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9. English summary

The classical chronic myeloproliferative neoplasms (MPN) includes polycythemia vera 

(PV), essential thrombocytosis (ET) and primary myelofibrosis (MF). MPN arises from a 

mutation in the haematopoietic stem cell, causing a clonal proliferation of mature blood 

cells. In recent years a focus on the role of chronic inflammation in the pathophysiology of 

MPN and complications has emerged. Osteoporosis and increased risk of fractures are 

associated with several systemic inflammatory conditions and among patients with 

systemic mastocytosis (SM) – a rare MPN variant - a high frequency of osteoporosis and 

osteoporotic fractures has been reported. 

This PhD thesis reviews the association between the classical chronic myeloproliferative 

disorders and the clinical and paraclinical impact on the bone tissue. The thesis is based 

on 4 papers. 

I. Paper 1 is a review summarizing the current knowledge of the association between 

MPN and bone disease. Increased bone mineral density (BMD) in patients with MF has 

been observed in a few, very small studies, whereas studies including patients with ET 

and PV are sparse. This underlines a need for further studies investigating the 

association between MPN and bone disease. 

II. Paper 2 is a population based registry study, assessing the risk of fractures on several

anatomical regions among 7,595 patients with MPN compared with 338,974 individuals 

from the general population. This study shows that the risk of fractures is consistently 

higher among MPN patients compared with the general population. 
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III. Paper 3 is a clinical cross-sectional study including patients with myelofibrosis (n=18).

Patients were assessed by imaging techniques with dual energy X-ray absorption 

(DXA) and high resolution peripheral quantitative computed tomography (HR-pQCT) as 

well as by measurements of biochemical bone turnover markers. Results were 

compared to healthy controls. This study shows no significant difference in BMD, bone 

geometry, microarchitecture or estimated bone strength between MF and the control 

group. Pro-collagen type 1 pro-peptide (P1NP) is significantly increased in patients, 

possibly indicating the neoplastic level of collagen synthesis and deposits in the bone 

marrow characteristic for MF. 

IV. Paper 4 is a clinical cross-sectional study using the same methodology as in paper 3,

However, this study includes patients with ET and PV (n=45) and compare the same 

scanning modalities to healthy controls. This study also used measurement of 

biochemical markers. The scans reveal that ET and PV patients consistently are 

comparable with the healthy controls in all the measured bone parameters. Levels of 

biochemical bone turnover markers are all within reference value. 

In conclusion, MPN patients are at increased risk of fractures, but the pathophysiology 

behind this finding remains unknown. The clinical studies show that BMD, micro-

architecture and estimated bone strength are comparable with the background population. 

It may be considered if enough patients were included to demonstrate increased frequency 

of signs of secondary osteoporosis. The studies have generated new insight into 

comorbidity among MPN patients, but have not elucidated whether bone morbidity is a 

direct MPN disease complication. Future studies are needed to elucidate how the 

increased fracture risk is mediated, and if it is preventable by medical treatment. 
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10. Danish summary (Dansk resume)

De klassiske kroniske myeloproliferative neoplasier (MPN) omfatter polycytæmia vera 

(PV), essentiel trombocytose (ET) og primær myelofibrose (MF). MPN skyldes en mutation 

i den hæmatopoietiske stamcelle, der forårsager en klonal proliferation af modne 

blodceller. På det seneste er man blevet opmærksom på, at kronisk inflammation kan 

spille en rolle i patofysiologien ved MPN og de ledsagende komplikationer. Osteoporose 

og øget risiko for frakturer er associeret med adskillige systemiske inflammatoriske 

tilstande, og hos patienter med systemisk mastocytose (SM) - en sjælden MPN variant – 

er der allerede rapporteret om en høj frekvens af osteoporose og frakturer. 

Denne afhandling gennemgår sammenhængen mellem de klassiske kroniske 

myeloproliferative neoplasier og den kliniske, såvel som den parakliniske påvirkning af 

knoglevævet.  Afhandlingen er baseret på 4 artikler. 

I. Første artikel er en oversigt over sammenhængen mellem MPN og forekomst af 

osteoporose eller frakturer. Øget knoglemineralindhold (BMD) hos MF patienter er 

beskrevet i ganske få, og meget små studier, mens studier med ET og PV patienter er 

yderst sparsomme. Dette understreger behovet for flere studier med fokus på 

knoglesygdom blandt MPN patienter. 

II. Anden artikel er et populationsbaseret registerstudie, hvor der redegøres for

forekomsten af frakturer på flere anatomiske lokalisationer blandt 7.595 MPN patienter 

sammenlignet med 338.974 individer fra baggrundsbefolkningen i Danmark.  Studiet 

viser, at risikoen for knoglebrud konsekvent er højere blandt MPN patienter 

sammenlignet med baggrundsbefolkningen. 
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III. Tredje artikel er et klinisk tværsnitsstudie med myelofibrosepatienter (n=18).

Patienterne blev undersøgt billeddiagnostisk med dual energy X-ray absorption (DXA) 

og high resolution peripheral quantitative computed tomography (HR-pQCT), og med 

biokemiske knogleomsætningsmarkører. Resultaterne blev sammenlignet med en 

kohorte af raske kontroller. Der er ingen signifikant forskel på BMD, knoglegeometri, 

mikroarkitektur og estimeret knoglestyrke mellem MF og kontrolgruppen. Pro-collagen 

type 1 pro-peptid (P1NP) er som den eneste markør signifikant forhøjet hos MF 

patienterne, hvilket kan være et mål for den neoplastiske drevne forhøjede syntese og 

aflejring af kollagen i knoglemarven, som er karakteristisk for MF. 

IV. Fjerde artikel er ligeledes et klinisk tværsnitsstudie med anvendelse af de samme

metoder som i studie 3, men dette studie inkluderer patienter med ET og PV (n=45).  

Resultaterne herfra, viser skanningerne at ET og PV patienterne gennemgående er

sammenlignelige med de raske frivillige kontrolpersoner. Resultaterne af de 

biokemiske knoglemarkøranalyser er i indenfor referenceområdet. 

Det konkluderes, at MPN patienter har øget risiko for frakturer, men at årsagen hertil er 

ukendt. De kliniske studier viser, at BMD, mikroarkitektur og estimeret knoglestyrke er 

sammenlignelige med baggrundsbefolkningen, men man må forholde sig kritisk til, om 

disse studier har inkluderet patienter nok til at kunne påvise øget forekomst af tidlige tegn 

på sekundær osteoporose. Studierne har genereret ny indsigt i yderligere en komorbiditet 

hos MPN patienter, men har ikke kastet lys over, om dette er en direkte 

sygdomskomplikation af MPN. Fremtidige studier bør fortsat fokusere på årsagen til den 

øgede frakturforekomst, og på om medicinsk behandling kan forbygge denne. 
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11. Introduction

The chronic myeloproliferative neoplasms 

The classical chronic myeloproliferative neoplasms (MPN) includes chronic myeloid 

leukaemia (CML), polycythaemia vera (PV), essential thrombocytosis (ET) and primary 

myelofibrosis (PMF) together with a group of rarer MPNs including mastocytosis, chronic 

neutrofilic leukaemia, chronic eosinophilic leukaemia and unclassified MPN.1 

Table 1. The 2008 World Health Organization classification of myeloid neoplasms.
2

Haematopoiesis and osteogenesis 

Haematopoiesis 

Bone and bone marrow are two closely related organs, both anatomic and histologically.3 

The bone marrow is located in the medullar cavity of the bones. In this micro-environment 

in the red active bone marrow, the haematopoietic stem cell niches residue.3-5 Here the 

WHO classification of myeloid neoplasms 

Chronic myeloid leukaemia, BCR-ABL1–positive 

Chronic neutrophilic leukaemia 

Polycythaemia vera 

Primary myelofibrosis 

Essential thrombocythemia 

Chronic eosinophilic leukaemia, not otherwise specified 

Mastocytosis 

Myeloproliferative neoplasm, unclassifiable 
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haematopoietic stem cell rests, undergoes self-renewal and differentiation.3-6 All blood 

cells originate from differentiations of the multipotent haematopoietic stem cell1; an 

overview of haematopoiesis is shown in Figure 1. During differentiation the myeloid cells 

mature into erythrocytes, thrombocytes, granulocytes (leucocytes), macrophages, and the 

lymphoid cells mature into B-lymphocytes, T-lymphocytes and natural killer cells. The 

chronic myeloproliferative neoplasms are clonal diseases originating from the myeloid cell 

linage (Figure 1). 

Figure 1. The stages of normal haematopoiesis.
6

LT-HSCs: long-term reconstituting haematopoietic stem cells 

ST-HSCs: short-term reconstituting haematopoietic stem cells 
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Osteogenesis 

Osteogenesis is a dynamic process of removing old cells by osteoclasts and formatting 

new cells by osteoblasts. The osteoclast originates from the myeloid monocyte cell linage 

and the osteoblasts from the mesenchymal cells (Figure 1).3 

In recent years, the role of chronic inflammation of the bone marrow in the 

pathophysiology of MPN and complications has emerged.7 Due to the interplay between 

bone and bone marrow, chronic inflammation of the bone marrow may potentially have an 

impact on the bone metabolism resulting in changes of bone mineral density and fracture 

risk, which will be assessed in this thesis. 

Mutations and pathogenesis of myeloproliferative neoplasms 

In 1951 William Dameshek published his speculations on the myeloproliferative 

syndromes.8 Based on observations of overlaps or transition forms between different 

myeloproliferative entities, he postulated …..“the various conditions listed are different, but 

closely interrelated. It is possible that these various conditions - “myeloproliferative 

disorders”- are all somewhat variable manifestations of proliferative activity of the bone 

marrow cell…..” 

This was the first introduction of the concept of “the biologic continuum” in MPNs. 

Today, it is accepted that myeloproliferative neoplasms display an insidious onset and may 

follow stepwise progression compromising the full spectrum of prodromal and terminal 

stages, terminating in bone marrow insueffiency, myelodysplastic changes, and blast 

crisis.9 
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In 1974, the proliferative capacity of erythroid progenitor cells independent of stimulation of 

erythropoietin in PV-patients, was demonstrated.10 A few years later, in 1976 it was 

demonstrated by the glucose-6-phosphate dehydrogenase clonality studies, that the origin 

of these diseases were in the multipotent haematopoietic stem cell, and it was stated that 

MPNs are clonal diseases.11 

The Philadelphia-chromosome, resulting from the 9:22 chromosomal translocation 

characterising CML was described in 1961.12 Not until thirty years later, it was 

demonstrated that the product of the chromosomal translocation, the fusion protein - the 

tyrosine kinase BCR-ABL1 - was able to induce CML in an animal model.13 

During the early 2000´s the JAK-STAT pathway (Janus kinase-signal transducer and 

activator of transcription) was in focus to explain the pathogenesis of the Philadelphia 

negative MPNs.14,15 In 2005 the discovery of a somatic point mutation in the gene 

encoding Janus Kinase (JAK2V617F mutation) was found in 97%-99% of patients with PV, 

50-70% of patients with ET and 40-50% of patients with myelofibrosis from 4 independent 

research groups.16-20 A small proportion of JAK2V617F (hereafter abbreviated JAK2) 

negative patients had other mutations, located in JAK2 gene exon 12, and mutations in the 

thrombopoietin receptor gene (MPL W5151), which was identified in 2006 and is present in 

up to 15% of JAK2-negative ET and PMF patients.21,22 Discovery of these new molecular 

markers lead to the proposal for a change in the diagnostic criteria in 2007, and was 

added as a major criteria in the current World Health Organization diagnostic criteria, 10th

revision from 2008 (WHO IDC-10).1,23 The nomenclature of myeloproliferative disorders 

was changed to myeloproliferative neoplasms, a new terminology, acknowledging MPNs 

as neoplastic and not reactive disorders, and therefore classified as cancers.9,24  
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The discovery of subsequent new mutations associated the chronic myeloid neoplasms 

has followed including mutations in the TET2, DNMT3A, IDH1/2, EZH2, and ASXL1 

genes.16 Latest in 2013, the discovery of novel somatic mutations in the endoplasmic 

reticulum chaperone (CALR) has been observed in 70-84% of non-mutated (JAK2 and 

MPL-negative) patients, now leaving only a small proportion of all MPN patients without a 

known underlying mutation.25,26 Disease specific mutations have enhanced the accuracy of 

the MPN diagnostics since the discrimination between non-clonal, reactive forms of 

thrombocytosis, erythrocytosis or myelofibrosis from MPN is now more accurate.27 

Revision of the current WHO diagnostic criteria from 2008, now including CALR mutations 

in line with JAK2 and MPL mutations, has recently been proposed.28  

Clinical characteristics of myeloproliferative neoplasms 

As it can be seen in Table 2, the current WHO diagnostic guidelines are now almost 

exclusively based on paraclinical information. The clinical presentations and symptoms of 

MPN are the result of increased cell proliferation and cell turnover, and the phenotypes are 

heterogeneous and may overlap between the different diagnostic entities. Hypermetabolic 

symptoms are presented as weight loss, night sweats, fatigue and subfebrilia, which 

increases with progression, and are most pronounced in MF.29 Extramedullary 

haematopoiesis causes splenomegaly and sometimes hepatomegaly.29 The cardinal 

features of the classical MPNs are high platelet count in essential thrombocythemia, 

erythrocytosis in polycythaemia vera and bone marrow fibrosis in myelofibrosis.30 The 

onset of MPNs are insidious, but with the potential of progression comprising the full 

spectrum of prodromal and terminal stages, terminating in bone marrow insufficiency, 

myelodysplastic changes and blast crisis.9 
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Table 2. The 2008 World Health Organization diagnostic criteria for polycythaemia vera, essential 

thrombocythemia, and primary myelofibrosis.
31

2008 WHO diagnostic criteria 

Polycythemia vera 
a
 Primary myelofibrosis 

a
 

Major 

criteria 

1 Hgb >18.5 g dl
-1

 (men) 

>16.5 g dl
-1

 (women) 

or Hgb or Hct >99th percentile 

of reference range for age, 

sex or altitude of residence 

or Hgb>17 g dl
-1

 (men), 

or>15 g dl
-1

 (women) 

if associated with a sustained 

increase of ≥2 g dl
-1

 from 

baseline that cannot be attributed 

to correction of iron deficiency 

or elevated red cell mass >25% 

above mean normal predicted 

value 

1 

Essential thrombocythemia 
a
 

1 Megakaryocyte proliferation 

and atypia
b
 accompanied by 

either reticulin and/or 

collagen fibrosis, or in the 

absence of reticulin fibrosis, 

the megakaryocyte changes 

must be accompanied by 

increased marrow cellularity, 

granulocytic 

proliferation and often 

decreased erythropoiesis (i.e. 

pre-fibrotic PMF). 

2 Presence of JAK2V617F 

or similar mutation 

2 2 Not meeting WHO criteria 

for CML, 

PV, MDS, or other myeloid 

neoplasm 

3 

Megakaryocyte 

proliferation with 

large and mature

morphology. No or little

granulocyte or erythroid 

proliferation. 

Not meeting WHO criteria 

for CML, PV, 

PMF, MDS or other 

myeloid neoplasm 

3 Demonstration of 

JAK2V617F 

or other clonal marker or 

no evidence of reactive 

marrow fibrosis 

4 Demonstration of 

JAK2V617F or other clonal 

marker or no evidence of 

reactive thrombocytosis Minor 

criteria 

1 BM trilineage 

myeloproliferation 

1 Leukoerythroblastosis 

2 Subnormal serum Epo level 2 

3 EEC growth 3 

4 

Increased serum LDH 

Anaemia 

Palpable splenomegaly

CML, chronic myeloid leukaemia 
EEC, endogenous erythroid colony   

Epo, erythropoietin 

 Hct, haematocrit 

    Hgb, haemoglobin  

    LDH, lactate dehydrogenase 

    MDS, myelodysplastic syndrome 

  WHO, World Health Organization 

a
 Diagnosis of polycythemia vera (PV) requires meeting either both major criteria and one minor criterion or 

the first major criterion and 2 minor criteria. Diagnosis of essential thrombocythemia requires meeting all four 

major criteria. Diagnosis of primary myelofibrosis (PMF) requires meeting all three major criteria and two 

minor criteria.
b
 Small to large megakaryocytes with an aberrant nuclear/cytoplasmic ratio and hyperchromatic

and irregularly folded nuclei and dense clustering. 

Platelet count ≥450 *109 l
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Essential thrombocythemia 

Essential thrombocythemia is characterized by isolated thrombocytosis in peripheral blood, 

and an increased number of large mature megakaryocytes in the bone marrow. ET is 

considered to be the most indolent MPN.30 

Thrombocytosis is not specific for ET, as it can be associated with other reactive 

conditions, which must be excluded. Thrombocytosis can also represent prefibrotic 

myelofibrosis and ET is has been suggested to distinguished from prefibrotic MF by the 

presence of megakaryocytes with atypia in the bone marrow biopsy.32  

Polycythaemia vera 

Polycythemia vera is characterized by pancytosis, including an increased haematocrit in 

peripheral blood, subnormal serum erythropoietin level, and a hyper cellular bone marrow 

including raised number of erythroid, megakaryocytic and granulocytic precursor cells.30 

JAK2 is present in 97%-99% of patients and is a very sensitive diagnostic marker of PV.32  

Myelofibrosis 

Myelofibrosis is characterized by an early phase with initial proliferation of blood cells 

terminating in advanced stage with bone marrow failure, progressive anaemia and extra- 

medullary haematopoiesis mainly in the spleen and the liver.9 MF is characterized by 

immature red and white cells and dysplastic megakaryocytes.30 Increasing reticulin or 

collagen fibres are discriminating features of the bone marrow.9 Osteosclerotic changes 

appear in the bone tissue, as a result of the growth and thickening of bone trabeculae, 

focal osteosclerotic changes with osteoid seams, and appositional new bone formation in 

budding plaques.33 Osteosclerotic changes are polyclonal and represent a reaction to 
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cytokines released from megakaryocytes or activated monocytes, an inflammatory 

response, received by the stromal osteoblasts.30,34  

The disease presents either de novo primary myelofibrosis or myelofibrosis secondary to 

either ET or PV. MF is often seen in elderly patients, and patients have more profound 

constitutional symptoms compared to patients with PV and ET.34-36   

Comorbidity in MPN 

Comorbidity was first defined in 1970 as “any distinct additional entity that has existed or 

may occur during the clinical course of a patient who has the index disease under study”.37 

Concepts of multimorbidity, comorbidity, and complications are often confusing, and some 

of these concepts are used interchangeably.38 The occurrence of another disease may be 

independent of the primary disease or as a consequence of the primary disease. Defining 

“comorbidity” describes medical conditions that exist at the time of diagnosis of the index 

disease or later, and “complications” of an index disease are adverse events occurring 

after diagnosis of that disease.38 Comorbid illnesses are important because they may 

delay diagnosis, may influence treatment decisions, are related to complications, alter 

survival, impair patients quality of life, and confound analysis.39 

MPN patients are in general burdened with comorbidity as well as disease specific 

complications listed in Table 3.7,36,40 Comorbidity includes atherosclerosis, hypertension, 

pulmonal hypertension, autoimmune diseases, diabetes, renal diseases, chronic 

inflammatory diseases and complications including thrombosis and haemorrhage, 

splenomegaly and cachexia.7,36,40-48 Progression into acute leukaemia may develop in a 

minority of MPN patients, but MPN patients are also at an increased risk of other new 

malignancies including both solid and other haematologic cancer forms.30,49  
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The hallmark of complications is the high risk of arterial and venous thrombosis, 

particularly in PV and ET.42 The ECLAP study including 1,638 PV patients from 12 

countries found that cardiovascular mortality was 1.7 per 100 per year and accounted for 

45% of all deaths, and the incidence of splanchnic vein thrombosis, including Budd-Chiari 

syndrome, and portal, splenic and mesenteric locations is high. 42,50 Thrombosis is a 

consequence of hyperviscosity, and elevated haematocrit caused by hyperproliferation in 

the bone marrow.51 As thrombosis may be the first clinical manifestation of MPN, a search 

for MPN is also recommended following an unusual thrombotic event.42,52  

The studies of this thesis aim to assess, if bone morbidity, defined by estimates of 

fractures and measurements of bone mineral density, are direct disease complications of 

MPN. 

Table 3. Comorbidities, complications and symptoms in MPN. 

Comorbidity Complications Symptoms 

Peripheral vascular 

disease 

(atherosclerosis) 

Fatigue 

Cardiovascular 

disease 

(atherosclerosis) 

Thrombosis (stroke, acute coronary 

syndrome, pulmonary embolisms, 

abdominal thrombosis, deep-vein 

thrombosis or peripheral arterial 

thrombosis) 

Haemorrhage 

Weight loss 

Hypertension Progression from ET/PV to MF 

Night sweats 

Pulmonal 

hypertension Other cancers (AML, haematological and 

non-haematological) 

Fever 

Autoimmune 

diseases Splenomegaly 

Pruritus 

Metabolic diseases 
Cachexia 

Bone pain 

Renal disease 
Cytopenia (MF patients) 

Abdominal 

discomfort 

Diabetes 
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For research purposes, comorbidity can be assessed by “comorbidity-indexes”, where 

comorbidity is transformed into numeric values. Such quantitative transformations can be 

used to calculate a comorbidity score, as a tool that can be used to compare comorbidity 

between two groups or to control for confounding. Charlsons comorbidity index (CCI) is the 

most widely used, but several others have been developed to account for comorbidity as a 

confounding factor, including Adult Comorbidity Evaluation 27, the Cumulative Illness 

Rating Scale, the Kaplan-Feinstein Index, and more.38,53-55 The CCI includes 19 different 

diagnoses listed in Table 4. It originates from a study based on 604 medical patients and 

was used to predict 1-year mortality in a single hospital in 1984. The CCI was later 

validated in a cohort of breast cancer patients.56 A Danish study has validated the 

predictive value of the ICD-10 diagnosis codes in Danish National Patient Register 

(DNPR) against information in the patient clinical files.57 This study found an overall 

positive predictive value at 98% of the diagnosis coding of the conditions in the CCI, 

underlining that CCI is accurate for determination of comorbidity in registry based 

research.57  

Some of the diagnoses listed in Charlsons comorbidity index such as myocardial infarct, 

and cancers are considered disease complications in myeloproliferative neoplasms 

emphasizing the difficulties in separating complications from comorbidity in different 

conditions.29,49   
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Table 4. Charlsons comorbidity index.
56

      Charlsons comorbidity index 

Weight Clinical condition 

1 Myocardial infarct 

Congestive cardiac insueffiency 

Peripheral vascular disease 

Dementia 

Cerebrovascular disease 

Chronic pulmonary disease 

Conjunctive tissue disease 

Slight diabetes without complications 

Ulcers 

Chronic diseases of the liver or cirrhosis 

2 Hemiplegia 

Moderate or severe kidney disease 

Diabetes with complications 

Tumours

Leukaemia

Lymphoma 

3 Moderate or severe liver disease 

6 Malignant tumour, metastasis

Aids 

Patients with MPN show great variation in relative life expectancy.58,59 A Swedish 

population-based study compared expected survival in different MPN subtypes with the 

general population and found the relative 10 year survival rates among ET: 0.68 (95% 

CI:0.64-0.71), in PV: 0.64 (95% CI: 0.62-0.67) and MF: 0.21 (95% CI: 0.18-0.25). Recently,

in a large study including 1,582 MPN patients, a stepwise inferior survival from ET to PV to 

MF was shown (Figure 2).59 
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Improvement of survival over time has been shown most likely explained by better clinical 

management of the patients such as thrombosis prophylaxis with aspirin, which

has decreased thromboembolic complications (Figure 3).58  

Comorbidity is a well-known independent prognostic factor for patients with cancer with 

negative effect on overall survival, and comorbidity is also associated with a poorer 

prognosis in patients with MF (Figure 4).53,60   

These findings underline the importance of optimizing both the management of the MPN in 

itself, as well as identifying comorbidities that may influence the clinical course. 

