BB,  

PF4,  
MPL,  
NFE2

V205M, 
G208R, 
G208S, 

D218G, D218Y                        

Symptoms: Moderate-to-
severe bleeding from infancy.  
Blood film: 
Moderate-to-severe 
macrothrombocytopenia. 
(pale platelets: reduced 
platelet α-granules) 

Red cell 
anisopoikilocytosis 

and anaemia.   
Bilateral 

cryptochordism 
(V205M and 

G208R).

GATA1 
(XLTT) 33

X-linked 
thrombocytopenia 
with thalassaemia  

(314050).

X-linked 
recessive R216Q    

Symptoms: Mild-to-moderate 
bleeding tendency  
(from childhood)  
Blood film: Mild-to-moderate 
macrothrombocytopenia. 
(paleplatelets: reduced 
platelet α-granules)  
LTA: Absent platelet shape 
change in response to 
collagen. Normal platelet 
aggregation in response to 
collagen and ADP. Normal 
agglutination with ristocetin. 
Other: Abnormal clot 
retraction.                                                                         

Unbalanced α:β 
haemoglobin 

chain production 
resembling mild 
β-thalassaemia. 
Mild haemolytic 

anaemia. 
Splenomegaly

GFI1B      
41, 42,43                     

GFI1B-related 
thrombocytopenia 
/Bleeding disorder, 

platelet-type, 17 
(187900).

AD GFI1B,  
TGFBR3

G272fs                   
H294fs                  
Q287*

Symptoms: Moderate 
bleeding severity (variable).                                                               
Blood film: Mild-to-moderate 
macrothrombocytopenia.                   
(heterogeneous reduction 
of platelet  α-granules)                                                                                                                           
LTA: Variably reduced 
response to numerous 
platelet agonists (ADP, AA, 
epinephrine, TRAP), most 
marked to collagen.                                  
Other: CD34 expression 
by megakaryocytes and 
platelets.                                    

Red cell 
anisocytosis.  

Bone marrow: 
dysplastic 

megakaryocytes, 
emperipolesis, 

mild myelofibrosis.  

Table 1: Genetic and clinical features of transcription factor mutations.
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Germ-line mutation of RUNX1 on chromosome 
21q22.12 is associated with an autosomal 
dominant disorder called familial platelet disorder 
with propensity to acute myeloid leukaemia  
(FPD/AML).11-13 FPD/AML is characterised by 
dysmegakaryopoiesis, thrombocytopenia with 
normal sized platelets (Figure 1), a platelet 
function defect, and a propensity to develop 

myelodysplasia or acute leukaemia.8,9,11-16 Mutations 
causing FPD/AML commonly affect the RHD and 
less commonly the C-terminal transactivation 
domain.17 Affected individuals have a variable 
mucosal bleeding tendency from childhood 
ranging from asymptomatic to moderate.17-19 Most 
individuals with FPD/AML have mild-to-moderate  
thrombocytopenia, however normal platelet 

AA: arachidonic acid; AD: autosomal dominant; ALL: acute lymphoblastic leukaemia; AR: autosomal 
recessive; LTA: light transmission aggregometry; MCV: mean cell volume; MDS: myelodysplastic syndrome;  
AML: acute myeloid leukaemia; OMIM: Online Mendelian Inheritance in Man; TRAP: thrombin activating peptide; 
ADP: adenosine diphosphate.
a Familial cases are rare with most individuals having de novo isolated 7-16 Mb deletions. Occasional individuals 
with AD inheritance have been reported.49

¶ Mutations of RUNX1 selected from OMIM. Over 27 mutations in 36 pedigrees have been identified.65

Gene 
references

Platelet disorder 
OMIM entry Inheritance

Target 
megakaryocytic 

and platelet 
genes

Characterised 
mutations Platelet phenotype

Associated 
features

FLI1    
46, 47, 48

Paris-Trousseau 
thrombocytopenia 
(188025/600588).

AD

MYH10,  
GP6,  
GP9,  

ITGA2B

N331fs                 
R337W                  
Y343C

Blood film: Variable mild 
thrombocytopenia.  
LTA: Platelet dense granule 
secretion defect.

Alopecia

AR R324W

Symptoms: Moderate 
bleeding.  
Blood film: Moderate 
thrombocytopenia.  
LTA: Absent collagen induced 
platelet aggregation.  
Electron microscopy: Giant  
α-granules in 1-5%  
of platelets.

De novoa

Blood film: Moderate-
to-severe neonatal 
macrothrombocytopenia. 
Counts may improve over 
months to years.                                                 
Other: Platelet dysfunction 
with prolonged bleeding 
times that persist 
after normalisation 
of platelet counts.                                                
Electron microscopy:  
Platelets contain giant 
fused α-granules and/or are 
deficient in dense granules.

Intellectual 
disability, altered 
facial structure, 
heart defects.

ETV6                                
54, 55, 56

Thrombocytopenia 
5 (616216). AD PF4,  

MMP3

P214L,  
L349P, 
R369Q, 
N385fs, 
R399C, 
R418G

Blood film: Moderate 
thrombocytopenia.   
LTA: Reduced responses to 
platelet agonists  
ADP and AA.  
Flow cytometry: Normal 
platelet glycoprotein 
expression.

Increased MCV.                                             
Predisposition to 
solid tumours and 

haematological 
malignancy, 

particularly ALL.    

EVI1        
57, 58, 59, 60

Radioulnar 
synostosis with 

amegakaryocytic 
thrombocytopenia 

2 (616738).

Uncertain AP-1,  
TGF-β

T756A, 
H751R, 
R750W

Blood film: Moderate-to-
severe thrombocytopenia.                                               

Anaemia. Fusion 
of the radius 

and ulnar bones. 
Progressive bone 
marrow failure.
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counts have been documented in a number of 
family pedigrees and do not exclude the presence 
of a significant RUNX1 mutation.18,19 Similarly, 
the platelet functional defect detected by light 
transmission aggregometry may be variable and  
has included reduced responses to collagen, 
adenosine diphosphate (ADP), arachidonic acid 
(AA), and epinephrine (Table 1). These changes 
are attributed to a storage pool deficiency and in 
some cases resemble an ‘aspirin’ like defect.8,11-13,15,16,20  
A recent review of 41 carriers with RUNX1 alterations 
in nine unrelated French families described platelet 
dense granule release defects in 10 patients, 
regardless of the type of RUNX1 mutation,  
suggesting a link between this defect and  
FPD/AML.18 Further qualitative platelet dysfunction 
is caused by impaired integrin αIIbβ3 activation.8,20 

The evolution to leukaemia appears partly 
determined by the functional impact of the 
specific RUNX1 mutation.14,16 Mutations of either 
the RHD or C-terminal domain that alter the ability 
of RUNX1 to bind DNA but retain an ability to 
heterodimerise with CBF-β, generate a dominant 
negative phenotype that interferes with the  
function of the wild-type allele.21 These dominant 
negative acting mutations are associated with a 
higher risk of leukaemic transformation (over 40% 
in some cases) compared with mutations that 
induce haploinsufficiency by reducing levels of 
wild-type RUNX1 with resultant deregulation of key 
target genes, causing genomic instability and the 
potential to acquire additional somatic mutations,  
sometimes affecting the second RUNX1 allele.14,17 
An ability to predict the phenotype based on 
the mechanism of action of the RUNX1 variant  
is therefore desirable and not possible without  
utilising diagnostic sequencing platforms. 

Moreover, although the detection of a dense 
granule release defect in the presence of an 
autosomal dominant thrombocytopenia with 
normal platelet size may raise the suspicion of  
FPD/AML, the variable bleeding tendency, mild 
thrombocytopenia, and absence of morphological 
platelet abnormalities on the peripheral blood 
film (Figure 1) make the diagnosis of RUNX1 
mutations (solely by phenotypic testing) very 
difficult without a high index of clinical suspicion 
based on family history. Optimal management of 
affected individuals and their families is largely  
based on expert opinion.22 Recommendations 
include: referral to a specialist team consisting of a  
physician and genetic counsellor, initial blood 
tests comprising full blood count and full human-

leukocyte antigen typing of the patient and their 
first degree relatives (in the event that a bone  
marrow transplant is required in the future),  
bone marrow biopsy (to detect occult malignancy),  
and subsequent regular full blood count  
assessment and biannual haematological review.22 

Globin Transcription Factor 1  

The GATA1 transcription factor is encoded by GATA1 
on chromosome Xp11.23 and is expressed in erythroid 
cells, megakaryocytes, mast cells, and eosinophils.23 
During megakaryopoiesis, GATA1 assists in lineage 
commitment of ‘primed’ genes and, in concert with 
GATA2 and other transcription factors, including 
FLI1 and GABPA, regulates the activation of 
megakaryocyte and platelet specific genes such  
as GP1BA, GP1BB, PF4, MPL, and NFE2.4,24

GATA1 has two important functional domains, the 
N terminal domain that mediates transcriptional 
activation and the C terminal zinc finger domain. 
The zinc finger domain is required for an interaction 
with its transcriptional co-factor, the friend of  
GATA1 (FOG1), and also influences GATA1 binding 
affinity to DNA at specific genomic sites.25,26  
The location of GATA1 mutations within these  
protein domains has been correlated to clinical 
phenotypes. To date, all known mutations resulting  
in GATA1-related cytopenias affect the amino 
terminal zinc finger domain of GATA1. Five variants 
(V205M, G208R, G208S, D218G, and D218Y) have 
been reported to affect the FOG1 binding face of 
the amino terminal zinc finger.27-31 These decrease 
the GATA1 to FOG1 interaction but preserve 
GATA1 to DNA binding ability and cause X-linked 
thrombocytopenia (XLT).25 The severity of the 
clinical phenotype is dependent on the degree of 
the GATA to FOG1 interaction disruption caused 
by the mutation.31 Individuals with V205M, G208R, 
and D218Y have the most severe phenotype  
characterised by mucocutaneous bleeding from 
infancy, macrothrombocytopenia (some platelets 
displaying reduced granulation on the blood film),  
red cell anisopoikilocytosis, and severe anaemia 
requiring transfusions (Table 1). Interestingly,  
two male half siblings and an unrelated male  
child with V205M and G208R, respectively, had 
cryptorchidism.27,28 A milder phenotype was 
described in men from two unrelated families 
carrying G208S and D218G mutations.29,30 In 
these cases, the phenotype was characterised by 
profound bleeding, macrothrombocytopenia, and 
mild dyserythropoiesis without anaemia. X-linked 
thrombocytopenia with thalassaemia (XLTT) is 
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caused by mutations affecting the DNA binding  
face of the amino terminal zinc finger of GATA1 
resulting in decreased GATA1 binding to DNA.32  
A single variant, R216Q, has been reported in  
multiple families causing XLTT. This mutation causes 
milder anaemia and macrothrombocytopenia 
than those individuals with XLT.33 In addition, a 
distinguishing feature is unbalanced α:β globin  
chain synthesis with the production of abnormal 
α3:β1 and α4 haemoglobin molecules, creating a 
phenotype resembling mild β-thalassaemia.25,33 
Notably, platelets in XLTT have reduced α granules, 
giving the appearance of grey platelets on the  
blood film (Table 1).33

Growth Factor-Independent 1B  

Growth factor-independent 1B (GFI1B) is a member  
of the GFI zinc-finger transcriptional repressor   
family. Its expression in differentiated cells is  
restricted to erythroid and megakaryocytic cells 
where it plays an essential role in development.34,35 
GFI1B contains an N-terminal repressor Snail/Gfi1 
(SNAG) domain, which binds protein complexes  
that mediate transcriptional change, and six  
C-terminal zinc fingers that demonstrate sequence 
specific DNA binding.36 It is predicted that zinc  
fingers 3, 4, and 5 directly bind to DNA, while the  
functions of zinc fingers 1, 2, and 6 are not known.37 
GFI1B regulates megakaryocytic genes controlled 
by other lineage-restricted regulators, such as 
GATA1, FLI1, SCL1, TEL/ETV6, RUNX1, MKL2, and 
SRF, and binds to its own promoter, auto-regulating  
its expression.38,39

Ten inherited mutations of GFI1B associated with 
thrombocytopenia have been documented.40-42  
Seven patients with non-synonymous 
single-nucleotide polymorphisms were detected  
by analysis of the GFI1B locus in 529 exome-
sequenced cases enrolled by the BRIDGE 
consortium.40 The best characterised mutations, 
G272fs, H294fs, and Q287*, disrupt the fifth  
DNA-binding zinc finger and produce a bleeding 
disorder with an autosomal dominant pattern of 
inheritance (Table 1).41-43 Mild bleeding symptoms 
were reported in the proband who carried  
the G272fs mutation.43 Individuals with the  
H294fs mutation experience variable bleeding;  
some experience significant bleeding including 
urological bleeding (requiring nephrectomy) and 
intracranial bleeding, while other members of the 
family report only bleeding following surgery.41  
Laboratory features for both families include 
macrothrombocytopenia and platelets with 

heterogeneous granulation with some platelets 
appearing relatively agranular (Figure 1).41,43,44 
Notably, a platelet function defect was  
demonstrated by light transmission aggregometry 
in the three individuals tested carrying the H294fs 
mutation. All three individuals had absent responses 
to collagen and variably reduced responses to 
platelet agonists ADP, AA, epinephrine, and 
thrombin receptor-activating peptide. Similarly, 
individuals with the Q287* mutation have moderate 
thrombocytopenia (range: 42–116x109/L) with 
moderate-to-severe bleeding symptomatology on 
bleeding scores.42 Platelets were agranular on blood 
film examination and pleomorphic megakaryocytes 
were found on bone marrow examination in 
association with mild myelofibrosis.42 Functionally,  
the G272fs, H294fs, and Q287* mutations  
de-repress transcription of GFI1B-related target 
genes and inhibit wild-type GFI1B transcriptional 
activity in a dominant-negative manner.41-43 These  
transcriptional changes cause deficiency of key 
haemostatic proteins with marked reductions 
in platelet fibrinogen and P-selectin, and an 
increase in CD34 expression.42,43 Preliminary data 
from a mutation predicted to disrupt the first  
non-DNA binding zinc finger of GFI1B demonstrate  
phenotypic variability for abnormalities in this 
transcription factor. The C168F mutation has 
been reported by two groups40,45 and alters the 
conformation of the first zinc finger but does 
not disrupt transcription to the same degree as  
mutations altering the fifth zinc finger. The 
affected individuals appear to have a mild clinical 
phenotype with moderate thrombocytopenia  
(range: 78–121x109/L) but no bleeding history, 
and platelets with normal granulation.45 It is likely 
these individuals would not be diagnosed with 
traditional diagnostic platelet studies, but correct  
classification may be important as their mild 
phenotype may predict for reduced medical 
intervention at the time of surgery. 

