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Preface

Clinical manifestations of the myeloproliferative neo-
plasms span the breadth of hematology. The diagnostic
net particularly for entities such as eosinophilia must
be cast wide and can be challenging. Patients may suf-
fer aggressive neoplastic transformation, and also
hemorrhage, or thrombosis. In this book our authors,
all experts in this field, will guide the reader through
the entire clinical path from diagnosis to management,
navigating the many changes and advances in the past
decade since the description of the JAK2 V617F muta-
tion using an engaging case-based approach.

Using clinical examples, our readers will gain an
understanding of the many molecular advances (such
as calreticulin and CSF3R mutations) and application
of novel therapies, in particular JAK and other tyrosine
kinase inhibitors.

Whatever your prior experience of this field as
a trainee, consultant, pharmacist, nurse, or expert
patient, this book will demystify these rare conditions
and leave you confident in managing the myeloprolif-
erative neoplasms.
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Mary Frances McMullin

A patient can present with a raised hemoglobin (Hb),
raised white cell count (WCC) or leukocytosis, or
raised platelet counts and in each case the causes of the
abnormality have to be considered and investigated in
order to arrive at the diagnosis. Each type of abnormal-
ity will be discussed and illustrative cases given. Cases
presenting with simultaneous multiple raised cell
counts will also be considered.

Erythrocytosis

An absolute or true erythrocytosis is present when
the red cell mass is greater than 125% predicted for
the patient’s sex and body mass. The presence of an
erythrocytosis is indicted by an Hb and/or a hemato-
crit (Hct) above the upper limit of normal. However,
a raised Hb or Hct may not necessarily indicate that a
true erythrocytosis is present. It may be necessary to
formally measure the red cell mass in order to prove
that there is a true erythrocytosis as opposed to an
apparent erythrocytosis (where the Hetis raised but the
red cell mass is within the reference range) or a relative
erythrocytosis (where the Hct is raised but the red cell
mass is within the reference range and the plasma vol-
ume reduced). In cases where the Hct is above 0.60% in
amale or 0.56% in a woman the red cell mass is always
elevated and formal measurement of the red cell mass
is unnecessary to prove the point.!

Differential diagnosis of erythrocytosis

An erythrocytosis can be primary where there is an
intrinsic defect within the bone marrow compartment or
secondary where something usually mediated by eryth-
ropoietin (EPO) is driving the red cell mass expansion.
In each case the cause can be congenital or acquired.?
Table 1.1 lists all the causes of an erythrocytosis.

Initial assessment of the undiagnosed
patient who has an erythrocytosis,
leukocytosis, or thrombocytosis

Initial assessment of an undiagnosed
patient with erythrocytosis

The patient should be seen and the full blood picture
(FBP) repeated to confirm that the abnormality is pre-
sent. A careful history and examination should then
be carried out considering the differential diagnosis.?
Having confirmed the erythrocytosis if a diagnosis of
polycythemia vera (PV) seems a possibility, the next
investigation indicated is a test for JAK2 mutations
which, if positive, will confirm clonal disease.* If PV
does not seem likely then the next step would be to
measure the EPO level. A low-level EPO suggests a
primary defect in the EPO signaling pathway and this
should then be investigated further. A normal or ele-
vated EPO level suggests a secondary cause of eryth-
rocytosis and this should then be investigated further,
pursuing any suggestions from the history and exam-
ination. Figure 1.1 is an algorithm of the suggested
investigative route for a patient with erythrocytosis.

Case

An 18-year-old woman presented to the maternity unit
10 weeks pregnant. She was well. In her history she stated
that her mother had been investigated because “she had
too much blood.” On examination there was nothing
abnormal of note. Her FBP: Hb 194 g/L, Hct 0.60%, WCC
8.0 x 10°/L and platelets (Pts) 151 x 10°/L. Her EPO level
was 25 mIU/mL (normal range (NR) 2.5-10.5).

