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ABSTRACT 
 
Introduction: Polycythemia is a frequent motive of consultation in hematology or internal 

medicine. Main causes are Polycythemia Vera (PV), acquired secondary erythrocytosis and 

hereditary secondary erythrocytosis. This study aimed to describe the characteristics of JAK2 

unmutated erythrocytosis patients. Method: We conceived an observational study including 

patients presenting erythrocytosis screened amongst JAK2 unmutated tests performed between 

January 1st 2016 and December 31st 2019. Erythrocytosis was defined according to 2016 WHO 

hemoglobin/hematocrit thresholds. Results: Our cohort compassed a majority of male patients 

(90.3%) with a median age of 58 years-old. Most frequent comorbidities are arterial 

hypertension (32.8%), venous thromboembolism (15.2%), obesity (13.7%), ischemic 

cardiopathy (12.4%). In most cases, erythropoietin remains normal (81.6%). Blood Gases are 

tested in 15.2% of patients, showing hypoxemia in 23% of cases. An abdominal imaging was 

done in 39.8% of patients, chest CT imaging performed for 30.5% of patients. A 

polysomnography was performed amongst 18.3%, showing sleep apnea syndrome in 60.4% of 

cases. Bone marrow biopsy was performed among 43 patients (8.2%) setting forth 

abnormalities in 32.6% of cases. Low-dose aspirin was used for 37.8% of patients, as a first-

line treatment (38.1%) or introduced for another indication (58.8%). Phlebotomies were 

performed amongst 22.2% of patients. PV patients were older, included more women and 

presented greater levels of white blood cell, platelets, neutrophilic polynuclear counts, lower 

erythropoietin titer, higher B12 vitamin and lactate dehydrogenase levels. Non-PV patients 

were more associated with obesity, displayed higher counts of lymphocytes, eosinophilic and 

basophilic polynuclears, higher titer of ferritin. Discussion: this is the first cohort that 

investigated thoroughly clinical and paraclinical features of unmutated JAK2 erythrocytoses. 

Although the role of sleep apnea as a sole cause for erythrocytosis is debated, it is one of the 

main etiology retained, most of patients staying undiagnosed. Secondary erythrocytosis 

treatment is not codified, tending to a symptom-alleviating goal more than an hematocrit-

reducing purpose, in real-life, physicians’ apply a case-to-case conceived care. PV and non-PV 

patients presented clinical and biological distinctive features. Unmutated non-PV patients 

displayed stigmas of metabolic syndrome. Conclusion: It is important to investigate and search 

for and underlying cause of a secondary erythrocytosis, which may require specific treatment. 

Generalized NGS explorations should help better identifying hereditary causes. Distinctive 

traits between PV patients and non-PV patients could lead to conceive a predictive score, that 

could identify patients with a high-risk of PV, encouraging to perform bone marrow biopsy. 
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RESUME 
 
Introduction : La polyglobulie est un motif fréquent de consultation en hématologie ou en 

médecine interne. Les principales étiologies sont la maladie de Vaquez (PV), les polyglobulies 

acquises secondaires, et les polyglobulies héréditaires secondaires. Cette étude a pour but de 

décrire les caractéristiques des patients porteurs d’une polyglobulie en l’absence de mutation 

JAK2. Méthode : il s’agit d’une étude observationnelle incluant les patients qui ont présenté 

une polyglobulie à partir des recherches de mutation JAK2 réalisées entre le 1er janvier 2016 et 

le 31 décembre 2019 à Marseille. La polyglobulie était définie selon les seuils d’hémoglobine 

et d’hématocrite définis par l’OMS de 2016. Résultats : Notre cohorte était composée en 

majorité d’hommes (90.3%) dont l’âge moyen était 58 ans. Les comorbidités les plus fréquentes 

étaient l’hypertension artérielle (32.8%), la maladie veineuse thrombo-embolique (15.2%), 

l’obésité (13.7%), la cardiopathie ischémique (12.4%). Dans la majorité des cas, le taux 

d’érythropoïétine était normal (81.6%). La gazométrie artérielle, effectuée chez 15.2% des 

patients mettait en évidence une hypoxémie dans 23% des cas. Une imagerie abdominale et 

thoracique étaient réalisées respectivement chez 39.8% et 30.5% of patients. La 

polysomnographie, réalisée chez 18.3% des patients retrouvait un syndrome d’apnées du 

sommeil dans 60.4% des cas. La biopsie ostéo-médullaire, pratiquée chez 43 patients, était 

anormale dans 32.6% des cas. Les patients PV étaient plus âgés, comprenaient une part plus 

importantes de femmes et présentaient une leucocytose, une polynucléose neutrophile et une 

thrombocytose, des taux de vitamine B12 et de lactates déshydrogénases plus élevées, des taux 

d’érythropoïétine plus faibles. Les patients non-PV étaient caractérisés par une prévalence plus 

élevée de l’obésité, des taux plus élevés d’éosinophiles, de basophiles circulants et de ferritine. 