The rationale for performing the studies in this thesis, is based on clinical observations of 

osteoporosis and fractures of patients with chronic myeloproliferative neoplasms.61 Hip 

fractures have a great negative impact on survival, and may also influence the overall 

survival in MPN.62,63

Figure 2. Comparison of survival in 826 patients with ET vs. PV vs. MF.
59



Figure 3. Cumulative relative survival among patients with MPNs in Sweden, stratified by calendar period of 

diagnosis subgroup from 1973 to 2008.
58

Figure 4. Overall Survival in MF patients age under 65 years stratified by ACE 27 comorbidity score.
60
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Epidemiology 

Epidemiology involves the study of disease occurrence in human populations.64 

The Danish administrative registers 

The Danish administrative registers are unique resources in epidemiological research. 

Based on the 10-digit social security number, Civil Registration System (CRS) which was 

established in its current form in 1968, it is possible, to link health related data from 

different registers, including a complete population.65,66 The Danish data bases can be 

used as a frame to assess study population cohorts and to collect information on some 

exposures such as specific diseases and some confounders. Comparisons between 

specific diagnosis and the general population can be studied by combining data from the 

Danish National Patient Register (DNPR) with data from the CRS.66,67 In rare diagnoses, 

where it can be a challenge to include enough patients during a clinical trial, the use of 

registers can achieve results based on much larger cohorts and much faster. Similarly, 

when outcome occurs years after exposure, cohort studies based on health registers are 

both feasible and efficient.49 

Validation 

The data quality of diagnostic coding for some malignant haematological diagnoses has 

been studied and is valid in almost 100% of the cases.68 However, no studies have 

specifically addressed the validity of the individual MPN diagnosis codes. 

Bias  

Bias are sources of systematic errors in studies.69 Selection bias may occur if the samples 

under study are not randomly selected for the exposure or other factors influencing the 

outcome.69 When assessing an entire population with a complete data and follow-up this 
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issue is much less critical.70 In contrast, in most clinical studies patients often represent a 

selected subgroup, and the results may therefore not be applicable to the general patient 

with the same disorder – i.e. external validity may be low. In the studies in this thesis, 

another source of bias is information bias. This may occur if data is wrongly reported in the 

databases, by misclassification of diagnosis information. Validation studies of diagnostic 

coding are therefore desirable before large scale registry based studies are conducted. 

Confounding 

Confounding is a central and critical issue in all study designs.69 A simple definition of 

confounding is the confusion, or mixing, of effects, leading to a bias.69 For example the 

relationship between MPN and fracture is influenced by the comorbidity in patients, and 

the measured effect is a product of MPN plus comorbidity. Statistically, confounding can 

be adjusted for example by the use of a comorbidity index, possibly bringing results closer 

to the “true” non-bias effect of MPN. However, even after statistical adjustments residual 

confounding may influence results. When comorbidity and complications to a disease is 

measured together, the comorbidity burden is overestimated. If adjustments of comorbidity 

are done in this setting, the effect of MPN on the outcome may be masked. It this therefore 

important to consider how the selected outcome can be affected by including indices of 

comorbidity in the analyses.38 
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Methods for estimating bone disease 

Osteoporosis 

On a consensus conference in 1990 it was defined: “Osteoporosis is as a disease 

characterized by low bone mass, microarchitectural deterioration of bone tissue leading to 

enhanced bone fragility, and a consequent increase in fracture risk”.71

Accordingly osteoporosis can be diagnosed in patients with fractures (hip or vertebral) 

and in patients with increased fracture risk, assessed by bone measurements. Fractures 

are diagnosed by radiography.

According to the WHO, osteoporosis can be diagnosed in patients with BMD T-score ≤ - 2.5, 

even in the absence of fractures.72 The T-score describes the number of standard 

deviations (SD) by which the BMD in an individual differs from the mean value expected in 

young healthy individuals, and the Z-score describes the number of SD by which the BMD 

in an individual differs from the mean value expected in an age and sex matched individual 

(Table 5). The WHO definition is based on low bone mass assessed by DXA.

Table 5. The World Health Organization definition of Osteoporosis.
73

Terminology T-score definition 

Normal T > 1.0 

Osteopenia -2.5 ≤ T ≤ -1.0 

Osteoporosis T ≤ -2.5 

Established osteoporosis T ≤ -2.5 in the presence of one or more fragility fractures 



Sarah Farmer · Myeloproliferative neoplasms and bone morbidity 

The microarchitecture is the organization of the bone structure; e.g. cortical thickness, 

cortical porosity, trabecular number, trabecular thickness, and trabecular space. Changes 

in both trabecular and cortical parameters are involved in the development of 

osteoporosis.74 Non-invasive imaging of microarchitecture can be obtained by high-

resolution quantitative computed tomography (HR-QCT). 

An overview of methods for estimating bone morbidity used in this thesis is shown in Table 

6. Radiography is only used indirectly in Paper 2 as the likely diagnostic tool for fractures.

Imaging by radiography (X-ray) 

Radiography is the oldest methods for evaluation of the bones.  X-ray is available on most 

hospitals and examinations be can assessed on almost the whole body. The method is 

suitable for diagnosing fractures, osteolytic lesions and osteosclerosis. Diagnosis of 

osteoporosis can be made from radiographs when low-energy fractures are present.75,76 

Halisteresis (thinning of the bones) can be seen on conventional X-rays, but estimations 

are subjective and correlate poorly with bone mineral density assessed by bone 

densitometry.77 Until the beginning of the nine-ties, osteoporosis was primary diagnosed 

by X-ray. 

Cumulative, high dose of radiation doses is carcinogeneous, but single low-dose radiation 

exposure (<100-200 mSv) is considered harmless to patients.78 For comparison, the 

background radiation in one year is 3 mSv79,80, and radiation from an X-ray of thorax is 

0.06-0.1 mSv and of the hip is 0.83-1.2 mSV.81,82 
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Table 6. Overview of methods for estimating bone morbidity. 

Radiography DXA HR-pQCT Bone turnover markers 

Methods Non-invasive Non-invasive Non-invasive Blood-sample 

Availability 
Most hospitals in 

Denmark 
Many hospitals in Denmark 

Only in a few large 

hospitals in Denmark 

Analysis only in a few 

laboratories 

Use Assessment of fractures Assessment of  areal BMD 

Diagnosis of osteoporosis 

Response to treatment 

Characterization of 

geometry, volumetric 

BMD and 

microarchitecture 

Bone formation 

Bone resorption 

Regular sites of 

measurements 
The whole skeleton Proximal femur 

Lumbar spine L1-L4 

Distal radius 

Distal tibia 

Image acquisition 2-Dimensional 3-Dimensional 

Evaluation Quantitative Quantitative 

Global bone turnover

Quantitative 

Example 

2-Dimensional 

Subjective/qualitative 

Anterior posterior view 

by X-ray in an 82 year 

old female. 
Right proximal femur

fracture and halisteresis  

Anterior posterior view by 

DXA in a 60 year old female 

T-score -1.2  

Segmented images of 

cortex and trabeculae in 

tibia and radius 

Blood samples collected in 

fasting state 

Image 
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Imaging by dual-energy X-ray absorptiometry (DXA) 

Dual-energy X-ray absorptiometry (DXA) is a method introduced to clinical practice in 

1987, and is still considered “gold standard” in the diagnosing of osteoporosis, predicting 

fracture risk, choice of treatment and evaluating response to treatment.73,75,83-86 

DXA scanners are available in many Danish hospitals. Assessment of bone mass is based 

on a quantitative measurement of areal bone mineral density (aBMD). Areal BMD are 

typically measured at two central locations; the proximal femur and the spine L1-L4 to 

represent the whole body. Those sites are in particular risk of osteoporotic fractures, but 

also the forearm or the whole body can be assessed. There is an inverse relationship 

between aBMD by DXA and the incidence of osteoporotic fractures. Decreases in BMD 

are predictive for the risk of fractures as have been shown in several large studies.86-88 

However, bone strength and the risk of fracture depend not only on aBMD alone.89 Less 

than half of elderly woman suffering a hip fracture are osteoporotic (BMD T-score ≤ 2.5). 

Therefore, BMD alone cannot identify individuals that will get fracture and there is need for 

including other parameters such as bone geometry, microarchitecture and bone strength 

when evaluating risk factors of fractures.90 

Osteoarthritis, osteophytes vertebral fractures or aortic calcification may cause artefactual 

elevations in BMD and mask osteoporosis.91,92 Different scanners measure differently and 

comparisons of images must be obtained from the same scanner. The technique is based 

on measurements of two X-ray beams with different energy levels after passing the body, 

but as a projectional technique, the measured bone density does not reflect a true 

volumetric density but an areal density.92 Exposure to radiation is very low (1-10 

µSv).73,75,80 

http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/Energy_level
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Imaging by High-resolution peripheral quantitative computed tomography (HR-pQCT) 

Three-dimensional images using HR-QCT can be obtained at central and peripheral sites 

for assessment of bone geometry, volumetric bone density and microarchitecture,  but only

at peripheral sites the resolution will be sufficient for detailed analyses of bone 

microarchitecture. 

Using HR-pQCT at distal radius and tibia a voxel size of 82 µm is obtained. The bone can 

be separated and analyzed in cortical and trabecular compartment.74,93 From these 

detailed analyses, an estimate of the biomechanical properties of the bone can be 

computed by Finite Element Analysis (FE).93,94 Decreased bone strength is  associated 

with fractures risk observed in postmenopausal woman.94-96 Segmentation of trabecular 

and cortical compartment has been able to show altered trabeculae and cortical 

architecture in chronic diseases with increased skeletal fragility but with normal 

aBMD.97,98 The first short term study with HR-pCT was puplished in 2005, and long term 

prospective stydies are still lacking and therefore HR-pQCT is not implemented in the 

daily clinic. Currently HR-pQCT-scanners are only available in a few university 

hospitals in Denmark and are used for research. Measurements are performed at two 

peripheral skeletal sites at the distal tibia and the distal radius. HR-pCT is based on low-

dose X-ray and image accuisition is further described in paper 3+4. Exposure to radiation 

is low (4 µSv).93
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Biochemical markers of bone turnover 

Bone remodeling is a balanced process in which bone tissue is constantly renewed and 

replaced.99 When bone resorption exceeds bone formation, BMD declines. Biochemical 

markers of bone turnover (BTM) reflect the metabolic activity of the bone at the time 

collected, and are direct or indirect products of bone metabolism that can be measured in 

blood or urine. Collagen type 1 is the most abundant protein in the body, present in 

connective tissue, and bones where it constitutes 90% of the organic matrix.100 Serial

measurements can follow the dynamics of bone turnover in diseases or as response to 

treatment. High levels of BTM may predict fracture risk independently from bone mineral 

density in postmenopausal woman101 and in malignant bone diseases before progressive 

disease.101,102 

International Osteoporosis Foundation (IOF) recommends one bone formation marker: 

Procollagen type 1 N pro-peptide (P1NP) and one bone resorption marker: C-terminal

cross-linking telopeptide of type 1 collagen, (CTX) to be used as reference markers in 

clinical trials.103 The use of BTM is limited by several factors which influence of results e.g. 

intra-individual and inter-individual variation, assay variations, age, sex, diurnal variability 

and influences of food intake.101,104 Collecting blood from patients in the morning in a 

fasting state, reduces some of these factors. 

An overview of different BTM is presented in Figure 5. 

Procollagen type 1 N propeptide, P1NP 

P1NP is a precursor molecule of collagen type 1 synthesized by osteoblasts and a marker 

of bone formation.103 Pro-collagen type 1 with has N-amino and C-carboxy terminal 

extensions. The N-amino-fragment named P1NP gets cleaved and released into 
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circulation when procollagen is converted to collagen (Figure 5). The P1NP is released as 

a trimetric structure, but is rapidly broken down to a monometric form.105 The level of 

P1NP is representing collagen type 1 synthesis, and considered as a proxy measurement 

of bone formation.101 Analysis can be automated electro-chemiluminescence 

immunoassay ECLIA, manual radioimmunoassay RIA, and enzyme-linked immunosorbent 

assay, ELISA.103,106,107 

Osteocalcin, OC 

OC is produced by osteoblasts during bone formation and is the major non-collagen bone 

Gla protein, and is a marker of bone formation (Figure 3).104 Analysis of OC can be 

automated and manual immunoassays Multiplex microarray.104 

Bone specific alkaline phosphatase, bALP 

BALP is an enzyme present in osteoblast plasma membranes and secreted during 

maturation of newly formed osteoid and is a marker of bone formation (Figure 5). Analysis 

of bALP can be automated and manual immunoassays.104 

C-terminal cross-linking telopeptide of type 1 collagen, CTX 

During bone resorption collagen undergoes hydrolysis generated by cathepsin K. CTX is 

fragment of the C-terminal of collagen, and a marker of bone resorption (Figure 5).103 

Analysis can be automated ECLIA or manual ELISA.103
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Figure 5. Overview of the remodeling cycle and origin of bone turn over markers including markers of bone 

formation and bone resorption (modified version).
104

  P1NP (procollagen type 1N propeptide) 

  BAP (bone specific alkaline phosphatase) 

  OC (osteocalcin) 

  CTX (C-terminal cross-linking telopeptide of type 1 collagen) 
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12. Overall research question of the thesis
- Aims and hypothesis

Overall research question 

Does bone morbidity exist among patients with the classical myeloproliferative 

neoplasms? 

Aims 

The specific aims of this thesis are: 

1. Assessment of osteoporosis and osteoporotic fractures in MPN in a literature study.

2. Assessment of the rate and risk of fractures in patients with ET, PV and CML using

data from the universal Danish health care system and comparing the results with 

the general population. 

3. Assessment of areal BMD, bone geometry, volumetric BMD, microarchitecture, and

estimated bone strength in patients with MF, measured by DXA in the lumbar spine 

and the hip,  by HR-pQCT scanner at the distal radius and distal tibia. Furthermore, 

assessment of bone metabolism by measurements of biochemical bone turnover 

markers. 

4. Assessment of areal BMD, bone geometry, volumetric BMD, microarchitecture, and

estimated bone strength in patients with ET or PV, measured by DXA in the lumbar 

spine and the hip, and by HR-pQCT scanner at the distal radius and distal tibia. 

Furthermore, assessment of bone metabolism by measurement of biochemical 

bone turnover markers.
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Hypothesis 

The hypotheses of the thesis are: 

1. Osteoporosis and fractures are only sporadically studied and reported among the

classical MPNs in the literature. 

2. Patients with ET, PV and CML have more osteoporotic fractures compared to

matched populations without MPN. 

3. Patients with MF have an increase in BMD and trabecular parameters compared to

a matched healthy population, due to development of osteosclerosis. 

4. Patients with ET and PV have a decrease in BMD compared to a matched healthy

population. 
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13. Methods

Different methods have been used in the thesis to assess bone morbidity among the 

classical myeloproliferative neoplasms. 

An overview of methods, data sources, outcome and analysis are presented in Table 7. 

Literature study (paper 1): 

Paper 1 is a narrative review summarizing the current knowledge of the association 

between osteoporosis and osteoporotic fractures in MPN patients. 

PubMed was chosen as the primary database, and all article types were included with 

unlimited publication dates.  Inclusion criteria were all published article types prospective 

or retro-perspective studies including case reports, and languages were restricted to 

English and Danish, since those are the languages spoken by the authors. Mesh-terms 

were preferred whenever possible in the primary search. Additionally, a supplementary 

search directly on the main diagnoses was also performed to maximize the primary 

results. 
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Table 7. Overview of methods used in paper 1-4. 

Paper 1 Paper 2 Paper 3 Paper 4 

Title Bone morbidity in chronic 

myeloproliferative 

neoplasms 

Chronic myeloproliferative 

neoplasms and risk of 

osteoporotic fractures; a 

nationwide population-

based cohort study 

Bone geometry, bone mineral 

density, and microarchitecture 

in patients with myelofibrosis 

- A cross-sectional study using 

DXA, HR-pQCT, and bone 

turnover markers 

Bone mineral density and 

microarchitecture in patients 

with essential 

thrombocythemia and 

polycythaemia vera 

Study design Literature study Population based cohort 

study 

Cross-sectional study Cross-sectional study 

Data source Published studies 

retrieved in PubMed 

The Danish National 

Patients  Registry and the 

Danish Civil 

Registration System

Patients diagnosed with MF 

recruited from Department of 

Haematology, Odense 

University Hospital 

Patients diagnosed with ET 

or PV recruited from 

Department of Haematology, 

Odense University Hospital 

Outcome Papers including 

osteoporosis and/or 

fractures in MPN patients 

Fracture risk, fracture rates 

and comorbidity  

Bone mineral density by 

DXA. 

Bone structure assessed by 

HR-pQCT. 

Bone turnover assessed by 

P1NP, CTX, OC, and bALP 

Bone mineral density by 

DXA. 

Bone structure assessed by 

HR-pQCT. 

Bone turnover assessed by 

P1NP, CTX, OC, and bALP 

Number 

included 

38 papers 7,595 MPN patients 

338,974 comparison cohort 

members 

18 MF patients 

18 controls 

45 patients with ET/PV 

45 controls 

Analysis Structured in a 

CONSORT diagram 

Kaplan Meier (survival 

curves) 

Cox proportional hazards 

regression (hazard ratios) 

X
2
-test (heterogeneity)

Wilcoxon non-parametric 

rank-sum (compare data 

between groups) 

Wilcoxon non-parametric 

rank-sum (compare data 

between groups) 
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Register-based research (paper 2): 

Paper 2 is a population-based cohort study assessing fracture rates and risk among 

patients with MPN. Three separate cohorts of ET, PV, and CML patients were identified

based on diagnosis codes according to the ICD-8 or ICD-10 in the DNPR. Patients with 

primary myelofibrosis were not included in this study because the ICD coding overlaps 

with other MPN. For each MPN patient, we identified 50 comparison cohort members from 

the general population in the CRS, matched on sex, year of birth and calendar year. This 

resulted in three comparison cohorts - one for each of the MPN cohorts.  Each comparison 

cohort member was assigned an index date identical to that of corresponding MPN patient 

and from which follow-up started. Measured outcome were fractures – and not 

osteoporosis - since fractures are a more solid and absolute endpoint that most often 

require hospitalization, whereas osteoporosis may be both underdiagnosed and randomly 

diagnosed. Patients and comparison cohort members with a previous diagnosis of 

osteoporosis or osteoporotic fractures before or up to 1 year after the MPN diagnosis were 

excluded in order to demonstrate the effect of MPN to the risk of fracture. In the analysis, 

Charlson Comorbidity Index, as well as the presence of alcohol-related diagnoses were 

used to demonstrate the comorbidity burden among MPN and to account for effect of the 

comorbidity among MPN patients and the general population cohort members on the 

fracture risk. Follow-up began 1 year after the diagnosis date for MPN, and 1 year after the 

index date for population comparison cohort members and continued until the first event of 

fracture, emigration, death or 31 December 2011, whichever came first. Data on these 

health events were drawn from the DNPR and CRS for the period 1980-2011. The Kaplan-

Meier method was used to construct survival curves and estimate the risk of fractures. 

Risk of fractures was estimated during the first year, the first 5 years and the first 10 years 
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of follow-up. The rates of fractures for each MPN cohort were calculated and compared 

with their comparison cohorts. Rates were expressed as the number of events per 1,000 

person-years (PYR) with 95% confidence intervals (CI). Cox proportional hazards 

regression was used for time-to-event analysis and hazard ratios (HRs) were computed 

with accompanying 95% CIs as a measure of relative risk. Cox regression was performed 

to adjust for baseline comorbidity (CCI 1 vs. CCI 0, CCI 2, 3 vs. CCI 0, and CCI 4+ vs. CCI 

0) and alcohol-related diagnoses. All subgroup analyses were tested for heterogeneity with

X2-test. 

Clinical studies (paper 3+4) 

Paper 3 and 4 are cross-sectional studies including patients with either a diagnosis of 

primary myelofibrosis or secondary myelofibrosis following PV or ET (paper 3), and 

patients with either a diagnosis of PV or ET (paper 4). Patients were recruited from the 

department of Haematology, Odense University Hospital, Denmark covering the period 

2012-2014. 

Age-matched controls were identified in a database with normative and descriptive data of 

men and woman from a Caucasian population (n=499) recruited from the general 

population of the municipality of Odense.108 The population in this database has 

participated in previous studies to generate descriptions of bone structure and estimated 

bone strength measures among the Danish population.108  

All participants were informed both in person, and written, and informed consent was 

obtained according to the National Guidelines of good clinical practice. The studies were 

approved by Ethics Committee of Southern Denmark S-20110110 as well as the Danish 

data protecting agency nr. 2008-58-0035. 
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Patients were evaluated by DXA, HR-pQCT and biochemical bone turnover markers. 

Dual-energy X-ray absorptiometry 

Areal BMD were measured of the lumbar spine (L1–L4) and the non-dominant total hip 

region using DXA (Hologic Discovery, Waltham, MA, USA). Coefficient of variation (CV) for 

measurements of total hip and spine in our clinic were 1.5% at each site. Estimations of T-

scores, used in paper 4 only, are based reference values generated on data from the third 

National Health and Nutrition Examination Survey, 1988-94 (NHANES III)109,110 for the hip 

and from the manufactures database for the spine.110 

High Resolution peripheral Quantitative Computed Tomography 

Bone geometry, volumetric bone mineral density, microarchitecture and estimated bone 

strength were assessed using a HR-pQCT system (Xtreme CT, Scanco Medical, AG, 

Brüttisellen, Switzerland) at the non-dominant distal radius and distal tibia (the opposite 

limb in the presence of a previous fracture). In our clinic, CVs for geometry, density and 

microarchitecture parameters are ranging from 0.4-7.2%.111 

Biochemical bone turn over markers 

Blood samples were obtained in a fasting state from the patients. A biochemical screen for 

conditions or endocrinal abnormalities that could influence normal bone homeostasis was 

performed including: haemoglobin, leucocytes, thrombocytes, lactate dehydrogenase, 

thyroid stimulating hormone, parathyroid hormone, ionised calcium, phosphate, 25-

hydroxyvitamin D and alkaline phosphatase. These analyses were done at the department 
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of Clinical Biochemistry, Odense University Hospital. 

Additional blood samples were collected for measuring the following biochemical bone 

turnover markers: P1NP, OC, bALP and CTX. Blood samples were pipetted into small 

tubes and frozen to -80°C and stored until time for analyses. 

P1NP was analysed by manual ELISA at Institute of Cancer and Inflammation, University 

of Southern Denmark, Odense (paper 3)106, and intact P1NP was analysed by automated 

immunoassay IDS-iSYS at Department of Clinical biochemistry, Glostrup Hospital (paper 

4); OC was analysed by ECLIA at Unilabs laboratories, Copenhagen; bALP was analysed 

by manual ELISA (MicroVueTMBAP); and CTX by automated Roche modular, β-cross 

Laps/serum immunoassay, both at department of Clinical Immunology and Biochemistry, 

Vejle Hospital. Variation of analysis and intra individual biologic variations are specified 

from the individual labs respectively for P1NP: and 5 % and 5 %, for CTX 5% and 18 %, 

for bALP 7 % and 6 % and not given for OC. 

P1NP levels in paper 3 were compared with samples from department of Clinical 

Immunology, Odense University Hospital from 18 healthy blood donors (aged 50-70) who 

served as reference subjects; remaining BTMs were compared with reference values 

directed from the respective laboratories. 

Data are presented as medians with 25-75% inter-quartile range (IQR). Wilcoxon non-

parametric rank-sum test was used to compare results between patients and healthy 

controls. 
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14. Results

A summary of the results from the 4 papers is presented in the following. 