Friend Leukaemia Integration 1 

Friend leukaemia integration 1 (FLI1) is a member 
of the ETS family of transcription factors and 
is predominantly expressed in vascular and 
haematopoietic tissue.46 Point mutation and small 
deletion in the ETS DNA-binding domain of FLI1 are 
reported as causative of a bleeding disorder with 
abnormal platelet function (Table 1). Three families 
with autosomal dominant inheritance of a bleeding 
disorder associated with FLI1 mutation were  
identified in the UK GAPP study.46 These individuals  
had a mild bleeding disorder with evidence 
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of defective secretion of dense granules on 
laboratory testing.47 A further two siblings were 
reported in an Australian cohort48 that had a 
bleeding disorder  with a recessive pattern of 
inheritance. These two siblings had moderate 
mucosal bleeding symptomatology, moderate  
macrothrombocytopenia, and prominent 
abnormalities in collagen induced platelet 
aggregation (Figure 1) (Table 1). All reported point 
mutations appear to perturb transcription at 
the recognised FLI1 target GP6 gene with subtle 
differences in phenotype, probably reflecting 
changes in the site of the described mutations in 
the ETS DNA-binding domain. Protein modelling 
predicts the autosomal dominant mutations alter  
the third α-helix that directly binds DNA, whereas  
the recessive mutation, R324W, is positioned 
outside the third α-helix and may alter the protein 
conformation of FLI1.48

Hemizygous deletion of the entire FLI1 locus is also 
suggested to be responsible for the platelet defect 
associated with Jacobsen syndrome. Jacobsen 
syndrome is a multisystem disease characterised 
by developmental delay, short stature, congenital 
heart disease, and dysmorphic facial features.48 
It is due to a variably-sized deletion of the 
terminal end of chromosome 11q. Approximately 
90% of individuals with Jacobsen syndrome 
have a platelet-related bleeding disorder called  
Paris-Trousseau thrombocytopenia.49 Patients with 
Paris-Trousseau thrombocytopenia typically have 
neonatal thrombocytopenia that may improve with 
age, however platelet function remains abnormal 
throughout life. Paris-Trousseau platelets are 
variable in size and 15% of circulating platelets 
contain abnormal, large fused α-granules that are 
characteristic of this disorder.50 Various genes in the 
deleted region have been proposed to be causative 
of the various organ pathologies with three lines 
of evidence, implicating FLI1 as responsible for 
the platelet defect. Firstly, small terminal deletions  
of 11q, not involving the FLI1 locus, are rarely  
reported to be associated with a partial 
Jacobsen syndrome and these individuals do 
not exhibit platelet pathology.51 In vitro studies  
of megakaryocytes derived from individuals  
with Paris-Trousseau thrombocytopenia suggest 
overexpression of FLI1 may rescue some features 
of the defect52 and finally, the characteristic giant 
fused α-granules present in Paris-Trousseau 
thrombocytopenia have also been demonstrated 
in the two individuals with the R324W mutation  
of the DNA-binding domain of FLI1 (Figure 1).48

A mild bleeding disorder with thrombocytopenia  
and decreased α-granules is caused by  
decreased binding of FLI1 and RUNX1 to the  
5’ untranslated region of their transcriptional target 
gene, ANKRD26. This transcription factor binding 
defect leads to a failure of normal transcriptional 
silencing of the transcript during megakaryocyte 
development with subsequent abnormal cytokine 
signalling, causing thrombocytopenia and an 
observed predisposition to leukaemia.53

ETS Variant 6 

The transcriptional repressor, ETS variant 6 
(ETV6), is also a member of the ETS family of 
transcription factors. Somatic mutations in ETV6 
are recognised in haematological malignancy and 
deletion of the transcription factor in mice causes 
failure of haematopoiesis within the bone marrow.54  
Individuals with point mutations and small 
deletions in the ETS DNA-binding domain and the  
adjacent central domain of ETV6 have moderate 
thrombocytopenia with normal platelet volume 
that is inherited in an autosomal dominant 
manner.55-57 Some of these family members have 
bleeding symptomatology and at least one family 
had features of altered α-granule production  
with morphological evidence of granule 
elongation.55-57 Other haematological parameters  
are unaffected with the exception of an elevated  
mean corpuscular volume reported in some  
families.55 A non-specific platelet functional defect  
with reduced responses to agonists ADP and AA  
was seen in one family harbouring a P214L  
mutation, but was not observed in another 
family with the R418G mutation (Table 1).55 These  
described mutations act in a dominant-negative 
fashion to decrease transcriptional repression at 
the promoters of target genes PF4 and MMP3 
as measured by luciferase reporter assays.55  
The described mutant ETV6 proteins also appear 
to dimerise with wild-type protein and promote 
aberrant cellular localisation of the transcription 
factor to the cytoplasm. Importantly, individuals in 
many of these families demonstrate an increased 
incidence of haematological malignancies and solid 
tumours, including colorectal cancer. There was  
a marked predominance of acute lymphoblastic 
leukaemia described with 10 cases reported  
in the eight unrelated families identified with  
germline ETV6 mutation.55-57



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 106 107

Ecotropic Viral Integration Site 1 

The MECOM gene encodes EVI1 and MDS-EVI1 
proteins from different transcription start sites.  
EVI1 is a transcriptional regulator with multiple zinc 
fingers that is normally expressed in haemopoietic 
tissue and is associated with a poor prognosis  
when over-expressed or mutated in myeloid 
leukaemia. Three distinct missense mutations 
predicted to disrupt the DNA binding function 
of the 8th zinc finger domain of EVI1 have  
been described in three unrelated children.58  
These children were born with moderate-to-severe 
thrombocytopenia associated with fusion of the  
radius and ulnar. Two of the children displayed 
concomitant anaemia and developed progressive  
bone marrow failure that required haematopoietic 
stem cell transplantation. Deletion of the entire  
MECOM locus and mutations in the homeodomain 
transcription factor, HOXA11, have been associated 
with very similar phenotypes.59-61

DIAGNOSTIC STRATEGIES 

Diagnosis of inherited thrombocytopenia and  
platelet function disorders are hindered by lack 
of consensus regarding a standardised approach 
to testing, as well as diagnostic criteria for the  
conditions themselves.62 This has prompted 
international groups and societies to draft 

guidelines63,64 suggesting a logical step-wise 
approach using clinical symptoms and signs 
together with combinations of predominantly 
phenotypic screening and discriminatory assays 
to diagnose these conditions.62 Genetic testing 
in these algorithms is generally recommended as 
a third-tier investigation.64 Transcription factors 
interact with each other and multiple target genes 
in a combinatorial manner,4,5 therefore mutation 
of a single transcription factor may disrupt the 
expression of multiple genes that are important 
in megakaryocyte maturation. The result, in many 
cases, is a complex platelet phenotype that is  
further influenced by the site of the mutation.  
Hence, it is not surprising that, despite multiple 
phenotypic tests that interrogate only isolated 
structural elements and/or functional pathways in 
platelets, a diagnosis is not achieved. An argument 
could be made that DNA-based diagnosis be 
prioritised in the diagnostic algorithm aiming 
for a ‘one-stop one-step’ diagnosis for patients. 
Sequencing in this context may provide a definitive 
diagnosis as well as indicate the likely impact of the 
mutation, based on the location of the mutation 
within a specific protein domain. Accurate diagnosis 
of these disorders may avoid the misdiagnosis of 
immune thrombocytopenia as well as allowing  
other members of the family to be screened to 
minimise bleeding events and identify inherited risk 
of oncogenesis.
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ABSTRACT

The next-generation sequencing era has repeatedly demonstrated that the amount of acquired somatic 
mutations in paediatric cancers can rarely account for the total incidence of any cancer subtype.  
In addition, many cancer-related mutations can be found in healthy individuals. These findings strongly 
suggest that additional genetic or epigenetic variation is required for malignant transformation,  
particularly in children who have significantly less environmental exposure and resulting genetic damage. 
Current studies now suggest that 3–33% of paediatric cancer patients have a predisposition to cancer. 
These germline genetic or epigenetic changes are frequently found in molecular mechanisms regulating 
normal human development which have long informed our understanding of developmental biology. 
Blockade of development is a mechanism of transformation consistent with the higher number of immature 
cancer cell types in paediatric patients. Thus, while nearly every cancer is a combination of germline 
variation and somatic mutation, the relative contribution to tumourigenesis in paediatrics is weighted 
toward germline changes. This review will explore how paediatric predisposition to leukaemia is influenced 
by germline genetic and epigenetic variability of variable penetrance. Improved understanding of these 
critical developmental mechanisms will lead to improved surveillance and perhaps guide a new class  
of therapeutics aimed at promoting normal differentiation rather than widespread cytotoxicity.

Keywords: Paediatric, cancer, predisposition, epimutation, genetics. 

INTRODUCTION

The next-generation sequencing era has facilitated  
exciting progress in understanding the varied 
aetiologies of cancer on a genomic level. This 
success has primarily come through a model 
of tumour/normal sequencing from the same  
individual, where the normal sequence is simply 
used to subtract germline variation from cancer 
and identify cancer-specific mutations. In children, 
however, these cancer-specific mutations are much 
less common,1 and very rarely does one find the 
2–8 deleterious mutations thought to be necessary  
to transform a healthy cell to cancer.2 In fact, the 
paediatric leukaemia with the highest mortality rate 
(>50%), infant leukaemia,  has the fewest somatic 
mutations of any sequenced cancer with an average 

of 1.3 non-synonymous mutations per genome.3  
With respect to somatic mutations, this makes 
perfect sense given the rarity of paediatric 
cancers, fewer cell divisions, and decades less of 
environmental exposures compared with adults. 
Unlike adult cancers, where 5–10% have an  
identifiable genetic predisposition4,5 and appear 
primarily driven by acquired somatic mutation, 
mutations are mainly in mechanisms regulating  
cellular maintenance,  division, and DNA repair.2  

In contrast, the factors contributing to paediatric 
tumourigenesis are more likely to affect  
genes regulating age-specific mechanisms of  
differentiation and cell fate determination.6-9 

Most paediatric cancer sequencing studies have 
focussed on identifying somatic coding mutations 
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in leukaemia. The inability to account for paediatric 
cancer solely via somatic mutation suggests that 
additional contributory information may lie in the 
non-coding or inherited genome or epigenome.  
In this regard, a Swedish epidemiology study  
analysing >10 million individuals examined the risk 
of acute lymphocytic leukaemia (ALL) in full, non- 
twin siblings of children with the disease, and 
found an increased odds ratio of 7.08,10 consistent 
with a familial contribution to paediatric ALL. 
The variable penetrance of familial leukaemias 
suggests that these variants do not act by 
dominant modes of inheritance. If we accept that 
malignant transformation requires 2–8 ‘mutations’,2 

then children must possess a combination of 2–8 
(dependent upon effect size) inherited or acquired, 
genetic or epigenetic alterations that facilitate 
transformation. This review will focus on the 
relative contributions of germline variation, 
epimutations, and acquired somatic mutation to  
the aetiology of paediatric leukaemia, where more 
is known about the roles of these three types of 
variability. In simplistic terms, we can break this 
model down into an age-dependent schematic 
(Figure 1) and explore the interplay between 
these groups of genetic and epigenetic variability.

GERMLINE VARIABILITY

If paediatric cancer were solely a disease of somatic 
mutation, the relative lack of somatic mutations 
in paediatric cancer would suggest the scant 
mutations found would have greater effect sizes, 
reducing the need for the additional  mutations seen 
in adult cancers. Yet, when introduced into model 
systems and expressed at physiologic levels, the 
majority of these somatic changes fail to induce 
cancers that phenocopy the paediatric disease.11-13 

This further suggests that somatic mutation alone 
is insufficient to explain the incidence of most 
paediatric malignancies, and that children’s cancer 
evolves by mechanisms distinct from adult cancer. 
Multiple studies suggest that anywhere from 3–33% 
of children with cancer have a predisposition 
toward malignancy,4,14,15 which presumably does  
not drive transformation but rather lowers the 
threshold for transformation. Indeed, many 
paediatric cancers appear to be derived from 
defects in normal developmental programmes,16 
consistent with the majority of paediatric cancers 
arising from immature cell types (e.g. the 
‘blastomas’,  pre-cursor B cell ALL, germ cell 
tumours, etc.). This is in contrast to adults, who 
more commonly possess tumours derived from 

more terminally differentiated cell types (e.g. 
carcinomas) that have accumulated enough  
damage to become irresponsive to appropriate  
cell signalling. 

