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Abstract 

Background/ objective: The Philadelphia-negative chronic myeloproliferative neoplasms (MPNs), is a heterogeneous 

group of oncohematological diseases that express a high burden of symptoms that significantly affect patient quality of 

life and are associated with high morbidity and premature mortality. This study aimed to determine the clinical 

manifestations of MPNs in the Sudanese population. Method: A retrospective study was carried out in the Radiation 

and Isotope Center at Khartoum (RICK), Sudan. 290 medical records of MPNs were examined. Results: Polycythemia 

Vera (PV) was the most frequent (64.1%) with a median age at diagnosis of 50 years. It was, followed by Essential 

Thrombocythemia (ET) (28.6%, median age 48years) and Primary Myelofibrosis (PMF) (7.3%, median age 58years). 

Male patients had mostly a history of PV (p < 0.05). Females were predominately affected by ET (p < 0.05), despite the 

gender distribution of PMF patients was approximately similar (p > 0.05). Among PV cases, the main symptoms present 

at diagnosis were fatigue with fever reported by 31.2% of cases followed by headache (26.6%), joint pain (24.2%), 

splenomegaly (14.2%), hepatosplenomegaly, and thrombotic complications. In ET, 43.4% of the cases complained about 

headache followed by fatigue associated with fever, joint pain, splenomegaly, hepatosplenomegaly. None of the ET cases 

presented bleeding or thrombotic complications. In PMF cases, the main symptoms were fatigue with fever (19%) 

followed by joint pain, headache, fever, bleeding, thrombotic complication, splenomegaly, hepatosplenomegaly. 

Conclusion: The current study showed that in Sudan, MPNs affect a younger population and PV was more prevalent 

than ET and PMF. The findings also revealed that headache, fatigue, and joint pain were the most frequent symptoms. 
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1.   Introduction 

Myeloproliferative disorders (MPDs) were firstly 

described by an American hematologist, Dr. 

William Dameshek, in 1951 (Dameshek, 1951). 

They are a heterogeneous group of 

oncohematological diseases characterized by excess 

hematopoiesis affecting one or more myeloid cell 

lineages leading to an overproduction of both 

mature and immature cells. The four initial 

subtypes of MPDs, include chronic myeloid 

leukemia (CML), polycythemia vera (PV), essential 
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thrombocythemia (ET), and primary myelofibrosis 

(PMF), this classification based on clinical findings 

including the peripheral blood and bone marrow 

smear (Dameshek, 1951). This classification was 

subsequently revised, in 2001, the World Health 

Organization (WHO) adding laboratory findings 

and evaluation of the bone marrow as diagnostic 

criteria of these disorders(Vardiman JW, 2003). In 

the 2008 World Health Organization classification 

system of myeloid neoplasms system replaced the 

term (MPDs) with myeloproliferative neoplasms 

(MPNs). Also, the diagnostic criteria for PV, ET, 

and PMF were revised by incorporating new 

information on their clinical characteristic, 

cytogenetics changes, and molecular 

pathogenesis(Tefferi  A, 2008). The 2016 revision 

of the World Health Organization classification of 

myeloid neoplasms(Arber DA, 2016), a consensus 

among hematopathologists, hematologists, 

geneticists, and clinicians, revised the prior 

classification rather than an entirely new 

classification, refines the diagnostic criteria for 

some entities, details the expanding 

genetic/molecular landscape (e.g. JAK2, CALR, 

and MPL mutations) and their clinical correlates, 

and refers to investigations leading to more targeted 

therapeutic strategies.  

PV is characterized by the overproduction of 

mature red blood cells in the bone marrow leading 

to an increased red blood cell mass and increased 

blood viscosity predisposing patients to thrombosis. 

ET is characterized by proliferation of 

megakaryocytes in the bone marrow resulting in 

marked thrombocytosis, which increases the risk of 

thrombosis and hemorrhagic events; while the PMF 

is characterized by the hematopoietic stem cell 

expansion in the bone marrow accompanied by a 

reactive nonclonal fibroblastic proliferation, 

marrow fibrosis, and extramedullary hematopoiesis 

often resulting in hepatosplenomegaly (Campbell  

PJ, 2006).  

Gender appears to influence MPNs subtype. The 

prevalence of PV is slightly higher in male (male-

to-female ratio, 1.8:1), ET is more prevalent in 

female (male-to-female ratio, 1:2 ) and the overall 

incidence of PMF is approximately the same in 

male and female (Passamonti F, 2004, Geyer HL, 

2017, Stein BL, 2011). Although the pathogeny of 

this discordance remains unclear, some recent 

studies suggest that sex chromosome complement, 

an influence of sex hormones, immune-competence, 

and gene expression may all be possible 

contributors to this discordance in disease burden 

(Ober C, 2008, Ellegren H, 2007). 

Most patients are diagnosed with MPNs after age 

60; however, the diseases can occur at any age. The 

median age at diagnosis of PV is approximately 64 

years; 55 years for ET and   65 years for MF(Srour 

SA, 2016, Tefferi A, 2012). 