As she had an erythrocytosis, with a raised EPO
level, she had a secondary erythrocytosis. Because of
her young age and strong family history a congenital
secondary erythrocytosis was considered. Her globin
genes were sequenced first and she was found to have the
high-affinity B hemoglobin hemoglobin San Diego B 109
GTG-ATG; Val-Met.

Managing Myeloproliferative Neoplasms: A Case-Based Approach, ed. Ruben A. Mesa and Claire N. Harrison. Published by
Cambridge University Press. © Cambridge University Press 2016.



Chapter 1: Investigation of erythrocytosis and leukocytosis

Table 1.1 Patientinvestigation

Erythrocytosis

Primary erythrocytosis
Congenital

Erythropoietin receptor mutation
Acquired

Polycythemia vera

LNK mutations (congenital or acquired)
Secondary erythrocytosis
Congenital

High oxygen-affinity hemoglobin
Bisphosphoglycerate mutase deficiency
Methemoglobinemia
Oxygen-sensing pathway defects
VHL gene mutation

PHD2 mutations

HIF-2A mutations

Acquired

Erythropoietin-mediated

Central hypoxia

Chronic lung disease

Right-to-left cardiopulmonary shunts
Carbon monoxide poisoning
Smoker’s erythrocytosis

Hypoventilation syndromes
High-altitude habitat

Local renal hypoxia

Renal artery stenosis

End-stage renal disease
Hydronephrosis

Renal cysts (polycystic kidney disease)
Post renal transplant erythrocytosis
Pathological erythropoietin production
Tumors

Cerebellar hemangioblastoma
Meningioma

Parathyroid adenoma/carcinoma
Hepatocellular carcinoma

Renal cell carcinoma
Pheochromocytoma

Uterine leiomyomas

Exogenous erythropoietin
Erythropoietin administration
Androgen administration
Idiopathic erythrocytosis

Leukocytosis

Neutrophil leukocytosis
Bacterial infection
Inflammation

Tissue necrosis

Any neoplasm

Hemorrhage

Hemolysis

Drug, e.g. steroids, granulocyte
colony-stimulating factor
Chronic myeloid leukemia
Myeloproliferative neoplasms
(polycythemia vera, essential
thrombocythemia, primary myelofibrosis)
Smoking

Asplenia

Eosinophil leukocytosis
Allergic disorders

‘Parasitic infections

Polyarteritis nodosa

vasculitis

Skin diseases (e.g., pemphigus)
Metastatic malignancy
Graft-versus-host disease

Hodgkin's disease

Myeloproliferative neoplasms, including
mastocytosis

Hypereosinophilic syndrome

Pulmonary syndromes (e.g., Churg-Strauss

syndrome)

Basophil leukocytosis

Myxoedema

Smallpox

Chickenpox infection

Ulcerative colitis

Myeloproliferative neoplasms, including
polycythemia vera and chronic myeloid
leukemia

Thrombocytosis

Primary

Essential thrombocythemia
Polycythemia vera

Primary myelofibrosis
Myelodysplasia (with del5q)
Refractory anemia with ring sideroblasts
Chronic myeloid leukemia

Chronic myelomonocytic leukemia
Atypical chronic myeloid leukemia
Myelodysplastic syndrome/
myeloproliferative neoplasm, unclassifiable
Secondary .

Infection

Inflammation

Tissue damage

Hyposplenism

Postoperative

Hemorrhage

Iron deficiency

Any neoplasm

Hemolysis

Drug therapy, e.g., steroids
Spurious

Microspherocytes

Neoplastic cell fragments
Schistocytes

Bacteria

Cryoglobulinemia

Pappenheimer bodies
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Increased Hb/Hct

A

Figure 1.1 Analgorithm for the
investigation of an erythrocytosis.

Hb, hemoglobin; Hct, hematocrit; PV,
polycythemia vera; RCM, red cell mass;
EPO, erythropoietin.

Consider
RCM

Normal or raised EPO

Secondary causes
Congenital or
acquired

PV? | Repeat and
JAK2 confirm
[
v
Full History
and
Examination
Low EPO .
EPO signaling EPO
Pathway Level
v
EPOR
LNK

Diagnosis: Hemoglobin San Diego: high oxygen affin-
ity hemoglobin.