Cancer Predisposition Syndromes  

It has long been recognised that several 
genetic syndromes, which include a variety of 
pathognomonic clinical and phenotypic features, 
increase the risk of paediatric leukaemia and 
other cancers. Yet germline variation alone 
appears insufficient for malignant transformation. 
Individuals with Li–Fraumeni syndrome, BRCA1/2 
variants, hereditary non-polyposis colorectal  
cancer, familial adenomatous polyposis, or other 
single cancer-related genetic syndromes typically  
do  not develop cancer until the third decade  
of life, after enough cell divisions and the 
accumulation of additional genetic mutations.17,18 
While individually rare, there are numerous 
paediatric cancer predisposition syndromes that 
are typically divided into functional classes: 
aneuploidy-associated predisposition, hereditary 
transcription factor syndromes, DNA instability 
syndromes, bone marrow failure syndromes,  
and differentiation defects. While each is briefly 
mentioned below, they have been reviewed in  
detail elsewhere.19

Aneuploidy-associated predisposition 

One of the earliest recognised cancer predisposing 
conditions, Down’s syndrome (DS) is the archetypal 
aneuploidy-associated leukaemia. Children with 
DS have a 10 to 20-fold increase in leukaemia risk. 
The increase for acute megakaryocytic leukaemia 
(French-American-British classification M7) is even 
higher at a nearly 500-fold increased risk, such 
that when acute megakaryocytic leukaemia is seen 
in children without DS, there is often mosaicism 
or other anomalies in chromosome 21.20 There is 
a profound association to leukaemia in DS and 
somatic mutations in the X-linked gene, GATA1, 
generally in exons two or three, which leads to a 
clinically variable phenotype ranging from self-
limited neonatal transient myeloproliferative 
disorder to fatal leukaemias in childhood. There is 
also growing evidence for cohesin mutations as 
leukaemia modulators,21 which are the topics of  
current investigation.

DNA instability syndromes  

This group is well known due to the inability to  
repair double-stranded DNA breaks, leading to 
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abundant somatic mutation. Well known instability 
syndromes are Li–Fraumeni and Bloom syndrome, 
ataxia-telangiectasia, and Fanconi anaemia, 
but there are other less common syndromes  
as well.17,19,22-25

Bone marrow failure syndromes  

These are well-studied disorders that often result 
in myeloid, rather than lymphoid, leukaemia 
and consist of severe congenital neutropenia, 
dyskeratosis congenita, Diamond–Blackfan anaemia, 
thrombocytopenia and absent radii syndrome, 
Shwachman–Diamond syndrome, and congenital 
amegakaryocytic thrombocytopenia.17,19,22,26-28

Differentiation defects  

With respect to leukaemia, juvenile  
myelomonocytic leukaemia is most commonly 
secondary to RAS mutations in neurofibromatosis 
Type 1 or PTPN11 mutations in Noonan  
syndrome,29,30 but a similar phenotype and acute 
myeloid leukaemia (AML) incidence has recently 
been described in individuals with germline CBL 
variants and developmental anomalies.31

Birth Defects  

Within the past 10 years, there has been a growing 
body of epidemiologic literature recognising that 
children with birth defects (variably defined)  
have an increased risk of developing cancer.  
An examination of >3 million children in the Texas 
Birth Defect Registry found that children with birth  
defects harboured an incident rate ratio of 
1.4 for developing leukaemia.32 While children 

with chromosomal birth defects have a greater 
risk of leukaemia (mainly due to DS), children 
with non-chromosomal birth defects are more 
likely to develop lymphomas, neuroblastoma, 
germ cell tumours, and central nervous system  
malignancies.33 Hypospadias, cleft lip, and 
hydrocephalus had no effect on cancer risk,  
but cleft palate, microcephaly, and renal or cardiac  
defects increased the risk of cancer nearly 
3-fold.34 Recently, the AGORA database in the 
Netherlands has collected data on 3,747 children 
with birth defects, of whom 905 have childhood 
cancer. To date, the study has found that nearly 
30% of these children develop ALL, the most 
common cancer in the registry, and another 17% 
have lymphoma.35 The fact that these defects in  
normal human differentiation carry an increased  
risk of childhood cancer further strengthens  
the link between abnormal development and  
cancer. Future studies should move beyond  
large-scale epidemiological surveys and focus  
on how the disrupted mechanisms resulting in 
congenital anomalies contribute to overgrowth  
and malignant transformation. 

Inherited, Functional, and Single  
Gene Variants  

In addition to syndromes and birth defects with 
clear phenotypic effects, there is growing evidence 
for cancer predisposition as a result of inherited 
germline variants in >60 different genes, without 
other signs or symptoms. As one would expect,  
this is the fastest growing category of genetic 
variation associated with paediatric leukaemia. 

Figure 1: The relative contributions of germline variation, somatic mutation, and epimutation to malignant 
transformation as a function of age. 
In this model, early childhood leukaemias depend on multigenic variability and mutation, and therefore 
may not show strong familial inheritance patterns as would be observed in a Mendelian disease.
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Genome-wide association studies have identified 
heritable variation in IKZF1, ARID5B, CEBPE,36 and 
CDKN2A37 and larger regions of disequilibrium 
associated with paediatric de novo38,39 or  
ETV6-RUNX1-associated ALL.40 

More recently, leukaemia predisposition (mainly to 
B cell ALL) has been associated with inherited single 
gene defects in transcription factors that skew 
normal haematopoietic differentiation For example, 
PAX5, required for normal B cell maturation, 
demonstrates heritable variants (mainly G547A) in 
multiple related individuals. These are transmitted 
in an autosomal dominant fashion with variable 
penetrance and predispose to lymphoblastic 
transformation due to B cell differentiation 
defects.41-43 ETV6 is another transcription factor 
required for nuclear localisation of transcriptional 
machinery, and is part of the most common 
translocation observed in paediatric leukaemia 
(ETV6-RUNX1). Exome and genome sequencing 
studies of paediatric pre-B cell ALL have identified 
hypomorphic germline variants that are defective 
in nuclear localisation, leading to aberrant target 
gene expression and a predisposition to B cell 
ALL that is typically accompanied by familial 
thrombocytopenia.44-46 More recently, PRDM9, 
important for regulating meiotic recombination 
events, was shown to be enriched for deleterious 
germline variants in multiple children with  
pre-B cell ALL.47 For AML, a condition of  
growing interestis familial platelet disorder with  
predisposition to AML secondary to hypomorphic  
germline RUNX1 variants that skew normal  
haematopoiesis in association with variable degrees  
ofthrombocytopenia and platelet dysfunction.14,19 

However, germline RUNX1 variants have also been 
associated with ALL and thrombocytopenia48  

and in patients with acquired mutations in ASXL1.49

Given that the germline variants appear to only 
establish a pre-leukaemic state, actual cases of 
leukaemia are almost certainly going to include a 
combination of multiple germline variants along 
with somatic mutations. For example, while infant 
leukaemia has the fewest non-synonymous point 
mutations per genome of any cancer sequenced 
to date, and over 75% of these cases harbour  
MLL-rearrangements, germline exomes from these 
children found a significant enrichment for rare,  
non-synonymous germline variants. In particular, 
bi-allelic variation in the pan-cancer tumour 
suppressor gene and histone methyltransferase, 
MLL3 (KMT2C), was a common feature.50,51  
This pattern of inherited multi-allelic, multi-gene 

variation establishing a pre-cancerous state is 
likely to be increasingly recognised for many 
types of paediatric cancer that show a paucity of  
acquired mutation.  

EPIMUTATIONS 

With the realisation that inherited or acquired 
sequence changes cannot fully account for the 
incidence of paediatric cancer, the field has begun 
looking at other sources of variation. Research has 
shown epigenetic variability to be more diverse  
and complex than initially imagined. There is a 
qualitative difference in the nature of epimutation 
in paediatric versus adult cancer. Because 
many inherited variants or somatic mutations in 
developmental pathways interrupt gene regulation 
necessary for cell fate specification,52 there is a 
strong correlation between gene silencing as either 
the cause or the effect of other genetic events in 
paediatric cancer.16 In adults, somatic mutations 
are found in quite different epigenetic regulators 
(e.g. DNMT3A, IDH1/2 in adult AML) that are  
rarely variant or mutated in paediatrics. The true 
burden of epimutation as a function of age is not  
well described. The speculation is that there is  
probably a slightly bigger contribution from 
epimutation in paediatric leukaemia compared to 
adults due to the involvement of developmental 
mechanisms, which is depicted in Figure 1.

Secondary to Germline Variation or  
Somatic Mutation  

Epimutations that occur secondary to germline 
variation or somatic mutation significantly 
overlap with the inherited transcription factor  
predisposition syndromes described above and  
have been reviewed for paediatric ALL elsewhere.53 
Many of the most commonly described somatic 
mutations in paediatric leukaemias are found in 
epigenetic regulators: histone methyltransferases 
(MLL1/KMT2A, MLL2/KMT2B, EZH2), demethylases 
(TET2, KDM6A), polycomb repressor proteins 
(ASXL2) and histone acetyltransferases (CREBBP, 
EP300), and DNA methyltransferases and their 
regulators (DNMT3A, IDH1/2) among others.54,55 
Epigenetic silencing of these genes may also occur 
due to environmental influences55,56 which may 
partially explain why the incidence of paediatric 
cancer has been steadily rising for the past  
40 years.57 While the largest germline analysis to  
date of paediatric cancer patients finds the most 
common variant genes to be canonical autosomal 
dominant cancer drivers, TP53, APC, and BRCA2, 
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the largest absolute number of variants were in the 
category including epigenetic modulators such as 
ARID5B, EP300, TET2, ATRX, and SETD2 among 
others, and 51% of these patients had leukaemia.15 
Without appropriate gene expression during  
different embryonic or developmental stages, the 
barrier to malignant transformation is apparently 
lowered and uncontrolled proliferation results as 
the affected cells attempt to bypass whatever 
developmental blockade is encountered. 

Inherited (Causal)  

The actual heritability of epimutations is a 
topic of some debate as epigenetic signals 
are generally thought to be ‘erased’ after 
fertilisation and gradually re-established during 
embryogenesis and development.52,58 Mendelian 
inheritance of single nucleotide or copy number 
variants alter DNA methylation in a manner  
that inappropriately silences (tumour suppressors)  
or activates (oncogenes) gene expression as 
an initiating event in tumourigenesis.52,58  
This mechanism was reported in a family with 
chronic lymphocytic leukaemia due to a rare  
variant promoting silencing of DAPK1.59 However, 
irrespective of an identified sequence change, 
the same DNA methylation-mediated silencing of  
MLH1 and MSH2 in all tissues from affected 
individuals in pedigrees with Lynch syndrome,60 
suggesting that heritable epimutations may arise 
from multiple mechanisms and result in cancer 
predisposition. While many studies have evaluated 
DNA methylation in various paediatric leukaemias 
for diagnostic or prognostic value, the contribution 
of inherited epimutations in paediatric leukaemia  
is not well characterised.

ACQUIRED SOMATIC MUTATION 

Paediatric cancer is marked by a high prevalence 
of canonical and cryptic translocations, but nearly 
all data point toward additional environmental, 
genetic, or epigenetic events having an additive 
effect leading to malignancy. In this model, we  
can envision a continuum where the risk of 
malignancy is dependent upon the abundance,  
the cumulative effect size of multiple genetic 
(germline and somatic), and epigenetic lesions.  
If this is the case, then these translocations should 
occur stochastically in the general population  
without resulting in malignancy due to the lack 
of the additive events. While many somatic 
mutations identified in cancer can occasionally be 
found in the germline of healthy individuals, prior 

searches to identify the true population-based 
incidence of translocations such as ETV6-RUNX161  
and MLL-rearrangements62 have been highly 
controversial and no clear consensus on this topic 
exists. Alternatively, an aggregation of individually 
low penetrance variation where multiple variants 
are aggregated within a single individual and  
confer a greater additive effect size could account  
for the gap between the 8.5% of paediatric cancer 
patients with germline variation in known cancer 
genes.15 Additionally, 29% of paediatric cancer  
survivors (compared to only 5% of adult cancer 
survivors) meet criteria for predisposition when 
incorporating additional factors such as family 
history, cancer type, and comorbidities.4

CLINICAL APPLICATION 

Longitudinal surveillance in sporadic and familial 
breast and colorectal cancer has markedly improved 
outcomes since implementation.63 Currently, no 
recommendations exist for systematic paediatric 
leukaemia screening, which is more likely due to 
the heterogeneity of the disease as opposed to 
the prevalence. When considering children with 
cancer predisposition, it is not always evident who 
should actually be screened or what combination  
of genetic (and epigenetic) lesions should be 
considered disease-related. For those that have 
clear phenotypic anomalies associated with a 
canonical syndrome or a strong family history, 
identifying at-risk individuals is straightforward 
even if the incidence of cancer is quite variable. 
In addition to who  should be screened, an even 
more difficult question concerns which modality 
to use for screening. Genome sequencing, exome  
sequencing, methylation arrays, hybridisation- 
based methylomes, and bisulphite-treated  
genomes are all potentially informative. While the 
cost of genomic technology is gradually decreasing, 
these modalities are currently still too costly for 
governments, insurance companies, or individuals  
to offer for population-based screening. In addition, 
a majority of the data generated is often difficult,  
if not impossible, to interpret because we simply 
do not understand enough of the intricate interplay 
between these sources of genetic and epigenetic 
variability, giving these tests a high sensitivity,  
but a poor specificity.

In addition to screening, the invocation of  
congenital sequence or epigenetic variation that 
disrupts normal developmental mechanisms 
raises therapeutic concerns that are unique to 
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ABSTRACT

Less than 50% of patients with adult acute lymphoblastic leukaemia (ALL) experience long-term survival 
and for those adults >60 years old, long-term survival rates are only 10%. However, significant advances 
have been reported over the last decade. Both the efficacy of chemotherapy and the safety of transplants 
have improved. Improved outcomes have been seen in younger adults treated with paediatric-inspired 
chemotherapy regimens. Minimal residual disease has been identified as an independent predictor of 
relapse risk and is currently widely used for risk-adapted treatment. Newly developed targeted therapies 
have been developed to improve treatment outcomes. Tyrosine kinase inhibitors (TKI) have become an 
integral part of front-line therapy for Philadelphia (Ph) chromosome positive ALL. Ph-positive ALL serves  
as the first example of truly targeted treatment, although the choice of the most effective TKI is not  
yet settled. The last few years have also seen a surge in immune therapies for B cell lineage ALL.  
The success of the anti-CD20 monoclonal antibody rituximab provided proof-of-principle for exploiting 
the immune system therapeutically. Novel immune therapies recruit (bispecific T cell engager) or 
modify (chimeric antigen receptor T cells) the patient’s own T cells to fight leukaemic cells. These new  
approaches led us to predict that ALL therapy might be based heavily on non-chemotherapeutic  
approaches in the near future. The role of allogeneic stem cell transplantation is also increasingly called  
into question. Herein, we review the background and development of these distinct treatments,  
and assess the current clinical knowledge of their efficacy and safety.

