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Summary

Recent advances in the basic medial sciences, particularly cell biology and
genomics, have great promise for the future development of all aspects of
haematological practice. They will also impinge on the hitherto neglected fields of
haematology including haematology involving the care of the rapidly increasing
number of elderly patients and the complex problems of haematological practice in
the developing countries. To obtain the maximum benefit from these new
developments it will be necessary to review the patterns of training of haematologists
of the future at every level. In short, it will be important to try to design and develop
various career pathways for training haematologists including those who wish to
work full time in basic research, combine research with clinical practice, or commit all

their time to clinical work and teaching.

Keywords

Genomics, Next-generation sequencing; Neglected disease, Training

The Concise Oxford Dictionary defines the usage of the word ‘academic’ in several
ways including “relating to education” or “of no practical relevance”. The former
definition is of course relevant to all aspects of medical education at every level,
while the latter is consistent with recent attacks on the basic biological sciences
which claim that they have played little or no role in the improvement of health care
(Chalmers et al, 2014). Yet an analysis of the history of the development of
haematology over the last four hundred years (Wintrobe, 1980) suggests that many
of its clinical successes were based on curiosity-driven basic research. Some

examples are shown in Table 1.

More recent criticism of the clinical value of basic medical research also followed the

announcement of the successful completion of the human genome project in 2001-



2003. It was claimed that the results of this remarkable achievement would, within
the next twenty years, define the causes and approaches to the management of
many common diseases and lead to an era of personalised or stratified medicine.
However, it soon became apparent that because of the extreme complexity of the
structure and regulation of the human genome these predictions were premature.
However, during recent years there have been remarkable technical advances in
genomics and in the related fields of proteomics, metabolomics, phenomics and
pharmacogenomics. These advances have been reviewed by the Royal Society
(2005, 2015) and the Academy of Medical Sciences (2013). It is now clear that
these branches of the basic medical sciences will play a major translational role in
the diagnosis and management of many diseases in the future and will undoubtedly

provide a basis for the further evolution of haematological practice.

In this review we outline some of the recent advances in the basic medical sciences
related to haematology, discuss the future importance of some of the neglected
areas of haematology and attempt to define the educational requirements for the

future amalgamation of the basic and clinical aspects of haematological practice.

Advances in the basic biological sciences related to future haematological

practice

Over recent years the development of the clinical applications of next-generation
sequencing of both DNA and RNA have become applicable to a wide range of
clinical disorders (Park et al, 2013, Van Keuren-Jensen et al, 2014). These
advances, together with a better understanding of the cell biology of haemopoiesis
(Brown & Sanchez-Garcia, 2016) are likely to play a major role in the practice of all
aspects of haematology in the future. The two examples which follow provide strong

support for this prediction.

The technologies of cytogenetics and molecular genetics are already applied widely

for the classification, diagnosis, prognosis and management of the leukaemias and



other malignant diseases of the blood (Provan & Gribben, 2010). The recent
applications of next-generation sequencing to genome-wide association studies
(GWAS), exome sequencing and transcriptome (RNA) analysis are showing
increasing clinical potential. For example the Cancer Genome Atlas (International
Cancer Genome Consortium et al, 2010) and the International Cancer Genomics
Consortium (Ledford, 2010) have identified a number of consistent point mutations
and translocations with therapeutic potential. Another example is the Pediatric
Cancer Genome Project (Downing et al, 2012). Genome-wide association studies
(GWAS) were carried out on 600 paediatric tumours and 600 non-malignant
germline samples with the expectation that the information gained will have broad
clinical application. As well as defining potential therapeutic targets, detailed
sequencing studies have also provided insights that have revised our previously
accepted paradigms of the initiation and natural history of haematological
malignancies. Studies on serial samples from patients allow us to define ‘driver
versus ‘passenger’ mutations, and highlight the complexity of clonal evolution during
tumour growth and treatment. The therapeutic potential of genetic data obtained by
these approaches and its relationship to the development of clinical trials is
discussed by Simon & Roychowdhury (2013) and some examples relating to

haematological malignancies are shown in Table 2.