Discussion : Il s’agit de la première cohorte à rapporter de manière aussi détaillée les 

caractéristiques cliniques et paracliniques des patients porteurs d’une polyglobulie en l’absence 

de mutation JAK2. Bien que les apnées du sommeil aient une responsabilité controversée dans 

la survenue d’une polyglobulie, il s’agit d’une des étiologies les plus retenues. La majorité des 

polyglobulies reste sans étiologie. Le traitement des polyglobulies secondaires n’est pas bien 

codifié, demeure polymorphe et individuel. Les patients non-PV présentent des stigmates de 

syndrome métabolique. Conclusion: Il est important d’explorer les polyglobulies secondaires 

dont l’étiologie peut indiquer un traitement spécifique. La généralisation du NGS devrait 

permettre de mieux dépister les polyglobulies héréditaires. Les traits distinctifs entre patients 

PV et non-PV pourrait permettre d’élaborer un score qui identifierait des patients plus à risque 

de PV et donc éligibles à la réalisation d’une biopsie ostéo-médullaire. 
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INTRODUCTION 
 
 

Polycythemia is a frequent motive of consultation and relates to various etiologies. 

Erythropoietin (EPO) plays a major role in the physiological stimulation of red blood cell 

(RBC) progenitors’ differentiation and proliferation. EPO production by renal peritubular cells 

depends on Hypoxia-Inducible Factors (HIF), a heterodimeric protein whose subunit alpha 

(HIF-A) is oxygen-sensitive. HIF-A has three known isoforms (HIF-1A, HIF-2A, HIF-3A), 

amongst which HIF-2A, also known as endothelial PAS domain protein 1 (EPAS-1), is mainly 

involved in regulation of EPO synthesis (1–3). In hypoxia conditions, HIF-2A hydroxylation 

by Prolyl Hydroxylase Domain 2 (PHD2) is inhibited, thus impairing its degradation by the 

tumor suppressing protein Von Hippel Lindau (VHL) (1,4,5). Then, stabilized HIF-2A 

promotes expression of EPO gene. Circulating EPO binds the EPO-receptor (EPOR) at the 

surface of RBC progenitors in the marrow, stimulating their expansion through gene regulation 

involving JAK2/STAT5 pathways (6). HIF-2A also enhances intestinal iron uptake (7). 

Polycythemia Vera (PV) is an acquired primitive erythrocytosis. Acquired secondary 

erythrocytoses may result from central hypoxia (e.g. chronic pulmonary disease, right-left 

cardiovascular shunt, high-altitude dwelling) or peripheral hypoxia (e.g. renal artery stenosis, 

renal cysts) (3). Other causes can be found, such as EPO-secreting tumors or drug-induced 

erythrocytosis (testosterone, EPO-recombinant). Hereditary secondary erythrocytosis refers to 

high-oxygen affinity hemoglobin variants, 2-3 biphosphoglycerate deficiency and germline 

mutations that are known to alter cellular oxygen sensing (such as PHD2, HIF-2A, VHL) (8,9). 

Other germline mutations may increase EPO signaling (e.g. EPOR mutations) and are 

associated with normal levels of EPO and responsible for hereditary primitive erythrocytosis 

(10). For most cases, representing up to 70% of the patients, no etiology is found. The case is 

therefore labeled as “idiopathic erythrocytosis”, which often consists in a diagnosis of 

exclusion.  
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Our primary goal was  to describe the characteristics of JAK2 unmutated erythrocytosis 

patients. Our secondary objective was to compare clinical, biological features and 

complications between PV and non-PV patients. 
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PATIENTS AND METHOD 
 

Study design, patients and data sources 

 

In this observational retrospective study, we included all patients over 18 years-old on 

January 1st 2021, with a medical history of erythrocytosis or presenting erythrocytosis on test 

date screened amongst JAK2 unmutated tests (V617F and exon 12) done in molecular biology 

laboratory of Marseille, France, between January 1st 2016 and December 31st 2019. 

Erythrocytosis was defined according to 2016 WHO hemoglobin/hematocrit thresholds for 

polycythemia vera (PV) (16,5g/dl/49% for men, 16g/dl/48% for women). Absolute 

erythrocytosis was defined by the following thresholds : 18.5g/dl/55.5% for men, 

16.5g/dl/49.5% for women (11), annex 1. This oligocentric study gathered data from four local 

University Hospital Centers. 