Keywords: Acute lymphoblastic leukaemia (ALL), treatment, targeted therapy, allogeneic stem cell 
transplantation (SCT), prognosis.

INTRODUCTION

Acute lymphoblastic leukaemia (ALL) is a  
malignant neoplasm of the lymphocyte precursor  
cells. ALL is characterised by aberrations in 
proliferation and differentiation of lymphoblasts,  
leading to failure of normal immune response 
and decreased haematopoiesis. It represents a  
heterogeneous group with distinct morphologic,  
cytogenetic, and molecular groupings. It is  
a clonal disease that can be separated by  
immunophenotyping into a B lineage ALL group  
(about 75%) and a T cell lineage ALL group  
(about 25%) and their subtypes according to  
the stage of maturation/differentiation. Standard  
cytogenetics, fluorescence in situ hybridisation, and  

reverse transcriptase polymerase chain reaction 
(RT-PCR) allow the detection of chromosomal  
translocations and the corresponding gene  
rearrangement. The identification of these 
rearrangements has provided critical insights 
into leukaemogenesis and is currently central 
to risk stratification. Gene expression profiling, 
novel molecular techniques, and next-generation 
sequencing can also recognise newly defined  
ALL entities.1,2

ALL remains a major therapeutic challenge in  
adults. In this review, we cover the clinical and 
biological characteristics, pathophysiology, and 
therapy for ALL. The evidence for minimal residual 
disease (MRD) is discussed as well as novel  
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molecular targets and newly developed therapies, 
such as new immunotherapeutic approaches.

TREATMENT PRINCIPLES 

Most therapeutic advances in adult ALL have  
arisen from adaptation of ALL treatment in  
children. Historically, induction therapy for adult  
ALL has been built around a ‘backbone’ of  
vincristine and prednisone. Standard induction 
regimens can be labelled as four-drug or  
five-drug (vincristine, prednisone, anthracycline, 
cyclophosphamide, and L-asparaginase) regimens.1  
Modifications in the chemotherapeutic schedule  
could concern the type and timing of  
corticosteroids, the addition of other drugs during 
induction, intensification of anthracycline dose,  
or introduction of high-dose cytarabine to  
provide efficient prophylaxis of central nervous 
system (CNS) relapse. However, these approaches  
do not appear to be superior to conventional 
treatment, and it remains uncertain as to which 
subgroups would benefit in terms of leukaemia- 
free survival (LFS) following such modifications.

The goal of induction chemotherapy is to achieve 
a morphologic clinical remission (CR), or better 
still, a complete molecular response. With current 
regimens, the CR rate reaches 80–90%. Long-term 
survival reaches 80–90% with chemotherapy only 
in Burkitt-like ALL, 60–75% with chemotherapy 
alone in standard-risk B cell lineage ALL, >50% 
with chemotherapy and allogeneic stem cell 
transplantation (SCT) in high-risk Philadelphia  
(Ph)-negative B cell lineage ALL, and 50–60% in  
Ph-positive ALL. In T cell lineage ALL, long-term  
survival is observed in 60–70% with chemotherapy  
alone in the thymic subtype, in about 50% with 
chemotherapy and allogeneic SCT in the mature T  
subtype, and in 30–40% with chemotherapy and  
allogeneic SCT in the early T precursor ALL  
subtype.3 Over the past decades, survival in ALL  
has improved in all age groups except for those  
>60 years old.4 Using elderly-specific protocols 
with less intensive therapy, a CR rate of about  
71% has been demonstrated. Early death rate  
was 15% and the median overall survival (OS) was 
33 months.5

Salvage chemotherapy results are comparatively  
poor in the setting of refractory/relapsed ALL.6,7  
Only 30–40% of adults achieve a second CR and  
10–20% infurther salvages. The median OS ranges  
from 4.5–8.4 months and 5-year survival rates 
are just 7–10%. At this stage, only allogeneic SCT 

offers a chance of long-term survival, however few  
patients can be bridged to this treatment.6,7

RISK STRATIFICATION 

Standard Prognostic Factors 

Standard prognostic factors (age, white blood  
cell count, immunophenotyping, cytogenetics, 
and genetic aberrations) are identified at the time 
of diagnosis.8 Patients without any risk factors 
are considered as standard-risk patients and are  
treated with chemotherapy courses only. Patients 
displaying one or more risk factors are classified  
as high-risk patients and are candidates for 
allogeneic SCT in first CR. Treatment decision 
making will soon be refined in accordance to risk  
stratification based on genetics at diagnosis and 
MRD after induction therapy.

Genetics of Acute Lymphoblastic Leukaemia 

Multiclonality at diagnosis is common in ALL. 
The ALL genome is not static but evolves over 
time. The advent of microarrays and sequencing 
has demonstrated acquisition of new deletions 
and mutations and the loss of diagnosis-specific  
lesions at the time of relapse, but with preservation  
of key alterations.9 In the majority of cases, 
diagnosis and relapse clones arise from a common  
pre-leukaemic clone that has acquired genetic 
alterations required to established frank leukaemia. 
Many relapse-acquired lesions are enriched in 
specific pathways, including B cell development 
(IKZF1), tumour suppression (TP53), RAS signalling, 
chromatin modification (CREBBP, SETD2), and drug 
metabolism (NT5C2). Several alterations are known 
to confer resistance to specific chemotherapy  
agents and glucocorticoids.10 Initial therapy 
eradicates all subclones apart from those that 
survive to propagate relapse and acquire additional 
mutations that facilitate resistance to therapy.  
Recent studies have implicated epigenetic 
deregulation in leukaemogenesis and treatment 
failure in ALL.11 This involves mutations in genes 
that regulate the epigenome. These findings are  
of clinical relevance since the introduction of   
drugs that target histone readers (bromodomain  
inhibitors) and histone modifiers (histone 
demethylase and histone deacetylase inhibitors).

Multiple susceptibility loci associated with ALL  
risk have been recently identified. The most 
reproducible associations have been in genes that 
are also targets of somatic genetic alteration in  
ALL: IKZF1, ARID5B, CEBPE, and CDKN2A.12
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Minimal Residual Disease 

MRD is the detection of residual leukaemic 
cells detectable as leukaemia-specific aberrant 
immunophenotypes by flow cytometry, leukaemia-
specific rearranged immunoglobulin, or T cell 
receptor sequences by quantitative RT-PCR, 
or detection of fusion genes associated with 
chromosomal abnormalities. The detection limit 
is 10-3–10-5. Measurement of MRD has significantly 
improved risk stratification and helped guide the 
intensification of therapy. MRD overrides all of  
the pre-therapeutic risk factors and is currently  
regarded as the most important prognostic 
factor for survival and a major component of a  
personalised treatment algorithm.13 MRD levels have 
been evaluated at various early time-points using 
either flow cytometry or immunoglobulin/T cell 
receptor gene amplification. For example in a  
French study, MRD was studied 6 weeks (MRD1)  
and 12 weeks (MRD2) after initiation of induction.13  
MRD1 and MRD2 levels were strongly correlated.  
Patients with molecular response after induction  
chemotherapy had a significantly better outcome 
than those with a persistently positive MRD.13  
MRD1 response allowed researchers to significantly  
discriminate high-risk versus standard-risk patients  
amongst those defined by their early morphological 
response. Therefore, patients achieving molecular 
remission are now considered as standard-risk  
patients, while those with a positive MRD are  
defined as high-risk patients. Persistence of a  
positive MRD after induction is an indication for  
allogeneic SCT in first morphological remission.  
Patients achieving MRD negativity after induction 
will only receive consolidation and maintenance 
chemotherapy. Of these patients, 20–30% will 
relapse because of loss of sensitivity, evolution of 
leukaemic subclones, or extramedullary localisation 
of the disease.

PAEDIATRIC-INSPIRED THERAPIES 

Lessons have been drawn from the management 
of ALL in adolescents and young adults; studies in 
this patient subgroup have demonstrated improved 
survival for patients treated with paediatric rather  
than adult protocols.14 Reasons explaining this 
difference include differences in protocol designs  
with higher doses of drugs, early and more  
frequent CNS prophylaxis, and dexamethasone  
instead of prednisone; biological differences;  
different practice patterns; and social factors such  
as support systems and compliance.

Paediatric treatment protocols have thus been 
applied to adult patients, providing increased drug 
intensity at several stages of treatment including 
higher cumulative doses of corticosteroids, 
vincristine, and L-asparaginase. L-asparaginase is  
an integral component of therapy for ALL. 
The ability to identify patients with inadequate 
asparaginase activity is of great value in clinical 
decision making and has the potential to improve 
clinical outcomes. Serum asparaginase activity 
levels are the best and most reliable indicators of 
asparaginase activity. Trough asparaginase activity 
levels ≥0.1 IU/mL appears to be a safe target  
to ensure therapeutic benefit.15 Screening for 
silent inactivation (development of asparaginase  
antibodies and asparaginase inactivity without 
the development of overt or recognised allergy 
symptoms) should be considered in all patients 
undergoing therapy for ALL with asparaginase. 
Survival rates at 5 years ranged from 67–78%,  
and compared favourably to rates between 34% 
and 41% observed with the former protocols.16  
These emerging data showing substantially  
improved outcomes for younger adults question  
the role of allogeneic SCT in the upfront setting.

STEM CELL TRANSPLANTATION 

Place of Transplantation in Acute 
Lymphoblastic Leukaemia 

Allogeneic SCT in the first CR remains the  
standard of care for adults with high-risk ALL.  
In a recent meta-analysis, the 5-year OS was 
49.9% for patients with a donor versus 42.7% for  
those without.17 However, graft-related toxicity after 
myeloablative conditioning remains an important 
issue and consideration should be given to the  
use of less intensive conditioning regimens.  
The 6-month and 2-year non-relapse mortality rate 
was 7.3% and 35.8% versus 2.0% and 13.6% in  
high-risk patients with donor and patients with  
no donor, respectively.18 In standard-risk patients,  
the 6-month and 2-year non-relapse mortality was  
3.4% and 19.4% versus 1.2% and 6.9%, respectively.  
It is well established that relapse probability is  
higher in patients with no acute graft-versus-host 
disease (GvHD) as compared with patients with 
Grade I–III acute GvHD.19

Reduced-Intensity Conditioning in  
Acute Lymphoblastic Leukaemia 

Allogeneic SCT after reduced-intensity conditioning 
have been shown to be feasible in adult ALL.20  
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Results appeared significantly better when 
performed in first CR as compared with second 
or further CR. No differences were found in terms 
of LFS when compared with allogeneic SCT after 
myeloablative conditioning.21,22 Allogeneic SCT  
after reduced-intensity conditioning with cord  
blood showed a 2-year OS of 50%, a 2-year  
non-relapse mortality of 27%, and a 2-year relapse 
rate of 36%.23

Haploidentical and Cord  
Blood Transplantations 

Allogeneic SCT from haploidentical donors has 
rapidly developed over the past few years.24  
A higher probability of finding a suitable  
haploidentical donor has been demonstrated as 
compared with suitable umbilical cord blood. The 
other advantages are a shorter time-to-transplant 
and a lower cost.25 A large comparative study 
between unrelated cord blood and unmanipulated 
haploidentical SCT suggested that results are 
likely comparable, indicating that both transplant 
strategies are suitable for patients lacking a human 
leukocyte antigen (HLA) matched donor or when 
transplantation cannot be delayed.26 However,  
a lower treatment-related mortality was observed 
after haploidentical SCT (10% versus 23%), while 
relapse rate was identical (about 30%).