Study 1 

For the review of current literature of bone morbidity in MPN, a total of 1,376 articles were 

retrieved by the search strategy in PubMed. From these articles, we identified 154 

potentially relevant for this study by the titles. The abstracts of these 154 articles were 

reviewed, and 68 articles were subsequently reviewed in detail of which 38 were included 

in this analysis. Results of the literature review covering bone disease in myeloproliferative 

neoplasms are listed in the CONSORT diagram, Figure 6. An overview of includes articles 

retrieved from the search of bone disease in MPN are showed in Table 8. Additional 42 

articles are included covering background information, and treatment of MPN and 

osteoporosis. Out of the 38 articles included, 11 articles have information of the classical 

Philadelphia chromosome negative myeloproliferative neoplasms, and three of those 

papers are derived from the work on this thesis. 

Figure 6. CONSORT diagram detailing the results of the literature review covering 

bone disease in myeloproliferative neoplasms.  



Sarah Farmer · Myeloproliferative neoplasms and bone morbidity 

Table 8. Overview of papers from the review of literature including bone morbidity in chronic myeloproliferative neoplasms. 

Author (Year) Year Study design N Main outcome measure 

Mastocytosis 

Andersen et al. 2012 Systematic review Symptoms and management of systemic mastocytosis 

Metcalfe et al. 2008 Review Description of the mast cell, mastocytosis and treatment 

Valent et al. 2007 Review Diagnostics, treatment and response criteria in mastocytosis 

van der Ver et al. 2012 Cross-sectional study 154 Prevalence of fractures and osteoporosis, DXA 

Seitz et al. 2013 Retrospective study 300 Quantitative histomorphometry, assessment of number of osteoblasts and 

osteoclasts  

Guillaume et al. 2013 Cross-sectional study 45 Radiographic imaging, bone mineral density, bone turnover marker 

Cundy et al. 1987 Case report 1 Osteopenia and response to treatment with inhibition of bone resorption 

Johansson et al. 1996 Cross-sectional study 16 Bone density, bone markers and radiological features 

Brockow et al. 2005 Cross-sectional study 29 Level of interleukin-6 level reflects severity of disease 

Theoharides et al. 2002 Cross-sectional study 26 Level of interleukin-6 level reflects severity of disease and osteoporosis 

Barete et al. 2010 Cross-sectional study 75 Bone involvement assessed by X-ray and DXA 

Rossini et al. 2011 Cross-sectional study 82 Bone mineral density, bone turnover markers and fractures 

Broesby-Olsen et al. 2013 Cross-sectional study 48 KIT D816 mutation burden does not correlate to severity of bone loss in SM 

Essential thrombocythemia and polycythemia vera 

Farmer et al. 2013 Population based cohort 

study  

6282 Fracture rates, fracture risk and comorbidity in ET/PV 

Farmer et al. 2014 Case report 1 Severe osteoporosis in a patient with PV 

Roberts et al. 1969 Cross-sectional study Bone formation by morphological studies of bone biopsies 

Myelofibrosis 

Poulsen et al. 1998 Cross-sectional study 75 Histomorphometry 
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Smidt et al. 2007 Cross-sectional study 13 Histomorphometry and micro-CT 

Guermazi et al. 1999 Review Images of radiological abnormalities in MF, incl. osteosclerosis 

Mellibovsky et al. 2004 Case report 9 DXA, bone histomorphometry in MF 

Diamond et al. 2002 Case report and review 4 DXA, bone histomorphometry in MF 

Farmer et al. 2015 Cross-sectional study 18 Bone structure assessed by DXA, HR-pQCT, and bone turnover 

Barosi et al. 1989 Cross-sectional study 78 Markers of collagen in MF 

Jensen et al. 2003 Cross-sectional study 50 Markers of collagen in MPN 

Hasselbalch et al. 1986 Cross-sectional study 41 Markers of collagen in MPN 

Chronic myeloid leukaemia 

Farmer et al. 2013 Population based cohort 

study  

1313 Fracture rates, fracture risk and comorbidity in CML 

Schabel et al. 1980 Cross-sectional study 36 Osteoporosis, osteolysis and osteoblastic lesions assessed by X-ray 

Treatment 

Kantarjian et al. 2003 Retroperspective study 187 Imatinib improves survival in CML 

Butterfield et al. 2005 Review Effect of treatment with INF-α in SM 

Weide et al. 1996 Case report 3 Effect of treatment of osteoporosis  in SM with INF-α 

Jonsson et al. 2012 Prospective study 17 BMD in CML treated with TKI 

Berman et al. 2006 Cross-sectional study 24 Levels of bone turnover markers in CML 

Fitter et al. 2008 Prospective study 17 Bone histomorphometry in CML treated with TKI 

O´Sullivan et al. 2009 Prospective study 9 DXA and bone turnover markers in CML treated with TKI 

O´Sullivan et al. 2013 Prospective study 9 DXA and bone turnover markers in CML treated with TKI 

Graves et al. 1990 Case report 1 Effect of inhibition of mast cell degranulation on bone in SM 

Benucci et al. 2009 Case report and review 1 Treatment of osteoporosis in SM 

Brumsen et al. 2002 Case report 1 Pamidronate in treatment of osteoporosis in SM 

Laroche et al. 2007 Case report 4 Combining INF-α and pamidronate increases BMD in SM 
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Study 2 

7,595 MPN patients and 338,974 comparison cohort members were included in this 

population based cohort study. Fracture rates and the absolute risk of femoral fracture are 

listed in Table 9. Fracture rates are consistently higher in the patient cohorts compared to 

the comparison cohorts. The 10-year risk of getting a femoral fracture for a PV patient is 

9.3% and almost doubled compared to an individual from the general population. 

In general, the MPN patients are more burdened with comorbidity other than the MPN 

disease as well as alcohol-related diagnoses than the comparison cohort members (Table 

10). The percentage of individuals without comorbidity (comorbidity score 0) are highest in 

the comparison cohort, while the percentage of individuals with severe comorbidity 

(comorbidity score 4+) are highest among MPN patients.  

The cumulative risk of femoral fractures for ET, PV and CML patients compared to the 

general population are depicted in Figure 7-9. From the figures it is apparent that fracture 

risk among MPN patients consistently are above that of the general population. Hazard 

ratios were calculated for different fracture types (proximal femur, distal antebrachium and 

humerus) and thereafter adjusted for comorbidity. The estimated hazard rates reveal a 

stepwise increasing pattern from ET, to PV to CML. Increased fracture risk are present at 

several anatomical sites. 
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Table 9. Proximal femur fracture rates and risk among patients with ET, PV and CML and their general matched comparison cohorts 1980-2011. 

Cohort N Proximal 

femur 

fracture (N) 

PYR Proximal femur fracture 

rate per 1000 PYRs 

(95% CI) 

1-year 

fracture risk 

[% (95% CI)] 

5-year  fracture 

risk 

[% (95% CI)] 

10-year 

fracture risk 

[% (95% CI)] 

ET patients  1864 73 10,989 6.6 (5.2-8.3) 0.40 (0.19-0.83) 3.01 (2.20-4.10) 6.96 (5.33-9.07) 

ET comparison 80,821 2938 559,203 5.3 (5.1-5.4) 0.42 (0.38-0.47) 2.46 (2.34-2.58) 5.17 (4.96-5.39) 

PV patients  4418 307 31,078 9.9 (8.8-11.0) 0.86 (0.62-1.19) 4.74 (4.06-5.52) 9.28 (8.15-10.60) 

PV comparison 198,127 12,574 2,030,324 6.2 (6.1-6.3) 0.46 (0.43-0.49) 2.46 (2.38-2.53) 5.42 (5.30-5.54) 

CML patients 1313 46 5622 8.2 (6.0-10.7) 1.19 (0.71-2.01) 4.64 (3.29-6.53) 7.00 (5.00-9.75) 

CML comparison 60,026 2787 628,901 4.4 (4.3-4.6) 0.31 (0.27-0.36) 1.69 (1.59-1.81) 3.90 (3.71-4.09) 

Table 10. Characteristics and comorbidity of ET, PV and CML cohorts and their comparison cohorts, 1980 - 2011 

ET cohort Comparisons ET PV cohort Comparisons PV CML cohort Comparisons CML 

N (%) N (%) N (%) N (%) N (%) N (%) 

1,182 63.4 49,978 61.8 1,884 42.6 80,747 40.8 550 41.9 24,576 40.9 

682 36.6 30,843 38.2 2,534 57.4 117,380 59.2 763 58.1 35,450 59.1 

1,066 57.2 61,238 75.8 2,690 60.9 156,657 79.1 877 66.8 49,139 81.9 

428 23.0 9,746 12.1 944 21.4 21,925 11.1 136 10.4 5,785 9.6 

308 16.5 8,312 10.3 639 14.5 16,877 8.5 249 19.0 4,394 7.3 

62 3.3 1,525 1.9 145 3.3 2,668 1.3 51 3.9 708 1.2 

1,786 95.8 79,262 98.1 4,282 96.9 194,756 98.3 1,282 97.6 58,896 98.1 

Female 

Male 

Comorbidity score 

CCI 0 

CCI 1 

CCI 2 or 3 

CCI 4+ 

Alcohol rel. diag.
No 

Yes 78 4.2 1,559 1.9 136 3.1 3,371 1.7 31 2.4 1,130 1.9 
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Figure 9. T he cumulative risk of femoral fracture

among chronic myeloid leukaemia (CML) and the 

comparison cohorts.

Figure 7. The cumulative risk of femoral 

fracture among essential thrombocythemia 

(ET) patients and the comparison cohorts. 

Figure 8. The cumulative risk of femoral 

fracture among polycythemia vera (PV) patients 

and the comparison cohorts. 

cohorts.
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Study 3+4 

A total of 18 MF patients and 45 ET/PV patients, and respectively 18 controls for the MF 

group and 45 controls for the ET/PV group were included in the clinical studies. 

First patients were assessed by conventional DXA to measure bone mineral density. 

Areal BMD in the hip is highly comparable between all MPN patients and their 

comparisons, while measurements in the spine show a possible increase in aBMD in MF 

patients relative to controls, but this is not statistical significant (Figure 10-11). 

In MF patients, the median total spine aBMD is 1.01 g/cm2 (IQR: 0.87-1.15 g/cm2) and 

0.92 g/cm2 (IQR: 0.83-0.99 g/cm2) in controls, p=0.08. The median total hip aBMD is 0.95 

g/cm2 (IQR: 0.86-1.05 g/cm2) in patients, compared to 0.89 g/cm2 (IQR: 0.79-1.03g/cm2) in 

the controls, p=0.35 (Study 3). 

In ET/PV patients, the median total spine aBMD is 0.96g/cm2 (IQR: 0.85-1.07 g/cm2) 

compared to 0.96 g/cm2 (IQR: 0.86-1.05 g/cm2) in the controls (p=0.72). The median total 

hip aBMD is 0.91 g/cm2 (IQR: 0.83-1.02 g/cm2) in patients and 0.91 g/cm2 (IQR: 0.81-1.00 

g/cm2) in the controls, p=0.62 (Study 4).  
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Figure 10. Comparison of aBMD at the spine and the hip between MF patients and controls assessed with 

DXA. 
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Figure 11. Comparison of aBMD at the spine and the hip between ET/PV patients and controls assessed 

with DXA. 
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Then, patients were evaluated by HR-pQCT to assess bone geometry, volumetric bone 

density and microarchitecture, within cortical and trabeculae segmentations of the bone. 

There are no differences between patients and controls in any of the measured 

parameters in both radius and tibia in both studies (Table 11 and Table 12). At the tibial 

site, there is a trend towards an increase in trabeculae number (p=0.09) and a decrease in 

trabeculae thickness (p=0.14) and trabeculae spacing (p=0.10) in MF patients in 

comparison to controls. 

The FE analysis show in both studies, that total bone stiffness and estimated failure load 

are not significantly different between patients and controls in radius and tibia (Table 11 

and Table 12). 



Sarah Farmer · Myeloproliferative neoplasms and bone morbidity 

Table 11. Bone geometry, volumetric bone mineral density, microarchitecture and FE based estimated bone strength assessed by HR-pQCT at the 

radius and the tibia in patients with myelofibrosis (MF). Numbers are medians with 25 to 75% inter-quartile range. 

* trabecular bone volume to tissue volume fraction

MF patients 

Radius 

Healthy controls 

Radius 

p-value MF patients 

Tibia 

Healthy controls 

Tibia 

p-value 

Nb. of persons with technical 

successful HR-pQCT scans 
16 (89%) 16 (89%) 17 (94%) 17 (94%) 

Bone geometry 

   Total area (mm
2
) 357.5 (300.4-438.4) 339.3 (257.3-422.9) 0.76 832.8 (668.7-961.2) 842.7 (716.8-985.2) 0.69 

   Cortical area (mm
2
) 60.9 (47.2-75.9) 60.1 (43.6-79.6) 0.97 116.5 (92.4-146.0) 118.1 (87.1-151.7) 0.90 

   Trabecular area (mm
2
) 288.3 (240.1-363.6) 269.1 (201.3-342.3) 0.51 708.8 (568.5-804.4) 715.4 (619.7-838.4) 0.69 

Volumetric bone mineral density 

   Total density (mg/cm
3
) 298.5 (255.6-343.69) 304 (257.5-352.0) 0.85 273.8 (236.8-301.9) 270.1 (218.5-305.1) 0.82 

   Cortical density (mg/cm
3
) 828.7 (787.4-880.8) 822.3 (772.5-873.5) 0.88 821.0 (795.3-854.2) 789.3 (769.1-831.5) 0.21 

   Trabecular density (mg/cm
3
) 166.7 (140.3-198.2) 160.5 (121.8-203.0) 0.85 175.1 (156.2-201.5) 170.7 (145.3-185.1) 0.82 

Micro-architecture   

   BV/TV* (%) 13.9 (17.0-16.5) 13.4 (10.2-16.9) 0.84 14.2 (12.1-15.4) 0.81 

   Trabecular number (mm
-1

) 2.03 (1.82-2.29) 1.90 (1.68-2.27) 0.40 1.90 (1.75-2.06) 0.09 

   Trabecular thickness (mm) 0.128 (0.066-0.075) 0.071 (0.060-0.081) 0.65 0.075 (0.068-0.087) 0.14 

   Trabecular spacing (mm) 0.453 (0.366-0.475) 0.502 (0.372-0.530) 0.44 0.461 (0.398-0.495) 0.10 

   Cortical porosity (%)     3.4 (2.4-3.4) 3.0 (3.3-3.6) 0.86 8.5 (5.4-11.9) 0.21 

   Cortical thickness (mm) 0.894 (0.718-1.010) 0.894 (0.661-1.065) 0.83 

14.6 (13.0-16.8) 

2.16 (1.86-2.34) 

0.069 (0.063-0.075) 

0.418 (0.362-0.458) 

6.9 (5.0-8.1) 

1.115 (1.009-1.243) 1.142 (0.955-1.328) 0.76 

Bone strength 

   Bone stiffness (N/mm) 86548 (59060-117353) 84632 (71231-94599) 0.96 221110 (177429-251559) 217939 (149006-254118) 0.89 

   Estimated failure load (N) 
4293 (3675-4814) 4370 (3000-6000) 0.92 11265 (8903-13065) 10995 (7773-12689) 1.00 
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Table 12. Bone geometry, volumetric bone mineral density, microarchitecture and FE based estimated bone strength assessed by HR-pQCT at the 

radius and the tibia in patients with essential thrombocythemia (ET) and polycythemia vera (PV). Numbers are medians with 25 to 75% inter-quartile 

range.  

* trabecular bone volume to tissue volume fraction

ET/PV patients 

Radius 

Healthy controls 

Radius 

p-value ET/PV patients 

Tibia 

Healthy controls 

Tibia 

p-value 

Nb. of persons with technical 

successful HR-pQCT scans 
41 (91%) 43 (93%) 45 (100%) 45 (100%) 

Bone geometry 

   Total area (mm
2
) 315.1 (276.4-352.6) 313.3 (245.8-357) 0.51 767.1 (697.9-854.8) 804.8 (683.6-865.0) 0.67 

   Cortical area (mm
2
) 60.9 (48.4-68.7) 63.4 (52.5-74.9) 0.52 128.2 (100.2-162.8) 120.4 (99.1-146.3) 0.41 

   Trabecular area (mm
2
) 251.7 (211.1-291.8) 250.6 (181.6-319.6) 0.47 632.6 (574.4-692.9) 678.5 (569.8-756.7) 0.54 

Volumetric bone mineral density 

 Total density (mg/cm
3
) 308.3 (266.1-349.0) 312.7 (276.0-352.0) 0.67 282.3 (241.6-318.2) 274.4 (229.8-309.6) 0.56 

   Cortical density (mg/cm
3
) 860.0 (822.8-889.1) 875.5 (851.1-918.5) 0.07 849.0 (810.8-888.9) 841.2 (801.6-880.7) 0.30 

   Trabecular density (mg/cm
3
) 153.2 (124.9-158.5) 149.5 (115.9-181.5) 0.66 154.5 (140.4-182.2) 164.0 (140.5-189.4) 0.61 

Micro-architecture   

   BV/TV* (%) 12.8 (10.4-15.0) 12.5 (9.7-15.1) 0.66 13.1 (11.7-15.2) 13.7 (11.7-15.8) 0.58 

   Trabecular number (mm
-1

) 1.89 (1.67-2.13) 1.88 (1.72-2.18) 0.80 1.91 (1.76-2.18) 1.94 (1.78-2.15) 0.61 

   Trabecular thickness (mm) 0.065 (0.055-0.073) 0.067 (0.059-0.075) 0.65 0.069 (0.063-0.076) 0.070 (0.062-0.077) 0.51 

   Trabecular spacing (mm) 0.48 (0.40-0.53) 0.51 (0.40-0.52) 0.91 0.470 (0.396-0.494) 0.465 (0.384-0.448) 0.65 

   Cortical porosity (%)     2.8 (1.9-3.0) 2.7 (1.7-3.9) 0.63 7.5 (5.3-8.8) 7.5 (5.4-9.7) 0.79 

   Cortical thickness (mm) 0.91 (0.77-1.02) 0.93 (0.82-1.05) 0.48 1.26 (1.05-1.43) 1.17 (1.05-1.30) 0.15 

Bone strength 

   Bone stiffness (N/mm) 82586 (65515-99576) 0.58 212167 (174941-256851) 213013 (169875-252097) 0.81 

   Estimated failure load (N) 4155 (3278-5054) 

85553 (68012-99766) 

4319 (3423-5069) 0.52 10719 (9088-13018) 10788 (8624-12704) 0.81 
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Finally, four different biochemical markers of bone turnover were measured. Results are 

shown in Table 13. 

MF patients have significantly higher levels of P1NP; 97 (IQR: 77-125) mg/L compared to 

the reference level; 56 (IQR: 42-68) mg/L (p<0.001). In the ET/PV group the level of P1NP 

are not increased and all the remaining markers measured in both groups are within 

reference value. 

Table 13. Level of bone formation markers (P1NP, bALP, and osteocalcin) and bone resorption marker 

(CTX) and baseline biochemical measurements [median (25-75% IQR)]  

*P1NP was analyzed in different laboratories with different methods.

P1NP (procollagen type 1 N propeptide) 

BAP (bone specific alkaline phosphatase) 

OC (osteocalcin) 

CTX (C-terminal cross-linking telopeptide of type 1 collagen) 

Biochemical markers of bone turnover ET/PV patients MF patients Reference values 

Bone formation markers 

P1NP (mg/L) 46 (30-63) 97 (77-125) 27-127 /56 (42-68)* 

bALP (U/L) 29 (22-33) 20 (12-23) 12-43 

OC (μ/L) 23 (15-27) 26 (20-31) 14-45 

Bone resorption markers 

CTX (μg/L) 0.36 (0.21-0.47) 0.6 (0.4-0.8) >0.84 
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15. Discussion

This work started as an idea inspired by clinical observations. Several benign 

haematological disorders and diseases display an associated osteoporosis phenotype or 

low bone mineral density including beta-thalassaemia major, chronic haemolytic and 

pernicious anaemia, haemophilia, sickle cell anaemia, and bone marrow failure,4,112,113 but 

osteoporosis and fractures had also been reported in patients with mastocytosis, another 

rare MPN variant.114 

In study 1, I summarized the current literature of the clinical association between MPN and 

bone disease and found this is not well described. PubMed was used as the primary 

literary database, and one can question if all existing relevant publications were retrieved 

and search words covered all aspects. However, the research strategy performed after 

supervisions from librarians to optimize the search strategies. It is possibly that bone 

disease in the classical MPN has already been assessed previously, and that studies with 

“negative” results were never published. 

By using data from the Danish registers it was possible to assess fracture rates and 

fracture risk in ET, PV and CML patients (Paper 2). Register based research are limited by 

the methods of collection, which are not under control by the researcher.70 The diagnostic 

coding of MPN diagnosis still needs validation,68 and therefore, it cannot be ruled out that 

results are biased by misclassification, which was the reason for leaving MF out of the 

analysis. Data are historical and collected before the discovery of JAK2 mutation, and 

some of the patients with a PV diagnosis code may be misclassified secondary 

erythrocytosis. Similarly, some of the patients with an ET diagnosis code might be 

misclassified as patients suffering from reactive thrombocytosis. However, the increased 
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fracture rate is also observed among CML patients where diagnostic misclassification is 

less likely due to the specific chromosomal aberration. Also a stepwise increasing pattern 

of HR estimates, from ET over PV to CML may suggests that a causal association exists. 

This is further emphasized by the consistency of increased fracture risks across several 

anatomical sites and by results being robust to adjustment for comorbidity. 

In the clinical studies, the aim was to assess if paraclinical findings associated with 

osteoporotic fractures could be demonstrated. Decreased BMD is a major predictive factor 

of osteoporotic fractures. The results from the clinical studies show that aBMD, bone 

geometry, microarchitecture and estimated bone strength in ET, PV and MF are 

comparable with the background population. It may be considered if enough patients are 

included to demonstrate increased frequency of signs of secondary osteoporosis and the 

ultimate setting would be an upscale of the size of the clinical study and with a prospective 

follow-up including serial BMD and possibly other measurements. If skeletal changes are 

represented in a mixed pattern with both osteoporosis and osteosclerosis, like in SM, BMD 

may appear normal, but specific sites of the bones will be fragile and in risk of a 

fracture.115 

Results may also be biased by selection since not all patients are included, and it is 

possible that patients not participating, somehow, differ from those included. MPN patients 

with a known osteoporotic disease or other bone morbidity are excluded since the study 

included few patients and focused on early signs of bone loss among MPN patients. The 

reference cohort is a sample too, and could also represent a selected subgroup of the 

general population. In the reference cohort, individuals known with osteoporosis, 

individuals with unknown osteoporosis and individuals with healthy bones are included, 

whereas in the patient cohort patients in anti-osteoporotic treatment are excluded (one 
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patient). This may give rise to another selection bias, which could diminish a potential 

difference between MPN patients and the reference group. In study 2, adjustments for the 

potential confounding from comorbidity were performed but in the clinical studies I did not 

have information of comorbidity in the reference group, which can also effect results. 

Finally, the cross-sectional design with matching is somehow also critical. Weight loss is a 

consequence of MPN, and weight is related to BMD. In other words, if you match a MPN 

patient with a weight matched control; you may compare with selected weak person (bias), 

and overlook a potential difference. Assessment of dynamic changes in with 

serial measurements would have been more interesting, but is not feasible during a PhD

study time frame.
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16. Conclusion

Answers to the aims and hypotheses of this thesis are: 

Hypothesis: 

1. Osteoporosis and fracture are only sporadically studied and reported among the

classical MPN in the literature. 

Findings: 

I found that studies of osteoporosis and fractures among the classic MPN in the literature 

are lacking. Comorbidity or complications are important when caring for patients with 

chronic disease. I want to emphasize, on the likely unmet need of focusing on bone 

morbidity among MPN patients. 

