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1. To understand the classification of CE according to pathogenesis

2. To know diagnostic parameters in CE and its use in the diagnostic pathway 

3. To use the diagnostic pathway in an individual patient

4. To know the clinical and pathogenic background in distinct types of CE

5. To get an overview on some useful and and other more questionable treatment 

approaches in CE

Learning objectives of the webinar
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ErythrocytosisFamilial erythrocytosis Type I

* 20.11.1937
† 30.12.2013



ErythrocytosisFamilial erythrocytosis Type I

Epo receptor – Activation and down-regulation

Rives S, et al. Haematologica 2007

Bento C, et al. Hum Mut 2013

! Heterogeneous phenotype !



Regulation of erythropoiesis Erythrocytosis
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Erythrocytosis

• Charache, S., et al. J Clin Invest 1966  Hb Chesapeake

• > 200 Hb-variants with increased O2-affinity, 1/3 associated 
with erythrocytosis

1. mutations within the 1/2-
interface quaternary 
confirmation

2. mutations in the 2,3-BPG 
binding site 

3. C-terminal substitutions in the 
-chain  reduced Bohr-effect

4. mutations interfering with heme
binding 

Hemoglobin variants with increased O2-affinity



Erythrocytosis

Rosa R, et al. The First Case of a Complete Deficiency of
Diphosphoglycerate Mutase in Human Erythrocytes. 
J Clin Invest 1978; 62: 907-15 

2,3 – Bisphosphoglycerate (2,3 BPG) deficiency
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Erythrocytosis



ErythrocytosisFamilial erythrocytosis Type II Chuvash polycythemia

Morbidity
History of thrombosis 26 %
History of bleeding 33 %
Peptic ulcer disease 30 %
Dyspnea on exertion 56 %
Varicose veins 74 %
Previous silent infarction 45 %
Vertebral body hemangioma 55 %

Pulmonary hypertension

Bushuev VI et al. Haematologica 2006Gordeuk VR, et al. Blood 2004 Sable Ca et al. Haematologica 2012



ErythrocytosisFamilial erythrocytosis Type II Chuvash polycythemia

Ang SO, et al. Nature Genetics 2002

Bento C, et al. Hum Mut 2013

VHL mutations in ECYT II

Perrotta S, et al. 
Von Hippel-Lindau-dependent polycythemia is endemic on the island of 
Ischia: identification of a novel cluster. 
Blood 2006; 107: 514-9

Tomasic NL, et al. 
The phenotype of polycythemia due to Croatian homozygous VHL (571C>G:H191D) 
mutation is different from that of Chuvash polycythemia (VHL 598C>T:R200W). 
Haematologica 2013; 98:560-7

Liu E, Percy MJ, Amos CI, et al.
The worldwide distribution of the VHL 598C>T 

mutation indicates a single founding event. 
Blood 2004; 103: 1937-1940



ErythrocytosisFamilial erythrocytosis Type II Chuvash polycythemia

Lenglet M, et al. Blood 2018



Erythrocytosis

Percy MJ, et al. PNAS 2006

Heterozygous mutation EGLN1 c.950CG = PHD2 Pro317Arg

- AA change in the active site of PHD2
- Reduced HIF-binding and HIF hydroxylase activity
- Defective inhibition of a HRE reporter gene activity
- “Normal” serum Epo

Familial erythrocytosis Type III

Bento C, et al. Hum Mut 2013

EGLN1 mutations in ECYT III

+ paraganglioma



ErythrocytosisFamilial erythrocytosis Type IV

Percy MJ, et al. NEJM 2008

Heterozygous mutation EPAS1 c.1609GT = HIF2 Gly537Trp

- AA change close to Pro531
- Reduced PHD2-binding and proline hydroxylation
- Reduced VHL-binding to hyp-HIF2a
- Increased HIF2a-stability

EPAS1 mutations in ECYT IV

Bento C, et al. Hum Mut 2013



ErythrocytosisFamilial erythrocytosis Type IV

Formenti F, et al. FASEB J 2011

Pulmonary hypertension



ErythrocytosisFamilial erythrocytosis Type V

Taylor JC, et al. Nature Genet 2015

EPO g.100318468G>A (in 5′ UTR)



ErythrocytosisFamilial erythrocytosis Type V

EPO c.32delG

Zmajkovic J, et al. 
NEJM 2018



ErythrocytosisFamilial erythrocytosis Type V

EPO c.32delG

Zmajkovic J, et al. 
NEJM 2018

+ EPO c.19delC

(Camps C, et al. Haematologica 2016)