For comparative purposes, adult patients presenting with PV were included, selected 

amongst mutated JAK2 patients (V617F or exon 12-mutated) with erythrocytosis tested during 

the same period. Comparison study analyzed patients separated into two groups: PV (including 

mutated and unmutated PV) and erythrocytoses non-PV. 

Data were collected using a standardized form. Collected data included age, gender, 

conditions of testing, past medical history, treatments, altitude dwelling, clinical manifestations 

at diagnosis, biological results, imagery, functional tests, histological data, treatment introduced 

and follow-up. The latest clinical and biological information available in the medical record 

was collected along with clinical events conceiving a composite event including venous 

thromboembolism, cardiovascular events and death.  
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Statistical analyses 

Descriptive data were presented as medians with interquartile (IQR) or mean with 

standard deviation (SD), as appropriate for quantitative continuous variables, and number with 

proportion (%) for qualitative variables.  

Comparative data were realized using Wilcoxon comparison of means test, comparison of 

percentages by the Chi-2 test or Fischer's exact test. All tests were two-sided, and p values < 

0.05 were considered to indicate a significant association.  

All analyses were performed using R© software version 4.1.0. 

 

Ethical approval information and data sharing statement 

This study adhered to the Declaration of Helsinki and was approved by the local Ethical 

Review Committee : CNIL’s (Comission Nationale de l’Informatique et des Libertés) and 

DPO’s (Data Protection Officer) approvals were collected. 
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RESULTS 
 

General characteristics and medical history 

 
Amongst 1145 JAK2 unmutated patients screened, 525 were included. Among 84 JAK2 

mutated patients screened, 69 PV were included (Fig. 1). 

 
 
 
 
 

 
 
Fig. 1: Flow chart.  
 Abbreviation: PV: polycythemia vera 
  

1144 JAK2-negative 
screened patients

Erythrocytosis ?

717 erythrocytoses

525 JAK2-negative  
patients included

51 no file available
11 minors

15 duplicates
115 out of inclusion period

23 unknown
404 without erythrocytosis

84 JAK2-positive 
screened patients

69 PV patients included

15 non-PV

513 non-PV 81 PV

12  Unmutated PV
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General characteristics and medical history are compiled in Table 1 and illustrated in 

fig. 2. Our cohort compassed a majority of male patients (90.3%) with a median age of 58 years-

old. JAK2 negative erythrocytosis was encountered mostly during consultations (80.4%) and 

concerns mainly internal medicine (38.3%) and hematology (33.2%) departments. The most 

frequent comorbidities were arterial hypertension (32.8%), venous thromboembolism (15.2%), 

obesity (13.7%), ischemic cardiopathy (12.4%), diabetes (9.9%), stroke (9.9%) and sleep apnea 

(9.1%). Chronic pulmonary diseases, i.e. COPD, asthma and emphysema, represented 

respectively 5.3%, 3% and 2.3% of patients. Active smoking concerned 17.33% and 3.4% of 

patients declared themselves to be cannabis-smokers. Familial history of erythrocytosis was set 

forth in 1.7% of patients. Iatrogenic drugs known to cause erythrocytosis were used in 1.3% 

and 0.2% of the cases, for androgen and EPO-recombinant respectively. 
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Table 1. General characteristics and comorbidities of unmutated JAK2 patients 
 
Description  Results 
Number of patients n=525 
Gender (female) 51 (9.7%) 
Age (years) 58 [48-68.2] 
Time since first notion of erythrocytosis (months) 40 [13-81] 
Test realized during   
   Consultation 422 (80.4%) 
   Hospitalization 103 (19.6%) 
Speciality   
   Internal medicine 201 (38.3%) 
   Hematology 174 (33.2%) 
   Others* 86 (16.4%) 
   CEHT 64 (12.2%) 
Medical past history   
   Hypertension 172 (32.8%) 
   Venous thromboembolic event 80 (15.2%) 
   Obesity 72 (13.7%) 
   Ischemic cardiopathy 65 (12.4%) 
   Diabetes 52 (9.9%) 
   Stroke 52 (9.9%) 
   Obstructive sleep apnea 48 (9.1%) 
   Atrial fibrillation  44 (8.4%) 
   Neoplasia 42 (8%) 
   COPD 28 (5.3%) 
   Peripheral arterial disease 28 (5.3%) 
   Cholecystectomy 27 (5.1%) 
   Kidney disease 23 (4.4%) 
       Kidney transplant 6 (1,1%) 
   Asthma 16 (3%) 
   Emphysema 12 (2.3%) 
   Splenectomy 7 (1.3%) 
Habitus   
Active Smoking 136 (25.9%)  
   Weaned 91 (17.33%) 
   Quantified (pack-year) 30 [10-45] 
Cannabis 18 (3.43%) 
Alcohol 36 (6.86%) 
Altitude of dwelling (m) 114 [114-173] 
Familial medical history   
   Erythrocytosis 9 (1.7%) 
   Venous thromboembolic event 5 (1%) 
   Myeloproliferative disorder 1 (0.2%) 
Drugs   
   Androgen 7 (1.3%) 
   EPO 1 (0.2%) 
Abbreviations: CEHT : Centre d'Exploration des pathologies Hémorragiques et Thrombotiques, center of 
expertise in the exploration of thrombotic and hemorrhagic disorders ; COPD : Chronic Obstructive Pulmonary 
Disease. 
* Cardiology department: 5.5%; neurology department: 4.9%; Gastrology department: 1%. 
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Fig. 2: Comorbidities associated with erythrocytosis.  
Footnote: All comorbidities with a prevalence higher than 5% are represented.  
Abbreviations: Abbreviation: HTA : Arterial Hypertension ; VTE : venous thromboembolic event ; IC : ischemic 
cardiopathy ; OSA : Obstructive Sleep Apnea ; AF : Atrial Fibrillation ; Neo : neoplasia ; COPD : Chronic 
Obstructive Pulmonary Disease ; PAD : Peripheral Arterial Disease 
. 
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Clinical characteristics 