Hypothesis: 

2. Patients with ET, PV, and CML have more osteoporotic fractures compared to

matched populations. 

Findings: 

I found that patients with ET, PV, and CML have an increased risk of osteoporotic 

fractures compared to the general population. I also found a markedly increased 

comorbidity among the patients compared to the general population. When data are 

adjusted for comorbidity, fracture risk remain solid indicating comorbidity does not explain 

the observed increased fracture risk and the underlying mechanism is unknown. 
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Hypothesis: 

3. Patients with MF have an increase in bone mineral density compared to a matched

healthy population, due to development of osteosclerosis. 

Findings: 

The results of the first clinical study of MF patients show no significant difference between 

BMD measured by conventional DXA, and no difference in bone geometry volumetric

BMD, microarchitecture or estimations of bone strength between patients and controls. 

Measurements at the spine show a trend of an increase of aBMD and there is a trend 

towards an increase in trabeculae number and a decrease in trabeculae thickness 

and trabeculae spacing at the tibia in MF patients in comparison to controls. 

Given the modest number of patients included, it is possible that aBMD are higher in MF 

patients, and that this could have been demonstrated in a larger patient population. The 

use of HR-pQCT indicate that the possible changes of the bone are located at the 

trabeculae, consistent with the location of osteosclerosis. 

Hypothesis: 

4. Patients with ET and PV have a decrease in bone mineral density compared to a

matched healthy population. 

Findings: 

BMD assessed by DXA and bone geometry volumetric BMD, microarchitecture or

estimations of bone strength assessed by HR-pQCT in the study of 45 patients with ET 

and PV are comparable with the matched reference population. 
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In spite of finding an increased risk of osteoporotic fractures in patients with MPN, the 

pathophysiology behind this finding remains unknown and there are still many unsolved 

questions and basis for new studies. The studies have generated new insight into 

comorbidity among MPN patients, but have not elucidated whether bone morbidity is a 

direct MPN disease complication. Patients with CML were not included in clinical studies, 

which is still to be done. 

Fractures affect quality of life, morbidity and mortality.62,116,117 Hip fractures are a frequent 

type of osteoporosis associated fractures affecting both morbidity and mortality.63,83,118 

Within the first year of a hip fracture 20% of patients will die and less than half of survivors 

gain the same functionality as before.62 Patients with fractures experience a considerable 

decline in health related quality of life and reduction of activity of daily living.119 Patients 

are in risk of chronic pain, and a previous history of fracture is associated with a significant 

increased risk of any new fracture.120 Therefore, it is extremely relevant to assess this 

complication and resolve the pathophysiology of fractures in MPN patients. 

Fractures are considered to be a major burden on health economics. The cost of hip 

fractures in Denmark based on cost related to hospital stay, surgical treatment and 

rehabilitation is estimated to 96,000 Dkr. during the first year, and 280,000 Dkr. during the 

first ten years (2012).121 

It is possible to reduce the risk of osteoporotic fractures by supplements of calcium and 

vitamin D, and to treat osteoporotic patients with bisphosphonates and denosumab. 

Danish Health and Medical Authority (Sundhedsstyrelsen) recommends supplements with 
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20 µg (800 IE) D-vitamin and 800-1000 mg calcium for all individuals above 70 years and 

for all individuals with increased risk of osteoporosis independent of age. 

Osteoporotic fractures are the direct consequence of low BMD and falls. Fall assessment 

was not included in the studies. It is possible, that MPN patients fracture more than the 

background population, simply because they have a tendency of falling more often. Effect 

of fall screening in MPN is another issue to be targeted in future studies. 

Our data do not find reduction of BMD compared with the controls, but we do not know if 

the threshold for fractures in MPN may differ from that of normal osteoporotic patients. 

This aspect could be further addressed in studies assessing BMD in MPN patients with 

newly fractures. 

DXA scan is not performed as a routine in MPN patients and our studies did not provide 

evidence for change of this practice. Today, referral to a DXA scan is by a case finding 

strategy, which means in practice that we must consider the risk of osteoporosis in all 

patients with chronic back pain or patients with multiple risk factors, and those patients 

must be referred to a DXA scan.61  

The clinical studies found a significant increase of P1NP among MF. Much research in 

cancer is focusing on finding the perfect biomarker that predicts progression or survival. 

Future studies with serial measurements of P1NP in longitudinal studies may find a 

prognostic value of this biomarker in MF. 

The pathogenesis of increased fracture rate was not elucidated in this thesis and still 

needs to get clarified. Chronic inflammation has been suggested to explain the initiation of 

the clonal development and progression in MPN. Decreased bone mineral density and 
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enhanced fracture risk are well-known manifestations of many chronic systemic 

inflammatory diseases. Future studies are needed to explore a potential protective effect 

of anti-inflammatory drugs (interferon, bisphosphonates, JAK2-inhibitors) against 

accelerated bone. We are in a new era of targeted medical treatment aiming to improve 

quality of life and lifespan in patients with MPN.  When new drugs are tested in a clinical 

setting, serial DXA scans should be considered. Ultimately, treatment that targets 

inflammation may lower also fracture rates in patients with chronic myeloproliferative 

neoplasms. 
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Patients with the classical Philadelphia chromosome-negative chronic myeloproliferative
neoplasms including essential thrombocythemia, polycythemia vera and primary myelofibrosis
often suffer from comorbidities, in particular, cardiovascular diseases and thrombotic events.
Apparently, there is also an increased risk of osteoporotic fractures among these patients.
However, the true prevalence, mechanisms involved and therapeutic implications are not well
described. In this review, we summarize what is currently known about possible associations
between bone disease and chronic myeloproliferative neoplasms. Chronic inflammation has
been suggested to explain the initiation of clonal development and progression in chronic
myeloproliferative neoplasms. Decreased bone mineral density and enhanced fracture risk are
well-known manifestations of many chronic systemic inflammatory diseases. As opposed to
systemic mastocytosis (SM) where pathogenic mechanisms for bone manifestations probably
involve effects of mast cell mediators on bone metabolism, the mechanisms responsible for
increased fracture risk in other chronic myeloproliferative neoplasms are not known.

KEYWORDS: bone mineral density . fracture . inflammation . myeloproliferative neoplasm . osteoporosis
. osteosclerosis

The chronic myeloproliferative neoplasms
(MPN) comprise several clonal hematopoietic
stem cell disorders, characterized by an uncon-
trolled production of one or more mature cell
lines, which defines these disorders as chronic
cancers of the bone marrow [1]. The WHO dis-
tinguishes between chronic myeloid leukemia
(CML) recognizable by a BCR-ABL1 fusion
protein, the product of translocation between
chromosome 9 and 22 (t[9;22]) that results in
the Philadelphia chromosome, and a much
larger group of BCR-ABL1-negative neoplasms
typically including essential thrombocythemia
(ET), polycythemia vera (PV) and myelofibrosis
(MF) [2]. Systemic mastocytosis (SM) is in the
current WHO classification adopted as a MPN;
however, it differs in several ways from the other
diseases mentioned [1]. Patients with ET, PV
and MF have a well-described life-long
increased risk of complications, including
thrombotic and hemorrhagic events, develop-
ment of solid malignancies, as well as progres-
sion or transformation into more severe
hematologic neoplasms [3,4]. Chronic inflamma-
tion has been suggested to be one of the com-
mon denominators of the pathophysiology of
the MPNs, associated with both progression
and complications [4].

Osteoporosis and fractures are often observed
in inflammatory conditions such as rheumatoid
arthritis, systemic lupus erythematosus, inflam-
matory bowel disease, diabetes and chronic
obstructive pulmonary disease [5]. Typical osteo-
porotic fracture sites include femoral fractures,
distal forearm fractures, humeral fractures and
vertebral fractures, FIGURE 1. Proinflammatory cyto-
kines, especially TNF-a, interleukin-1 (IL-1)
and IL-6, are involved in the process of bone
loss [5]. Proinflammatory markers have also been
found to be markedly increased in patients with
MPNs [6], and in recent years, an increased risk
of osteoporosis has been recognized in MPN [7,8].

Decreased bone mineral density and
enhanced fracture risk are well-known manifes-
tations of SM, and from personal clinical
observations, we decided to review bone den-
sity and fracture risk in the classic MPN.

This review will summarize the current
knowledge of the association between MPN and
bone disease, emphasizing the need for consider-
ing osteoporosis as a comorbid disease complica-
tion when caring for patients with MPN.

Methods
A comprehensive search of the existing literature
was performed in PubMed as the primary
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literary database. The study selection was focused on diagnoses of
MPNs and osteoporosis and/or fractures. Inclusion criteria were
all published article types prospective or retroperspective studies,
including case reports with unlimited publication dates. Lan-
guages were restricted to English and Danish since those are the
languages spoken by the authors. Mesh-terms were preferred
whenever possible in the primary search. In addition, a supple-
mentary search directly on the main diagnoses was also per-
formed to maximize the primary results. Our literature search
focused on different MPN exposures and combined these with a
list of different bone-related outcomes. The different MPN expo-
sures were ET, PV, MF, CML or SM and were combined with
OR. The selected parameters of bone-related outcomes were frac-
tures, femoral fracture, hip fracture, osteoporotic fracture, osteo-
porosis, osteosclerosis, bone remodeling, bone structure, bone
mineral density, DXA, DEXA, HR-pQCT, bone turn over
markers, HR-pQCT, p1np, pinp, procollagen type 1 N-terminal
pro-peptide osteocalcin, c-terminal cross-linked telopeptide colla-
gen type or bone-specific alkaline phosphatase. The bone-related
outcomes were also combined with OR, and finally exposure and
outcome were linked with AND. Research librarians JW and
MBE from the medical library at Odense University Hospital
were consulted in the search strategy (see acknowledgements). In
addition, reviews of the references in articles of major importance
retrieved additional articles for this review not initially included
in the primary search. Studies were selected when the following
criteria were met: patients diagnosed with ET, PV, MF, CML or
SM; and information of fracture or bone mineral density or bio-
chemical bone turnover markers. The articles retrieved by the
search strategy were first screened by titles, and the abstracts of
those found relevant from this procedure were subsequently
reviewed before the articles that potentially could be included in
this review were selected for thorough review. During this pro-
cess, articles were then primarily excluded because they were
either not relevant or did not include bone morbidity in MPN.

Results
A total of 1376 articles were retrieved by
the search strategy. From these articles,
we identified 154 potentially relevant for
this study. The abstracts of these
154 articles were reviewed, and 68 were
subsequently reviewed in detail, of which
38 were included in this analysis. An
overview of includes articles retrieved
from the search of bone disease in MPN
is shown in TABLE 1. Additional 42 articles
included covering background informa-
tion and treatment of MPN and
osteoporosis.

Chronic myeloproliferative neoplasm

and bone disease

Systemic mastocytosis

SM has been considered a rare disease
that in current WHO classification is

grouped among MPNs; however, it carries several unique fea-
tures that differentiates SM from other MPNs. SM is character-
ized by a clonal proliferation of mast cells, which accumulate
in one or several organs, primarily affecting the skin and bone
marrow [9–11]. The mast cells synthesize and store a number of
inflammatory mediators, including histamine, heparin, tryptase
and proinflammatory cytokines such as receptor activator of
NF-kB ligand (RANKL), IL-1, IL-6 and TNF-a, of which sev-
eral have been demonstrated to be involved in bone
metabolism [8,12,13].

Bone involvement, including not only osteoporosis and
osteolytic lesions but also osteosclerosis, has been described in
several studies of patients with SM [8,12–19].

In a cross-sectional study including 75 SM patients evaluated
by dual-energy x-ray absorptiometry (DXA) and x-ray, bone
manifestations were found in half of the patients. Osteoporosis
was the most prevalent finding, but osteosclerosis, mixed pat-
tern with osteoporosis and -sclerosis and osteolytic lesions were
also observed [18]. Another study including 154 consecutive
patients with indolent SM, with a mean age of 54 ± 12 years,
registered 235 cumulated fractures within the lifetime of the
patients, including 140 osteoporotic fractures (low-energy
trauma) from medical records combined with questionnaires.
Osteoporotic fractures and osteoporosis were diagnosed by
DXA in 37 and 28% of the patients, respectively, and the prev-
alence of osteoporotic manifestations, either fracture or T-score
<2.5, was highest in the male group, involving 62% compared
with 43% of the women [8]. It is worth noting that osteoporo-
sis and fractures were observed in male and female patients
younger than 50 years, an age group in which osteoporosis is
generally very uncommon [8]. In a Swedish cross-sectional study
including 16 patients with varying degrees of mastocytosis, ver-
tebral fractures were found in 13 of 16 patients and observed
different types of skeletal lesions, including both low bone
mineral density (BMD) as well as increased BMD with

A B C

Figure 1. Osteoporotic fracture. (A) Anteroposterior radiograph of the right shoulder
with a collum chirurgicum fracture in a 97-year-old woman. (B) Anteroposterior radio-
graph of the right hip with a collum femoris fracture in an 82-year-old woman known
with osteoporosis. (C) Lateral radiographs of spine showing a new compression fracture
in T12, and an older fracture in L1 in a 63-year-old woman with osteoporosis.

Review Farmer, Ocias, Vestergaard, Broesby-Olsen, Hermann & Frederiksen

doi: 10.1586/17474086.2015.1053456 Expert Rev. Hematol.

jj



Table 1. Bone morbidity in chronic myeloproliferative neoplasms.

Author (year) Study design N Main outcome measure Ref.

Mastocytosis

Andersen et al. (2012) Systematic review Symptoms and management of systemic mastocytosis [9]

Metcalfe et al. (2008) Review Description of the mast cell, mastocytosis and treatment [10]

Valent et al. (2007) Review Diagnostics, treatment and response criteria in

mastocytosis

[11]

van der Ver et al. (2012) Cross-sectional study 154 Prevalence of fractures and osteoporosis, DXA [8]

Seitz et al. (2013) Retrospective study 300 Quantitative histomorphometry, assessment of number of

osteoblasts and osteoclasts

[12]

Guillaume et al. (2013) Cross-sectional study 45 Radiographic imaging, bone mineral density, bone

turnover marker

[13]

Cundy et al. (1987) Case report 1 Osteopenia and response to treatment with inhibition of

bone resorption

[14]

Johansson et al. (1996) Cross-sectional study 16 Bone density, bone markers and radiological features [15]

Brockow et al. (2005) Cross-sectional study 29 Level of interleukin-6 level reflects severity of disease [16]

Theoharides et al. (2002) Cross-sectional study 26 Level of interleukin-6 level reflects severity of disease and

osteoporosis

[17]

Barete et al. (2010) Cross-sectional study 75 Bone involvement assessed by X-ray and DXA [18]

Rossini et al. (2011) Cross-sectional study 82 Bone mineral density, bone turnover markers and fractures [19]

Broesby-Olsen et al. (2013) Cross-sectional study 48 KIT D816 mutation burden does not correlate to severity

of bone loss in SM

[20]

Essential thrombocythemia and polycythemia vera

Farmer et al. (2013) Population based cohort study 6282 Fracture rates, fracture risk and comorbidity in ET/PV [7]

Farmer et al. (2014) Case report 1 Severe osteoporosis in a patient with PV [21]

Roberts et al. (1969) Cross-sectional study Bone formation by morphological studies of bone biopsies [22]

Myelofibrosis

Poulsen et al. (1998) Cross-sectional study 75 Histomorphometry [25]

Smidt et al. (2007) Cross-sectional study 13 Histomorphometry and micro-CT [26]

Guermazi et al. (1999) Review Images of radiological abnormalities in MF, incl.

Osteosclerosis

[27]

Mellibovsky et al. (2004) Case report 9 DXA, bone histomorphometry in MF [28]

Diamond et al. (2002) Case report and review 4 DXA, bone histomorphometry in MF [29]

Farmer et al. (2015) Cross-sectional study 18 Bone structure assesses by DXA, HR-pQCT, and bone

turnover

[30]

Barosi et al. (1989) Cross-sectional study 78 Markers of collagen in MF [31]

Jensen et al. (2003) Cross-sectional study 50 Markers of collagen in MPN [32]

Hasselbalch et al. (1986) Cross-sectional study 41 Markers of collagen in MPN [33]

Chronic myeloid leukemia

Farmer et al. (2013) Population based cohort study 1313 Fracture rates, fracture risk and comorbidity in CML [7]

Schabel et al. (1980) Cross-sectional study 36 Osteoporosis, osteolysis and osteoblastic lesions assessed

by X-ray

[34]

CML: Chronic myeloid leukemia; ET: Essential thrombocythemia; MF: Myelofibrosis; MPN: Myeloproliferative neoplasms, SM: Systemic mastocytosis, TKI: Tyrosine kinase
inhibitors.
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sclerotic changes [17]. Skeletal involvement was also assessed in
a cross-sectional study of 45 patients with SM and a mean age
of 51 years, by measurements of biochemical bone turnover
markers, including bone formation markers (bone-specific alka-
line phosphatase), bone resorption markers (and c-telopeptide,
deoxypyridinoline) and bone remodeling markers (osteoprote-
gerin). Results were compared with a matched population from
the blood donation center, and all markers were elevated in the
patient cohort and correlated with both tryptase levels and dis-
ease severity [15]. Furthermore, a study assessed the clinical rele-
vance of mast cell infiltration in the bone marrow by
quantitative histomorphometry among 159 patients with indo-
lent SM and found that the accumulation of mast cells in the
bone marrow induced increased turnover, which led to osteo-
porosis [14]. Other studies have, however, shown that the bur-
den of neoplastic mast cells itself as determined by s-tryptase
and KIT D816V-alleleburden does not correlate to severity of
bone loss in SM, and it is probable that the mechanism pre-
dominantly involves the effects of mast cell mediators on bone
remodeling [20].

Essential thrombocythemia and polycythemia vera

ET and PV are MPN subtypes characterized by an overproduc-
tion of mature blood cells; platelets in ET and erythrocytes and
usually also leukocytes as well as platelets in PV. Studies of oste-
oporosis and other bone-related outcomes in ET and PV are
scarce. We have recently reported an increased risk of fractures
among MPN patients [7]. In this study, we compared fracture
risks among 7595 MPN patients with 338,974 comparison
cohort members from the general population in a population-
based cohort study (ET, PV and CML) [7]. The fracture rates
were consistently higher at several anatomic locations including

femur, humerus, and distal forearm. The 10-year hip fracture
risk was found to be 7% in ET patients and 9% in PV patients.
This compared with a 10-year hip fracture risk of 5% among
age- and sex-matched members of the comparison groups. This
study also highlighted that other comorbidities were more preva-
lent among MPN patients than in the background population
assessed by the Charlson comorbidity index [7]. Severe comor-
bidity was observed in up to 3.3% of patients compared with
1.3% in the general population, and alcohol-related comorbidity
was observed twice as frequently among MPN patients [7].
Alcohol-related comorbidity is not uniformly represented and
may be country specific. However, the fracture risk estimates
were robust to adjustment for comorbidity, indicating that nei-
ther comorbidity nor alcohol abuse explained the observed frac-
ture risk among patients with MPN [7]. Furthermore, we
recently reported of a female patient with PV who was found to
have severe osteoporosis and multiple vertebral fractures proba-
bly accelerated by the presence of PV [21]. Whether, this finding
represents secondary osteoporosis initiated or accelerated by the
presence of PV is of course speculative.

A study from 1969 included 26 PV patients and four patients
with MF (termed myelosclerosis) to assess new bone formation
by morphological studies of bone biopsies [22]. No new bone for-
mation was observed in PV, and no increase in trabecular bone,
as observed in MF. Some PV patients were described as osteopo-
rotic, but presence of osteoporosis was also associated with
elderly age among the group [22]. Recently, we performed a
cross-sectional study including a cohort of 45 patients with ET
and PV and assessed bone mineral density, bone geometry,
micro-architecture and biomechanical properties by DXA and
high resolution peripheral quantitative computed tomography
(HR-pQCT). Results were comparable with the reference group

Table 1. Bone morbidity in chronic myeloproliferative neoplasms (cont.).

Author (year) Study design N Main outcome measure Ref.

Treatment

Kantarjian et al. (2003) Retroperspective study 187 Imatinib improves survival in CML [35]

Butterfield et al. (2005) Review Effect of treatment with INF-a in SM [49]

Weide et al. (1996) Case report 3 Effect of treatment of osteoporosis in SM with INF-a [50]

Jonsson et al. (2012) Prospective study 17 BMD in CML treated with TKI [54]

Berman et al. (2006) Cross-sectional study 24 Levels of bone turnover markers in CML [51]

Fitter et al. (2008) Prospective study 17 Bone histomorphometry in CML treated with TKI [52]

O´Sullivan et al. (2009) Prospective study 9 DXA and bone turnover markers in CML treated with TKI [53]

O´Sullivan et al. (2013) Prospective study 9 DXA and bone turnover markers in CML treated with TKI [55]

Graves et al. (1990) Case report 1 Effect of inhibition of mast cell degranulation on bone in SM [70]

Benucci et al. (2009) Case report and review 1 Treatment of osteoporosis in SM [76]

Brumsen et al. (2002) Case report 1 Pamidronate in treatment of osteoporosis in SM [77]

Laroche et al. (2007) Case report 4 Combining INF-a and pamidronate increases BMD in SM [78]

CML: Chronic myeloid leukemia; ET: Essential thrombocythemia; MF: Myelofibrosis; MPN: Myeloproliferative neoplasms, SM: Systemic mastocytosis, TKI: Tyrosine kinase
inhibitors.
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and did not explain the increased risk of fractures found in
MPN patients [UNPUBLISHED DATA]. This study was limited by the
number of patients included, but it is also possible that the
pathology of the fractures in ET and PV patients differs from
the pathology of osteoporotic fractures.

Myelofibrosis

MF is characterized by an early phase with initial proliferation
of blood cells terminating in advanced stage with bone marrow
failure, anemia and extra medullary hematopoiesis mainly in
the spleen and the liver [23]. Increasing reticulin or collagen
fibers are discriminating features of the bone marrow [23].
Osteosclerotic changes appear in the bone tissue, as a result of
the growth and thickening of bone trabeculae, focal osteoscler-
otic changes with osteoid seams and appositional new bone for-
mation in budding plaques [24]. Histomorphometric
measurements in a cohort of 75 MPN patients have shown
that MF patients have significantly more bone tissue compared
with other MPN-type patients, and that there is a positive cor-
relation between the amount of bone and the degree of fibro-
sis [25]. Bone appositions are due to a thickening of existing
trabeculae and not gain of new trabeculae [26]. This is apparent
on micro-computed tomography images when performed on
transiliac bone biopsies [26]. Osteosclerosis usually affects the
vertebral column, pelvis and proximal segment of long bones as
seen by conventional x-ray [27].

Bone density assessed using DXA in MF patients has been
found to be higher than the background population in two
case reports including four and nine patients [28,29]. We have
performed a study using noninvasive methods with DXA and
HR-pQCT among 18 MF patients and 18 age-, sex- and
height-matched healthy individuals [30]. The MF patients in
this study were included from the total population of MF
patients currently being treated and followed at our clinic by
predefined criteria. In this study, bone mineral density, geome-
try and microarchitecture among MF patients were not signifi-
cantly different from the matched healthy controls [30]. Analysis
of biochemical markers of bone-formation and resorption
including procollagen type 1 N-terminal pro-peptide (P1NP),
osteocalcin (OC), C-terminal cross-linking telopeptide of
type 1 collagen (CTX) and bone-specific alkaline phosphatase
(bALP) were within reference value, but P1NP was significantly
elevated, most likely reflecting the neoplasm-driven collagen
deposition in the bone marrow in MF [30]. Other markers of
collagen, procollagen III peptide (P3NP) and 7S collagen
domain of type IV collagen are elevated in MPN patients, and
levels increase with the degree of reticulin fibrosis and thus cor-
relate with disease activity [31–33].