SLC30A10
= human manganese transporter

Quadri M, et al. AJHG 2012



Hypermanganesemia syndrome (HMDPC)
• Neurologic symptoms:

- Dystonia
- Dysarthria
- Fine tremor
- Bradykinesia
- Spastic paraparesis (1pt.)
- No cognitive impairment

• Erythrocytosis
• Iron deficiency

• Liver: steatosis, cirrhosis, failure

Homozygosity mapping   SLC30A10 
mutations in all affected individuals

Lab results
Mn 1600 ‐ 6370 nmol/l (<320)
Hb  15.9 ‐ 22.5 g/dl
Ferr.  6 ‐ 30 µg/l
Epo 20.4 ‐ 473 U/l

cMRI: Hyperintensities in T1

Additional treatment: 
Iron supplementation with e.g. ferrous sulfate

Chelation with
1. disodium calcium edetate (CaNa2[EDTA])
2. 2,3 dimercaptosuccinic acid (DMSA)
3. (D-Penicillamin p.o.)

Treatment

Ebert J, Bunn F, Blood 1999



Diagnostic algorithm Erythrocytosis

modified acc. Cario et al, PBC 2013



Treatment
1. Phlebotomy:

2. Interferon-alpha, peg-IFN, hydroxycarbamide :

3. Ruxolitinib:

4. others:



Treatment
1. Phlebotomy:

• standard treatment for PV (± ASA), certainly o.k. in ECYT1 (EPOR)
• no change (worsening?) of prognosis in VHL, EPAS1 (+EGLN1?) –related Ecyt

• CAVE: pulmonary arterial hypertension ?
• in HBB variants: only for short term intervention (alternative: exchange Tx)

2. Interferon-alpha, peg-IFN, hydroxycarbamide :

• peg-IFNa and HC: well established in adult PV
• Hydroxycarbamide in erythrocytosis other than PV?

3. Ruxolitinib:

• accepted second-line treatment in adult PV
• option for VHL-related erythrocytosis?

4. others:
• ACE-inhibitors?, AT1-antagonists? – known from post-Kidney-transplant Ecyt
• Digoxin ? (HIF1-inhibitor)
• New Option?  HIF2-inhibitors (developed for RCC treatment)
• symptomatic treatment in PAH (sildenafil, bosentan, macicentan)
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Hydroxycarbamide for CE ??
Reiss U, et al. Hydroxyurea therapy for management of secondary erythrocytosis in cyanotic congenital heart disease. AJH 2007

• Lower hematocrit  lower viscosity
• Higher MCV and MCH  macrocytes with better deformability?
• Avoidance of iron deficient  less rigid microcytes increasing viscosity
• Only slightly lower hemoglobin

 well tolerated
 relieve of hyperviscosity symptoms
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Ruxolitinib for VHL- related erythrocytosis ?
Zhou AW, et al. Clinical Improvement with JAK2 Inhibition in Chuvash Polycythemia. NEJM 2016

• hematologic and symptomatic improvement
• no major safety issues or serious side effects 
• clinical responses associated with decreases in erythroid-colony formation and inflammatory cytokine levels 
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ACE-/ AT1R- inhibitors or theophylline for CE ?
Vishnu, et al. 
A Post-transplant erythrocytosis refractory to ACE inhibitors and angiotensin receptor blockers. BMC Case Rep 2018



Trivedi H, et al. 
A Prospective, Randomized, Open Labelled Crossover Trial of Fosinopril and Theophylline in Post Renal Transplant Erythrocytosis. 
Ren Fail 2003

ACE-/ AT1R- inhibitors or theophylline for CE ?



Digoxin for CE due to O2-sensing defects ?

Zhang H, et al. PNAS  2008



Digoxin for CE due to O2-sensing defects ?



HIF2a- inhibitors for CE due to O2-sensing defects ?

Chen W, et al. Nature 2016

Ghosh MC, et al. Blood 2021



HIF2a- inhibitors for CE due to O2-sensing defects ?

Probably high potential to represent an efficient treatment option in all types CE to O2-sensing defects 
(not in the case of EPO mutation) 



Anything else ?
Walterspiel JN, et al. J Pediatr 1985



Summary

Pathogenesis
1. Increasing knowledge on etiology and pathophysiology of CE
2. Etiology in the majority of cases with presumed CE still unexplored
3. Polygenic pathogenesis may play a role

Clinical data
1. Extremely rare   clinical data extremely sparse  collaborative approaches needed
2. No systematic treatment data available. 
3. Clinical trials difficult to establish

Treatment
1. Phlebotomy easily performed, but
 Thresholds unknown
 May even worsen the clinical course in some types of CE

2. Among new options, HIF2a- inhibitors most promising