The second example of the value of next-generation sequencing technology is its
clinical potential for the more effective prevention and management of single gene
(Mendelian) disorders. The inherited disorders of haemoglobin are by far the
commonest single-gene disorders, particularly sickle cell disease and the different
forms of thalassaemia. It is estimated that there are 300,000 to 400,000 births per
year, 80% of which occur in low or medium income countries (Christianson et al,
2006). The current approaches to screening and invasive prenatal diagnosis are
reviewed by Cao & Kan (2013). There is now promising progress towards the

development of non-invasive prenatal diagnosis by applying next-generation



sequencing of the fetal genome present in maternal plasma (Lo & Chiu, 2010). A
major characteristic of the haemoglobinopathies is their remarkable phenotypic
diversity. A better understanding of the genetic basis for this variability is vital for the
early assessment of their prognosis and future management. The role of recent
GWAS studies of this problem, reviewed by Lettre (2013), emphasise their value in
identifying genes which modify the level of fetal haemoglobin in sickle cell anaemia
and beta thalassaemia, work which is leading to the possibility of therapeutic
approaches to increase its levels to produce a milder phenotype (Masuda et al,
2016). It seems likely therefore that the application of this new technology will also
be effective in identifying the primary, secondary and tertiary modifiers that underlie
the complex phenotypic variability of these diseases in the future (Weatherall, 2001).
Research progress towards gene therapy for the haemoglobin disorders using
retroviral vectors and related approaches is reviewed by Nienhuis & Persons (2013).
Although progress is slow successes have been reported (Cavazzana-Calvo et al,
2010) and with the use of new gene-editing techniques further progress in the near
future seems very likely (Orkin & Reilly, 2016). Itis also likely that these advances in
the haemoglobinopathies will have relevance to many other monogenic

haematological diseases.

From these brief reviews it is clear that patient care in the future will include the
application of increasingly complex genetic information, a prediction which has

important implications for the training of haematologists.

Neglected aspects of haematology requiring urgent action

Every aspect of clinical practice requires vision and future planning and haematology
is no exception. The sections which follow offer two examples of important future

developments in haematological practice.



The haematology of aged populations. The rapid increase in the aged population is
putting a heavy strain on the provision of health care in every advanced country. A
recent review of haematology in the aged (Ershler et al, 2016), against the
background of our limited knowledge about the biology of ageing, describes the
steady decline in bone marrow cellularity and in thymic mass with age. Surprisingly,
various transplant experiments have shown that the activity of haemopoietic stem
cells does not decline with age. There is as yet an unexplained high frequency of
mild anaemia, as defined by the World Health Organization (WHO) criteria, in aged
populations. Studies of the regulation of red cell production by erythropoietin in
ageing and related hypoxic responses have so far given inconsistent results. For
reasons that are also not clear there appears to be an age-related activation of
coagulation and fibrinolytic pathways which increase the risk of thrombus formation
and a variety of other conditions. Another neglected issue in most aspects of
medical practice is the pharmacology of ageing. Very little is known about the effect
of ageing on drug metabolism and drug doses are rarely modified from those given
to younger patients. It is clear that in the future the haematology of ageing will
require increasing interaction between both basic researchers and clinical practice in

the field of haematology.

Global haematology. A recent edition of Hematology/Oncology Clinics of North
America, edited by Roberts & Weatherall (2016), includes a series of papers relating
to haematological practice in the developing countries, particularly those of South
and Southeast Asia and sub-Saharan Africa. The articles include a description of
the various types of haematological disease in these countries together with the
current state of their diagnosis and management, the problems of diagnosis against
a background of multiple pathology, the difficulties of establishing blood transfusion
programmes, the lack of basic analytical equipment in many laboratories, and many

other related issues. It also includes an account of some of the difficulties



encountered by those attempting to help the developing countries to improve

haematological practice.