Chronic myeloid leukemia

In CML, we have previously reported increased risk of fractures
among 1313 CML patients in a population-based cohort study
in Denmark and showed that the age-, sex- and comorbidity-
adjusted risk of fractures of the hip were 2.7-fold higher in CML
patients than in the general population [7]. In this study, we

stratified the CML cohort according to whether diagnosis was set
before or after introduction of tyrosine kinase inhibitors (TKI).
TKI treatment turned CML into a much more indolent chronic
condition with a long life expectancy and has also led to a decline
in allogeneic bone marrow transplantations in CML patients [35].
Since bone marrow transplantations usually requires subsequent
immunosuppressive treatment, possibly including glucocorti-
coids, a decline in bone marrow transplantation rate could lead
to a decline in osteoporotic fracture risk among CML patients
after TKI introduction. However, fracture risks have not changed
after the introduction of TKI treatment in CML [7]. A cross-
sectional study of 36 CML patients examined by x-ray found
skeletal lesions, including osteoporosis, osteolytic and osteoblastic
lesions, as well as tumors of chloromas (leukemic cells outside of
the bone marrow) in 16% [34].

How treatment of MPN may influence bone
manifestations
Patients with ET and PV receive medical treatment with the
aim of preventing thrombohemorrhagic events and alleviating
symptoms [36]. In CML, treatment aims at achieving hemato-
logic and molecular remission. Bone manifestations might be
influenced not only by the MPN disease itself but also by treat-
ments used. In general, therapy of Philadelphia chromosome
negative patients, according to guidelines from European Leu-
kemiaNet, includes phlebotomy (PV only), acetylsalicylic acid
(ASA), hydroxyurea, anagrelide, busulfan and INF-a, and is
primarily aimed at preventing thrombohemorrhagic events [36].

Acetylsalicylic acid

It is recommended to treat all MPN patients with low-dose
ASA because of the validated antithrombotic effects [37,38].

A Danish population-based epidemiological study, designed
as a case–control study, assessed the association between the use
of ASA and the risk of fractures [39]. A total of 124,655 individ-
uals were included, and crude fracture risk of any fracture was
increased (OR = 1.22; 95% CI: 1.19–1.25); however, after
adjusting for confounders by Charlsons comorbidity index,
ASA was associated with a small decrease in fracture risk
(OR = 0.93; 95% CI: 0.91–96) [39]. Another large population-
based study found no significant association between ASA and
fracture risk [40].

Hydroxycarbamide, anagrelide and busulfan

Conventional cytoreductive treatment in high-risk ET and PV
patients includes hydroxycarbamide [41], anagrelide [42] and
busulfan [43]. Search of hydroxycarbamide, anagrelide and
busulfan combined with fracture or BMD in PubMed retrieved
no results.

IFN-a

INF-a was the primary treatment of CML before the introduc-
tion of TKI. INF-a is still widely used in the treatment of ET,
PV and proliferative MF due to its antiproliferative and immuno-
modulating potentials [44–47]. Changes in bone metabolism were
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investigated in 19 patients with ET treated with INF-a by meas-
urements of biochemical bone turnover markers of bone remod-
eling, including alkaline phosphatase, osteocalcin, type I
procollagen carboxy-terminal propeptide and cross-linked telo-
peptide type-I collagen (ICTP) [48]. A decrease of ICTP was
observed after treatment as an indicator of modulation of bone
metabolism with suppression of resorption [48]. In SM, INF-a
has been reported to have beneficial effects on skeletal manifesta-
tions in few studies; however, mechanism responsible for effect is
not clear, and an effect superior to, that is, bisphosphonates (BPs)
has not been demonstrated [49,50]. So far, it has not been studied
whether similar effects on bone metabolism can be obtained
when using INF-a in the treatment of other MPN subtypes.

Tyrosine kinases inhibitors

TKI inhibits the BCR-ABL1 tyrosine kinase, thereby targeting
the causal pathological event of CML [35]. TKIs were intro-
duced in the clinical practice at the beginning of this century,
and second-generation TKIs have since been introduced. Hypo-
phosphatemia and low calcium levels have been observed in
approximately 50% of imatinib-treated patients, potentially
caused by increased bone mineralization or decreased vitamin
D action, but also low parathyroid hormone levels, which is
not easily explained [51]. Chronic, untreated hypophosphatemia
can result in impaired mineralization of bone tissue [51]. The
long-term consequences of the use of TKI have now also been
tested in clinical studies. One of the first studies found that
CML patients (8 of 17) had an increase in trabecular bone vol-
ume when treated with TKI, [52], and another study including
9 CML patients treated with imatinib with 24 months of
follow-up confirmed that the initial response of TKI was either
an increase in or a stable BMD [53]. Later studies with up to
4 years of follow-up concluded that BMD was stable during
continuous treatment with TKI [54,55].

JAK inhibitors

Targeted therapy of janus kinase (JAK 1) and 2 kinases with rux-
olitinib is the newest treatment option in MPN after the discov-
ery of the JAK2 mutation in 2005 and is approved for patients
with MF and PV [56]. Contrary to the highly selective inhibition
of the BCR-ABL1 by inhibitors, the JAK inhibitors are not selec-
tive for mutated JAK2, and they are efficient in both
JAK2 mutated and JAK2 wild-type MF patients [57]. Ruxolitinib
has been shown to be superior compared with best available treat-
ment in reducing splenomegaly, symptom relief, quality of life
and improvement of survival in patients with MF [58,59].

Abnormal levels of several cytokines in MF are believed to
reflect an inflammatory response and represent a prognostic
parameter [60]. Treatment with ruxolitinib reduces levels of
inflammatory cytokines, including IL-6 and TNF-a that are
commonly elevated in MF [61,62]. Due to the reduction in the
level of inflammatory mediators during ruxolitinib treatment,
the potential of reducing osteosclerosis and osteoporotic frac-
tures exists [63]. However, to our knowledge, this has not been
studied.

Treatment of osteoporosis in MPN
Osteoporosis treatment in patients who also are diagnosed with
MPN follows general recommendations. Nonpharmacological
interventions to improve bone health include regular weight-
bearing physical activity, as immobility is a strong risk factor
for osteoporosis, and avoidance of smoking and alcohol
abuse [64,65]. Nutritional recommendations include adequate
daily intake of dietary calcium 1000–1200 mg and 20 mg vita-
min D for maintenance of healthy bone homeostasis [66]. Vita-
min D has also been linked with muscular strength in several
studies [67]. Loss of muscle strength increases the risk of falling
and also increases fracture rates.

Patients with some MPN subtypes may require special focus
due to their MPN manifestations. Fatigue and bone pain are
substantial restrictions in the everyday life of some patients
with MPN and major contributors to poor quality of life [68].
TNF-a, IL-1 and IL-6 are involved in the development of
fatigue [68,69]. Cachexia is prominent in the patients toward ter-
minal stage, and loss of muscle will increase the risk of falling.
Due to sequelae after thrombotic events, fatigue or severe ane-
mia, some patients may have difficulties in participating in
physical activity.

Recommendations for secondary osteoporosis in systemic
inflammatory diseases focus on controlling and dampening
inflammatory disease activity and thereby reducing the level of
inflammatory cytokines [4]. This strategy may in theory also be
a way of controlling osteoporosis in patients with MPN where
INF-a, or other anti-inflammatory drugs may be beneficial. In
SM, it may be speculated that an effective treatment targeting
effects or release of mast cell mediators may prevent develop-
ment of osteoporosis, as supported by a few reports; however,
firm evidence supporting this approach is at present
lacking [70].

Bisphosphonates

BPs are recommended as approved pharmacological interven-
tions in the treatment of postmenopausal and cancer-induced
osteoporosis [71]. BPs inhibits bone resorption, which can be
measured by suppression in bone resorption markers [72,73]. Sev-
eral studies have shown that BPs increase bone mineral density
and reduce the risk of vertebral and femoral fractures including
studies in SM [16,18,71,74–77]. Combination therapy with inter-
feron and BP for 2 years followed by BP alone was reported in
four patients with SM-related osteoporosis, demonstrating a
major increase in bone mineral density up to 16% at the spine
and 5% at the hip over 2 years, whereas the following 2 years
of pamidronate monotherapy only increased spine BMD by
2%, and decreased hip BMD by 2% [78].

Randomized clinical studies with adjuvant BP in patients
with cancer such as breast cancer showed a reduction of frac-
ture rates and an antimetastatic effect by a reduction of bone
metastasis [79]. MPN patients do not have bone metastases as
such, and it is unknown whether BP treatment in MPN may
analog antimetastatic effects and possibly reduce risk of disease
progression toward terminal stage MF.
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Discussion
In this review, we have summarized the current knowledge of
the association between MPN and bone disease.

Apart from SM where bone manifestations are well
described, increased risk of fractures is also found in ET, PV
and CML; however, it is not yet described in patients with
MF [7,8,18]. Assessment of fracture risk by registry studies is a
unique possibility to assess both rare diagnoses and exposures
with long follow-up. However, this approach may lead to
underestimation of bone disease in MF patients. MF patients
are difficult to find by their diagnostic coding because previous
ICD codes of MF were unspecific in their nomenclature:
‘morbus myeloproliferativa chronicus.’ Low BMD is a causative
factor of osteoporosis [80]. Several clinical studies assessing
BMD by DXA have shown decreased BMD in SM [8,17–19]. To
our knowledge, no studies have shown decreased BMD in
other MPNs assessed by DXA.

Inflammation influences bone metabolism by increasing
bone resorption, which results in osteoporosis and osteoporotic
fractures as seen in systemic inflammatory diseases [5], and the
abnormal cytokine expression in MPN is believed to represent
the inflammation associated with MPN [4,60].

Expert review
Osteoporotic fractures affect quality of life, morbidity, mortal-
ity and are considered to be a major burden on health econom-
ics. Hip fractures are a frequent type of osteoporosis-associated
fracture affecting both morbidity and mortality. Results from
the past years have focused on disease-specific complications
affecting quality of life and overall survival. However, clinical

studies are sparse, and we want to emphasize on the unmet
need to focus on bone morbidity among MPN patients.

Five-year view
With this study, we wish to emphasize the need of considering
osteoporosis as a complication when caring for patients with
MPN. The risk of secondary osteoporosis in the classic MPN calls
for further collaborative prospective clinical studies in larger
cohorts of patients. Additional studies are also needed to explore a
potential protective effect against accelerated bone loss driven by
inflammation with drugs such as interferon, BP or JAK2-inhibi-
tors in MPN. We are in a new era of targeted medical treatment
aiming to improve quality of life and lifespan in patients with
MPN. When new drugs are tested in a clinical setting, serial DXA
scans should be performed to assess BMD. Ultimately, treatment
that targets inflammation may lower fracture rates in patients
with chronic MPNs, improve quality of life and lower mortality.
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Key issues

. Bone disease in chronic myeloproliferative neoplasms (MPNs) other than systemic mastocytosis is not well described.

. Apparently, there is an increased risk of osteoporotic fractures among patients with essential thrombocythemia, polycythemia vera and

chronic myeloid leukemia.

. Whereas pathogenic mechanisms for osteoporosis in mastocytosis involve effects of mast cell mediators on bone metabolism, the

mechanisms responsible for increased fracture risk in other MPNs are not known.

. Because chronic inflammation has been suggested to initiate the clonal development and progression in MPNs and because enhanced

fracture risk is well-known manifestations of many chronic systemic inflammatory diseases, chronic inflammation may also play a role in

the pathogenesis of bone disease in MPN.
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Summary

Patients with systemic mastocytosis have an increased risk of osteoporosis,

however, the risk of osteoporotic fractures among the classic chronic mye-

loproliferative neoplasms (CMPN), including essential thrombocythaemia

(ET), polycythaemia vera (PV) and chronic myeloid leukaemia (CML), is

unknown. We conducted a population-based cohort study to determine the

risk of osteoporotic fractures among three cohorts of patients with newly

diagnosed ET, PV, and CML. Patients were identified in medical registers

including all Danish hospitals during 1980–2010 and were followed until

first osteoporotic fracture. Fracture risk was compared to cohorts from the

general population matched on age, sex and calendar year. We followed

7595 CMPN patients and 338 974 comparison cohort members. We found

that the risk of femoral fracture after 5 years was consistently higher than

the general population, being 3�01% (95% confidence interval (CI): 2�20–
4�10), 4�74% (95%CI: 4�06–5�52) and 4�64% (95%CI: 3�29–6�53) among

ET, PV, and CML patients respectively. Adjusted hazard ratio for femoral

fracture was increased 1�19-fold (95% CI: 0�94–1�51) for ET patients, 1�82-
fold (95% CI: 1�62–2�04) for PV patients, and 2�67-fold (95% CI: 1�97–
3�62) for CML patients. We conclude that CMPN patients are at higher

risk of osteoporotic fractures than the general population.

Keywords: essential thrombocythaemia, polycythaemia vera, chronic

myeloid leukaemia, epidemiology, osteoporosis.

The chronic myeloproliferative neoplasms (CMPN) are rare

cancer disorders characterized by accelerated clonal prolifera-

tion of haematopoietic tissue in the bone marrow. Patients

with the classical CMPNs, including essential thrombocytha-

emia (ET), polycythaemia vera (PV) and chronic myeloid

leukaemia (CML) have a life-long increased risk of morbid-

ity, such as thrombosis, haemorrhage, fatigue, weight-loss

and solid tumours, as well as transformation into other hae-

matological cancers. (Frederiksen et al, 2011; Hultcrantz

et al, 2012; Tefferi, 2012) Cross-sectional studies of patients

with Systemic Mastocytosis (SM), another CMPN, have

reported of a high frequency of osteoporosis and osteopo-

rotic fractures. (Barete et al, 2010; van der Veer et al, 2012)

The bone loss in SM has been attributed to an increase in

bone turnover as well as mast cell-stimulated release of

tumour necrosis factor-alpha and other cytokines leading to

activation of osteoclasts. (de Gennes et al, 1992; Metcalfe,

2008) Given that CMPNs may be perceived as a state of

chronic inflammation in the bone marrow, osteoporotic

fractures may also be more frequent among patients with the

classical CMPNs. (Hasselbalch, 2012) However, the risk of

osteoporotic fractures among patients with classical CMPNs

has not been studied previously. Osteoporotic fractures are

associated with increased mortality and morbidity, and a

burden on health economy. (Cauley et al, 2000; Johnell et al,

2005; Johnell & Kanis, 2006) This study therefore assessed

the rate and risk of osteoporotic fractures in patients with

ET, PV and CML using data from the universal Danish

health care system and compared the results with the general

population.

Methods

Data sources and study population

The study is based on the entire Danish population of 5�6
million inhabitants. The Danish health care system is govern-

ment-based and provided the data. Each Danish resident has
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a unique and permanent 10-digit civil registry number allow-

ing unambiguous individual-level linkage among all Danish

registers. (Pedersen, 2011) Data is drawn from the Danish

National Registry of Patients (DNRP) established in 1977 and

from the Danish Civil Registration System (CRS) established

in 1968. (Lynge et al, 2011) Whenever a Danish citizen has

been in contact with the Danish health care system the DNRP

subsequently registers information of hospital, department,

date and up to 20 diagnoses coded by physicians according to

the World Health Organizations International Classification of

Diseases, 8th revision (ICD-8) covering 1977–1993 and 10th

revision (ICD-10) thereafter (Jaffe et al, 2001). The DNRP

contains information of all hospital inpatient admissions since

1977, and from 1995 all hospital outpatient specialist clinic

and emergency room visits are included. Consequently, in the

time period before 1995 only events of femoral fractures are

included because these fracture types invariably require opera-

tion and thus hospitalization. Fracture episodes diagnosed

and treated solely through contact with an emergency room

would therefore not be captured in this period. The study

period for femoral fractures is defined as 1 January 1980 to

31 December 2010, while that for all other fractures was 1

January 1995 to 31 December 2010. Diagnostic coding of hae-

matological malignancies in the DNRP has been reported to

be valid. (Norgaard et al, 2005).

The diagnosis index date is the first date of the hospital

admission or the first visit to an outpatient clinic with a

CMPN diagnosis code.

CMPN cohorts

Based on diagnosis codes according to the ICD-8 or ICD-10

in the DNRP we identified three cohorts of ET, PV and

CML patients (see Appendix 1 for ICD-8 and ICD-10 diag-

nosis codes). Patients with primary myelofibrosis were not

included in this study because the ICD coding overlaps with

other CMPN diagnostic entities in ICD-10. CMPN is rare

among children and adolescents; therefore we restricted the

study population to patients aged 20 years or older.

Matched comparison cohort

For each CMPN patient we identified 50 comparison cohort

members from the general population in the CRS, matched

on sex, year of birth and calendar year. This resulted in three

distinct comparison cohorts – one for each of the CMPN

cohorts. Each comparison cohort member was assigned an

index date identical to that of corresponding CMPN patient

and from which follow-up started.

Fractures

The study focussed on fractures of femur, humerus, distal

antebrachium, vertebra, ribs and pelvis (see Appendix 1 for

ICD-8 and ICD-10 diagnosis codes).

Patients and comparison cohort members with a previous

diagnosis of osteoporosis or osteoporotic fractures before or

up to 1 year after the CMPN diagnosis were excluded.

Comorbidity data

Charlson Comorbidity Index (CCI), as well as the presence

of alcohol-related diagnoses was assessed using diagnosis

coding in the DNRP in order to account for effect of comor-

bidity among CMPN patients and the general population

cohort members. The CCI is a simple method to classify and

measure comorbidity and is widely used in health research to

manage health-related confounding. The original version was

developed to classify comorbidity conditions in order to pre-

dict mortality in longitudinal studies. (Charlson et al, 1987)

We used an adapted version with both ICD-8 and ICD-10

codes. (Thygesen et al, 2011) Based on 19 different diagnos-

tics the index weighs each diagnosis with a score towards the

potential risk of mortality and scores are summed to provide

a total CCI-score. We divided CCI scores into four categories

(0: None, 1: Low, 2–3: Moderate, and 4+ : High).

As we had no direct information on alcohol consumption,

we included alcohol-related diagnoses (see Appendix 1) as a

covariate in the analyses to account for an effect of potential

uneven alcohol consumption between the CMPN patients

and the general population.

Statistical analysis

Follow-up began 1 year after the diagnosis date for CMPN,

and 1 year after the index date for population comparison

cohort members and continued until the first event of frac-

ture, emigration, death or 31 December 2011, whichever

came first. Data on these health events were drawn from the

DNRP and CRS for the period 1980–2011.

First, we computed the frequency of patients in the

CMPN cohorts and the corresponding matched comparison

cohorts within categories of sex, age (20–49, 50–69, and

≥70 years), index year (1980–1989, 1990–1999, and 2000–

2010), baseline CCI score (0, 1, 2–3, ≥4) and alcohol-related

diagnoses (yes, no). The Kaplan-Meier method was used to

construct survival curves and estimate the risk of fractures.

We estimated risk of fractures during the first year, the first

5 years and the first 10 years of follow up. The rate of frac-

tures for each CMPN cohort was calculated and compared

with their comparison cohorts. Rates were expressed as the

number of events per 1000 person-years PYR) with 95% con-

fidence intervals (CI). Cox proportional hazards regression

was used for time-to-event analysis and hazard ratios (HRs)

were computed with accompanying 95% CIs as a measure of

relative risk. We also performed a Cox regression to adjust

for baseline comorbidity (CCI 1 vs. CCI 0, CCI 2, 3 vs. CCI

0, and CCI 4+ vs. CCI 0) and alcohol-related diagnoses. The

assumption of proportional hazards was assessed graphically

in all models.
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Smoking can cause secondary polycythaemia and be mis-

classified as PV. In order to estimate the potential effect of

such a misclassification, analyses of the PV cohort were strat-

ified according to a diagnosis of chronic obstructive pulmo-

nary disease (COPD) (See Appendix 1). A COPD diagnosis

served as a proxy measure for smoking status as we had no

direct information of this from the registries.

In the CML cohort we repeated analyses according to

whether the diagnosis was made before year 2000 or later.

This was done to evaluate if the universal introduction of

imatinib treatment at this time point influenced the fracture

rates.

All subgroup analyses were tested for heterogeneity

with v2-test. Statistical significance was defined as a P value

<0�05.

Results

Table I shows the characteristics of ET, PV and CML

cohorts, together with their general population comparison

cohorts. We identified 7595 CMPN patients (ET = 1864,

PV = 4418 and CML = 1313) and 338 974 comparison

cohort members. The few ET patients in our study diagnosed

1980–1990 probably indicate that ET patients are rarely

admitted to hospitals as inpatients and registration of out-

patient contacts started later. Patients with ET were followed

for a median of 4�7 years (interquartile range [IQR]:

2�1–7�9), patients with PV for a median of 4�9 years (IQR:

2�4–8�2), and patients with CML for a median of 3�1 years

(IQR: 1�3–6�8).
In general, the CMPN patients were more burdened with

comorbidity and alcohol-related diagnoses than the compari-

son cohort members (Table I).

The numbers and rates of proximal femur fractures are

shown in Table II.

73 femoral fractures were observed among ET patients,

corresponding to a fracture rate of 6�6 (95% CI: 5�2–8�3)
compared to a rate of 5�3 (95% CI: 5�1–5�4) in the compari-

son cohort. 307 femoral fractures were observed among PV

patients, corresponding to a fracture rate of 9�9 (95% CI:

8�8–11�0) compared to a rate of 6�2 (95%CI: 6�1–6�3) in the

comparison cohort. 46 femoral fractures were observed

among the CML patients, corresponding to a fracture rate of

8�2 (95% CI: 6�0–10�7) compared to a rate of 4�4 (95% CI:

4�3–4�6) in the comparison cohort (Table II).

The absolute risk of femoral fracture during the first year,

first 5 years and first 10 years, respectively, was 0�40% (95%

CI: 0�19–0�83), 3�01% (95% CI: 2�20–4�10) and 6�96% (95%

CI: 5�33–9�07) for patients with ET, 0�86% (95% CI: 0�62–
1�19), 4�74% (95% CI: 4�06–5�52) and 9�28% (95% CI: 8�15–
10�60) for patients with PV and 1�19% (95% CI: 0�71–2�01),
4�64% (95% CI: 3�29–6�53) and 7�00% (95% CI: 5�00–9�75)
for patients with CML (Table II). Figures 1–3 depict the

cumulative risk of femoral fracture for ET, PV and CML

patients compared to the general population. From the figures

it is apparent that fracture risks among CMPN patients were

Table I. Characteristics of ET, PV, CML and comparison cohorts, 1980–2011.

ET cohort

ET Comparison

cohort PV cohort

PV Comparison

cohort CML cohort

CML

Comparison

cohort

N (%) N (%) N (%) N (%) N (%) N (%)

Sex

Female 1182 63�4 49 978 61�8 1884 42�6 80 747 40�8 550 41�9 24 576 40�9
Male 682 36�6 30 843 38�2 2534 57�4 117 380 59�2 763 58�1 35 450 59�1

Age

20–49 years 387 20�8 18 714 23�2 651 14�7 31 770 16�0 380 28�9 18 354 30�6
50–69 years 800 42�9 36 456 45�1 2081 47�1 97 443 49�2 578 44�0 27 075 45�1
70 + years 677 36�3 25 651 31�7 1686 38�2 68 914 34�8 355 27�0 14 597 24�3

Year of diagnosis

1980–1990 22 1�2 1048 1�3 1473 33�3 68 867 34�8 356 27�1 16 802 28�0
1990–2000 575 30�8 25 779 31�9 1498 33�9 67 285 34�0 436 33�2 20 136 33�5
2000–2010 1267 68�0 53 994 66�8 1447 32�8 61 975 31�3 521 39�7 23 088 38�5

Comorbidity score based on CCI

CCI 0 1066 57�2 61 238 75�8 2690 60�9 156 657 79�1 877 66�8 49 139 81�9
CCI 1 428 23�0 9746 12�1 944 21�4 21 925 11�1 136 10�4 5785 9�6
CCI 2 or 3 308 16�5 8312 10�3 639 14�5 16 877 8�5 249 19�0 4394 7�3
CCI 4+ 62 3�3 1525 1�9 145 3�3 2668 1�3 51 3�9 708 1�2

Alcohol-related diagnoses

No 1786 95�8 79 262 98�1 4282 96�9 194 756 98�3 1282 97�6 58 896 98�1
Yes 78 4�2 1559 1�9 136 3�1 3371 1�7 31 2�4 1130 1�9

ET, essential thrombocythaemia; PV, polycythaemia vera; CML, chronic myeloid leukaemia; CCI, Charlson Comorbidity Index.
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consistently above that of the general population, however,

fracture risks were comparable between ET patients and their

comparison cohort during the first 3–4 years of follow-up.