TARGETED THERAPIES AND 
IMMUNOTHERAPY 

Monoclonal antibodies represent a new approach  
for the treatment of B cell lineage ALL.27 B lineage 
blast cells express a variety of specific antigens,  
such as CD19, CD20, and CD22. Unconjugated 
monoclonal antibodies have demonstrated efficacy 
in ALL. Anti-CD20 monoclonal antibody rituximab 
has improved the outcome of patients with Burkitt 
leukaemia/lymphoma.28,29 With repeated short 
cycles of intensive chemotherapy combined 
with rituximab, the 5-year OS of these patients  
increased from 60% to >80%.29 In precursor B 
ALL, Hyper-CVAD (cyclophosphamide, vincristine, 
doxorubicin, [also known by its trade name, 
adriamycin®], and dexamethasone) plus rituximab 
gave results significantly better than those  
observed with chemotherapy alone.30 These  
findings were confirmed by a German group31 and  
more recently by the randomised study from a 
French group showing a significant advantage 
with chemotherapy combined with rituximab 
with a 2-year OS of 71% versus 52% and a 2-year  
event-free survival (EFS) of 65% versus 52%.32  

Adding rituximab to standard chemotherapy  
should therefore be the standard of care for these  
patients, although optimal dose schedule remains 
to be determined. Combination of chemotherapy 
with other anti-CD20 agents has also been tested.  
Ofatumumab combined with Hyper-CVAD showed  
97% of CR and 67% of MRD-negativity after  
induction and a 2-year OS of 87%.33 Monoclonal  
antibodies directed against CD22, such as  
inotuzumab ozogamicin or epratuzumab are being 
evaluated as potential therapeutic agents for  
ALL. Inotuzumab ozogamicin, which links an anti- 
CD22 antibody to the chemotherapeutic agent, 
calicheamicin, showed a CR rate of 66% in  
relapsed/refractory ALL patients. Among remitters,  
78% achieved a complete molecular response.34,35  
In a Phase III study comparing inotuzumab to  
standard chemotherapy, complete response was 
obtained in 81% versus 33%, respectively.36  
MRD-negativity in remitters was observed in 78%  
of cases versus 28%. In the mini-Hyper-CVD- 
inotuzumab ± rituximab, the overall response rate  
was 97% with MRD-negativity in 100% of cases  
and the 2-year OS was 64%.37 Venous occlusive  
disease did not exceed 10%. An even more 
sophisticated antibody design is that of 
blinatumomab, a bispecific T cell engaging  
(BiTE®) antibody, which directly recruits effector  
T cells to augment the anti-leukaemic effect.  
Blinatumomab contains the variable domains of a  
CD19 antibody and a CD3 antibody, which are  
joined by a non-immunogenic linker. On binding  
to CD19, cytotoxic T cells become activated and  
induce cell death via the pore-forming perforin  
system. In MRD-positive ALL, blinatumomab 
facilitated a switch to MRD-negativity in 80% of  
cases.38 In adult patients with refractory/relapsed 
ALL, the response rate was 43% and the MRD  
response rate in remitters was 82%.39 The most  
frequently reported adverse events were Grade  
3/4 reversible neurological events (17–19%).38,40  
Monoclonal antibody development could however,  
be challenged by the novel approach based on 
chimeric antigen receptor (CAR) T cells targeting  
CD19, which has already been tested with  
encouraging first results.41 In relapsed/refractory  
patients, a response was obtained in 93% of  
cases, and the 1-year relapse-free survival was  
55%.42 Immune toxicity after infusion correlates  
with disease burden. Treatment may consist of  
short courses of steroids and interleukin-6R  
antagonism via tociluzumab.43 A maximum  
tolerated dose (1x106/kg) was defined beyond  
which toxicity was frequently unacceptable.44 MRD-
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negativity was reached in 50–83% of cases and  
a large proportion of patients went on to 
receive allogeneic SCT after CAR T cells.44,45  
CAR T cells targeting CD22 or CD19/CD22 are  
under investigation.

SPECIFIC SUBTYPES 

T Cell Lineage Acute  
Lymphoblastic Leukaemia 

Genetic and epigenetic reprogramming events,  
which transform T cell precursors into malignant 
T-ALL lymphoblasts, have been extensively 
characterised over the past decade. T lineage ALL 
are distributed into different subtypes according  
to maturation stage: thymic (56%), early-T (23%), 
and mature-T (21%). A correlation has been  
reported between maturation stage and outcome 
with the best outcome for thymic T cell ALL (OS: 
60–70%) compared with early (33%) and mature-T 
phenotypes (22%).46,47 T cell lineage ALL is caused  
by an accumulation of more than 10 genomic  
lesions.48 T-ALL leukaemic cells commonly have 
rearrangements which dysregulate oncogenes, 
including HOX11, HOX11L2, LYL1, TAL1, and MLL 
genes.49 T-ALL exhibits a very high frequency 
of homozygous deletion of CDKN2A/CDKN2B 
and activating mutations of NOTCH1. Genome-
wide analyses have also identified deletions  
dysregulating LMO2, amplification of MYB, 
amplification associated with the NUP214-ABL1 
rearrangement, fusion of SET to NUP214, and  
deletion and mutation of BCL11B, FBXW7, PHF6, 
PTEN, PTPN2, and WT1. Additional genetic defects 
are shared among the different genetic subclasses 
and activate oncogenic signalling cascades. The 
IL7R/JAK1/3-STAT5 axis is an important oncogenic 
pathway in T cell ALL which represents about 28% 
of mutant cases.50 There is a strong association 
between JAK1/JAK3/IL7R and epigenetic  
mutations. IL7R mutations result in ligand-
independent receptor activation.51 Two types of  
JAK3 mutations are observed in T-ALL: JAK3  
mutants that signal through JAK1 and JAK3  
mutants that are JAK1 independent. The former 
are sensitive to JAK1 inhibition, such as tofacitinib  
or ruxolitinib.

In an attempt to start integrating molecular 
findings into the clinic, a French group has 
implemented a NOTCH1/FBXW7/RAS/PTEN-based 
risk classification, in which patients with mutated 
NOTCH1 or FBXW7 who present with a wild-type  
RAS and PTEN are considered low-risk, whereas 

all other adult T-ALL are classified as high-risk.52 
Additional inclusion of poor prognostic genetic 
markers, such as DNMT3A, IDH1, and IDH2,  
should be considered to further improve this risk  
stratification approach.

Recent studies have characterised early T cell 
precursor (ETP) ALL that lacks expression of  
several T cell markers and exhibits aberrant 
expression of myeloid stem cell markers.53  
Recurring mutations have been described in  
various pathways: haematopoietic development, 
RAS and cytokine receptor signalling, and  
chromatin-modifying genes. Consecutively, ETP  
ALL belongs to the group of neoplasms that arise  
in progenitors that retain multilineage potential  
and possibly biphenotypic and bilineal ALL.  
The involvement of JAK-STAT and PRC2 pathways  
in this subtype of ALL suggests that JAK inhibition  
and/or chromatin-modifying agents may be 
therapeutically useful in ETP ALL.

Leukaemia patients with T lineage ALL are still  
treated by high-dose multiagent chemotherapy,  
potentially followed by allogeneic SCT. With  
regard to paediatric regimens, clinical studies  
have examined the dose intensification of non- 
myelosuppressive drugs. The use of dexamethasone,  
a higher total dose of methotrexate, or a  
higher total dose of L-asparaginase have been 
shown to improve outcomes of adult patients 
with T-lineage ALL.54 However, about 40% of  
these patients relapse, wing to acquired therapy  
resistance, and have a poor prognosis with  
high mortality rates. Following a better  
understanding of T cell pathology, several new 
therapeutic options are forthcoming, including 
the purine analogue nelarabine55 and the purine 
nucleoside phosphorylase forodesine.56

Gamma-secretase, which participates in the  release 
of the NOTCH1 intracellular domain before it 
translocates to the nucleus, is a potential  
therapeutic target. Gamma-secretase inhibitors were  
shown to enhance the apoptotic effect induced 
by chemotherapeutic agents57 or dexamethasone.58  
Alternative strategies include specific NOTCH1- 
inhibitory antibodies and stapled peptides that 
target the NOTCH1 transcriptional complex.59

The NUP214-ABL1 fusion is mainly present in 
T lineage ALL expressing HOX11 or HOX11L2.  
It recently appeared that imatinib mesylate 
could potentially be efficacious  in these cases.  
Mammalian target of rapamycin (mTOR) acts as  
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a nutrient sensor and regulator of translation in 
encoding proteins involved in regulating the G1  
to S phase transition. Rapamycin and the  
second-generation mTOR inhibitors (temserolimus, 
everolimus, deforolimus) form potentially  
synergistic combinations with doxorubicin and 
methotrexate and might modulate glucocorticoidv 
resistance in T-ALL.60

The aberrant activation of JAK/STAT signalling 
in ETP ALL lymphoblasts suggests  the JAK1/2 
inhibitor ruxolitinib and the JAK3 inhibitor 
tofacitinib may be efficacious therapeutic agents  
in this setting.61 Bcl2 is another attractive target 
for therapy in immature subtypes of T cell 
lineage ALL.62

Philadelphia Chromosome Positive  
Acute Lymphoblastic Leukaemia 

The Ph chromosome [t(9;22) (q34;q11)] is  
the most frequent cytogenetic abnormality in  
human leukaemia. It produces a fusion gene on  
chromosome 22, namely BCR-ABL. Patients with  
Ph-ALL represent approximately 25% of adult  
B lineage ALL patients. The management of adult 
Ph-positive ALL has been recently reviewed.63

Imatinib mesylate, a tyrosine kinase inhibitor 
(TKI) that targets BCR-ABL, is now an integral  
component of therapy for Ph-ALL. CR can be  
obtained in almost 95% of cases. The current 
consensus is that imatinib improves patient 
outcomes compared with historical control patients 
treated with chemotherapy alone. Efficacy analyses 
based on BCR-ABL transcript levels showed a clear 
advantage of the simultaneous over the alternating 
schedule.64 It also appeared important to maintain 
imatinib dose intensity during the initial phase of 
treatment.65 Furthermore, an induction regimen 
combining reduced-intensity chemotherapy and 
imatinib was recently validated in a randomised 
study in which it was compared with a standard 
imatinib/chemotherapy treatment.66 The rate of 
molecular remission increased from 5% to >50%, 
and the 5-year survival to ≥50%. The number  
of patients able to receive SCT, and the outcome  
of SCT, has improved.66 However, imatinib is  
ineffective at preventing or treating CNS  
involvement.67 Faster and deeper molecular 
responses can be achieved with second- 
generation TKIs (dasatinib and nilotinib), median 
MRD was lower and a better post-SCT outcome  
was observed.68 Dasatinib plus chemotherapy 
achieved CR in 96% of older patients with  

Ph-ALL.69 EFS was 41% at 3 years. The  
combination of nilotinib with high-dose cytotoxic  
drugs achieved high cumulative complete 
molecular remission and haematologic relapse- 
free survival rates.70 Ponatinib, a third-generation  
TKI targeting the T315I mutation which is  
resistant to imatinib and second-generation TKIs, 
is currently in development.71 The combination of 
chemotherapy (hyper-CVAD) with ponatinib is 
effective in achieving early sustained remissions 
with major molecular response in 95% of 
patients.72 The 2-year EFS rate was 81%. OS was 
similar with or without controlling for allogeneic  
SCT. Ponatinib was given at 45 mg daily for  
14 days during induction and continuously at  
30 mg thereafter until the achievement of  
complete molecular remission, and then at  
15 mg daily indefinitely thereafter. New strategies,  
including dosing titration of ponatinib and  
optimised control of vascular risk factors, might  
further improve outcomes.

Allogeneic SCT in first CR remains the standard 
of care for adult Ph-ALL.66,73 Reducing BCR-ABL 
transcript levels has resulted in a lower pre-SCT 
leukaemia burden. Allogeneic SCT with  
myeloablative conditioning regimen overcomes 
MRD prior to SCT in some but not all studies. It is 
superior to allogeneic SCT after non-myeloablative 
conditioning regimen if MRD is not considered,  
but may be equivalent in patients with complete 
molecular response. Non-myeloablative allogeneic 
SCT approaches are therefore promising in  
patients with Ph-ALL.20 Treatment-related toxicity 
has been reported in 20–30% of cases with high  
rates of chronic GvHD.23,74 Prophylactic TKI given  
after engraftment may improve outcomes by  
preventing a resurgence of the leukaemic clone.75 

However, the optimal duration of this treatment  
has not yet been established. In MRD-positive 
patients, imatinib at 400 mg/day has been shown 
to prevent relapse and to achieve molecular 
remission in 52% of cases after 1.5 months of  
treatment.76 However, imatinib is sometimes  
poorly tolerated after allogeneic SCT and should  
either be discontinued or the dose reduced.77  
The median duration of negative MRD in patients 
with post-transplant imatinib administration has  
been reported as 6 months when imatinib was  
administered upon detecting MRD after allogeneic  
SCT compared with 12 months when imatinib was  
given as soon as possible after allogeneic SCT.78  
Reappearance of BCR-ABL1 transcripts early after 
SCT identifies a small subset of patients who do 
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not benefit sufficiently from imatinib, and in whom 
alternative approaches should be explored.79 
Alternative therapies could be considered in  
patients who remain positive for BCR-ABL  
transcripts more than 2 months after  
starting imatinib therapy following transplant. 
Blinatumomab has shown promising results in  
patients with high-risk ALL.38 Activity has been  
demonstrated in Ph-ALL with T315I mutation.80 
CR was achieved in 36% of all cases and in  
40% of patients with mutation T315I. Preliminary 
results indicate that treatment with blinatumomab 
is able to convert MRD-positive ALL into a  
MRD-negative status. Eighty-eight percent of 
patients achieved a complete MRD response.80

Alternative donors may be considered for 
patients lacking a matched related or matched 
unrelated donor. Haploidentical SCT represents an  
encouraging treatment option.81 The incidence of 
non-relapse mortality was similar between the 
patients who received HLA-matched donor cells  
and those who received haploidentical donor cells. 
The incidence of cytomegalovirus infection was, 
however, significantly higher in the latter group. 
Haploidentical SCT reduced the relapse rate.  
The status of umbilical cord blood transplantation 
in adults with Ph-ALL is not well established. 
Recent analyses showed that MRD-positivity 
before umbilical cord blood transplantation was  
associated with increased relapses.82 Autologous 
SCT remains a possible therapeutic option when 
MRD is not present before the procedure.66 Results 
of autologous SCT have significantly improved in  
the era of TKIs,83,84 however there is no consensus  
on how best to use TKIs after autologous SCT.