In its publication Genomics and World Health (Weatherall et al, 2002) the WHO
encouraged the development of what are sometimes called North/South
partnerships, that is partnerships between rich and poor countries for the
development of improved clinical care in the latter. In the case of the inherited
disorders of haemoglobin and related genetic diseases this approach was approved
later at the 59" World Health Assembly. So far the WHO have provided little support
for these projects although partnerships of this kind have been established with the
help of several haematological departments in the UK and elsewhere. They require
much more than simply training young doctors from the developing countries. They
involve constant travel in both directions, combining capacity building with, at least in
some cases, research and developing good relationships with the governments of
the poor countries (Weatherall, 2010). Funding for these partnerships has been
difficult to obtain. It is vital that this message is conveyed to the WHO, other
international agencies and charities and funding bodies. It will also require a major
effort in persuading universities and postgraduate teaching bodies that their clinical

training should focus more time on international health.
Training for the Future in Haematological Practice
Clinical training

The opportunities for the future practice of haematology are great, but is it clear that
if we are to make the most of advances in basic haematological science, then
clinicians will need to be fluent in the language of their scientific colleagues. Routine
clinical practice now requires an appreciation of the use of quantitative polymerase
chain reaction for the detection of minimal residual disease and next-generation
sequencing for the massively parallel detection of disease-causing and disease-

associated mutations in haematological malignancies. An understanding of the flaws



and limitations of these technologies is essential for scientifically and clinically
literate patient care, even before we consider the importance of clinical and scientific

cooperation on the major unanswered questions in haematology.

At present, academic and scientific training for haematologists remains optional,
undertaken as part of ‘out of programme’ (OOP) attachments for research and
experience. These are typically organized by haematologists in training themselves,
and funded by external research agencies. While such attachments, usually leading
to award of a higher degree, are popular with those who have academic ambitions,
there is no obligation for haematologists who wish to pursue careers wholly within
the clinical sector to engage with these opportunities. Since the most recent higher

specialist training curriculum for haematologists (amended 2012; http://www.gmc-uk

.org/Haematology 3 Jul 07 v.Curr 0017.pdf 30541824.pdf) makes little reference

to molecular genetics, and no reference at all to genomics, it is quite possible for
haematologists to emerge from their clinical training with a severely restricted
appreciation of the significance of advances in basic science. Where that scientific
training is delivered, it is outwith the national training programme, with no recognised
curriculum, standards, or assessment. Whether the specialist curriculum reflects our
understanding of current concepts of haematological disease is itself debatable, as
will be evident from the summary presented in Table 3; taken from the table of
contents to the current specialist curriculum, this outline does not map readily to a

modern view of haemopoiesis or pathophysiology.

The demands on the time and energies of the training haematologist are not to be
underestimated. During a five year higher specialist training programme, registrars
are expected to pass both parts of the FRCPath examination, requiring competence
across a breadth of clinical and laboratory practice that must be exceptional among
specialties. They are expected to gain sufficient experience in areas as diverse as
haemophilia and allogeneic transplantation, hospital transfusion practice and

lymphoma, paediatric bone marrow failure syndromes and laboratory management.


http://www.gmc-uk/

The rate of expansion of patient-facing ward and clinical work in the fields of
haematological malignancies means that there has already been significant
impingement on laboratory training opportunities available to many haematologists.
Adding a further substantial expectation in the understanding of basic science risks

stretching laboratory training time ever more thinly across an expanding curriculum.

The additional changes indicated by the Joint Royal Colleges’ Shape of Training

Review (www.shapeoftraining.co.uk 2014) with its amalgamation of core medical and

specialty training into a 4-6 year ‘broad based specialty training’ programme’ (Figure
1), have been the cause of some consternation among haematologists. Effectively
shortening specialty training by another year and introducing an additional emphasis
on acute medical management, the Shape of Training review has been seen by
some as exacerbating still further haematology’s already too-thinly spread

curriculum.

Yet this may offer the best solution to haematology’s expanding clinical reach and to
the necessity of expanding basic scientific training within haematology. The option of
‘credentialing’ following the award of a certificate of special training (CST) suggested
by the Shape of Training review may represent an opportunity for haematologists to
bring the kind of scientific advances described in the opening paragraphs of this

article into the mainstream of clinical practice.