Crude and adjusted HRs for the different fracture types

(proximal femur, distal antebrachium and humerus) are

shown in Table III. Both fracture rates and HR estimates

revealed a stepwise increasing pattern, from ET to PV, to

CML. The adjusted HR for femoral fractures was 1�19 (95%

CI: 0�94–1�51) among ET patients, 1�82 (95%CI: 1�62–2�04)
among PV patients and 2�67 (95%CI: 1�97–3�62) among

CML patients. The adjusted HR was above unity for fractures

of the femur in PV and CML patients, and for fractures of

the distal antebrachium and humerus among PV patients

(Table III). In the CML cohort the risks of fractures at other

anatomical sites than femur were estimated with low preci-

sion due to the rarity of both CML and fractures.

Subgroup analyses are shown in Fig 4. Stratification of the

PV cohort according to absence versus presence of a previous

or a current COPD diagnosis resulted in similar elevated

femoral fracture rates at: 9�8 (95% CI: 8�6–10�9) for PV

patients without COPD (n = 3954 patients) and 11�7 (95%

CI: 7�5–16�8) for PV patients with COPD (n = 464 patients).

Likewise, the corresponding adjusted HRs were: HRCOPD� =
1�78 (95% CI: 1�58–2�00) compared to HRCOPD+ = 1�52

Table II. Proximal femur fracture rates and risk among patients with ET, PV and CML and their general matched comparison cohorts,

1980–2011.

Cohort N

Proximal

femur

fractures (N) PYR

Proximal femur

fracture rate per

1000 PYRs (95% CI)

1-year fracture

risk [% (95% CI)]

5-year fracture

risk [% (95% CI)]

10-year fracture

risk [% (95% CI)]

ET patients 1864 73 10 989 6�6 (5�2–8�3) 0�40 (0�19–0�83) 3�01 (2�20–4�10) 6�96 (5�33–9�07)
ET comparison 80 821 2938 559 203 5�3 (5�1–5�4) 0�42 (0�38–0�47) 2�46 (2�34–2�58) 5�17 (4�96–5�39)
PV patients 4418 307 31 078 9�9 (8�8–11�0) 0�86 (0�62–1�19) 4�74 (4�06–5�52) 9�28 (8�15–10�60)
PV comparison 198 127 12 574 2 030 324 6�2 (6�1–6�3) 0�46 (0�43–0�49) 2�46 (2�38–2�53) 5�42 (5�30–5�54)
CML patients 1313 46 5622 8�2 (6�0–10�7) 1�19 (0�71–2�01) 4�64 (3�29–6�53) 7�00 (5�00–9�75)
CML comparison 60 026 2787 628 901 4�4 (4�3–4�6) 0�31 (0�27–0�36) 1�69 (1�59–1�81) 3�90 (3�71–4�09)

ET, essential thrombocythaemia; PV, polycythaemia vera; CML, chronic myeloid leukaemia; PYR, person-years; 95% CI, 95% confidence interval.
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Fig 1. The cumulative risk of femoral fractures among essential

thrombocythaemia (ET) patients and their comparison cohort.
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Fig 2. The cumulative risk of femoral fractures among polycytha-

emia vera (PV) patients and their comparison cohort.
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Fig 3. The cumulative risk of femoral fractures among chronic mye-

loid leuakaemia (CML) patients and their comparison cohort.
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(95% CI: 1�0–2�31). Test of heterogeneity showed high

P-value (P = 0�49) suggesting significant heterogeneity does

not exist.

Stratification of the CML cohort according to whether the

diagnosis was made before the year 2000 (introduction of

tyrosine kinase inhibitor [TKI] treatment) or later did not

Table III. Hazard ratios for fractures among patients with ET, PV and CML compared to the general population.

Parameter ET patients PV patients CML patients

Person-years 1980–2011 (n) 10 989 31 078 5622

Proximal femur fracture

Proximal femur fractures (n) 73 307 46

HR femur, crude (95% CI) 1�27 (1�00–1�60) 1�92 (1�71–2�16) 2�85 (2�10–3�85)
HR femur, adjusted* (95% CI) 1�19 (0�94–1�51) 1�82 (1�62–2�04) 2�67 (1�97–3�62)
Comorbidity Index: 1 vs. 0 (95% CI) 1�32 (1�19–1�51) 1�40 (1�32–1�48) 1�60 (1�42–1�81)
Comorbidity Index: 2, 3 vs. 0 (95% CI) 1�56 (1�40–1�73) 1�48 (1�39–1�58) 1�35 (1�17–1�56)
Comorbidity Index: 4+ vs. 0 (95% CI) 2�09 (1�67–2�61) 1�98 (1�68–2�33) 2�53 (1�83–3�48)
Alcohol-related diseases (95% CI) 2�62 (2�03–3�37) 2�93 (2�53–3�38) 3�18 (2�39–4�23)

Person-years 1995–2011 (n) 8821 12 286 3199

Distal antebrachium fracture

Distal antebrachium fractures (n) 53 70 7

HR distal antebrachium, crude (95% CI) 1�17 (0�89–1�54) 1�32 (1�04–1�68) 0�76 (0�36–1�61)
HR distal antebrachium, adjusted* (95% CI) 1�14 (0�87–1�51) 1�31 (1�03–1�66) 0�77 (0�36–1�62)
Comorbidity Index: 1 vs. 0 (95% CI) 1�09 (0�95–1�25) 1�01 (0�90–1�14) 0�86 (0�66–1�12)
Comorbidity Index: 2, 3 vs. 0 (95% CI) 1�14 (0�99–1�31) 1�07 (0�94–1�21) 0�98 (0�75–1�29)
Comorbidity Index: 4+ vs. 0 (95% CI) 1�28 (0�90–1�82) 1�23 (0�90–1�69) 0�45 (0�17–1�23)
Alcohol-related diseases (95% CI) 1�96 (1�46–2�64) 1�53 (1�14–2�04) 2�93 (1�96–4�39)

Person-years 1995–2011 (n) 8821 12 286 3199

Humerus fractures

Humerus fractures (n) 25 42 5

HR humerus, crude (95% CI) 1�11 (0�74–1�65) 1�41 (1�03–1�92) 0�95 (0�39–2�32)
HR humerus, adjusted* (95% CI) 1�05 (0�71–1�57) 1�33 (0�97–1�81) 0�92 (0�38–2�23)
Comorbidity index: 1 vs. 0 (95% CI) 1�06 (0�88–1�29) 1�31 (1�14–1�52) 1�01 (0�73–1�39)
Comorbidity Index: 2, 3 vs. 0 (95% CI) 1�53 (1�29–1�83) 1�10 (0�93–1�30) 1�25 (0�91–1�73)
Comorbidity Index: 4+ vs. 0 (95% CI) 1�12 (0�68–1�84) 1�72 (1�21–2�44) 1�20 (0�52–2�78)
Alcohol-related diseases (95% CI) 3�08 (2�19–4�35) 2�50 (1�86–3�35) 4�93 (3�21–7�59)

ET, essential thrombocythaemia; PV, polycythaemia vera; CML, chronic myeloid leukaemia; HR, hazard ratio; 95% CI, 95% confidence interval.

*Adjusted for comorbidity and alcohol-related diagnoses.

Fig 4. Forest plot illustrating the results for

polycythaemia vera patients with or without

chronic obstructive pulmonary disorder

(COPD) and chronic myeloid leukaemia

patients before and after tyrosine kinase

inhibitor (TKI) treatment. Hazard ratios are

indicated by diamonds, with the associated

confidence intervals represented by horizontal

lines.
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show any difference between the two groups and the femur

fracture rate was elevated 2�7-fold for both groups

(HRTKI� = 2�68 (95% CI: 1�85–3�88); HRTKI+ = 2�69(95%
CI: 1�58–4�57). v2–test was non-significant (P = 0�89).

The impact of comorbidity and alcohol-related diagnoses

on the fracture rates are reported in Table III. In general,

comorbidity and alcohol-related diagnoses increased the risk

of fractures, as expected. However, crude HRs and adjusted

HRs were almost identical, indicating that the more frequent

comorbidity among CMPN patients does not explain the

increased fracture risks.

Discussion

In this nationwide population-based study with a long and

complete follow-up, we found an increased risk of osteopo-

rotic fracture types in CMPN patients compared with the

general population. The HR estimates revealed a stepwise

increasing pattern, from ET to PV to CML. The cumulative

risk of fractures showed a clear separation between CMPN

patients and the general population that increased with time.

Furthermore, the increased fracture risks were present at

several anatomical site.

To the best of our knowledge no previous study has

reported on the risk of fractures among patients with ET,

PV, or CML.

The pathogenesis behind the increased fracture rates

among CMPN patients is unknown and may be influenced

both by the disease and treatment. Medical treatment for

CMPN patients includes hydroxycarbamide, anagrelide, or

interferon-alpha 2b (IFN). Treatment with IFN in SM

patients inhibits proliferation of mast cells in the bone mar-

row and correlates with an increase in BMD. (Lehmann et al,

1996; Weide et al, 1996) In general, glucocorticoid treatment

is an important risk factor of osteoporosis (Poole & Comp-

ston, 2006) and glucocorticoid may be used as a symptom-

directed therapy in mastocytosis and therefore contribute to

the risk of osteoporosis among these CMPN patients.

(Pardanani, 2012) However, it is important to underline that

glucocorticoids are not standard treatment for ET, PV or

CML.

TKIs were introduced in year 2000 and virtually all CML

patients in Denmark have been treated with TKI since.

(Hochhaus et al, 2009) CML was previously an aggressive

malignant disease with high mortality that has become a

chronic condition with complete remission and a much

longer life expectancy when treated with TKI. (Kantarjian

et al, 2003; Bjorkholm et al, 2011) In vitro studies have

shown an inhibitory effect of the TKI imatinib on osteoclast

activity and proliferation of mesenchymal stem cells, and

CML patients treated with imatinib have changes in bone

turnover markers. (Berman et al, 2006) Nevertheless, clinical

observations with prospective data from imatinib-treated

CML patients indicated that bone mineral density (BMD)

was stable over a 4-year observation period. (O’Sullivan et al,

2011, 2013; Jonsson et al, 2012) In line with these studies,

the fracture rates were similarly elevated before and after the

universal introduction of imatinib treatment for our CML

cohort.

Administrative registers enable the study of a large popu-

lation with long and complete follow-up, limiting selection

bias. Despite this, our study has some limitations. The

increased incidence of fractures does not provide direct evi-

dence for secondary osteoporosis because we lacked informa-

tion on specific risk factors for fractures, such as fall

episodes, smoking and alcohol use. However, the potential

influence of smoking and alcohol use was assessed indirectly

through their associated diagnoses. Comorbidity including

alcohol-related diagnoses was slightly more prevalent among

CMPN patients than in the background population. Given

that comorbid diagnoses themselves may increase the risk of

osteoporosis and fractures either directly or through inac-

tivity, this may influence our risk estimates. However, our

fracture risk estimates were only modified slightly when com-

orbidity was taken into account, indicating that comorbidity

cannot explain the observed increased fracture risk among

CMPN patients.

In view of the fact that our ET, PV, and CML patients

were identified through ICD diagnostic codes we cannot rule

out that patients with reactive thrombocytosis or secondary

polycythaemia were erroneously included in our study.

This group may include heavy smokers, which again have

an increased risk of osteoporosis and this might inflate the

risk of fractures. To study this issue we stratified the analyses

according to whether a previous or a current COPD diagno-

sis had been made and found that PV patients with or with-

out COPD had similarly elevated fracture risks. Furthermore,

we also found increased fracture risks among CML patients,

for whom diagnostic misclassification is unlikely due to the

presence of the Philadelphia chromosome. Some of the ET

patients might have early stage myelofibrosis (MF), a more

aggressive CMPN. (Barbui et al, 2011) The impact of this on

our results is not clear.

Not all fracture types, such as fractures of the ribs or ver-

tebrae, invariably lead to contact to the health care system

and some fracture rates in our study might therefore be

underestimated. Fractures of vertebrae, ribs and pelvis were

included in preliminary analyses but were subsequently omit-

ted because the number of these fractures was too low for

analyses (data not shown). It seems unlikely that the rates of

diagnosis of these fracture types among CMPN patients differ

substantially from the general population.

In conclusion our data showed an increased risk of osteo-

porotic fractures in ET, PV and CML patients compared

with the general population. The underlying mechanism has

not been clarified. Of note, the increased fracture rate was

also present in bones that usually do not contain red bone

marrow, such as distal antebrachium.
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Appendix 1
International Classification of Diseases (ICD) codes ICD-8 and ICD-10.

ICD-8 ICD-10

Essential thrombocythaemia 287.29 D473 or D752

Polycythaemia vera 208.99 D459

Chronic myeloid leukaemia 205.19 C921

Fracture of the proximal femur 82000–82009, 82109–82199 S720–S729

Fracture of humerus 81200, 81201, 81202, 81208, 81209, 81219, 81220,

81221, 81222, 81228, 81229, 81299

S422, S423, S424

Fracture of distal antebrachium 81320–81329 S525–S526

Fracture of vertebrae, ribs and pelvis 80509–80511, 80519, 80808, 80809 S120–S129, S220, S221, S320–S328

Alcohol-related diagnoses 29119, 29129, 29139, 29199, 30309, 30319, 30320,

30328, 30329, 30390, 30399, 571.09, 571.92,

571.99, 571.90, 571.91, 571.10, 30391

P043, F10, T51, Z71.4, Z72.1, X65, E51.2, K70,

K29.2, K76.0, K86.0, G62.1, G72.1, G31.2,

G40.5B, G72.1, I42.6, K74.3, K74.4, K74.5,

K74.6, E24.4, E52.9A, O35.4.

Chronic obstructive pulmonary disorder 490–492 J40–J44

610 ª 2013 John Wiley & Sons Ltd
British Journal of Haematology, 2013, 163, 603–610
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micro-structure between MF patients and matched controls. 
Estimated bone stiffness and bone strength were similar 
between MF patients and controls. The level of pro-colla-
gen type 1 N-terminal pro-peptide (P1NP) was significantly 
increased in MF, which may indicate extensive collagen 
synthesis, one of the major diagnostic criteria in MF. We 
conclude that bone mineral density, geometry, and micro-
architecture in this cohort of MF patients are comparable 
with those in healthy individuals.

Keywords Myelofibrosis · Bone structure · Bone 
geometry · Bone mineral density · Osteosclerosis · Bone 
turnover

Introduction

Primary myelofibrosis (MF) is one of the classical Phila-
delphia chromosome-negative chronic myeloproliferative 
neoplasms (CMPN) also including essential thrombo-
cythemia (ET), polycythaemia vera (PV), and others [1]. 
With time a progression across the biological CMPN con-
tinuum from ET and PV to secondary myelofibrosis may 
evolve. Some patients undergo the full spectrum with the 
initial proliferative stage that gradually diminishes due to 
the increasing fibrosis eventually resulting in a burn-out 
terminal stage with bone marrow failure [2, 3]. Accord-
ingly, manifestations of extra-medullar hematopoiesis 
arise, spleen size increases, and constitutional symptoms 
may compromise quality of life [4, 5]. As the name mye-
lofibrosis refers, increasing reticulin or collagen fibres are 
discriminating features of the bone marrow [2]. Along 
with this, osteosclerotic changes appear in the bone tis-
sue as a result of the growing increase and thickening of 
bone trabeculae thickness and focal osteosclerotic changes 

Abstract Primary myelofibrosis (MF) is a severe chronic 
myeloproliferative neoplasm, progressing towards a ter-
minal stage with insufficient haematopoiesis and osteo-
sclerotic manifestations. Whilst densitometry studies have 
showed MF patients to have elevated bone mineral den-
sity, data on bone geometry and micro-structure assessed 
with non-invasive methods are lacking. We measured areal 
bone mineral density (aBMD) using dual-energy X-ray 
absorptiometry (DXA). Bone geometry, volumetric BMD, 
and micro-architecture were measured using high-resolu-
tion peripheral quantitative computed tomography (HR-
pQCT). We compared the structural parameters of bones 
by comparing 18 patients with MF and healthy controls 
matched for age, sex, and height. Blood was analysed for 
biochemical markers of bone turnover in patients with MF. 
There were no significant differences in measurements 
of bone geometry, volumetric bone mineral density, and 
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with osteoid seams and appositional new bone forma-
tion in budding plaques [6]. Bone density assessed using 
dual-energy X-ray absorptiometry (DXA) in MF patients 
has been found to be higher than the background popula-
tion [7, 8]. Histomorphometric measurements in a cohort 
of 75 CMPN patients have showed that MF patients have 
significantly more bone tissue compared with other CMPN 
type patients, and a positive correlation between the 
amount of bone and the degree of fibrosis [9]. Radiologi-
cal abnormalities visualized by conventional X-ray such as 
endosteal osteosclerosis have been reported, most common 
in the axial skeleton and the methaphyseal ends of the long 
bones [10].

Recently, we were the first to show that patients with 
the classical CMPNs have a higher incidence rate and risk 
of fractures than age- and sex-matched controls from the 
general population [11]. The CMPN patients in our previ-
ous study were defined by their WHO International Clas-
sification of Diseases ICD-8 or ICD-10 diagnosis code. 
Previously, a specific diagnosis code for MF was not com-
prised in the ICD; therefore, this CMPN subtype was not 
included. Also, due to the registry-based nature of the data 
on disease or treatment specific, details were not available 
for the included patients [11].

Osteoporosis is the characterized by low bone mass 
and micro-architectural deterioration [12]. It is well docu-
mented that areal bone mineral density (aBMD) measured 
by dual-energy X-ray absorptiometry (DXA) is an impor-
tant factor in predicting osteoporotic fractures [13]. How-
ever, aBMD is limited by assessing only the bone mass and 
does not capture all fractures [14, 15]. Today it is possible 
to assess micro-architecture by high-resolution peripheral 
quantitative computed tomography (HR-pQCT) with dis-
tal measurements of volumetric BMD and compartmen-
tal architecture at the radius and tibia with a voxel size of 
82 µm [16].

Further, with measurements of biochemical bone turno-
ver markers (BTM), complementary information of bone 
metabolism can be achieved, with information of bone 
formation as well as resorption, reflecting the global bone 
metabolism, in contrast to imaging modalities measuring 
defined focal areas [17].

The absolute fracture risk in MF is unknown, but since 
MPNs are perceived as different phenotypic presenta-
tions of the same disease, the aim of this clinical study is 
to assess bone geometry, bone mineral density, and micro-
architecture in patients with myelofibrosis and indirectly 
assess fracture risk [18]. We report results from bone 
strength and structure investigations amongst 18 patients 
with MF including dual-energy X-ray absorptiometry 
(DXA), and high-resolution peripheral quantitative com-
puted tomography (HR-pQCT). The latter method has not 
been adopted amongst patients with MF previously. We 

also assess bone turnover by measurements of biochemical 
markers in peripheral blood.

Methods

We conducted a cross-sectional study including all patients 
with either a diagnosis of primary myelofibrosis or sec-
ondary myelofibrosis following PV or ET according to 
WHO 2008-criteria from the department of Haematology, 
Odense University Hospital, Denmark covering the period 
2012–2014.

In Denmark, the entire population has a unique and 
permanent 10-digit registry number (the CPR number), 
and each contact with the government-based healthcare 
system is registered by this number in both patient elec-
tronic files as well as the Danish National Registry of 
patients (DNRP) together with their diagnostic code [19]. 
This enables a linkage between specific diagnostic codes 
and individuals, and thereby identification of well-defined 
cohort of patients. The earlier diagnostic coding for MF 
was unspecific in the nomenclature “morbus myelopro-
liferativa chronicus”, and leads to mis-classifications, but 
with the latest classification named “primary or secondary 
myelofibrosis” the diagnostic coding improved. At our the 
clinic, a revision and update to the latest classification of 
all living MF patients have been performed, which allowed 
us to identify a complete group of patients diagnosed with 
myelofibrosis at the department of Haematology, and by 
their CPR number link to their medical files. The files of 
all eligible patients were reviewed to ensure all patients met 
the diagnostic WHO 2008 MF criteria. After review of files 
MF patients were disregarded if they met any of the fol-
lowing exclusion criteria: Dementia, terminal illness, age 
above 80 years (since matching controls were all under 
80 years), pregnancy, Paget’s disease, multiple myeloma, 
hyperparathyroidism, osteomalacia, liver or kidney disease, 
medical treatment with anti-oestrogen drugs, anti-osteo-
porotic drugs or use of glucocorticoids more than 5 mg/day 
for 3 months or more. In all 27 MF eligible patients were 
identified. Of these, 18 were included in the study. Seven 
patients were excluded by pre-defined exclusion criteria 
(one dementia, five aged 80 years or more, and one termi-
nally ill) and two declined participation.

Age-matched controls were identified in a database with 
normative and descriptive data of men and woman from a 
Caucasian population (N = 499) recruited from the general
population of the municipality of Odense [20]. The popu-
lation in this database has participated in previous stud-
ies to generate descriptions of bone structure and strength 
measures amongst the Danish population [20]. Each MF 
patient was matched with respect to age (±2 years), sex,
and height (±5 cm).
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Ethics

All participants were informed both in person by SF and 
written, and informed consent was obtained according to 
the National GCP Guidelines. The study was approved by 
Ethics Committee of Southern Denmark S-20110110 as 
well as the Danish data protecting agency nr. 2008-58-0035.

Diagnosis validation

All patients had previously at least one bone marrow exam-
ination done to meet the diagnostic criteria, and new bone 
marrow biopsies were not requested for this study. For the 
purpose of this study, all previous bone marrow biopsies 
were re-examined by one of the authors (CS) who is an 
experienced haematopathologist. This was done to confirm 
the histopathological MF diagnosis, to validate the clas-
sification of fibrosis grade, as well as the presence vs. the 
absence of osteosclerotic bone marrow changes. Grades 
of bone marrow fibrosis were after pathology review sub-
sequently categorized in two groups: MF grade 1–2 and 
MF grade 3. Janus kinase 2 mutational status (JAK2) was 
known in all patients [21].

Dynamic International Prognostic Scoring System 
(DIPPS Plus score) that incorporates age >65, haemoglobin 
>10 g/L, leucocytes >25 × 109 g/L, circulating blasts >1 %
and constitutional symptoms besides karyotype, platelet 
count, and transfusion status was assessed at all patients at 
the time of the inclusion in the study as a prognostic tool, 
to assess the severity of disease of the patients [22, 23]. 
Patients were stratified into four groups; low risk, interme-
diate 1, intermediate 2 and high risk.

Dual‑energy X‑ray absorptiometry (DXA)

Areal BMD (aBMD) were measured of the lumbar spine 
(L1–L4) and the non-dominant total hip region using DXA 
(Hologic Discovery, Waltham, MA, USA). Coefficient of 
variation (CV) for measurements of total hip and spine in 
our clinic was 1.5 % at each site.