BCR-ABL-LIKE Acute  
Lymphoblastic Leukaemia 

Leukaemic cells from many patients with B cell 
lineage ALL lack known chromosomal alterations.  
A new entity of high-risk B cell precursor ALL 
has been recently described, namely ‘Ph-like’ 
ALL or ‘BCR-ABL1-like’ ALL which is defined by a 
more similar gene signature than Ph-ALL without  
BCR-ABL translocation. This subtype represents 
up to 25% of adolescent and young adult ALL and 
is associated with a poor outcome, but incidence 
does not increase with age.85 Comparative genomic 
hybridisation arrays and molecular cytogenetics are 
necessary for the diagnosis. However, validation of 
a robust gene expression classifier is still warranted 
for a routine clinical use.86 More than 80% of Ph-like 
ALL cases have abnormalities in genes involved in 

B cell development, such as IKZF1 deletions which 
facilitate leukaemia transformation by inducing 
constitutive kinase activation and signalling  
through the activation of ABL1 and/or JAK/STAT 
pathways,87 and CLRF2 overexpression and tyrosine 
kinase activating rearrangements involving ABL1, 
JAK2, PDGFRB, and several other genes.88 The gene 
expression profile of IKZF1-mutated, BCR-ABL1-
negative ALL is enriched for haematopoietic stem 
cell genes and exhibits decreased expression of  
B cell receptor signalling and differentiation genes.88  
Preclinical results in Ph-like ALL have suggested  
a potential role of a targeted therapeutic strategy  
according to the molecular profile of leukaemia  
cells.89,90 Recently, several cases have been reported 
with responses to TKIs (imatinib or dasatinib).91,92 
Fifty percent of Ph-like ALL shows activation 
of JAK-STAT and PI3K/mTOR pathways and 
should also be sensitive to JAK2 (ruxolitinib) and 
mTOR inhibitors.89,90,93

Mixed-Lineage Leukaemia-Rearranged  
Acute Lymphoblastic Leukaemia 

ALL carrying a chromosomal translocation 
involving the mixed-lineage leukaemia (MLL) gene 
on chromosome segment 11q23 or displaying a 
MLL-rearranged ALL in their molecular biology 
have a particularly poor prognosis. ALL with MLL 
translocations can be separated from conventional 
ALL. Immunophenotypic differences include a lack 
of the early lymphocyte antigen CD10, expression 
of proteoglycan NG2, and the propensity to  
co-express myeloid antigens. MLL shows a gene 
expression profile markedly different from that of 
conventional ALL.94 These include genes expressed 
in early B cells (MME, CD24, CD22, DNTT), genes 
required for appropriate B cell development (TCF3, 
TCF4, POU2AF1, LIG4), and genes correlated with 
B precursor ALL (SMARCA4). Genes encoding 
for adhesion molecules are relatively over-
expressed in MLL-rearranged ALL (LGALS1, ANXAI, 
ANXA2, CD44, SPN). Genes that are expressed  
in progenitors (PROML1, FLT3, LMO2), myeloid-
specific genes (CCNA1, SER-PINB1, CAPG, RNASE3), 
and natural killer cell-associated gene (NKG2D) 
are also highly expressed in MLL-rearranged ALL. 
As MLL normally regulates the expression of HOX 
genes, its role in leukaemogenesis may include 
altered patterns of HOX gene expression.

Patients with MLL-rearranged ALL are highly 
resistant to steroids and L-asparaginase, but  
sensitive to nucleoside analogue drugs such as 
cytarabine, cladribine, and clofarabine,95 suggesting 
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‘acute myeloid leukaemia-like’ chemotherapy 
courses may be efficacious in this type of  
leukaemia. Allogeneic SCT is still considered to 
play an important role as a consolidation therapy. 
However, patients achieving MRD negativity  
pre-SCT had better outcomes than those with 
persistent MRD pre or post-SCT.96 MLL fusion 
proteins aberrantly recruit epigenetic regulatory 
proteins, including histone deacetylases, histone  
methyltransferases, bromodomain-containing 
proteins, and transcription elongation factors 
to mediate chromatin remodelling and regulate 
tumourigenic gene expression programmes. Histone 
deacetylases inhibitors, such as panobinostat,  
and cyclin-dependent kinase inhibitors were  
potent inducers of apoptosis in MLL-rearranged  
cells.97 Combined MEK and VEGFR-2 inhibition 
strengthened the reduction in MLL-rearranged  
leukaemia cell survival by blocking the  
Akt/mTOR and MAPK pathways simultaneously.98 
Inhibitors of the protein methyltransferase  
DOT1L have also shown efficacy as single-agents  
and synergistically with other chemotherapeutics  
and hypomethylating agents.99 AMPK inhibition, 
including endothelial nitric oxide synthetase and 
BCL-2 inhibition, was shown to synergistically 
enhance the antiproliferative effects of 
chemotherapy in MLL-rearranged cell lines.100 
Combining all-trans retinoic acid with cytarabine 
has also shown a synergistic anti-leukaemic effect 
in MLL-rearranged-positive cells.101 FLT3 expression 
identifies MLL-AF4+ ALL patients at very high-
risk of treatment failure, emphasising the potential  
value for FLT3 inhibitors.102 These findings highlight 
a new therapeutic approach to potentially  
overcome the resistance of MLL-rearranged ALL to 
conventional chemotherapies.

CONCLUSIONS AND PERSPECTIVES 

Due to risk-stratified treatment, more optimised 
treatment protocols, and improved supportive 
care, the 5-year EFS on contemporary treatment  
protocols in adult ALL is approaching 50%.  
Treatment is relatively well structured with the 
development of risk-adapted therapies and 
paediatric-like protocols and by standardisation  
and monitoring of MRD. Advances in the  
management of adult ALL including the  
identification of novel sub-entities, the evaluation 
of MRD, and the use of new targeted therapies has 
progressively led to a more personalised treatment 
approach in adult ALL.

Genomic analysis represents a major advance for 
identifying the genetic basis of leukaemogenesis 
and disease relapse in ALL. Sensitive detection 
of mutations during therapy is important to track 
progression and adjust therapy. Relapse usually  
arises from a minor clone unless relapse-enriched 
mutations are already present. Early detection 
of minor clones may guide prediction of relapse. 
Genomic analysis has been especially important  
for T cell ALL and raised new challenges, such as 
to better understand how T cell oncogenes and  
tumour suppressors co-operate to drive overt 
disease; to determine the exact order in which  
genetic lesions are acquired during initiation, 
progression, and maintenance of the disease; 
to determine the exact cell of origin for T cell 
transformation, and the molecular mechanism 
that regulates pre-leukaemic stem cell activity of  
thymic precursors; and to determine the oncogenic  
contributions of deregulated microRNAs, long  
non-coding RNAs, enhancer activities, chromatin  
remodelling, and epigenetic changes in the setting 
of malignant T cell transformation.

Molecular targets can be identified in the vast 
majority of patients with adult ALL. MRD is currently 
the main prognostic factor. MRD methodology 
and terminology need standardisation. MRD can 
be identified at different times in the disease 
and potentially allow risk stratification. However, 
MRD relevance at any time-point is dependent on  
specific prior therapy and possibly cannot be 
extrapolated from one protocol to another.

Further studies need to address how new drugs 
should be combined with up-front chemotherapy 
and how this can be reduced to minimise side 
effects without jeopardising clinical outcome. 
Harmonising the backbone of chemotherapeutic 
protocols of different study groups should also  
be beneficial for performing clinical trials with new 
drugs in rare subsets of patients and accelerate  
the development of those drugs in co-operation  
with pharmaceutical companies.

Advances have been particularly prevalent over  
the last few years in Ph-ALL. Less chemotherapy  
intensity in induction prior to SCT was shown 
not to be inferior, while initial dose intensity of  
TKI was demonstrated as important. Second and  
third-generation TKIs improved results in terms 
of MRD, but there are no prospective randomised  
trials on outcome. Overall, SCT is still superior  
to no SCT, but subsets of patients (perhaps 
likely defined by MRD) may do well long-term 
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ABSTRACT

Sickle cell disease (SCD) is the most common haemoglobinopathy worldwide and its frequency has  
steadily increased in Europe in the past decades. SCD is a complex multisystem disorder characterised 
by chronic haemolytic anaemia, vaso-occlusive crisis, and vasculopathy. Clinical manifestations can be 
very different, ranging from mild haemolysis to life-threatening acute clinical complications and chronic 
disabilities. This review will explore service delivery across Europe to children with SCD, reporting on the 
available minimum standards of care and future perspectives.

Keywords: Sickle cell disease (SCD), childhood, management, Europe.

INTRODUCTION

Sickle cell disease (SCD) is one of the most  
common severe monogenic disorders worldwide, 
with an average of 300,000 children born annually 
with sickle syndromes.1 SCD was initially endemic  
in areas with prevalent malarial disease (Africa, the 
Mediterranean, Southern Asia). In Europe, it was 
present only in Greece and Southern Italy,2  
but historic and recent migration movements  
have increased the frequency of SCD in areas  
where it was previously uncommon. In Europe,  
SCD has become the paradigm of immigration  
haematology.3 Although considered a rare disease 
because of its lower frequency in the 28 countries 
of the European Union (EU), SCD is the most  
prevalent genetic disease in France4 and the UK,5  
and its frequency is steadily rising in many other  
countries in Northern, Central, and Southern  
Europe.3,6-10 The World Health Organization (WHO)  
and the United Nations (UN) recognised inherited  
haemoglobin (Hb) disorders as a global public 
health problem in 200611 and 2008,12 respectively,  
and to face this issue the WHO called upon  
national health systems “to design, implement, and  

reinforce …comprehensive national integrated  
programs for the prevention and management of  
SCD.”11 Following this invitation, several countries  
havedeveloped a specific response to meet the  
needs of patients with SCD, but the recent migrant 
flow from the Middle East and Africa has further 
increased the number of patients with SCD in many 
European countries, subsequently increasing the 
urgency to fill the gaps in specialised healthcare 
delivery to this vulnerable group of patients. 

SCD is a chronic and complex multisystem  
disorder requiring comprehensive care that  
includes screening, prevention, health education,  
and management of acute and chronic 
complications.13,14 Poor service organisation and 
episodic healthcare lead to higher rates of acute 
events and chronic complications with increased 
burden on hospital structures and higher costs for 
health systems.15

The European Hematology Association (EHA) 
recently published a consensus document,  
a ‘Roadmap for Hematology Research in Europe’16 

with the aim of describing the major achievements 
in diagnosis and treatment of blood disorders in 
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Europe and identifying the greatest unmet clinical 
and scientific needs. For SCD, the necessity to 
improve treatment strategies for both acute and 
chronic complications was identified as a key area  
of intervention for optimising patient care, in order 
to positively affect patient health and quality  
of life, and to reduce hospitalisation length,  
patient disability, and cost of care. 

This review will assess the management of children 
with SCD in European countries by exploring the 
current situation in the delivery of minimum 
standards of care, health service availability,  
and future perspectives.

SICKLE CELL DISEASE CLASSIFICATION
AND CLINICAL MANIFESTATIONS 

The term SCD is used to describe all the different 
genotypes that cause the characteristic clinical 
syndrome.13 Its most frequent variant (sickle cell 
anaemia or homozygous SS disease) is caused 
by a single amino acid substitution at the sixth  
residue of the β-globin subunit (p.Glu6Val), which 
results in the production of the characteristic  
sickle Hb. Several double heterozygous forms  
also give rise to the clinical picture of  
SCD, the most common being the double  
heterozygous Sβ-thalassaemia° and SCD. The  
double heterozygous Sβ-thalassaemia° (S mutation  
coupled with a thalassaemia β° mutation) is the 
most severe form with a clinical picture similar 
to homozygous SS disease, while the double 
heterozygous SCD (in which the Hb composition  
is approximately 50% HbS and 50% HbC) and  
the Sβ-thalassaemia+ (a condition that presents  
a minimal amount of HbA) display intermediate 
severity. The genetic variants leading to SCD, 
including the less common ones, are shown  
in Table 1.

The mutated Hb leads to changes in the shape and 
behaviour of red blood cells resulting in haemolytic 
anaemia, vaso-occlusion, and vasculopathy, which 
are the hallmarks of SCD pathophysiology. Other 
factors such as hypercoagulability, inflammation, 
and hypoxia-reperfusion are also involved in the 
organ damage of SCD.

Despite being a monogenic disorder, SCD presents 
with extreme phenotypic variability. Some patients 
remain virtually asymptomatic, while others  
suffer repeated acute events requiring hospital  
admissions and chronic organ damage with  
increasing disabilities. The reasons for this  
variability have not been completely clarified, 
although a percentage of HbF and co-inheritance  
of α-thalassaemia and glucose 6-phosphate 
deficiency can have a role.13,17-19 The most common 
clinical manifestations occurring in children with 
SCD are shown in Table 2.

Table 1: Genetic variants leading to sickle  
cell disease.

HbS/S 
HbS/β⁰ thalassaemia 
HbS/β+ thalassaemia 
HbS/O Arab 
HbS/D Punjab 
HbS/C Harlem 
HbC/S Antilles 
HbS/Quebec-CHORI 
HbS/C 
HbA/S Oman 

Table 2: Important clinical manifestations of sickle 
cell disease during childhood and adolescence.14

*Potential cause of mortality

Acute manifestations 
Bacterial sepsis or meningitis* 
Recurrent vaso-occlusive pain (dactylitis,  
musculoskeletal, or abdominal pain) 
Splenic sequestration* 
Aplastic crisis* 
Acute chest syndrome* 
Stroke* 
Priapism haematuria, including papillary necrosis 

Chronic manifestations 
Anaemia
Jaundice 
Splenomegaly 
Functional asplenia 
Cardiomegaly and functional murmurs 
Hyposthenuria and enuresis 
Proteinuria 
Gallstones (cholelithiasis) 
Delayed growth and sexual maturation 
Restrictive lung disease* 
Pulmonary hypertension* 
Avascular necrosis 
Proliferative retinopathy 
Leg ulcers 
Transfusional haemosiderosis*
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MANAGEMENT OF SICKLE CELL 
DISEASE IN CHILDHOOD AND ACCESS 
TO MINIMUM STANDARDS OF CARE 

In recent decades, advances in basic research  
and clinical investigation have produced a marked 
decrease in morbidity and mortality during  
early childhood.20-23 Comprehensive care including 
newborn screening, prophylactic penicillin, 
effective vaccinations (against pneumococcus,  
haemophilus, and annual influenza), stroke  
prevention programmes with transcranial Doppler 
(TCD) screening, chronic transfusion for children 
at risk of stroke, and disease-modifying treatments 
such as hydroxyurea (HU) have largely contributed 
to these results. This has virtually eliminated 
mortality from infections and stroke in British,  
French, and Belgian cohorts in the past decade.20-23 

In contrast, mortality from sepsis and stroke is 
still an issue in areas where neonatal screening 
and stroke prevention programmes have been 
implemented more recently.24,25 The benefit of the 
previously described interventions (comprehensive 
care, newborn screening, antibiotic prophylaxis and 
vaccination, TCD screening, and HU) have been 
proven and they are considered as minimum 
standards of care for patients with SCD in several 
national European guidelines. In fact, the first  
action undertaken in many countries to address  
SCD has been the creation of a national network 
or group of experts for SCD and the development 
of national guidelines tailored to each country’s 
healthcare system characteristics and treatment 
availability.5,26-30 Such guidelines can be  
accessed online by paediatricians and paediatric 
haematologists, and address the management  
of acute complications (such as fever,  
vaso-occlusive painful crisis, acute chest syndrome,  
splenic sequestration) and chronic organ damage 
(pulmonary hypertension, kidney disease, cognitive 
impairment, etc.), detailing clinical pathways for 
accurate diagnosis and treatment. 