Currently all training haematologists, irrespective of their subspecialty interest and
experience, are required to complete a five year clinical training programme which
allows them to practise in any field of haematology, be it within a district general
hospital, haematological malignancies diagnostics laboratory, specialist haemophilia
unit or transplant centre. Few would argue that the current training programme
equips registrars with the skills to fulfil many of these roles. By introducing
formalized post-CST credentialing after an abbreviated generalist training (such as

that proposed by the Shape of Training review), we would be able to drop the


http://www.shapeoftraining,co.uk/

pretence that FRCPath part Il constitutes a ticket for competent practice in all of
these areas of haematology. Moving specialist haematology to the post-CST phase
(perhaps with post-CST diploma qualifications) would allow a modernization of the
curriculum, facilitate earlier specialization and make space during generic training to
ensure that all clinicians gain some exposure to the advances in clinical science
described above. Post-CST subspecialist training might focus on molecular genetic
and genomic haematology, international health, clinical trials, and a host of other key
areas which are currently under-represented in haematology training. Smaller, more
focused subspeciality training curricula would be more responsive to scientific and

clinical advances, more flexible in their development.

Academic training

Out of programme placements for research are typically limited to three years’
duration. For registrars who are part of the National Institute of Health Research
integrated academic training path as academic clinical fellows (ACFs), protected
time is made available prior to a doctoral research project for the development of a
research interest. This enables young haematologists with little or no research
experience to accrue preliminary data, and to access good scientific and clinical
mentorship prior to applying for clinical training fellowships in research. While 25% of
their training time in their first three years as a specialist registrar is spent in
research, the timing and distribution of this time (whether in three month instalments,
or in a single nine month block) is typically determined by the clinical requirements of
the training rotation in which they work. In some cases, the protected academic time
of ACFs is backfilled by registrars in non-academic training posts, with inevitable

impact on their training.

By contrast, the majority of haematology registrars who are appointed to “non-
academic” national training numbers, academic training may be negligible or even

absent. Approval for time out of programme is not guaranteed, and the opportunity to
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step out of highly regulated training rotations may be determined by wholly non-

academic factors (e.g. staffing shortages or service expansion).

Following research, registrars currently return to a clinical training programme to be
exposed to the full range of haematological practice again. For many who have
chosen a subspecialty area of interest, and who are aiming for academic careers,
time spent working in clinical areas quite distinct from their future clinical practice
feels like time wasted - especially for those who have already completed their
FRCPath exams. This is especially galling for those who are unable to undertake
further research. Currently, the only means by which registrars with either
designated academic or standard training posts may take time for postdoctoral
research is through the small number of highly competitive NIHR academic clinical
lectureships (ACLs). These typically supernumerary posts permit up to two years of
protected time for research, and are designed to allow young doctors to gain
momentum in their application for intermediate clinical fellowships. Without an ACL,
haematologists are obliged to wait for the end of their training attachments (two

years or possibly more) before being able to continue with their careers plan.

We appreciate the need for workforce planning both at registrar and consultant level,
but the current system for training young haematologists, whether academic or
clinical lacks the flexibility and responsiveness essential for this most progressive of
specialties. It is not yet clear how the NIHR integrated academic training pathway will
incorporate the changes required by The Shape of Training review, but we believe
this is an opportunity to become more ambitious for the education of a new

generation of haematologists.

Conclusion

It seems very clear that the recent developments in the basic biological sciences are
going to play a major role in the future development of haematological practice

including some areas which have hitherto been rather neglected. These advances
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also have relevance to the extremely complex haematological problems of the
developing countries, particularly those in the tropical belt. To achieve maximum
improvements in haematological practice based on these new developments there
will need to be a careful review of the current training programmes for
haematologists at every level and an encouragement for medical student training

towards a more global approach.
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Captions for Tables

Table 1: Some examples of basic curiosity-driven science over the centuries which

had a major impact on clinical practice in haematology (Wintrobe, 1980).

Table 2: Genomic alterations as putative predictive biomarkers for different forms
of haematological malignancy (data extracted from Simon &

Rowchowdhury (2013) with permission).