 

JAK2 unmutated patients’ clinical characteristics are presented on Table 2 and depicted 

in fig.3. Besides a mean Body Mass Index (BMI) of 27.1 kg/m2, main clinical manifestations 

were: symptoms suggestive of sleep apnea (10.1%), headaches (6.1%), deterioration of general 

status (6.1%), facial erythrosis (5.5%), fatigue (5%), pruritus (3.8%) and myalgias (2.3%). 

 

 
 
Table 2: Clinical manifestations of JAK2 unmutated erythrocytosis patients.  
 
Clinical exam Results 
Number of patients n=525 
   BMI 27.1 [24.5-30] 
Signs and symptoms  
   Symptoms suggestive of sleep apnea 53 (10.1%) 
   Headache 32 (6.1%) 
   Deterioration of general status 32 (6.1%) 
      fatigue 26 (5%) 
      anorexia 2 (0.4%) 
      weight loss 8 (1.5%) 
   Facial erythrosis 29 (5.5%) 
   Pruritus 20 (3.8%) 
   Dermatological examination anomalies 16 (3%) 
   Neurological examination anomalies 12 (2.3%) 
   Myalgias 12 (2.3%) 
   Hepatomegaly 10 (1.9%) 
   Splenomegaly 7 (1.3%) 
   Adenopathy 6 (1.1%) 
   Visual blur 5 (1%) 
   Erythermalgia 3 (0.6%) 
   Cushing's syndrome 1 (0.2%) 
   Signs of dehydration 1 (0.2%) 
   Telangiectasia 0 (0%) 
Abbreviations: BMI : Body Mass Index 
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Fig. 3: Main clinical manifestations amongst JAK2 unmutated erythrocytosis patients.  
Footnote: The five main clinical manifestations are represented.  
Abbreviations: COPD: Chronic Obstructive Pulmonary Disease; DGS: deterioration of general status. 
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Biological characteristics 

 

Biological features are summarized in Table 3, their realization is depicted in Annex 2. 

JAK2 unmutated erythrocytosis patients’ biological results showed that in most cases, EPO 

remained normal (81.6%). A monoclonal gammapathy was brought out in 7.3% of patients 

tested. Blood Gases were tested in 15.2% of patients, showing hypoxemia amongst  23%, high 

carboxyhemoglobin in 44%, but never set forth any methemoglobinemia. Marrow and blood 

smears were done respectively in 5.1% and 5% of the cases, showing anomalies respectively in 

63.3% and 30.7% of them. The search for high affinity hemoglobin was always negative, done 

in 3.6% of the cases.  

 

The evaluation of p50, which reflects hemoglobin’s affinity, done through venous blood 

gases, was done in 11 (2.1%)  cases, showing high affinity in two cases (18.2%). Testosterone 

was tittered in 2.5 % of cases, showing abnormal high concentrations in four cases (30.8%). 

Next generation sequencing was performed amongst six patients exhibiting non-pathological 

anomalies in two cases. As to 2,3-biphosphoglycerate deficiency, it was never tested.  
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Table 3: Biological exams carried out for JAK2 unmutated erythrocytosis patients. 