High‑resolution peripheral quantitative computed 
tomography (HR‑pQCT)

Bone geometry, vBMD, micro-architecture, and bone 
strength were assessed using an HR-pQCT system 
(Xtreme CT, Scanco Medical, AG, Brüttisellen, Switzer-
land) at the non-dominant distal radius and distal tibia (the 
opposite limb in the presence of a previous fracture). The 
manufacturer default protocol for in vivo imaging that has 
been described previously [16] was applied, providing a 
9.02-mm axial 3D representation at each anatomical site. 
Each measurement was initiated at 9.5 and 22.5 mm from 

the mid-endplate at the radius and tibia respectively and 
included 110 parallel slices in the axial direction providing 
images with an isotopic image voxel size of 82 µm. The 
following outcome variables were included in our analy-
sis using the manufacturer’s standard software: bone geo-
metrical measures including total, cortical and trabecular 
areas (mm2), volumetric BMD (vBMD) (mg hydroxyapa-
tite/cm3) for the entire (Total vBMD), trabecular (Tb 
vBMD) and cortical regions (Ct vBMD), and trabecular 
micro-architectural parameters including trabecular bone 
volume to tissue volume fraction (Tb BV/TV), trabecular 
number (Tb.N, mm−1), thickness (Tb.Th, mm), separa-
tion (Tb.Sp, mm) and trabecular network inhomogeneity 
(standard deviation of 1/Tb.N, mm). In addition, periosteal 
and endosteal surfaces of the cortex were extracted using a 
specific cortical evaluation software allowing 3D measure-
ment of cortical thickness (periosteal–endosteal distance, 
Ct.Th, mm) and cortical porosity (Ct.Po, %) as previously 
described [24, 25]. Finally, total bone stiffness (N/mm) 
and estimated failure load (kN) were assessed as indices 
of bone strength using a micro-FEA solver provided by 
the manufacturer (Finite Element analysis Software v1.15, 
Scanco Medical, Switzerland) [26, 27].

Image quality was assessed by one of the authors (VS) 
using the 5-step scale with 1 being the best and 5 being the 
worst [28] and images more than grade 3 were excluded 
from the analysis. A maximum of three scans per anatomi-
cal site was allowed to obtain images of optimal quality. In 
our unit, CVs for geometry, density, and micro-architecture 
parameters ranged from 0.4 to 7.2 % [29].

Biochemical analysis

Blood samples were obtained in a fasting state from the MF 
patients. A biochemical screen for conditions or endocrinal 
abnormalities that could influence normal bone homoeo-
stasis was performed including haemoglobin, leucocytes, 
thrombocytes, lactate dehydrogenase (LDH), thyroid-
stimulating hormone (TSH), parathyroid hormone (PTH), 
ionized calcium (Ca2+), phosphate (P), 25-hydroxyvitamin 
D (25-OH-vitamin D), and alkaline phosphatase (BASP). 
These analyses were done at the department of Clinical 
Biochemistry, Odense University Hospital.

We collected blood samples for the purpose of meas-
uring the biochemical bone markers: pro-collagen type 1 
N-terminal pro-peptide (P1NP), osteocalcin (OC), C-termi-
nal cross-linking telopeptide of type 1 collagen (CTX), and 
bone-specific alkaline phosphatase (bALP). Blood samples 
were pipetted into small tubes and frozen to −80 °C and
stored until time for analyses.

P1NP was analysed by manual enzyme-linked immuno-
sorbent assay (ELISA) at Institute of Cancer and Inflam-
mation, University of Southern Denmark [30]. OC was 
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analysed by automated electro-chemiluminescence immu-
noassay (ECLIA) at Unilabs laboratories, Copenhagen; 
bALP was analysed by manual ELISA (MicroVue™ BAP) 
and CTX by automated Roche modular, β-cross Laps/
serum immunoassay, both at department of Clinical Immu-
nology and Biochemistry, Vejle Hospital). Variation of 
analysis and intra-individual biologic variations are speci-
fied from the individual labs, respectively, for P1NP: 5 and 
5 %, for CTX 5 and 18 %, for bALP 7 and 6 % and not 
given for OC.

P1NP levels were compared with samples from depart-
ment of Clinical Immunology, Odense University Hospital 
from 18 healthy blood donors (aged 50–70) who served as 
reference subjects; remaining BTM were compared with 
reference values directed from the respective laboratories.

Statistical analysis

Data are presented as medians with 25–75 % inter-quartile 
range (IQR). Wilcoxon non-parametric rank-sum test was 
used to compare results of imaging modalities between 
MF patients and healthy controls, as well as P1NP levels 
in MF patient and healthy blood donors. Due to the size of 
the data set, data were generally not normally distributed, 
and non-parametric methods were therefore used. STATA 
statistical software release 12.0 was used for the analyses 
[31]. Level of statistical significance was set at a two-sided 
P value <0.05.

Results

Patients

The MF patients included in the study had a median age 
of 68.2 years (IQR 63.8–71.3 years) and with an even dis-
tribution of males and females (Supplementary Table 1). 
Anthropometrics for MF patients and their respective 
control subjects are shown in Supplementary Table 1. MF 
patients and controls were comparable with regard to age, 
height, weight, and BMI. Patients were scanned 1341 
(IQR 868–1877) days after diagnosis, ranging from 123 
to 2608 days. Assessment with DIPPS plus categorized no 
patients as low risk, 4 patients as intermediate-1 (22.2 %), 
11 patients as intermediate-2 (61.1 %), and 3 patients as 
high risk (16.7 %) Table 1.

Bone marrow evaluation

The diagnostic criteria as well as grading of myelofibro-
sis were confirmed in all patients after pathology review. 
JAK2 mutation was present in 12 patients. Nine patients 

were classified as grade MF 1–2 and nine patients as grade 
MF-3 fibrosis in their bone marrow biopsy. Osteosclerosis 
including focal osteosclerosis was observed in three of the 
patients with MF grade 1–2, and eight of the patients with 
MF grade 3.

Comparison of areal bone mineral density (aBMD) 
by DXA

Results of the bone densitometry are shown in Fig. 1. As 
it can be seen aBMD in the hip was highly comparable 
between MF patients and controls, whilst measurements 
in the spine showed a possible increased aBMD of MF 
patients relative to controls, but did not reach statistical sig-
nificance (Fig. 1).

Total spine aBMD was 1.01 g/cm2 (IQR 0.87–1.15  
g/cm2) in MF patients and 0.92 g/cm2 (IQR 0.83–0.99  
g/cm2) in healthy controls, P = 0.08. Total hip aBMD
was 0.95 g/cm2 (IQR 0.86–1.05 g/cm2) in patients com-
pared to 0.89 g/cm2 (IQR 0.79–1.03 g/cm2) in the controls, 
P = 0.35.

Table 1  Biochemical measurements [median (25–75 % IQR)] and 
level of bone formation markers (P1NP, bALP, and osteocalcin) and 
bone resorption marker (CTX) in 18 patients with myelofibrosis

MF patients (N = 18) Reference values

Biochemistry

 Haemoglobin/g/dL 
females

11.6 (10.8–13.0) 11.7–15.3

 Haemoglobin/g/dL males 10.8 (10.1–12.0) 13.4–19.9

 Leucocytes/10E9/L 6.6 (2.9–9.4) 3.5–8.8

 Platelets/10E9/L 275 (223–343) 165–400

 Lactate dehydrogenase/
U/L

379 (212–457) 155–255

 Parathyroid hormone/
pmol/L

7.0 (4.1–8.9) 1.1–6.9

 Thyroid stimulating 
hormone/10E−3 int U/L

2.3 (1.1–2.6) 0.3–4.0

 25-Hydroxyvitamin D/
nmol/L

59 (32–80) 50–160

 Ionized calcium/mmol/L 1.22 (1.18–1.25) 1.19–1.29

 Phosphate/mmol/L 1.4 (1.1–1.3) 0.78–1.58

 Creatine/μmol/L 86 (63–98) 45–90

 Alkaline phosphatase/
U/L

101 (81–102) 35–105

Bone formation markers

 PINP (mg/L) 97 (77–125) 56 (42–68)

 bALP (U/L) 20 (12–23) 12–43

 Osteocalcin (μ/L) 26 (20–31) 14–45

Bone resorption markers

 CTX (μg/L) 0.6 (0.4–0.8) >0.84
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Geometry, vBMD, and micro‑architecture 
by HR‑pQCT

Bone geometry, volumetric BMD, micro-architecture, and 
bone strength were obtained by the HR-pQCT, and data are 
shown in Table 2 for distal radius and in Table 3 for dis-
tal tibia. There were no differences between MF patients 
and healthy controls in any of the measured parameters in 
both radius and tibia. At the tibia, there was a trend towards 
an increase in trabeculae number (P = 0.09) and decrease
in trabeculae thickness (P = 0.14) and trabeculae spac-
ing (P = 0.10) in MF patients in comparison to controls
(Table 3).

Similarly, total bone stiffness and estimated failure load 
were not significantly different between MF patients and 
the healthy controls in either of the skeletal sites examined 
(Tables 2, 3). It was not possible to obtain sufficient image 
quality in two patients at radial site and in one patient at 
tibial site due to motion artefact.

Biochemical analysis

Biochemical measurements amongst MF patients revealed 
decreased haemoglobin and elevated lactate dehydroge-
nase, whilst leucocytes and platelets were within normal 
range (Table 1).
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Fig. 1  Hip- and spine aBMD in MF patients compared with healthy individuals

Table 2  Bone geometry, 
volumetric bone mineral 
density, and micro-architecture 
by HR-pQCT; failure load 
by FEA in patients with 
myelofibrosis (MF) and healthy 
controls in distal radius

Data are presented as median with 25–75 % IQR

MF patents (N = 16) Healthy controls (N = 16) P value

Bone geometry

 Total area (mm2) 357.5 (300.4–438.4) 339.3 (257.3–422.9) 0.76

 Cortical area (mm2) 60.9 (47.2–75.9) 60.1 (43.6–79.6) 0.97

 Trabecular area (mm2) 288.3 (240.1–363.6) 269.1 (201.3–342.3) 0.51

Volumetric bone mineral density

 Total density (mg/cm3) 298.5 (255.6–343.69) 304 (257.5–352.0) 0.85

 Cortical density (mg/cm3) 828.7 (787.4–880.8) 822.3 (772.5–873.5) 0.88

 Trabecular density (mg/cm3) 166.7 (140.3–198.2) 160.5 (121.8–203.0) 0.85

Micro-architecture

 Trabecular (BV/TV (%) 13.9 (17.0–16.5) 13.4 (10.2–16.9) 0.84

 Trabecular number (mm−1) 2.03 (1.82–2.29) 1.90 (1.68–2.27) 0.40

 Trabecular thickness (mm) 0.128 (0.066–0.075) 0.071 (0.060–0.081) 0.65

 Trabecular spacing (mm) 0.453 (0.366–0.475) 0.502 (0.372–0.530) 0.44

 Cortical porosity (%) 3.4 (2.4–3.4) 3.0 (3.3–3.6) 0.86

 Cortical thickness (mm) 0.894 (0.718–1.010) 0.894 (0.661–1.065) 0.83

Bone strength

 Bone stiffness (N/mm) 86,548 (59,060–117,353) 84,632 (71,231–94,599) 0.96

 Estimated failure load (N) 4293 (3675–4814) 4370 (3000–6000) 0.92
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Thyroid-stimulating hormone, ionized calcium, phos-
phate, creatinine, and alkaline phosphatase were within ref-
erence values. PTH was marginally above reference values 
amongst 6 patients and the level of 25-OH-vitamin D was 
below reference values amongst 10 patients.

Levels of biochemical bone turnover markers are listed 
in Table 1. MF patients had significantly higher levels of 
P1NP compared to the reference level (P < 0.001), whilst 
the remaining markers bALP, OC, and CTX were within 
reference values.

Discussion

This study is the first assessing the bone structure with 
HR-pQCT in a small cohort of patients diagnosed with 
myelofibrosis by a direct comparison to a matched group 
of healthy volunteers. Our data revealed no differences 
between patients and healthy volunteers with regard to 
bone geometry, volumetric bone mineral density, and 
micro-structure measured at distal tibia and distal radius. 
Estimated bone stiffness and bone strength were similar 
between MF patients and healthy controls.

DXA BMD

Previous studies of BMD amongst patients with MF have 
been mainly small cross-sectional studies including MF 
patients compared with a matched group from the back-
ground population, with up to nine participants or case 

reports [7, 8]. Diamond et al. [8] reported increased bone 
mass in a series of four MF patients compared to norma-
tive data from the Australian population. Mellibovsky et al. 
[7] showed in a study that hip BMD was above average in 
eight of nine patients with MF when compared with indi-
viduals matched for height and age. The same study also 
observed that MF patients in disease stages one or two had 
lower BMD than those with stage three. Secondary osteo-
porosis and osteolytic lesions are extremely rare findings in 
myelofibrosis, but have been described in case reports [10, 
32, 33].

In our study the areal bone mineral density, estimated 
by DXA, as well as the volumetric bone mineral density 
assessed using HR-pQCT in patients with myelofibro-
sis were comparable with the background population, 
although osteosclerotic manifestations were observed in 
the bone marrow biopsies. Elevated BMD in the spine 
may reflect an artefact from degenerative conditions, as 
seen in the elderly populations [34]. Artefact may also 
partly explain the splenomegaly reported associated with 
elevated BMD at lumbar site [35, 36]. This was found in 
a patient with Gaucher’s disease who also had coexistent 
low hip BMD, possibly reflecting the high glycolipid load 
or secondary calcification of the spleen [35]. Of note Gau-
cher’s disease often results in bone manifestations where 
increased risk of osteoporosis and fractures is a common 
feature [37]. Splenomegaly is an almost universal finding 
in MF and therefore spine BMD may not be as accurate 
as hip BMD in our patient group. In situations with dis-
crepancy between BMD measurements of spine and hip 

Table 3  Bone geometry, 
volumetric bone mineral 
density, and micro-architecture 
by HR-pQCT; failure load 
by FEA in patients with 
myelofibrosis (MF) and healthy 
controls in distal tibia

Data are presented as median with 25–75 % IQR

MF patents (N = 17) Healthy controls (N = 17) P value

Bone geometry

 Total area (mm2) 832.8 (668.7–961.2) 842.7 (716.8–985.2) 0.69

 Cortical area (mm2) 116.5 (92.4–146.0) 118.1 (87.1–151.7) 0.90

 Trabecular area (mm2) 708.8 (568.5–804.4) 715.4 (619.7–838.4) 0.69

Volumetric bone mineral density

 Total density (mg/cm3) 273.8 (236.8–301.9) 270.1 (218.5–305.1) 0.82

 Cortical density (mg/cm3) 821.0 (795.3–854.2) 789.3 (769.1–831.5) 0.21

 Trabecular density (mg/cm3) 175.1 (156.2–201.5) 170.7 (145.3–185.1) 0.82

Micro-architecture

 Trabecular (BV/TV (%) 14.6 (13.0–16.8) 14.2 (12.1–15.4) 0.81

 Trabecular number (mm−1) 0.09

 Trabecular thickness (mm) 0.14

 Trabecular spacing (mm) 0.10

 Cortical porosity (%) 0.21

 Cortical thickness (mm)

2.16 (1.86–2.34) 
0.069 (0.063–0.075) 
0.418 (0.362–0.458) 
6.9 (5.0–8.1) 
1.115 (1.009–1.243)

1.90 (1.75–2.06) 
0.075 (0.068–0.087) 
0.461 (0.398–0.495) 
8.5 (5.4–11.9) 
1.142 (0.955–1.328) 0.76

Bone strength

 Bone stiffness (N/mm) 221,110 (177,429–251,559) 217,939 (149,006–254,118) 0.89

 Estimated failure load (N) 11265 (8903–13,065) 10,995 (7773–12,689) 1.00
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in MF patients, an artefact from splenomegaly must be 
considered.

CMPNs and bone pathophysiology

Patients with systemic mastocytosis (SM), another rare 
chronic myeloproliferative neoplasm has decreased bone 
mass and increased risk of osteoporosis [38]. Conversely, 
osteosclerotic changes amongst patients with SM have also 
been described. In spite of this, these CMPN type patients 
were reported to have increased bone mass with increased 
trabecular volume, increased cortical thickness and narrow-
ing of marrow spaces, and osteosclerosis and this was asso-
ciated with a poorer disease outcome [38–40]. The patho-
genesis of the affected bone metabolism in SM is unknown. 
The neoplastic mast cell has been suggested to be involved 
as well as inflammatory mediators such as IL-6 may con-
tribute to the bone pathophysiology [41, 42]. The mast cell 
and its mediator histamine do not play an important role in 
the classical CMPNs. A common feature between SM and 
the classical CMPNs may however be the chronic inflam-
mation of the bone marrow which again may affect bone 
metabolism. Elevation of IL-6 is also found amongst the 
classic CMPN patients [43, 44]. Possibly, chronic inflam-
mation may cause a bone loss in CMPN leading to an 
increased risk of fractures but the loss may be masked by 
an elevation of BMD which is caused by osteosclerosis. Of 
note, glucocorticoids may be used as a symptom-directed 
therapy in SM, whereas treatment of the classical CMPN 
patients does not include corticosteroids or other agents 
known to affect bone metabolism [45].

Bone remodelling and bone turnover markers

Bone turnover in our study was assessed with biochemical 
markers, reflecting the global bone status, as recommended 
by International Osteoporosis Foundation and International 
Federation of Clinical Chemistry and Laboratory Medicine 
in clinical studies [46]. BTM in MF patients have been 
investigated in several studies [7, 8, 47, 48]. In the study by 
Mellibovsky et al. [7] osteocalcin was within normal range 
in the MF patients, consistent with our results. Diamond 
et al. [8] found elevated markers of bone formation; alka-
line phosphatase and bone gla-protein as well as elevated 
markers of bone resorption; carboxy telepeptidase (ICTP); 
and deoxypyridinoline in their case report of 4 MF patients. 
P1NP is a direct marker for collagen synthesis, and there-
fore used as a proxy marker of bone formation in clinical 
studies. However, this marker is likely to also reflect the 
neoplastic driven bone marrow fibrosis in MF. Patients with 
myelofibrosis have excess collagen type I and type III fibres 
in the bone marrow [2, 49] which may explain the signifi-
cant elevation of P1NP in our study. Studies have shown 

that pro-collagen III peptide (P3NP)—a marker of collagen 
3 syntheses—is elevated in CMPN patients compared with 
controls, and that the level is highest in MF patients. Also 
P3NP increases with the degree of reticulin fibrosis, and 
thus correlates with disease activity in patients with CMPN 
[47, 48]. Furthermore, a marker of collagen degradation, 
carboxy-terminal telopeptide of type I collagen (S-ICTP), 
is significantly higher in MF patients compared with con-
trols [48].

Limitations

An overlap exists within the different CMPN entities in 
ICD-10 and diagnostic misclassification can occur [50]. In 
this study, all MF diagnoses were re-evaluated by review of 
both the medical files and the bone marrow biopsies. Since 
the bone marrow biopsies were not performed at the time of 
the scanning, some patients may have progressed in fibrosis 
grade or developed osteosclerosis since the last bone mar-
row biopsy. A possible explanation for the lack of differ-
ences may be that the peripheral scanning measurements 
are underestimating the actual new bone formation and the 
biomechanical properties in the central skeleton, including 
the location of haematopoietic tissue, even though it has 
been shown in healthy individuals that distal measurements 
by HR-pQCT of radius and tibia are associated with bone 
density, micro-structural, and mechanical properties of the 
central skeleton [51]. However, at the present time the high 
resolution of the HR-pQCT cannot be obtained when meas-
uring central anatomical locations.

Previous, associations between fracture risk and esti-
mated failure load have been demonstrated [52]. In the 
perspective of increased fracture risk found amongst other 
types of CMPN patients, none of the structural parameters 
in this study are indicating an increased risk of fractures in 
MF patients [11]. The reason for this potential discrepancy 
is unknown, but since MF is a rare disease with an inci-
dence ranging from 0.1 to 1.0 per 100,000 person years and 
a median survival of 6.6 years [53–55], we may have had 
inadequate statistical power to detect differences between 
groups. Figure 1 shows a possible increased aBMD in the 
spine of MF patients relative to control. Given the modest 
number of patients included, it is possible that aBMD are 
higher in MF patients, and that this could have been dem-
onstrated in a larger patient population. The distribution of 
the patients in DIPSS plus categories did not allow com-
parison of aBMD or other measures across categories.

Perspectives and conclusion

A collaborative study is to be considered in the future to 
achieve a larger patient cohort, but is restricted by the avail-
ability of HR-pQCT scans at present. In a cross-sectional 
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study design, the structural changes expected along with 
progression of the MF are not evaluated. Mellibovsky et al. 
[7] suggest that the coupling between progression of MF 
and BMD could constitute a non-invasive method for fol-
low-up of MF. Ultimately, non-invasive bone assessment 
in addition with biochemical markers of fibrosis may prove 
to be a way of monitoring disease and treatment response 
amongst patients with MF in the future to minimize the 
number of invasive bone marrow biopsies.

In summary, data from HR-pQCT in a cohort of 18 
patients with myelofibrosis regarding bone geometry, bone 
mineral density, and micro-architecture were comparable 
with the background population, despite manifestations 
of osteosclerosis observed in bone marrow biopsies of the 
patients. P1NP were significant elevated and may be a 
marker of formation of fibrosis to include in further studies.
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Supplements 

Table 1. Anthropometrics of patients with myelofibrosis (MF) and healthy controls. 
Numbers are median values with 25-75 % IQR if not otherwise stated.  

MF patients Control Subjects 

Number of patients 18 18 

Females (n) 9 9 

Males (n) 9 9 

Anthropometrics 

Age/years 68.1 (63.2-71.5) 

Height/cm 171.5 (163.6-175.8) 

Weight/kg 72.9 (63.5-84.0) 

Body mass index/kg/m2 

68.2 (63.8-71.3) 

172.4 (164.4-176.0) 

72.4 (62.5-83.0) 

24.2 (22.1-26.8) 24.6 (23.0-26.8) 

DIPPS Plus risk 

Low 0 

Intermediate-1 4 (22.2 %) 

Intermediate-2 11 (61.1 %) 

High 3 (16.7 %) 
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Abstract 

Introduction: Essential thrombocythemia (ET) and polycythaemia vera (PV) are clonal hematopoietic diseases with an 

overproduction of mature blood cells. Patients with chronic myeloproliferative neoplasms in general are at increased 

risk of osteoporotic fractures but the underlying mechanisms have not been settled. We conducted a study to assess 

bone mineral density, microarchitecture, estimated bone strength and global bone turnover in patients with ET or PV.  

Methods: Patients were evaluated in a cross-sectional study with dual energy X-ray absorptiometry (DXA) at the hip 

and spine; high resolution peripheral quantitative computed tomography (HR-pQCT) at the distal radius and distal tibia; 

and biochemical markers of bone turnover including pro-collagen type 1 N-terminal pro-peptide, osteocalcin, C-

terminal cross-linking telopeptide of type 1 collagen and bone specific alkaline phosphatase. Also 45 healthy 

individuals, matched on age, -height and weight with each patient were included as control subjects.  

Results: All measurements were comparable with the reference group regarding to both DXA and HR-pQCT.  Levels of 

bone turnover markers were within reference values.  

Conclusion: These results reveal no evidence of secondary osteoporosis among patients with ET or PV. The 

pathogenesis of the increased fracture risk in ET or PV patients remains unknown.  