Table 3: Higher specialist training curriculum in haematology - failing to represent

our current understanding of haematological disease.
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Captions for Figure

Figure 1: Overview of the Shape of Training review. An abbreviated specialist
training programme could allow a modernisation of general haematology

training and earlier subspeciality focus.
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Table 1

Scientist Discovery Value to Clinical Haematology
Van Leeuwenhoek Microscopy Diagnostic haematology
(1632-1723) The Red Cell

William Hewson
(1739-1774)

Blood coagulation

Disorders of blood coagulation

Karl Landsteiner
(1868-1943)

Blood groups

Blood transfusion

Paul Ehrlich
(1854-1915)

Staining and morphology of blood
cells

Diagnostic haematology

George Whipple
(1878-1976)

George Minot
(1885-1950)

William Castle
(1867-1962)

Dietetic mechanisms of blood
formation

Iron deficiency anaemia
Pernicious anaemia

César Milstein
(1927-1981)

Georges Kohler
(1946-1995)

Monoclonal antibodies

Diagnostic haematology

Management of malignant blood
diseases

Frederick Sanger
(1918-2013)

Method for DNA sequencing

Essential to every aspect of
molecular haematology

Linus Pauling
(1901-1994)

Max Perutz
(1914-2002)

Vernon Ingram
(1924-2006)

The structure and function of
haemoglobin and the first
description of an inherited
disorder of haemoglobin at the
molecular level

The era of molecular
haematology, diagnosis and
control of inherited blood
disease.

The classification, diagnosis and
management of malignant blood
disease
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Table 2

Genes Pathways Aberration Diseases Putative or proven
drugs

JAK1, JAK2, JAK3, JAK-STAT Mutation Leukaemia | JAK-STAT inhibitors

STAT1, STAT3 Rearrangement Lymphoma | STAT Decoys

Erythropoietin receptor JAK-STAT Rearrangement Leukaemia | JAK-STAT inhibitors

(EPOR)

Interleukin-7 receptor JAK-STAT Mutation Leukaemia | JAK-STAT inhibitors

(IL-7R)

ABL-1 ABL Rearrangement Leukaemia | ABL inhibitors

FLT-3 FLT3 Mutation or deletion | Leukaemia | FLT3 inhibitors

Fibroblast FGFR Mutation Myeloma FGFR inhibitors

Growth Factor 1 Receptor Amplification FGFR antibodies

FGFR1, FGFR2, FGFRS, Rearrangement

FGFR4
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Table 3

Haematology Specialty SYllabus ..............ouiiiiiiiiie e e
H 1 Introduction to Laboratory Haematology...........c.ceuuuiiiiieiiiiiiiiiie
H 2 Laboratory Haematology ............cuuuoiiiiiiii e

H 3 Anaemia

H 4 Acute LeUKGEMIE ........cuuuiiiiiiiiiiiiiiiiiicicicecir e
H 5 Chronic Leukaemia .............ccccvviiiiiiiiieiiiie et
H 6 Myeloma and other Plasma Cell DyScrasias ............ccccecvvvrrecireerncsineenennnn
H 7 LYMPROME ..ottt ss e st e ee e s ae s e s e en s arsan b a e s
H 8 Congenital Coagulation Disorders........ccccccccvviiiiiiiiieiiiiiiiieie e
IR T I 1 (0] 0] o Lo ] - O
H 10 Anticoagulation ...
H 11 Acquired Bleeding DiSOrders...........coo i

H 12 Platelet

o 1T o [=1 -

H 13 Haemoglobinopathies ...
H 14 Bone marrow failure Syndromes...........cccoeeviiiiieiiiiiieiciiieeeecceeeecie e
H 15 Myeloproliferative diSOrders ..............ccocureiiiiiiiiiiiiiiciieeeecee e
H 16 Haematology Relating to Other Medical Specialties .............cccccecvvrnennne
H 17 Generic Competencies in Haematology ..........c.cccccvvvieiiiiiccininiiiiieen,
H 18 Blood TransfuSion ... e s
H 19 Paediatric Haematology ...ttt ee s sr s s saba e
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