(ase 2

A 60-year-old man attended his general practitioner
complaining of increasing bleeding from hemorrhoids. He
had had hemorrhoids for many years but had increased
bleeding over the last 6 months. His FBP: Hb 115 g/L, Hct
0.35%, mean corpuscular volume (MCV) 70 fL, mean
corpuscular hemoglobin (MCH) 25 pg, mean corpus-
cular hemoglobin concentration (MCHC) 29 g/L, WCC
7.5 x 10°/L, and platelets 380 x 10°/L. He was referred
for gastrointestinal investigations and started on oral
iron supplementation. Four weeks later at a follow-up
appointment his repeat FBP was Hb 185 g/L, Hct 0.53%,
MCV 80 fL, MCH 28 pg, MCHC 30 g/L, WCC 7.5 x
10°/L, and Pts 380 x 10°/L. On referral for further inves-
tigation of this erythrocytosis, a JAK2 V617F mutation
was revealed.

Diagnosis: Polycythemia vera.

This patient presented with iron deficiency due to
long-term blood loss. This masked underlying polycy-
themia vera. As soon as iron supplementation was given,
the Hb rose rapidly and the patient developed an erythro-
cytosis. This is a dangerous situation as the rapid rise in
Hb can lead to thromboembolic events.

A 64-year-old woman was referred for investigation of
a raised Hb. She complained of generalized aches and

pains and red eyes for some months. On examination she
had a plethoric appearance and bloodshot injected eyes,
and was hypertensive. There were no other abnormal-
ities on examination. Her repeat FBP: Hb 221 g/L, red
blood cells (RBC) 7.47 x 10%%/L, Hct 0.70%, MCV 94 fL,
MCHC 315 g/L, WCC 7.0 x 10°/L, and Pts 204 x 109/L.
Her EPO level was <2.5 mIU/mL (NR 2.5-10.5). A test
for the JAK2 V617F mutation was negative. Testing for
JAK?2 exon 12 mutations revealed an K539L mutation.’

Diagnosis: Polycythemia vera with an exon 12 JAK2
mutation.

Leukocytosis

A leukocytosis indicated by a raised WCC above the
normal range can be due to raised neutrophils, eosino-
phils, or basophils. The differential WCC will reveal
the type of leukocytosis and fully elucidate the type of
elevated white cells. A monocytosis or lymphocyto-
sis as the cause of the elevated WCC will be revealed
and eliminated. White cells are produced and turned
over in a very short time frame and a leukocytosis can
develop and disappear very rapidly.

Differential diagnosis of a leukocytosis

The causes of a leukocytosis are extensive. A neutro-
phil leukocytosis can be due to any bacterial infection,
particularly pyogenic infections, which will only be
sustained if the infection continues. Neutrophilia is
also part of the response to any inflammation or tissue
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| Increased WCC |

\ Repeat ar‘wd Confirm |

v
Differential WCC
and blood film

sure 1.2 Analgorithm for the
investigation of a leukocytosis.
WCC, white cell count; MPNs,
myeloproliferative neoplasms.

h.
Tests for Full History
differentials in |« and
diagnosis Examination

damage, acute hemorrhage or hemolysis. Any neo-
plasm can be associated with neutrophilia. Many drugs
such as corticosteroids can cause neutrophilia and it
is the desired response from administration of gran-
ulocyte colony-stimulating factor. Myeloproliferative
neoplasms, both Philadelphia-positive and -negative,
frequently have an associated neutrophilia.® Other
causes include chronic smoking and asplenia.

An eosinophil leukocytosis has many potential
causes, including allergic and parasitic disorders,
any metastatic malignancy, systemic disorders such
as polyarteritis nodosa, many skin diseases, and vas-
culitis. Hematological causes include Hodgkin’s dis-
ease, many of the myeloproliferative neoplasms, and
graft-versus-host disease. There are also a number of
specific hypereosinophilic syndromes and pulmonary
syndromes which cause eosinophilia.