Exam Percentage of test 
done Results 

Number of patients n=525  
EPO 271 (51.6%) 7.2 [4.4-11] 
   Decreased EPO < 3.2mUI/ml  42 (15.8%) 
   Normal EPO 3.2 – 32 mUI/ml  222 (81.6%) 
   Increased EPO > 32mUI/ml  7 (2.6%) 
Ferritin (μg/l) 185 (35.2%) 186.1 [90-308] 
Monoclonal gammopathy 178 (33.9%) 13 (7.3 %) 
Blood gases 80 (15.2%)  
   pH  7.4 [7.4-7.5] 
   PO2 (mmHg)  84 [71-93] 
   PCO2 (mmHg)  36.2 [33-39] 
   Hypoxemia  19 (23.7%) 
Carboxyhemoglobin 68 (13%) 0.8 [0.2-1] 
   Increased carboxyhemoglobin > 3%  30 (44.1%) 
Hemoglobin electrophoresis 64 (12.2%) 4 (6.2%) 
Methemoglobinemia 43 (8.2%) 0 (0%) 
Marrow smear 27 (5.1%) 14 (62.3%) 
Blood smear 26 (5%) 8 (30.7%) 
High-affinity hemoglobin search 19 (3.6%) 0 (0%) 
Testosterone 13 (2.5%) 14.9 [7.9-30.5] 
    Increased testosterone > 25.7nmol/L  4 (30.8%) 
p50 11 (2.1%) 29 [26.2-31] 
    Decreased P50 < 25 mmHg  2 (18.2%) 
NGS 6 (1.14%) 2 (33%) 
2,3-BPG 0(0%) 0(0%) 
Footnote: Data are presented as median [IQR] or number of abnormalities (%).  
Results set in bold are chosen according to their relevance or predominance.  
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Paraclinical examinations done 

 

Patients’ paraclinical examinations are exhibited in Table 4, and their realization is 

displayed in Annex 3. An abdominal imaging was done in 39.8% of patients, describing renal 

anomalies (37.3%), gallbladder lithiasis (11.5%), hepatic steatosis (10.5%), hepatomegaly 

(10%), splenomegaly (5.3%). Renal anomalies were mainly cysts (22% of all patients with 

available imaging), two renal tumors were found.  

Chest CT imaging was performed for 30.5% of patients, unveiling pleuro-parenchymal 

anomalies (26.2%), emphysema (25%). Pulmonary Functional Tests were completed by 23.4% 

of patients, displaying abnormalities in 41.5% of cases. A polysomnography was performed 

amongst 18.3%, showing sleep apnea syndrome in 60.4% of patients (from mild to severe, 

respectively affecting 11.4% and 25% of patients who did the test). Brain imaging was 

performed in 12%, transthoracic echocardiogram amongst 11.2% and renal artery doppler in 

7.2% of cases, but for those, no erythrocytosis etiology was identified.  

Bone marrow biopsy was performed among 43 patients (8.2%) setting forth 

abnormalities in 32.6% of cases.  

Twelve patients underwent Isotopic measure of RBC mass (2.3%) which confirmed 

erythrocytosis in one case. 
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Table 4: Paraclinical examinations amongst JAK2 unmutated erythrocytosis patients. 

Paraclinical examinations Percentage of test 
done Results 

Number of patients n=525  
Abdominal imaging 209 (39.8%)  
    As Abdominal CT 141 (26.9%)  
    As Abdominal ultrasonography 97 (18.5%)  
      Renal anomaly  78 (37.3%) 
           Renal cysts  46 (22%) 
      Gallbladder lithiasis  24 (11.5%) 
      Hepatic steatosis  22 (10.5%) 
      Hepatomegaly  21 (10%) 
      Splenomegaly  11 (5.3%) 
      Adenopathy  7 (3.3%) 
Chest CT 160 (30.5%)  
   Pleuroparenchymal anomaly  42 (26.2%) 
   Emphysema  40 (25%) 
   Adenopathy  22 (13.8%) 
PFT 123 (23.4%)  
   Not normal  51 (41.5%) 
   VEMS/CVF  77.3 [70-86] 
   Total lung capacity  97 [89-107.5] 
   DLCO VA  76 [60.8-91] 
   DLCO Hb  72 [56-88] 
Polysomnography 96 (18.3%)  
   Sleep apneas  58 (60.4%) 
      mild  11 (11.4%) 
      moderate  11 (11.4%) 
      severe  24 (25%) 
   AHI  25 [12.4-43] 
   Mean oxygen saturation (%)  93 [91-95] 
   Time of saturation < 90% (%)  5 [0.4-28.4] 
Brain imaging 63 (12%)  
   Cerebral CT 49 (9.3%) 22 (44.9%) 
   Cerebral MRI 22 (4.2%) 12 (54.5%) 
Bone Marrow Biopsy 43 (8.2%) 14 (32.6%) 
TTE 59 (11.2%)  
   Anomaly  18 (30.5%) 
   FEVG  60 [47.2-65] 
Renal artery doppler 38 (7.2%) 0 (0%) 
Gastroscopy 20 (3.8%) 12 (60%) 
TEP-CT 17 (3.2%) 5 (29.4%) 
Isotopic measure of RBC mass 12 (2.3%) 1 (8.3%) 
Footnote: Data are presented as median [IQR] or number of abnormalities (%). Results set in bold are chosen 
according to their relevance or predominance. 
Abbreviations: PFT: Pulmonary Functional Tests; AHI: apneas-hypopneas index; TTE: transthoracic 
echocardiogram.  
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Etiology and treatments 

 

Sixty percent of cases remained unconcluded (315). They are said secondary in 27.4% 

of cases (144) due to respiratory causes (64.6%), dehydration (6.3%) or others. The diagnosis 

of JAK2 unmutated polycythemia vera was retained in 12 cases (2.3%). 