The delivery of specialised, multidisciplinary, 
comprehensive care to a socially vulnerable 
population like the one constituted by patients 
with SCD in Europe, who are mainly first or  
second-generation immigrants, was challenging.31 

Health operators in all countries were faced with 
language, cultural, and social barriers that in many  
cases were overcome by developing patient- 
centred services focussed on health education, 
with multilingual leaflets or booklets also available  

online (as in the case of the ones developed in  
France: www.rosfed.fr). A co-ordinated system of  
care between specialised centres, smaller hospitals, 
and primary care physicians is present in some 
areas and is useful to facilitate appropriate 
access to healthcare. Wherever implemented,  
comprehensive medical strategies, intended as 
global and holistic care, have reduced emergency 
and inpatient admissions while improving adherence 
to treatment both in the UK and Italy.31,32 

NEWBORN SCREENING 

Newborn screening allows early identification  
of affected patients, introduction of penicillin 
prophylaxis from 2 months of age, and reduction 
of mortality from infection, while allowing prompt 
enrolment in comprehensive care programmes. 
Universal newborn screening is available in the 
UK, Netherlands, several cities in Belgium, and 
Spain.5,7,33-36 Targeted screening for high-risk 
populations according to ethnic origin is available 
in France.37 Pilot newborn screening projects have  
been undertaken in Ireland, Italy, and Germany,8,38-43  
but a national screening programmeis yet to be  
developed in these countries. Antenatal screening  
in the framework of anational programme for the  
prevention of haemoglobinopathies is present in  
Greece.2 Several obstacles or limits have been  
described in the implementation of the screening  
programmes;44-48 first and foremost the lack of 
funding from health authorities.8,40 Ethnic and  
racial issues due to the heritage of the second  
world war have also slowed the development 
of newborn screening or hampered the  
communication of test results to carriers in the 
Netherlands and Germany.29,44 Failure to identify 
affected patients in selective newborn screening 
due to misinterpretation of patient origin has also 
been described and raises the need for increased 
attention.44 After screening results are available,  
the management of patients and families varies 
across the countries, from being invited to 
genetic counselling45 to being notified and taken 
into paediatric SCD reference centres.4,5,8 Global 
comprehensive care after newborn screening is 
generally seen as the  gold standard.

PENICILLIN PROPHYLAXIS AND 
VACCINATIONS 

Penicillin prophylaxis and vaccination coverage 
have dramatically reduced the incidence of sepsis 
and mortality from infections in patients with  



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 132 133

SCD, not only in research studies but also in  
clinical care settings.20,31 The best results have been 
obtained in countries where newborn screening is  
available. While there is general agreement  
on the prescription of penicillin prophylaxis and  
vaccinations, few data are available in Europe on  
patient adherence to prophylaxis and vaccination  
coverage, as well as resistance to pneumococcus  
in children undergoing prophylaxis. Research in 
these areas could be useful to address possible  
barriers to treatment or to optimise prevention  
strategies. Annual influenza vaccination is also 
recommended in many guidelines, but the data 
on actual vaccination coverage from the various 
countries is scarce and does not always meet  
optimal standards.49-51

STROKE PREVENTION: TRANSCRANIAL
DOPPLER AND CHRONIC TRANSFUSION 

Extensive research has been conducted in 
Europe on the management of cerebrovascular  
complications in children with SCD.17,21,22 TCD for 
evaluation of intracranial circulation is widely 
recommended and recently, French and UK groups 
have included the screening of the extracranial 
circulation52-53 as part of the protocol for stroke 
prevention and reduction of silent cerebral infarcts. 
Despite the strong recommendation to perform 
TCD screening in every child with SCD starting at 
2 years of age, <45% of children with SCD receive 
adequate screening with TCD in the UK.54 Data 
from other European countries are lacking. Several 
barriers to TCD screening have been identified, 
including: technical issues due to instrument 
availability and protocol standardisation (imaging 
versus non-imaging TCD), lack of trained 

personnel, and unfavourable schedules with TCD 
appointments on different days from haematology 
visits.31,55 Efforts should be made to investigate  
actual coverage of TCD screening and efficacy 
of stroke prevention in the remaining European  
countries in order to optimise treatment.  
A multicentre study focussing on the provision of 
TCD skills was delivered through an educational 
programme conducted in the UK, Ireland, and 
Italy, and demonstrated the success of a modular 
TCD training programme in achieving consistent, 
standardised, and comparable evaluation in three 
European countries.56

Patients at risk of stroke according to TCD results 
are offered chronic transfusion through simple 
top-up or exchange transfusions. The latter reduce  
iron overload, but are not available in every centre. 
While TCD allows identification of patients at risk 
of stroke and the ability to initiate appropriate 
treatment, it is not useful in screening  for the other 
cerebrovascular complications of SCD, such as 
silent cerebral infarcts.

DISEASE-MODIFYING TREATMENTS: 
HYDROXYUREA, RED BLOOD CELL 
TRANSFUSION, AND BONE MARROW
TRANSPLANTATION 

HU is currently the only approved and routinely 
used drug for SCD. It reduces the frequency of 
acute vaso-occlusive painful crisis and acute  
chest syndrome, it improves organ function,5,28-29 
and it has recently been demonstrated to 
have a role in stroke prevention.57 European 
centres have participated in proving the safety  
and benefits of HU in children with SCD.23,58-60  

Table 3: Practical suggestions for future perspectives.

Expand universal newborn screening to all European countries with sufficient prevalence of disease, whether in  
the indigenous or the immigrant population

Expand access to minimum standards of care, including vaccinations, antibiotic prophylaxis, and transcranial  
Doppler for stroke prevention, by increasing the number of skilled personnel and service availability

Increase the use of disease modifying treatments for the paediatric age group, such as hydroxyurea, in formulations 
that are suitable for children (low-dose tablets or syrups) in all countries

Standardise diagnostic, treatment, and care strategies across European countries

Improve transitional services: more children are surviving into adulthood and the haematology community needs  
to organise a pathway of care across all ages

Neurological complications go beyond stroke, involving loss of cerebral matter and impairment of cognition; 
diagnostic tools, severity markers, and targeted treatments need to be developed

Develop wide clinical trials to investigate personalised medicine and new drugs, especially for the management  
of painful vaso-occlusive crisis, which is still suboptimal
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Currently, a study is underway to determine the  
long-term effects of HU in a European cohort.61  
However, data regarding prescription of HU and 
adherence to HU treatment in Europe are lacking,  
and many publications coming from the USA  
report that there is an under-prescription and  
underuse of HU;62 this highlights caregiver and  
patient barriers, and is a field that warrants 
investigation. Some countries do not even have 
a paediatric formulation available, and have  
to acquire it from abroad or use inappropriate 
schedules, which is also an urgent issue to resolve.63

Red blood cell transfusions are a pivotal  
treatment of SCD, both for acute emergencies and 
chronic complications.5,27-29 Lack of ethnically 
matched donors is a concerning issue and extensive  
cell phenotype matching is recommended to 
avoid alloimmunisation.

The only curative option for SCD is bone marrow 
transplantation (BMT). The description of the 
indications for BMT, and of the different types of 
donor and conditioning regimens that can be used 
for BMT, goes beyond the scope of this review.  
It is worth noting, however, that several European 
centres have the resources to increase the 
possibility of performing BMT by using one of the  
parents as a donor (haploidentical transplantation).

OPEN ISSUES AND FUTURE 
PERSPECTIVES 

The past few decades have seen service  
organisation for patients with SCD in several 
European countries. While high-level research is  
conducted in many centres and excellent care is  
routinely delivered, very few data report outcomes  
of healthcare delivery and utilisation across Europe.  
No up-to-date data on the burden of SCD across  
the EU is available, due to the absence of an  

organised system of data collection and to the lack 
of widespread newborn screening in many countries. 
Information on the rate of hospitalisation, length of 
stay, readmission rate, outpatient service utilisation,  
and outcome data, including mortality, are limited 
to some centres. A great deal of literature on 
healthcare utilisation, service delivery, and costs  
of care for SCD is available for the USA,  
but similar data have not yet been produced from  
Europe and this is a gap that should be filled to  
allow better service implementation.

Further aspects of care require co-ordinated  
action. Cerebrovascular complications are not 
limited to stroke prevention; silent infarcts and 
cognitive impairment pose a great burden on  
the health and quality of life of children with  
SCD, and will greatly impact them in later life.64 
Investigations and interventions in this field have 
been performed in some countries but need  
to be expanded. Transition to adulthood is  
challenging65 and the mortality peak is shifting  
from early childhood to late adolescence and  
young adulthood. Adequate transition services  
and adult care are inconsistent across Europe.

In conclusion, as suggested by the EHA  
roadmap,16 optimising patient care and clinical  
trials to address basic aspects of clinical care  
are key issues in the field of SCD in Europe,  
together with new profiling of disease severity  
allowing personalised medicine and investigation  
of new therapeutic molecules for clinical  
management. These aspects will affect patient 
health outcomes and quality of life, as well as  
national and European healthcare systems by 
reducing hospital admissions, hospitalisation  
lengths, and care costs. A few practical  
suggestions, which are certainly not exhaustive, 
regarding issues to address and improve in the  
field of paediatric SCD are shown in Table 3.

REFERENCES

1. Weatherall DJ, Clegg JB. Inherited 
haemoglobin disorders: an increasing 
global health problem. Bull World Health 
Organ. 2001;79(8):704-12.
2. Aguilar Martinez P et al. 
Haemoglobinopathies in Europe: health  
& migration policy perspectives. Orphanet 
J Rare Dis. 2014;9:97.
3. Roberts I, de Montalambert M. Sickle 
Cell disease as a paradigm of immigration 
haematology: new challenges for 
hematologists in Europe. Haematologica. 

2007;92(7):865-71.

4. de Montalembert M et al. Sickle cell 
disease in France in 2006: results and 
challenges. Arch Pediatr. 2006;13(9): 
1191-4.

5. Public Health England. NHS 
population screening: programme 
standards. 2010. Available at: 
h t tp : //www.sct . sc reen ing .nhs .uk /
standardsandguidelines. Last accessed: 
1 May 2016.

6. Colombatti R et al. Hospitalization 
of children with sickle cell disease in a 
region with increasing immigration rates. 
Haematologica. 2008;93(3):463-4.

7. Mañú Pereira M, Corrons JL. Neonatal 
haemoglobinopathy screening in Spain. J 
Clin Pathol. 2009;62(1):22-5.

8. Gibbons C et al. Sickle cell disease: 
time for a targeted neonatal screening 
programme. Ir Med J. 2015;108(2):43-5.

9. Suijker MH et al. [Haemoglobinopathy 



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 134 135

in the 21st century: incidence, diagnosis 
and heel prick screening]. Ned Tijdschr 
Geneeskd. 2014;158:A7365.
10. Kohne E, Kleihauer E. 
Hemoglobinopathies: a longitudinal study 
over four decades. Dtsch Arztebl Int. 2010; 
107(5):65-71.
11. World Health Organization. Report 
A59/9 on sickle cell anemia. 2006. 
Available at: http://apps.who.int/gb/
archive/pdf_files/WHA59/A59_9-en.pdf. 
Last accessed: 1 May 2016.
12. United Nations. ‘Sickle-cell Anaemia 
as a Public Health Problem’ Among Four 
Adopted Texts. 2008. Available at: http://
www.un.org/News/Press/docs/2008/
ga10803.doc.htm. Last accessed: 1  
May 2016.
13. Rees DC et al. Sickle-cell disease. 
Lancet. 2010;376(9757):2018-31.
14. Section on Hematology/Oncology 
and Committee on Genetics; American 
Academy of Pediatrics. Health supervision 
for children with sickle cell disease. 
Pediatrics. 2002;109(3):526-35.
15. Kauf TL et al. The cost of health care 
for children and adults with sickle cell 
disease. Am J Hematol. 2009;84(6):323-7.
16. Engert A et al. The European Hematology 
Association Roadmap for European 
Hematology Research: a consensus 
document. Haematologica. 2016;101(2): 
115-208. 
17. Bernaudin F et al. G6PD deficiency, 
absence of alpha-thalassemia, 
and hemolytic rate at baseline are 
significant independent risk factors for 
abnormally high cerebral velocities in 
patients with sickle cell anemia. Blood. 
2008;112(10):4314-7.
18. Urio F et al. High Prevalence of 
Individuals with Low Concentration of 
Fetal Hemoglobin in F-cells in Sickle 
Cell Anemia in Tanzania. Am J Hematol. 
2016;doi: 10.1002/ajh.24390. [Epub ahead 
of print]. 
19. Chaouch L et al. rs11886868 and 
rs4671393 of BCL11A associated with 
HbF level variation and modulate clinical 
events among sickle cell anemia patients. 
Hematology. 2016;22:1-5. [Epub ahead of 
print]
20. Telfer P et al. Clinical outcomes in 
children with sickle cell disease living 
in England: A neonatal cohort in East 
London. Haematologica. 2007;92(7): 
905-12. 
21. Bernaudin F et al. Impact of early 
transcranial Doppler screening and 
intensive therapy on cerebral vasculopathy 
outcome in a newborn sickle cell anemia 
cohort. Blood. 2011;117(4):1130-40; quiz 
1436.
22. Bernaudin F et al. Long term follow-
up of children with sickle cell anemia 
treated for abnormal transcranial Doppler 