A basophil leukocytosis is rare but can be caused
by viral infections such as smallpox and chickenpox,
myxoedema, ulcerative colitis, and in myeloprolifera-
tive neoplasms.

A summary list of causes of leukocytosis is pre-
sented in Table 1.1.

The patient with aleukocytosis should be seen and have
the blood test repeated to confirm that the abnormal-
ity remains present. The patient should have a careful

Molecular genetic
tests for MPNS

v

Bone marrow
Biopsy
Cytogenetics

history taken, including lifestyle issues and examina-
tion carried out with consideration of the differential
diagnosis. The differential WCC will give information
on the type of leukocyte involved. A blood film needs
to be examined. Further investigation then depends
upon the information at this point. Any likely cause
needs to be further investigated. Molecular testing
looking for a clonal disorder (BCR/ABL, JAK2, MPL,
and CALR) should be undertaken if there is no obvious
cause, to look for a myeloproliferative neoplasm; spe-
cific tests such as CSF3R mutations may be considered.
Figure 1.2 presents an algorithm to follow for investi-
gation of a leukocytosis.

A 62-year-old woman was referred to hematology out-
patients as a red flag referral because of a leukocytosis.
The referring FBP: Hb 155 g/L, WCC 14 x 10°/L and
Pts 280 x 10°/L. The patient was well with no specific
complaints. Her weight was stable. She smoked 30 ciga-
rettes a day and drank moderate amounts of alcohol at
the weekends. On examination she was thin and had
nicotine-stained fingers. She had a few scattered coarse
crepitations in her chest. Repeat FBP with differential
WCC:Hb 152g/L WCC13.5x 10°/L and Pts 285 x 10°/L,
neutrophils 10.5 x 10°/L (NR 2.0-7.5), lymphocytes 2.5 x
10°/L (NR1.0-3.5), monocytes 0.5 x 10°/L (NR 0.2-0.8),
eosinophils 0.4 x 10°/L (NR 0.04-0.4), basophils 0.1 x
10°/L (NR 0.01-0.1). Chest X-ray showed changes of
chronic obstructive pulmonary disease.
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Diagnosis: Neutrophil leukocytosis due to smoking.

This woman may need to be investigated further to
ensure that she does not have a lung neoplasm as she is a
heavy smoker. However, she has no symptoms and noth-
ing of note on her chest X-ray. Her WCC has been at this
level for years.” Smoking cessation would be advised.

A 65-year-old woman attended her general practitioner
for a routine annual check-up. She was feeling very welil
and had no complaints. Included in the screening bloods
carried out was a FBP which showed a raised WCC: Hb
133 g/L, WCC 20.5 x 10°/L and Pts 275 x 10°/L, and she
was referred to hematology. On arrival she had no fur-
ther history of note and examination did not reveal any
abnormalities. Repeat FBP and differential: Hb 133 g/L,
WCC 28.5 x 10°/L and Pts 271 x 10°/L, and manual dif-
ferential neutrophils 16.5 x 10°/L (NR 2.0-7.5), lympho-
cytes 5.15 x 10°/L (NR 1.0-3.5), monocytes 0.57 x 10°/L
(NR 0.2-0.8), eosinophils 0.86 x 10°/L (NR 0.04-0.4),
basophils 0.29 x 10°/L (NR 0.01-0.1), myelocytes 3.15 x
10°/L, metamyelocytes 2.0 x 10°/L. Molecular investiga-
tion showed a BCR/ABL rearrangement and no JAK2
mutation.

Diagnosis: Chronic myeloid leukemia.®

The presence of the BCR/ABL rearrangement showed
a clonal disorder. This is early chronic myeloid leukemia.
Further investigation would then include bone marrow
examination and cytogenetic examination and/or fluor-
escent in situ hybridization to confirm the presence of the
Philadelphia chromosome.