Treatments received by JAK2 unmutated non-PV patients are compiled in Table 5. 

Low-dose aspirin was used for 37.8% of patients, as a first-line treatment (38.1%). For most 

cases, the treatment was introduced for another indication (58.8%). Anticoagulant treatment of 

patients were on anticoagulant drug, which was exceptionally started for the erythrocytosis. 

Phlebotomies were performed amongst 22.2% of patients, usually as a first-line therapy 

(84.2%). 

Erythro-apheresis concerned 5.3% of patients, mostly as a first-line therapy, sometimes 

after unsuccessful phlebotomy. Specific angiotensin-converting enzyme (ACE) inhibitors were 

introduced amongst kidney-transplanted patients. 
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Table 5: Treatment features amongst non-PV patients.  
 
 Non-PV 
Number of patients n=513 
Therapies  
   Surveillance - therapeutic abstention 268 (52.2%) 
      1st line 249 (92.9%) 
      2nd line 19 (7.1%) 
  Low-dose aspirin once daily 194 (37.8%) 
      1st line 74 (38.1%) 
      2nd line 5 (2.6%) 
      3rd line 1 (0.5%) 
      Other indication 114 (58.8%) 
   AC 66 (12.9%) 
      1st line 2 (3%) 
      Other indication 64 (97%) 
   Hydrea 4 (0.8%) 
      1st line 4 (100%) 
   Phlebotomy 114 (22.2%) 
      1st line 96 (84.2%) 
      2nd line 12 (10.5%) 
      3rd line 1 (0.9%) 
      Other indication 3 (2.6%) 
   Erythrapheresis 27 (5.3%) 
      1st line 15 (55.6%) 
      2nd line 10 (37%) 
      3rd line 1 (3.7%) 
      Other indication 1 (3.7%) 
   Other treatment  
      ACE inhibitors 6 (1.2%) 
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Comparative study 

Comparative results between PV and non-PV patients are portrayed in Table 6.  Non-

PV patients are younger (56.6 years old vs. 66, p<0.001), male patients (69.1% vs. 90.3%, 

p<0.001) more associated with obesity than PV patients (14% vs. 4.9%, p=0.023). Other 

medical history conditions showed no significant differences. PV patients presented 

significantly more of the following clinical signs : deterioration of general status (19.8% vs. 

5.7%, p<0.001), facial erythrosis (14.8% vs. 5.5%, p=0.002), pruritus (14.8% vs. 3.8%, 

p<0.001), splenomegaly (13.6% vs. 1.4%, p<0.001) and erythermalgia (3.7% vs. 0.6%, 

p=0.036). 

Biological data set forth significant differences : PV patients showed greater proportion 

or absolute erythrocytosis (54.3% vs. 16.8%, p<0.001) — even though hemoglobin was not 

significantly different between groups (19.9 g/dl vs. 18.4   g/dl, p=0.473) — they displayed 

higher hematocrit (53.2% vs. 50.5%, p<0.001), higher WBC and neutrophilic polynuclear 

counts (11.4 G/l vs. 8.2 G/l, p<0.001 and 8.5 G/l vs. 5.1 G/l, p<0.001 respectively), higher 

platelets count (417 G/l vs. 219 G/l, p<0.001). Conversely, PV patients presented lower 

lymphocytes (1.8 G/l vs. 2.3 G/l, p=0.021), eosinophilic (0.3 G/l vs. 0.9 G/l, p=0.003) and 

basophilic counts (0.1 G/l vs. 0.7 G/l, p<0.001). PV patients displayed lower titers of EPO (4.2 

mUI/ml vs. 10 mUI/ml, p<0.001), higher B12 vitamin (489 pmol/l vs. 377.6 pmol/l, p=0.002) 

and LDH levels (328 UI/l vs. 243 UI/l, p<0.001). Non-PV patients showed higher rates of 

ferritin (251.1 mg/l vs. 143.3 mg/L, p<0.001). 

Evolution between these groups showed no significant difference, based on a composite 

event including death, cardiovascular events and venous thromboembolisms (11.1% vs. 8.2%, 

p=0.383). 
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Table 6: Comparative results between PV and non-PV groups.  