velocities. Blood. 2016. [Epub ahead  
of print].
23. Lê PQ et al. Survival among children 
and adults with sickle cell disease in 
Belgium: Benefit from hydroxyurea 
treatment. Pediatr Blood Cancer. 
2015;62(11):1956-61.
24. van der Plas EM et al. Mortality and 
causes of death in children with sickle cell 
disease in the Netherlands, before the 
introduction of neonatal screening. Br J 
Haematol. 2011;155(1):106-10.
25. Díaz-Díaz J et al. [Stroke in paediatric 
patients with sickle-cell anaemia]. Rev 
Neurol. 2014;59(4):153-7.
26. Haute Autorité de Santé. 
Recommandations pour la pratique 
Clinique. Prise en charge de la 
drépanocytose chez l’enfant et 
l’adolescent. 2005. Available at: http://
www.has-sante.fr/portail/upload/docs/
application/pdf/Drepanocytose_reco.
pdf. Last accessed: 1 March 2016.
27. Ministère de la Santé et des Solidarités. 
Plan National Maladies Rares 2005-2008. 
Available at: http://social-sante.gouv.fr/
IMG/pdf/Maladies_rares_plan_sante_
publique_2005_2008.pdf. Last accessed: 
13 October 2013.
28. Colombatti R et al. Organizing national 
responses for rare blood disorders: the 
Italian experience with sickle cell disease 
in childhood. Orphanet J Rare Dis. 2013; 
8:169.
29. GPOH Konsortium Sichelzellkrankheit. 
AWMF-S2k-Leitlinie Sichelzellkrankheit 
(Stand: 12/2014). 2014. Available at: 
http://www.sichelzellkrankheit.info/
behandlungsleitlinie/. Last accessed:  
20 February 2016.
30. de Montalembert M et al. ENERCA 
clinical recommendations for disease 
management and prevention of 
complications of sickle cell disease in 
children. Am J Hematol. 2011;86(1):72-5.
31. Colombatti R et al. Comprehensive care 
for sickle cell disease immigrant patients: 
a reproducible model achieving high 
adherence to minimum standards of care. 
Pediatr Blood Cancer. 2012;59(7):1275-9.
32. Okpala I et al. The comprehensiveness 
care of sickle cell disease. Eur J Haematol. 
2002; 68(3):157-62.
33. Streetly A et al. Positive screening 
and carrier results for the England-wide 
universal newborn sickle cell screening 
programme by ethnicity and area for 
2005-07. J Clin Pathol. 2010;63(7):626-9.
34. Gulbis B et al. Neonatal 
haemoglobinopathy screening in Belgium. 
J Clin Pathol. 2009;62(1):49-52.
35. Bouva MJ et al. Implementing neonatal 
screening for haemoglobinopathies in the 
Netherlands. J Med Screen. 2010;17(2): 
58-65.
36. Cela de Julián E et al. Evaluation of 

systematic neonatal screening for sickle 
cell diseases in Madrid three years after 
its introduction. An Pediatr (Barc). 2007; 
66(4):382-6.
37. Bardakdjian-Michau J et al. Neonatal 
screening for sickle cell disease in France. 
J Clin Pathol. 2009;62(1):31-3.
38. Rolla R et al. Neonatal screening 
for sickle cell disease and other 
hemoglobinopathies in “the changing 
Europe.” Clin Lab. 2014;60(12):2089-93.
39. Venturelli D et al. Sickle cell disease 
in areas of immigration of high-risk 
populations: a low cost and reproducible 
method of screening in northern Italy. 
Blood Transfus. 2014;12(3):346-51.
40. Ballardini E et al. Universal neonatal 
screening for sickle cell disease and other 
haemoglobinopathies in Ferrara, Italy. 
Blood Transfus. 2013;11(2):245-9.
41. Frömmel C et al. Newborn screening 
for sickle cell disease: technical and legal 
aspects of a German pilot study with 
38,220 participants. Biomed Res Int. 2014; 
2014:695828.
42. Lobitz S et al. Incidence of sickle 
cell disease in an unselected cohort of 
neonates born in Berlin, Germany. Eur J 
Hum Genet. 2014;22(8):1051-3.
43. Kunz JB et al. Significant prevalence of 
sickle cell disease in Southwest Germany: 
results from a birth cohort study indicate 
the necessity for newborn screening. Ann 
Hematol. 2016;95(3):397-402. 
44. Jans SM et al. A case study of 
haemoglobinopathy screening in the 
Netherlands: witnessing the past, lessons 
for the future. Ethn Health. 2012;17(3): 
217-39. 
45. Kaufmann JO et al. After the 
introduction into the national 
newborn screening program: who 
is receiving genetic counseling for 
hemoglobinopathies in the Netherlands? 
Public Health Genomics. 2014;17(1):16-22. 
46. Peters M et al. One-third of the new 
paediatric patients with sickle cell disease 
in The Netherlands are immigrants and do 
not benefit from neonatal screening. Arch 
Dis Child. 2010;95(10):822-5. 
47. Thuret I et al. Neonatal screening for 
sickle cell disease in France: evaluation 
of the selective process. J Clin Pathol. 
2010;63(6):548-51.
48. de Montalembert M et al. Ethical 
aspects of neonatal screening for 
sickle cell disease in Western European 
countries. Acta Paediatr. 2005;94(5): 
528-30.
49. Howard-Jones M et al. An audit 
of immunisation status of sickle cell 
patients in Coventry, UK. J Clin Pathol. 
2009;62(1):42-5. 
50. de Montalembert M, Lenoir G. 
Antibiotic prevention of pneumococcal 
infections in asplenic hosts: admission of 



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 134 135

insufficiency. Ann Hematol. 2004;83(1): 
18-21.

51. Colombatti R et al. Lessons learned 
from the H1N1 pandemic: the need to 
improve systematic vaccination in Sickle 
Cell Disease children. A multi center 
survey in Italy. Vaccine. 2011;29(6):1126-8.

52. Deane CR et al. Extracranial internal 
carotid arterial disease in children with 
sickle cell anemia. Haematologica. 
2010;95(8):1287-92.

53. Bernaudin F et al. Chronic and acute 
anemia and extracranial internal carotid 
stenosis are risk factors for silent cerebral 
infarcts in sickle cell anemia. Blood. 
2015;125(10):1653-61.

54. Deane CR et al. Transcranial Doppler 
scanning and the assessment of stroke 
risk in children with HbSC [corrected] 
disease. Arch Dis Child. 2008;93(2): 
138-41.

55. Padayachee ST et al. Problems with 
implementing a standardised transcranial 
Doppler screening programme: 
impact of instrumentation variation 
on STOP classification. Pediatr Radiol. 
2012;42(4):470-4.

56. Inusa B et al. The Impact Of a 
Standardised Transcranial Doppler 
Training Programme In Screening 
Children With Sickle Cell Disease: A 
European Multicenter Perspective. Blood. 
2013;122(21):983.
57. Ware RE et al. Hydroxycarbamide 
versus chronic transfusion for 
maintenance of transcranial doppler 
flow velocities in children with sickle cell 
anaemia-TCD With Transfusions Changing 
to Hydroxyurea (TWiTCH): a multicentre, 
open-label, phase 3, non-inferiority trial. 
Lancet. 2016;387(10019):661-70.
58. de Montalembert M et al. Long-
term hydroxyurea treatment in children 
with sickle cell disease: tolerance and 
clinical outcomes. Haematologica. 2006; 
91(1):125-8.
59. de Montalembert M et al. Three-year 
follow-up of hydroxyurea treatment 
in severely ill children with sickle cell 
disease. The French study group on sickle 
cell disease. J Pediatr Hematol Oncol. 
1997;19(4):313-8.
60. Gulbis B et al. Hydroxyurea for sickle 
cell disease in children and for prevention 
of cerebrovascular events: the Belgian 

experience. Blood. 2005;105(7):2685-90.

61. de Montalembert M et al. 
Implementation of a European Cohort 
to Follow Sickle Cell Children and Adults 
Treated with Hydroxycarbamide. Blood. 
2014;124(21):564.

62. Stettler N et al. Proportion of 
adults with sickle cell anemia and pain 
crises receiving hydroxyurea. JAMA. 
2015;313(16):1671-2.

63. Colombatti R et al. Hydroxiurea 
prescription, availability and use in 
children with sickle cell disease in 
Italy: results of the Italian Association 
of Pediatric Hematology Oncology 
(AIEOP) Multicenter survey. Abstract 
P378. Congress of European Hematology 
Association, Vienna, Austria, 11–14  
June 2015. 

64. Brousse V et al. How I manage cerebral 
vasculopathy in children with sickle cell 
disease. Br J Haematol. 2015;170(5): 
615-25.

65. de Montalembert M et al. Transition 
from paediatric to adult care for patients 
with sickle cell disease. Br J Haematol. 
2014;164(5):630-5.



HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL HEMATOLOGY  •  July 2016  	 EMJ  EUROPEAN MEDICAL JOURNAL 136 137

18th Meeting of the European Association for Haematopathology 
(EAHP 2016) 
3rd–8th September 2016
Basel, Switzerland
Internationally renowned speakers will be discussing the issues and controversies that have 
recently emerged in the field of haematopathology. The event will focus on the topics of bone 
marrow and lymphoma, both of which will be explored extensively in a series of symposia and 
workshops. Alongside in-depth coverage of the scientific and practical issues within these  
topics, the congress will also feature an array of ‘Meet the Professor’ sessions. 

49th Annual Meeting of the German Society of Transfusion  
Medicine and Immunohaematology and the 24th Annual  
Meeting of the German Society for Immunogenetics  
(Joint Congress DGTI & DGI 2016)       
7th–10th September 2016
Nuremberg, Germany
The scientific organising committee can proudly announce a range of distinguished experts 
from around the world in addition to the young scientists from Germany’s own national  
institutions, featuring at the congress in Nuremberg. It is the first joint congress held between 
these two long-established organisations, offering an interdisciplinary discussion of the current 
research results, developments, and practical applications in each of their areas of expertise. 

2nd International Conference on New Concepts  
in B Cell Malignancies 
9th–11th September 2016
Estoril, Portugal
Covering all aspects of B cell malignancies, from molecular pathogenesis to state-of-the-art 
treatment, this conference will encourage scientific exchange between scientists and clinicians 
working on lymphoid malignancies across the globe. Through plenary presentations, round  
table discussions, ‘meet the expert’ sessions, and poster presentations, the event aims to 
improve the understanding of B cell disorders, including its molecular pathogenesis and range  
of prognostic markers.

15th International Congress on Antiphospholipid Antibodies
21st–24th September 2016
Istanbul, Turkey 
This triennial event will discuss the recent advances and future directions in antiphospholipid 
antibodies and antiphospholipid syndrome. The general topics addressed at the event will 
include antiphospholipid antibody-mediated thrombosis, association between antiphospholipid 
syndrome and other systemic autoimmune diseases, and new antithrombotic agents, to entice  
all researchers and clinicians interested in the field. Its broad programme will also provide task 
force presentations, covering the controversial aspects of diagnosis and management.

UPCOMING EVENTS
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HEMATOLOGY
10th Anniversary Conference Academy for Sickle Cell  
and Thalassaemia Conference (ASCAT)    
5th–7th October 2016
London, UK
This conference will provide an important space for discussion and interaction between leading 
experts and healthcare professionals on the topic of sickle cell disease and thalassaemia.  
Each day of the event will provide an invaluable opportunity to explore a range of prominent 
topics covering these diseases, including the role of molecular diagnosis in sickle cell disease  
and psychosocial and adherence issues in haemoglobinopathies.

7th International Eurasian Hematology Congress (EHC)
13th–16th October 2016
Istanbul, Turkey
Last year’s congress saw participants from 42 different countries, pushing it ever-closer  
towards becoming one of the world’s leading international conventions. This year is a  
continuation of the organisers’ efforts to serve both Europe and Asia with high-quality scientific 
discussion and exchange in the field of haematology. Offered in the programme is a range 
of sessions exploring the varying treatment strategies for a wide selection of blood diseases  
and disorders.

7th International Conference on Myeloproliferative Neoplasms
27th–29th October 2016
Estoril, Portugal
Scientists and clinicians will present and discuss the latest research on the cellular and  
molecular biology of myeloproliferative neoplasm (MPN) disorders in order to contribute 
to its improved diagnosis and treatment. This specialist event will feature a range of topics 
in alignment with the learning objectives of the event, with a focus on novel therapeutic  
approaches, targeting the MPN stem cell, and understanding the genetic and cellular  
pathogenesis of MPNs.

22nd Congress of the European Hematology Association (EHA) 
22nd–25th June 2017
Madrid, Spain
The European Hematology Association (EHA) has always striven to promote excellence in  
patient care, research, and education in haematology. The EHA 2017 Congress will provide 
a welcome opportunity for the organisation to continue these efforts. This annual event has  
continued to build in popularity over recent years, with EHA 2016 boasting over 10,000 attendees  
and a record number of over 2,000 abstracts: a success that will prove to be no exception.  
Over the past two decades, the EHA Congress has established itself as an unmissable event  
for haematologists across the board. EHA 2017 will be a confident progression from these  
previous successes when it returns in June next year.
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