Thrombocytosis

A thrombocytosis is present when the platelet count
is raised above the normal range, greater than 450 x
10°/L. A markedly and repeatedly raised thrombocy-
tosis is of importance, but the significance of one just
above the normal range is difficult to assess.

al diagnosis of a thrombocytosis

A raised platelet count can be due to a primary defect
in the bone marrow or primary thrombocytosis, or
a secondary thrombocytosis where something else
drives the increase in the platelet count. There are also
a number of reasons where something else may be
counted as platelets, erroneously leading to spuriously
raised platelets. Bone marrow disorders which lead to
primary thrombocytosis include essential thrombo-
cythemia, where there is an acquired clone in the bone

marrow driving the platelet production. The identi-
fied clones include JAK2, MPL,” and, more recently
CALR,'"™'" although there are still cases where no clone
has yet been identified. Other myeloproliferative neo-
plasms, both Philadelphia-positive and -negative, and
myelodysplastic syndromes can present with throm-
bocytosis which is primary. There are many secondary
causes for thrombocytosis where increased platelets
are produced as part of the reaction to the underly-
ing disorder. This includes response to infection, any
inflammation or tissue damage, iron-deficiency hem-
orrhage and hemolysis, and malignancy. Various cel-
lular elements can be counted as platelets by analyzers.
Bacteria, schistocytes, and Pappenheimer bodies, for
instance, can be counted, and lead to a spurious plate-
let reading.'* The causes of thrombocytosis are listed
in Table 1.1.

Initial assessment of an undiagnosed
patient with thrombocytosis

As with other patients with an elevated count, the
initial assessment is to repeat the count and confirm that
thereisactuallyasustained elevationofthe platelet count.
The patient then needs to be reviewed and assessed with
a careful history and examination. Attention to a search
for secondary reactive causes should be included. The
next step is to review the blood film and test the iron sta-
tus (ferritin) and for acute-phase reactants C-reactive
protein (CRP) or erythrocyte sedimentation rate (ESR).
An elevated acute-phase reactant suggests a reactive
thrombocytosis. Iron deficiency should be treated to
see if the platelet count decreases. If it does not fall into
either of these categories and the elevated platelet count
is sustained on repeat, then molecular testing should be
carried out, looking for an acquired clone and bone mar-
row aspirate; trephine and cytogenetic testing should
be considered. The algorithm in Figure 1.3 sets out the
diagnostic pathway.

‘ase 6

A 50-year-old woman was referred to hematology
because she was found to have an elevated platelet count
when attending to donate blood. She was otherwise well.
On examination there were no abnormal findings. Repeat
FBP done 4 weeks after the initial count was: Hb 135 g/L,
MCV 85 fL, WCC 5.5 x 10°/L, and Pts 820 x 10°/L. CRP
is 0.3 mg/L (NR 0.1-5) and ferritin 30 ug/L (NR 13-300).
It was noted also on searching computer records that she
had a platelet count of 635 x 10°/L 2 years previously
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Platelet Count
>450x109/

I
v
Repeat and Confirm

l

Review blood film
Acute phase reactants

Figure 1.3 Analgorithm for the
investigation of a thrombocytosis.

Iron status
5 Normal
Acute phase _ Persistent (ron deficienc
Response thrombocytosis y
. iTreat
& Rete’lctive ) v Repeat blood
rombocytosis
v Molecular Genetic Tests count
Bone Marrow Biopsy
Cytogenetics
when having a minor gynecological procedure. Molecular ~ (ase 8

testing detected a JAK2 V617F mutation. A bone mar-
row trephine was moderately hypercellular with marked
proliferation of megakaryocytes, some of which have
hyperlobulated nuclei. Reticulin was grade 0 (out of 4).
Chromosomes are normal.

Diagnosis: Essential thrombocythemia.