Keywords: Chronic myeloproliferative neoplasms, essential thrombocythemia, polycythemia vera, bone mineral 

density, microarchitecture 
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Introduction 

Essential thrombocythemia (ET) and polycythemia vera (PV) belongs to the group of Philadelphia-chromosome 

negative chronic myeloproliferative neoplasms (MPN). Patients with MPN are burdened with considerable comorbidity 

[1-3]. Thrombosis and hemorrhagic complications are the major complications, and may lead to early death in untreated 

patients [4, 5]. Symptoms include fatigue, loss of appetite, pruritus and night sweats, which significantly affects quality 

of life [6]. Patients also have a lifelong risk of progression to myelofibrosis (MF), acute leukaemia as well as non-

haematological cancers [5, 7]. In contrast to these severe complications, modern management of MPN may lead to a 

prolonged life expectancy, but long term survival rates are still inferior to the general population [8, 9].  All MPNs are 

clonal disorders with an initial mutation in the pluripotent stem cell resulting in an excessive myeloproliferation of 

functional mature cells [10]. It is currently unsolved how chronic inflammation may contribute to the development of 

MPN [2, 11, 12]. Both disease progression per se and the complications of MPN have been suggested to be caused by 

chronic inflammation and it is conceivable that this process could lead also to osteoporosis [2, 11, 13, 14]. 

Recently, in a registry based study we showed that patients with the classical MPNs have increased rates and risks of 

fractures at several anatomical sites compared to the general population [1]. Studies investigating the pathophysiology 

behind this finding are however few, and the pathogenesis is still unknown [1, 15, 16]. 

Osteoporosis is characterized by low bone mass and microarchitectural bone deterioration, leading to an increased 

fracture risk [17]. Osteoporotic fractures and hip fractures in particular, are associated with substantial morbidity and 

mortality [18, 19].  

The relationship between bone mineral density (BMD) and fracture incidence has been demonstrated in large 

prospective studies and DXA has become the clinical gold standard to measure BMD and diagnose osteoporosis [20-

25]. Half of all fractures occur, however in patients with a BMD level (T-score) above the definition of osteoporosis 

[20, 26], which reflects the limited discriminatory ability of DXA. Newer imaging techniques such as high resolution 

peripheral quantitative computed tomography (HR-pQCT) allows detailed information on other aspects of bone that are 

also important for bone strength such as cortical and trabecular bone geometry and microarchitecture. Images are 

obtained at the ultra-distal radius and tibia with an isotopic image voxel size of 82 µm and post-acquisition image 

analyses also allow estimation of bone strength using finite element analysis (FE). In vitro studies have shown that such 

estimates are more closely correlated to bone strength than BMD and in clinical cross-sectional studies individuals with 



 

prior fracture have deterioration in bone microarchitecture and lower bone strength estimates compared to their peers 

without fracture [27, 28].  

Biochemical markers of bone turnover assess the global bone turnover and are not restricted to fixed anatomical points 

like imaging techniques. Levels of markers of bone formation and bone resorption reflect the current status of bone 

remodeling. 

In this study we aim to evaluate areal BMD in patients with ET and PV using DXA, bone geometry, volumetric BMD, 

microarchitecture and estimated bone strength using HR-pQCT, and bone remodelling by biochemical bone turnover 

markers.  
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Methods 

Patients with ET or PV 

A total of 45 patients with ET or PV were recruited from the Department of Hematology, Odense University Hospital, 

Denmark during the period 2012-2014.  

All Danish citizens are given a unique and permanent 10 digit id-number (CPR) at birth, at which all administrative 

registers are based [29].  The Danish health care system provides free-of-charge services to all Danes and each health 

care contact is coded using the WHO ICD-10 diagnosis codes and the CPR-number. This allowed us to draw a complete 

list of all patients with PV or ET currently at follow-up in our department. We identified all eligible patients aged 20 to 

70 years and reviewed their medical files. Patients could be included if they fulfilled the diagnostic criteria for ET or PV 

to the WHO International Classification of Diseases, 10th revision 2008-criteria [30]. During review of medical files 

we excluded patients who fulfilled any of the following pre-defined criteria: Already diagnosed coexisting osteoporosis 

or other bone diseases, multiple myeloma, liver or kidney disease, or patients who were taking anti-osteoporotic drugs 

or glucocorticoids for any indication equalling an oral prednisolone dose of 5 mg daily or more for at least 3 months. 

We also retrieved information regarding medical treatment as well as disease specific symptoms from the medical 

records. 

Controls 

A total of 45 controls subjects were included from a cohort of 499 Caucasian women and men participating in a 

separate study aiming at establishing HR-pQCT reference data in the adult Danish population [31]. In this cohort 

subjects with known metabolic bone disease (osteoporosis was allowed), endocrine or other disease with effects on 

bone, liver or kidney disease or those on medications know to affect bone (current or previous anti-osteoporotic 

treatment or glucocorticoid treatment with a dose equivalent to more than 5 mg prednisolone daily for more than three 

months) were excluded . Each MPN patient was matched with a control subject from this cohort based on sex, age (± 3 

year), weight (±10 kg) and height (±10 cm).  

Ethics 

All participants were provided with written information of the study and were also informed in person. Informed 

consent was obtained according to the national good clinical practice guidelines. The study was approved by Ethics 



Committee of Southern Denmark (file no. S-20110110) and by the Danish data protecting agency (file no. 2008-58-

0035). 

Pathology diagnosis validation 

In order to validate the MPN diagnoses based on the histopathological features, bone marrow biopsies of each patient 

were re-examined by one the authors (CS) who is an experienced senior hematopathologist. Diagnostic bone marrow 

biopsies were available for validation in all patients, and new bone marrow biopsies were not requested for this study.  

Dual-energy X-ray absorptiometry  

Areal BMD (aBMD) were measured of the lumbar spine (L1–L4) and the non-dominant total hip region using DXA 

(Hologic Discovery, Waltham, MA, USA). The coefficient of variation (CV) for measurements of total hip and spine in 

our clinic are 1.5% at each site.  

High Resolution peripheral Quantitative Computerised Tomography 

Volumetric BMD (vBMD), bone geometry and microarchitecture were assessed at the non-dominant distal radius and 

distal tibia using HR-pQCT system (Xtreme CT, Scanco Medical, AG, Brüttisellen, Switzerland).  The manufactures 

default protocol for in vivo imaging was applied and CT measurements were initiated from 9.5 and 22.5 mm from the 

mid-endplate at the radius and tibia respectively, providing a 9.02 mm axial 3D representation at each anatomical site 

with 110 parallel slices in the axial direction providing images with an isotopic image voxel size of 82 µm [27]. Image 

quality was assessed by one of the authors (VS) with expertise in HR-pQCT using the 5-step rating scale with 1 being 

the best and 5 being the worst quality [32]. Images rated grade 4 or more were excluded from the analysis. A maximum 

of three scans per anatomical site was allowed to obtain images of optimal quality. 

The following outcome variables were included in our analysis using the manufacturer’s standard software: Bone 

geometry including total, cortical and trabecular areas (mm2); volumetric BMD (vBMD) (mg hydroxyapatite/cm3) 

including total, cortical and trabecular bone mineral density regions and microarchitectural parameters including 

trabecular bone volume to tissue volume fraction (BV/TV %), trabecular number (mm−1), trabecular thickness (mm) 

and trabecular spacing (mm). Periostal and endostal surfaces of the cortex were extracted using a specific cortical 

evaluation software allowing three-dimensional (3D) measurement of cortical thickness (periosteal-endostal distance, 
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mm) and cortical porosity (%) as described by others [33, 34]. Total bone stiffness (N/mm) and estimated failure load 

(N) were assessed as indices of bone strength using a micro-FEA solver provided by the manufacturer (Finite Element 

analysis Software v1.15, Scanco Medical, Switzerland) [35, 36]. 

In our unit CV for measurements of the radius and tibia range from 0.4-7.2 % [37]. 

Biochemical analysis  

At the time of inclusion we collected blood samples from patients in the fasting state for analysis of biochemical bone 

markers: Pro-collagen type 1 N-terminal pro-peptide (P1NP), osteocalcin (OC), C-terminal cross-linking telopeptide of 

type 1 collagen (CTX) and bone specific alkaline phosphatase (bALP). Blood samples were pipetted into small tubes 

and frozen to -80 C and stored until time for analysis.   

Intact P1NP was analysed by automated immuno assay IDS-iSYS at Department of Clinical biochemistry, Glostrup 

Hospital, Denmark; OC was analysed by automated electro-chemiluminescence immunoassay (ECLIA) at Unilabs 

laboratories, Copenhagen; bALP was analysed by manual ELISA (MicroVueTMBAP) and CTX by automated Roche 

modular, β-cross Laps/serum immunoassay, both of these were analysed at Department of Clinical Immunology and 

Biochemistry, Vejle Hospital, Denmark. References values for each analysis were given from the respective 

laboratories (Tabel 2). 

A biochemical screen for conditions or endocrinal abnormalities that could influence normal bone homeostasis was also 

performed including: hemoglobin, leucocytes, platelets, creatinine, lactate dehydrogenase, thyroid stimulating hormone, 

parathyroid hormone, ionised calcium, phosphate, 25-hydroxy vitamin D and alkaline phosphatase.  

Blood samples were not obtained in controls.  

Statistical analysis 

All data are presented as medians with 25 to 75% inter-quartile range (IQR). Wilcoxon non-parametric rank-sum test 

was used to compare results between patients and controls. Due to the limited number of participants, data were 

generally not normally distributed and therefore non-parametric methods were used. We compared the measured Z-

scores from the DXA measurements at hip and spine from patients with duration of disease of less than five years 

against patients with durations of disease of five years and more. STATA statistical software release 12.0 (StataCorp 

LP, TX, USA) was used for the analyses. Level of statistical significance was set at a two-sided p-value < 0.05. 



Results  

Patients and heathy individuals 

Of the included 45 patients with MPN, 14 had ET and 31 had PV. After the pathology review, none of the diagnoses 

were changed.  

The median age was 55.8 (IQR: 53.0-64.0) years in patients and 56.6 (IQR: 52.7-66.0) years in controls. 

Anthropometric and clinical characteristics are presented in Table 1. All patients were treated with low dose 

acetylsalicylic acid. Twenty patients (44%) were also treated with interferon-α (44%), fourteen patients (30%) were 

treated with hydroxyurea, five patients (11%) received anagrelide, one patient (2%) received a combination of 

interferon-α and hydroxyurea.  Five patients did not receive anti-neoplastic medical treatment. Phlebotomy was 

performed regularly in twenty-five PV patients (81%). The median time from the MPN diagnosis to study examinations 

were 5.8 years (IQR: 2.5-8.2 years). As it can be seen in table 1 the patients were heterogeneous, with fifteen patients 

(33%) experiencing disease specific symptoms and ten patients (22%) had a previous history of thrombosis. 

Dual-energy X-ray absorptiometry 

Median aBMD at the spine L1-L4 were: 0.96 (IQR: 0.85-1.07) g/cm2 in MPN patients compared to 0.96 g/cm2 (IQR: 

0.86-1.05 g/cm2) in controls (p=0.72). Similarly, aBMD at the total hip were 0.91 g/cm2 (IQR: 0.83-1.02 g/cm2) in 

MPN patients and 0.91 g/cm2 (IQR: 0.81-1.00 g/cm2) in the reference group (p=0.62) (Figure 1). Subgroup analysis 

with ET and PV separately were also comparable with the reference cohort (data not shown). Median DXA Z-score in 

patients with duration of disease less than five years (n=20) were 0.3 (IQR: -0.5-1.1) at the spine and -0.2 (IQR: -1.2-

0.5) at the hip, while median Z-score in patients with duration of disease of five years and more (n=25) were 0.3 (IQR: -

0.2-0.9) at the spine and -0.2 (IQR: -0.5-0.5) at the hip, resulting in p-values for the statistical tests of spine (p=0.25) 

and the hip (p=0.10). 

High-resolution peripheral quantitative computed tomography  

Measurements at the distal radius and distal tibia of bone geometry, volumetric BMD, microarchitecture and estimated 

bone strength are listed in Table 3. All the 90 tibial scans had acceptable quality, but 7 of the 90 radial scans were 

excluded due to poor image quality and motion artefacts. Using these measures MPN patients were also almost identical 

to healthy individuals and there were no significantly differences in any of the parameters. Similarly, total bone stiffness 
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and estimated failure load were also comparable between patients and the healthy individuals on both the radial and the 

tibial site.  

Biochemical analysis among ET and PV patients 

All baseline biochemical measurements were within reference values including the hematological parameters and 

endocrinal parameters and 25-OH-vitamin D (Table 2). Levels of biochemical bone turnover markers are listed in Table 

2. Levels of both markers of bone formation and bone resorption including P1NP, bALP, OC and CTX were within

reference values. None of the markers indicated alterations in bone remodeling. 



 

Discussion 

In this study we evaluated bone status in in 45 patients with ET or PV in comparison to sex- age and height matched 

healthy controls using DXA, HR-pQCT and bone turnover markers. We found no differences with regard to aBMD, 

bone geometry, vBMD, microarchitecture or estimates of bone strength of bone turnover was assessed by a panel of 

four different bone turnover markers and were within reference values. 

To the best of our knowledge, no previous study has evaluated geometry, microarchitecture and estimated biomechanics 

using HR-pQCT in  patients  with  ET or PV  [38]. 

Recently we published results from 18 patients with MF who were evaluated also with DXA and HR-pQCT [15]. In 

line with the current study BMD, geometry, and microarchitecture were comparable with those in healthy individuals. 

In a case report describing a post-menopausal woman diagnosed with PV, a decline in BMD not otherwise explained 

was observed [39]. During an eight year period her T-score declined from -1.7 to -4.3 and she also experienced multiple 

vertebral fractures [39]. A possible association between osteoporosis and chronic myeloproliferative conditions is 

suggested to explain the development and the severity of osteoporosis in this patient [39]. 

Normal bone remodeling is a tight coupled interaction between osteoblast and osteoclast in which bone tissue is 

removed, remade and replaced [40]. Any disturbance will lead to an unbalanced bone turnover leading to changes in the 

skeleton and fractures as the clinical consequence. Changes in bone metabolism will lead to changes in levels of 

biochemical markers. By measuring a panel of four different markers we were able to assess different steps in bone 

turnover and to conclude that there were no signs of disturbed bone remodelling in the group of patients included. 

An increased risk of osteoporotic fractures in ET, PV and chronic myeloid leukemia (CML) patients compared with the 

general population has been reported by us in a nationwide study including 7.595 MPN patients and 338.974 individuals 

from the general population; all without a previous diagnosis of osteoporosis or fracture [1]. In this study the fracture 

rates and fracture risks revealed a stepwise increasing pattern, from ET over PV, to CML. This pattern indicates that the 

finding can be associated with the MPN disease or its management. However, the pathogenesis behind the increased 

fracture risk is unknown and has not been clarified with the results from the present study. We have studied early signs 

of osteoporosis and it is possible that the pathogenesis behind the increased fracture rates among MPN patients differs 

from that of osteoporotic fractures. Large robust studies assessing the bone structure and pathology of increased fracture 
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among MPN patients are lacking [1, 38]. A possible explanation for the lack of difference is that there may be localized 

alterations in the microarchitecture that cannot be assessed in the peripheral measurements. 

Chronic inflammation has been suggested to explain the initiation of the clonal development and progression in MPN 

[2]. Inflammatory mediators such as histamine and IL-6, which also are elevated among the classical MPN patients, has 

been suggested to influence the pathogenesis of osteoporosis observed in systemic mastocytosis (SM), which is another 

chronic myeloproliferative neoplasm subtype but with a different pathophysiology than the classical MPNs  [2, 41-46]. 

In general, systemic inflammatory diseases are associated both with osteoporosis and increased risk of fractures caused 

by decreased BMD and therefore also MPN patients could be at a greater risk of being affected by this complication 

[14]. A large proportion of patients were treated with INF-α, which first of all have anti-proliferative capacities, but 

works also immune-modulating[47]. In Denmark MPN patients have been treated with INF for years, and it is possible 

the choice of treatment may influence the impact of inflammation[47]. Patients with chronic diseases including MPN 

may suffer from weight loss, reduction of muscle mass, and fatigue and decreased activity level, which are parameters 

that have impact on BMD, but also increases the risk of falls and fractures [6, 48]. The reference group in this study 

were matched on weight to reduce the impact of those parameters.  

Our study has important limitations. First, we evaluated a relative small group of MPN patients and we cannot exclude 

that evaluation of a larger group of patients could have resulted differently although our data revealed no signs of 

systematic differences between groups. We did not include patients already in treatment for osteoporosis (n=1), but in 

the database from which the controls were identified, osteoporosis was not an exclusion criteria, which is may have 

caused a selection bias, potentially underestimating results. A cross-sectional design does not assess the dynamics of the 

BMD changes, as observed in the case with serial BMD measurements [20]. Findings need validation in longitudinal 

studies from time of diagnoses. Finally, the MPN patients included are heterogeneous, and it is possibly that a decrease 

in BMD and fractures occurs several years after debut of disease. Comparisons of DXA Z-scores between patents with 

duration of disease less than five years and those with duration of five years and more than showed a trend of a 

reduction of Z-scores, possible related to duration of disease. 



 

Conclusion: This study shows no negative effects on bones such as alterations in aBMD, bone geometry, 

volumetric BMD microarchitecture or estimations of bone strength in patients with ET or PV. Also biochemical bone 

turnover markers were within reference values. 

Our findings do not reveal any evidence of increased risk of secondary osteoporosis in MPN patients when compared to 

a group of healthy controls.  
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Table 1. Anthropometrics measurements of patients with essential thrombocythemia (ET) or polycythemia vera (PV) 

and controls and treatment and disease specific data of ET or PV patients. Data are presented as numbers and 

percentages or medians with 25%-75% interquartile range. 

Anthropometrics ET / PV patients Controls p-Value 
Number included (n) 45 45 
Females (n) 26 26 
Males (n) 19 19 
Age / years 55.8 (53.0-64.0) 56.6 (52.7-66.0) 0.67 

Height / cm 170.3 (163.1-176.3) 171.3 (165.0-
177.3) 0.75 

Weight / kg 77.9 (67.4-88.7) 78.0 (68.1-85.8) 0.95 
Treatment of ET or PV disease 
Pegylated interferon-α (n) 20 (44%) 
Hydroxyurea (n) 14 (30%) 
Anagrelide (n) 5 (11%) 
Combination of  interferon-α and 
hydroxyurea (n) 1 (2%) 

Observation only (n) 5 (11%) 
Regular phlebotomy  (n) 25 (81%) 
Disease specific data 
Interval from diagnosis to 
examinations /years 5.8 (2.5-8.2) 

Disease specific symptoms (n) 15 (33%) 
Previous history of thrombosis (n) 10 (22%) 



 

Table 2. Level of bone formation markers Pro-collagen type 1 N-terminal pro-peptide (P1NP), osteocalcin (OC), and 

bone specific alkaline phosphatase (bALP) and the bone resorption marker C-terminal cross-linking telopeptide of type 

1 collagen (CTX) as well as baseline biochemical measurements [median (25-75% inter quartile range)] among 45 

patients with essential thrombocythemia (ET) or polycythemia vera (PV).  

Biochemical markers of bone turnover ET/PV patients Reference values 
Bone formation markers 
PINP (µg/L) 46 (30-63) 27-127 
bALP (U/L) 29 (22-33) 12-43 
Osteocalcin (μ/L) 23 (15-27) 14-45 
Bone resorption markers 
CTX (μg/L) 0.36 (0.21-0.47) >0.84 
Baseline biochemistry 
Hemoglobin / g/dl females 12.4 (11.6-13.5) 11.7-15.3 
Hemoglobin / g/dl males 14.0 (13.5-14-3) 13.4-19.9 
Leucocytes / 10E9/L 6.4 (4.1-7.9) 3.5-8.8 
Platelets / 10E9/L 347 (274-388) 165-400 
Lactate dehydrogenase / U/L 214 (166-262) 155-255 
Thyroid stimulating hormone / 10E-3 int.U/L 2.1 (1.2-2.5) 0.3-4.0 
25-hydroxyvitamin D / nmol/L 70 (43-90) 50-160 
Parathyroid hormone / pmol/L 4.0 (2.4-4.5) 1.1-6.9 
Ionised calcium / mmol/L 1.26 (1.22-1.27) 1.19-1.29 
Phosphate / mmol/L 1.13 (0.95-1.21) 0.78-1.58 
Creatine / µmol/L 78 (66-88) 45-90 
Alkaline phosphatase / U/L 84 (66-97) 35-105 
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Table 3. Bone geometry, volumetric bone mineral density, microarchitecture and FE based estimated bone strength assessed using HR-pQCT at the radius and the tibia 

among patients with essential thrombocythemia (ET) and polycythemia vera (PV) and controls. Numbers are medians with 25 to 75% inter-quartile range.  

* trabecular bone volume to tissue volume fraction

ET/PV patients 
Radius 

Healthy controls 
Radius p-value ET/PV patients 

Tibia 
Healthy controls 

Tibia 
p-value 

Number of patients with technical 
successful HR-pQCT scans 41(91%) 43 (93%) 45 (100%) 45 (100%) 
Bone geometry 
   Total area (mm2) 315.1 (276.4-352.6) 313.3 (245.8-357) 0.51 767.1 (697.9-854.8) 804.8 (683.6-865.0) 0.67 

   Cortical area (mm2) 60.9 (48.4-68.7) 63.4 (52.5-74.9) 0.52 128.2 (100.2-162.8) 120.4 (99.1-146.3) 0.41 

   Trabecular area (mm2) 251.7 (211.1-291.8) 250.6 (181.6-319.6) 0.47 632.6 (574.4-692.9) 678.5 (569.8-756.7) 0.54 

Volumetric bone mineral density     
   Total density (mg/cm3) 308.3 (266.1-349.0) 312.7 (276.0-352.0) 0.67 282.3 (241.6-318.2) 274.4 (229.8-309.6) 0.56 

   Cortical density (mg/cm3) 860.0 (822.8-889.1) 875.5 (851.1-918.5) 0.07 849.0 (810.8-888.9) 841.2 (801.6-880.7) 0.30 

   Trabecular density (mg/cm3) 153.2 (124.9-158.5) 149.5 (115.9-181.5) 0.66 154.5 (140.4-182.2) 164.0 (140.5-189.4) 0.61 

Micro-architecture   
   BV/TV* (%) 12.8 (10.4-15.0) 12.5 (9.7-15.1) 0.66 13.1 (11.7-15.2) 13.7 (11.7-15.8) 0.58 

   Trabecular number (mm-1) 1.89 (1.67-2.13) 1.88 (1.72-2.18) 0.80 1.91 (1.76-2.18) 1.94 (1.78-2.15) 0.61 

   Trabecular thickness (mm) 0.065 (0.055-0.073) 0.067 (0.059-0.075) 0.65 0.069 (0.063-0.076) 0.070 (0.062-0.077) 0.51 

   Trabecular spacing (mm) 0.48 (0.40-0.53) 0.51 (0.40-0.52) 0.91 0.470 (0.396-0.494) 0.465 (0.384-0.448) 0.65 

   Cortical porosity (%)      2.8 (1.9-3.0) 2.7 (1.7-3.9) 0.63 7.5 (5.3-8.8) 7.5 (5.4-9.7) 0.79 

   Cortical thickness (mm) 0.91 (0.77-1.02) 0.93 (0.82-1.05) 0.48 1.26 (1.05-1.43) 1.17 (1.05-1.30) 0.15 

Bone strength 
   Bone stiffness (N/mm) 82586 (65515-99576) 0.58 212167 (174941-256851) 213013 (169875-252097) 0.81 
   Estimated failure load (N) 4155 (3278-5054) 

85553 (68012-99766) 

4319 (3413-5060) 0.52 10719 (9088-13018) 10788 (8624-12704) 0.81 
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Figure 1. Comparison of areal bone mineral density (aBMD) at the spine and the hip between patients with essential thrombocythemia (ET) or polycythemia vera (PV) 

and controls assessed using dual energy X-ray absorptiometry (DXA). 
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