Group non-PV 
n=513 

PV 
n=81 p value 

   Age 56.6 (+/-16.8) 66 (+/-12.8) <0.001 
   Sex (female) 50 (9.7%) 25 (30.9%) <0.001 
Medical history    
   Hypertension 169 (32.9%) 33 (40.7%) 0.383 
   Venous thromboembolic event 80 (15.6%) 7 (8.6%) 0.1 
   Obesity 72 (14%) 4 (4.9%) 0.023 
   Ischemic cardiopathy 64 (12.5%) 11 (13.6%) 0.781 
   Diabetes 51 (9.9%) 10 (12.3%) 0.508 
   Stroke 49 (9.6%) 10 (12.3%) 0.435 
   Obstructive sleep apnea 47 (9.2%) 4 (4.9%) 0.207 
Clinical exam    
   Headache 31 (6%) 8 (9.9%) 0.195 
   Deterioration of general status 29 (5.7%) 16 (19.8%) <0.001 
   Facial erythrosis 28 (5.5%) 12 (14.8%) 0.002 
   Pruritus 20 (3.9%) 12 (14.8%) <0.001 
   Splenomegaly 7 (1.4%) 11 (13.6%) <0.001 
   Adenopathy 6 (1.2%) 0 (0%) NA 
   Erythermalgia 3 (0.6%) 3 (3.7%) 0.036 
Biologic exams    
   Hemoglobin (g/dL) 18.4 (+/-12.2) 19.9 (+/-20.4) 0.473 
       Absolute erythrocytosis 86 (16.8%) 44 (54.3%) <0.001 
   Hematocrit (%) 50.5 (+/-5.8) 53.2 (+/-7.9) <0.001 
   WBC (G/L) 8.2 (+/-4.5) 11.4 (+/-5.1) <0.001 
   Polynuclear neutrophils (G/L) 5.1 (+/-3.5) 8.5 (+/-4.2) <0.001 
   Lymphocytes (G/L) 2.3 (+/-5.1) 1.8 (+/-0.7) 0.021 
   Eosinophils (G/L) 0.9 (+/-14.2) 0.3 (+/-0.3) 0.003 
   Basophils (G/L) 0.7 (+/-13.9) 0.1 (+/-0.1) <0.001 
   Monocytes (G/L) 1.1 (+/-5.4) 0.9 (+/-1.5) 0.108 
   Platelets (G/L) 219 (+/-64.1) 417.1 (+/-207.1) <0.001 
   EPO (mUI/ml) 10 (+/-17.8) 4.2 (+/-5.9) <0.001 
      Decreased EPO < 3.2mUI/ml 41 (15.9%) 26 (68.4%) - 
      Increased EPO > 32mUI/ml 7 (2.7%) 0 (0%) - 
   Ferritin (μg/l) 251.1 (+/-235.3) 143.3 (+/-180.6) <0.001 
   B12 vitamin (pmol/l) 377.6 (+/-199.2) 489 (+/-253.9) 0.002 
      Increased B12 > 569pmol/l 18 (11.5%) 9 (26.5%) - 
   B9 vitamin (nmol/l) 17.1 (+/-24.8) 14 (+/-8.7) 0.611 
      Decreased B9 < 8.83nmol/l 50 (32.5%) 10 (31.2%) - 
   LDH (mmol/L) 243.3 (+/-168.4) 328.6 (+/-148.6) <0.001 
   Homocysteine 18.2 (+/-12.5) 21.6 (+/-5.1) 0.068 
      Increased Homocysteine >14µmol/l 42 (67.7%) 5 (100%) - 
Evolution    
Hindsight (months) 29.9 (+/-47.3) 30.4 (+/-19.1) - 
Last hemoglobin 16.2 (+/-1.8) 14.5 (+/-1.7) - 
Composite events 42 (8.2%) 9 (11.1%) 0.383 
   Cardiovascular events 19 (3.7%) 4 (4.9%) - 
   Death 17 (3.3%) 4 (4.9%) - 
   Thrombosis 6 (1.2%) 2 (2.5%) - 
Footnote: Data are presented as mean (+/- standard deviation) or number of abnormalities (%). Results shown as 
bold are statistically significant (p<0.05).  



 24 

DISCUSSION 
 
 

To the best of our knowledge, this is the first cohort that investigated clinical and 

paraclinical features of unmutated JAK2 erythrocytoses. Our study reflects the investigations 

done in “real-life” conditions. Cost and time of the study were reduced. To date, this represents 

the largest cohort of JAK2 unmutated erythrocytosis patients.  