(ase 7

An 80-year-old woman was referred to hematology from
rheumatology because of a persistently raised platelet
count. She had had rheumatoid arthritis for the previ-
ous 20 years. This did not now give her much trouble.
Otherwise she was well. On examination she had exten-
sive rheumatoid changes in her hands. There were no
other abnormal findings on examination. On repeat her
FPBwas: Hb 129 g/L, MCV 89 fL, WCC 8.3 x 10°/L, and
Pts 857 x 10°/L. ESR is 6 mm/h and ferritin 16 ug/L (NR
13-300). A molecular test for JAK2 V617F was positive.

Diagnosis: Essential thrombocythemia.

This woman was presumed to have a reactive thrombo-
cytosis due to her rheumatoid arthritis. However, the refer-
ring doctor was suspicious that the rise in platelet count
was higher and more sustained than would be expected
in a reactive case. Her rheumatoid arthritis was also very
quiescent. Molecular testing revealed an acquired clone
and therefore she had a primary hematological disorder.

A 17-year-old young man attended his general practi-
tioner for review of his mild asthma. A routine blood
count revealed an elevated platelet count and he was
referred urgently to hematology. At clinic he was
well. Asthma was easily controlled with a salbutamol
inhaler. On examination he was 181 cm and looked
well, including well nourished. There were no abnor-
malities on examination. His FBP: Hb 147 g/L, RBC
5.34 x 10%/L, Het 0.45%, MCV 84 fL, MCHC 343 g/L,
WCC 9.7 x 10°/L, and Pts 1275 x 10°/L. CRP <
0.3 mg/L (NR 0.1-5) and ferritin 35 ug/L (NR 30-300).
Lactate dehydrogenase was 386 IU/L (NR 135-225)
and all other biochemistry was within the normal
ranges. Blood film showed thrombocytosis and mild
poikilocytosis. The bone marrow aspirate was hyper-
cellular with platelet drifts, hyperlobulated megakary-
ocytes and myeloid hyperplasia, and no excess of blasts.
The trephine biopsy was hypercellular with increased
hyperlobulated megakaryocytes, disrupted erythro-
poietic architecture, and reticulin of grade 1 (out of 4).
Chromosomes were normal. Molecular testing showed
no BCR-ABLI rearrangement, JAK2 V617F negative,
MPL screen negative, and a CALR mutation, exon 9,
5bp insertion.

Diagnosis: Essential thrombocythemia with a CALR
mutation."
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This article has concentrated on the elevation of single
celllinesand the diagnostic pathway for each. However,
many patients present with elevation of more than
one cell line. They need to be investigated in a similar
manner with repetition of the blood count to confirm
the abnormality and examination of the blood film.
Careful history taking and examination are required,
looking for reactive and primary or secondary causes,
testing to eliminate reactive causes, and then bone mar-
row and molecular testing for hematological disorders.
The cases which follow illustrate where the patient pre-
sents with more than one cell lineage elevated.

This 33-year-old woman attended her general practi-
tioner for a check-up. She was married 1 year previously.
She had had a pregnancy which spontaneously aborted
at 12 weeks’ gestation 6 months ago and had not yet con-
ceived again and she was anxious to see if there was any
reason for the fact that she had not yet become pregnant
again. As part of the screening she had an abnormal FBP
and so was referred urgently to hematology. When seen in
hematology her only complaint was tiredness. On exami-
nation she had a pale complexion but her hands were red.
There were no other findings on examination. Her repeat
FBP was very similar to the original one carried out by
her general practitioner and showed: Hb 197 g/L, RBC
7.52 x 10"%/L, Het 0.58%, MCV 77 fL, MCHC 338 g/L,
WCC 15.3 x 10°/L, and Pts 460 x 10°/L. She was posi-
tive for the JAK2 V617F mutation and her EPO level was
<2.5mlIU/mL (NR 2.5-10.5).

Diagnosis: Polycythemia vera.

As her Hct was so high and the diagnosis so likely
with these blood counts,she was venesected before she
left the clinic. She was then venesected weekly until the
Hct was less than 0.45%"* but, as her WCC and platelets
continued to increase, she was also started on interferon.
Within 3 months of normalization of her blood counts,
she became pregnant and 9 months later delivered a nor-
mal healthy baby boy.

A 50-year-old woman was admitted through acci-
dent and emergency with sudden severe abdomi-
nal pain. On examination she had diffuse tenderness

in her abdomen. Ultrasound of her abdomen showed
thrombus in the portal vein and a spleen of 17 cm. She
had Budd-Chiari syndrome and was anticoagulated.
Her FBP showed: Hb 160 g/L, RBC 5.34 x 10"*/L, Hct
0.458%, MCV 84 fL, MCHC 343 g/L, WCC 9.7 x 10°/L,
and Pts 649 x 10°/L. Testing for a JAK2 V617F muta-
tion was positive.

Diagnosis: Polycythemia vera presenting with a por-
tal vein thrombosis.

Summary

Patients presenting with an elevated blood count need
it to be repeated after a period of time to confirm the
abnormality. The patient then needs a thorough his-
tory and examination considering primary and sec-
ondary causes of the abnormality. A blood film should
be examined and then further investigation follows a
pathway depending on initial results. Bone marrow
examination and molecular testing may reveal the
hematological diagnosis.

1 Y
STETIEen A«

1. Johansson PL, Soodabeh S-K, Kutti . An elevated
venous haemoglobin concentration cannot be used
as a surrogate marker for absolute erythrocytosis: a
study of patients with polycythaemia vera and apparent
polycythaemia. Br ] Haematol. 2005;129:701-5.

2. McMullin ME The classification and diagnosis of
erythrocytosis. Int ] Lab Hematol. 2008;30:185-90.

3. McMullin MF, Bareford D, Campbell P, et al. Guidelines
for the diagnosis, investigation and management
of polycythaemia/erythrocytosis. Br ] Haematol
2005;130:174-95.

4. McMullin MF, Reilly JT, Campbell P, et al. Amendment
to the guideline for the diagnosis and investigation
of polycythaemia/erythrocytosis. Br ] Haematol
2007;138:821-2.

5. Scott LM, Tong W, Levine RL, et al. JAK2 exon 12
mutations in polycythemia vera and idiopathic
erythrocytosis. N Engl ] Med. 2007;356:459-68.

6. Vardiman JW, Melo JV, Baccarani M, Thiele J.
Myeloproliferative neoplasms. In: Swerdlow SH,
Campo E, Harris NL, et al. (eds) WHO Classification
of Tumours of Haematopoietic and Lymphoid Tissues.
TARC, Lyon, 2008, pp. 67-86.

7. Smith MR, Kinmonth AL, Luben RN et al. Smoking
status and differential white cell count in men and
women in EPIC-Norfolk population. Atherosclerosis.
2003;169:331-7.



10.

15

Gale RP, Goldman JM. Treating chronic myeloid
leukemia in the area of tyrosine kinase inhibitors. Acta
Haematol. 2013;130:192-5.

Beer PA, Campbell PJ, Scott LM, et al. MPL mutations
in myeloproliferative disorders: analysis of the PT-1
cohort. Blood. 2008;112:141-9.

Nangalia ], Massie CE, Baxter EJ, etal. Somatic
mutations of calreticulin in myeloproliferative
neoplasms. N Engl ] Med. 2013;369:2379-90.

Klampfl T, Gisslinger H, Harutyunyan AS, et al. Somatic
CALR mutations in myeloproliferative neoplasms with
nonmutated JAK2. N Engl ] Med. 2013;369:2391-405.

Chapter 1: Investigation of erythrocytosis and leukocytosis

1Z

13.

14.

Harrison CN, Bareford D, Butt N, et al. Guideline for
investigation and management of adults and children
presenting with a thrombocytosis. Br ] Haematol.
2010;149:352-75.

Harrison CN, Butt N, Campbell P, et al. Modification

of British Committee for Standards in Haematology
diagnostic criteria for essential thrombocythaemia. Br ]
Haematol. 2014;167 (3):421-3.

Marchioli R, Finazzi G, Specchia G, et al.
Cardiovascular events and intensity of treatment in
polycythemia vera. N Engl ] Med. 2013;368:22-33.