First, we observed that only a minority of unmutated JAK2 patients were explored 

(annexes 2 and 3) And most of them remain without a diagnosis (Gangat et al proposed a 

Diagnosis algorithm based on duration of erythrocytosis and EPO level). Isotopic determination 

of RBC mass can prove to be a useful tool in determining the reality of the erythrocytosis. WHO 

2016 thresholds for absolute erythrocytosis are shown to be associated with elevated RBC mass 

for 35% of male patients and 63% of female patients Although it may not be performed in every 

center, the isotopic measure of RBC mass could prevent unnecessary explorations and life-long 

follow-ups (12,13). In our study, only twelve patients (2.3%) have benefited from this test. 

Respiratory functional tests and polysomnography were amongst the most performed tests. 

Although the role of sleep apnea as a sole cause for erythrocytosis is debated (14), studies have 

shown a significant increase in hemoglobin and hematocrit when obstructive sleep apnea 

syndrome is severe, but wasn’t responsible for erythrocytosis (15,16).  

Treatment of PV patients is well codified (17,18) as phlebotomy is the treatment of 

choice, preventing thrombotic risk and alleviating the symptoms by reducing hematocrit 

level(17). It can be substituted by erythro-apheresis, which allows a quicker control of 

hematocrit level (19). Cytoreductive therapy is recommended amongst patients with high risk 

of thrombosis: age superior to 60 years old or medical history of thrombosis (20,21). Among 

low-risk patients, low dose aspirin has proven useful against thromboses (22) or vasomotor 

disturbances (23). Low-dose aspirin can be taken tone or twice a day, but its superiority to a 

single administration has yet to be proved. In our study, only a once-daily prescription was 
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used. Concerning non-PV erythrocytoses, their treatment is far less codified. Whereas current 

data point to a symptom-alleviating goal more than an hematocrit-reducing purpose, in real-

life, physicians’ apply a case-to-case conceived care. That reflects in a grand variety of care 

and different hematocrit objectives, as depicted by Rumi et al. (24).  

Specifically, after kidney transplantation, the incidence of erythrocytosis vary from 8 to 

15%, associated with a higher thromboembolic risk (25), in this case treatment relies on 

Angiotensin-converting enzyme inhibitors (26). 

Finally, our comparative study between PV and non-PV patients highlighted clinical 

and biological distinctive features. The association of PV with thrombocytosis, leukocytosis 

and splenomegaly is well-known, PV being a pan-myelopathy (17). There was no significant 

difference in hemoglobin level while there was more absolute erythrocytosis in PV group, 

probably in relation to a greater proportion of female patients in PV group. Unmutated non-PV 

patients displayed stigmas of metabolic syndrome, as suggested by a significantly higher 

prevalence of obesity, higher levels of ferritin and the prevalence of hepatic steatosis. 

This study has several strengths including the use of a large retrospective cohort, large 

amount of data collected, i.e., clinical, biological and evolutionary. Cost and time of the study 

were reduced. However, our study suffers from the flaws inherent to its retrospective nature: 

susceptible to selection bias, quantity of data limited and physician-dependent. The information 

harvested was based on data available from consulting medical files. Our study being oligo-

centric, it restricted the population to which our results can be extrapolated. The incapacity of 

showing a difference in the evolution of patients may result from a lack of statistical power or 

from a too short follow-up. 
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CONCLUSION 
 

Unmutated JAK2 erythrocytosis patients are often left without clear etiologic 

diagnosis. Considering the panel of etiologies and the specificity of their treatment, it is 

important to investigate and search for and underlying cause of a secondary erythrocytosis. 

The actual lack of consensus concerning their treatment of is responsible for a case-to-case 

evaluation by physicians, and could benefit from prospective controlled studies. As the 

discovery of JAK2 mutations greatly impacted the exploration of myeloproliferative 

erythrocytosis, generalized NGS explorations should help better identifying hereditary causes. 

The distinctive features between polycythemia vera patients could lead to the establishment of 

a predictive score of PV that could prove useful in a better selection of JAK2 unmutated 

patients with high risk of PV, eligible to perform bone marrow biopsy. 
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APPENDIX 
 
 
Annex 1 :  2016 WHO criteria for polycythemia vera (PV) 
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Annex 2 : Biological examinations’ realization amongst JAK2 unmutated erythrocytosis 
patients.  
 

 
Abbreviations: Creat : creatinine ; EPO : erythropoietin ; CarboxyHb : carboxyhemoglobin ; Hb electrophoresis : 
electrophoresis of hemoglobin ; MethHb : methemoglobinemia 
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Annex 3 : Paraclinical examinations’ realization amongst JAK2 unmutated 
erythrocytosis patients  
 
 

 
Abbreviations: PFT : Pulmonary Functional Tests ; TTE : transthoracic echocardiogram ;  
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Annex 4 : Diagnosis algorithm based on duration of erythrocytosis and EPO level as 
proposed by Gangat et al. (3) 
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