Patients with MPNs experience a high burden of 

symptoms that significantly affect their quality of 

life and lead to significant morbidity and premature 

mortality. The profiles of symptoms of these MPNs 

are heterogeneous even among patients within the 

same MPN subtypes. Symptoms include excessive 

sweating, fatigue,   bruising, headaches, 

concentration problems, bleeding and abdominal 

discomfort, and/or pain (Mesa RA, 2007, Michiels, 

2015b, Mesa R, 2016). Although considered 

relatively indolent diseases, MPNs are at lifelong 

enhanced risk of thrombosis, hemorrhage, and 

myelofibrotic or leukemic transformation which 

contributes to extensive morbidity and mortality 

(Mughal et al., 2014, Spivak et al., 2003). This 

study aimed to determine the clinical manifestations 

of MPNs in the Sudanese population. 

2.  Materials and Methods 

2.1 Data collection  

A retrospective cross-sectional study was carried 
out in the Radiation and Isotope Center at 
Khartoum (RICK), Sudan. (RICK) is located in the 
capital city (Khartoum). It is a tertiary level center 
with facilities to diagnose and treat the disease 
using radioactive isotopes. RICK is located in the 
capital city (Khartoum). The center is the 
countrywide referral facility; diagnose and treat the 
disease using radioactive isotopes 
 For data collection, a standardized research tool 
was used to collect information on characteristics of 
patients, disease symptoms, laboratory data at 
diagnosis, and complications.  
Given that there is no proper and effective hospital 
record-keeping system in Sudan, we were faced 
with the problem of missing data; the study cases 
were selected based on the recorded distinct 
diagnosis of MPNs, availability of clinical features, 
and laboratory information at the time of initial 
diagnosis. Record with incomplete demographic 
features and patient characteristics, laboratory 
diagnosis, or distinctive subtype MPNs, were 
excluded. 
Diagnoses were approved based on clinical 
features, blood counts, peripheral blood films, and 
bone marrow morphology. As we had limited 
facilities for molecular studies, some cases were 
diagnoses based on WHO classification whenever 
facilities were available. In the end, 290 diagnosed 
cases were reviewed after excluding 86 (22.9%, 
86/376).   

2.2 Statistical analysis  

Data collected were analyzed through Excel 2007 
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and a statistical package for social sciences (SPSS 

version 20). The variables were first assessed by 

Kolmogorov Smirnov/Shapiro-Wilk testing in 

terms of normal distribution. The results were 

provided as median (minimum-maximum) for 

abnormally distributed parameters.  Statistical 

significance was set at p<0.05. 

Demographic and disease characteristics of the 

patients were summarized graphically in form of 

frequency tables and the continuous variables 

expressed as median  

2.3 Ethical considerations 

The study was approved by the national health 
research ethics committee of the Sudan Ministry of 
Health. In this retrospective study, obtaining 
informed consent was not possible.  

3.  Results 

3.1 Demographic characteristics of patients 

All medical records of 290 MPNs cases were 

prospectively evaluated (male; n=180, 62.1% / 

female; n=110, 37.9%), with a male to female ratio 

of1.6:1. 

PV was the most frequent MPN (64.1%) followed 

by ET (28.6%) and MF (7.3%) as revealed by table 

1 

3.1.1 Polycythemia Vera 

The mean age at diagnosis of PV was 50 years 

(range: 17-85 years), most male patients having a 

history of PV (77.2 % males versus 42.7% females, 

p=0.000), table1.  

The age distribution revealed (Table 2) that PV 

affected mostly young adults aged 20-49 years 

(52.2%). 82.3% of PV cases were symptomatic 

(Table 3). The main symptoms present at diagnosis 

(figures 1 and 2) were fatigue plus fever reported by 

31.2% of cases, headache (29.6%), joint pain 

(24.2%), splenomegaly (14.0. %), 

hepatosplenomegaly (3.8%), and thrombotic 

complications (1.1%).   

3.1.2 Essential Thrombocythemia 

As shown in table 1, the mean age at diagnosis of 

ET was 48 years (range: 25-80 years), females were 

predominant (50.0 % versus 15.5 %, p=0.000). The 

age distribution (table2) showed that ET mostly 

occurred among young adults aged 20-49 years 

(61.4%).  

Table 3 revealed that 81.9% of ET cases were 

symptomatic. 43.4% of cases presented with 

headache, fatigue with fever (31.3%) joint pain 

(31.3%), splenomegaly (21.7%), hepatosplenomegaly 

(2.4%), none of ET cases presented bleeding or 

thrombotic complications (figures 1 and 2).  

3.1.3 Primary Myelofibrosis  

In our study, the median age at diagnosis was 58 

years (range, 33-80 years). The gender distribution 

was approximately similar (7.2% versus 7.3%, p > 

0.05). The most affected group was older patients 

aged 60 years and above (tables 1 & 2). 71.4% 

(15/21) of MF cases were symptomatic (tables 3). 

Joint pain and fatigue with fever were the most 

frequent symptoms (figure 1). 

Figure 2 revealed that splenomegaly was the 

predominant complication followed by 

hepatosplenomegaly. Thrombotic and bleeding 

complications had the same frequency. 
 

Table 1: Demographics distribution pattern of 

MPNs Patients 

Characteristics PV ET MF 

Cases no.(%) 186 

(64.1%) 

83 

(28.6%) 

21 

(7.3%) 

Median age in 

years (range) 

50 

(17-85) 

48 

(25-80) 

58 

(33-80) 

Gender 

Male n (%) 139 

(77.2%) 

28 

(15.5%) 

13 

 (7.2%) 

Female n (%) 47 

(42.7%) 

55 

(50.0%) 

8 

 (7.3%) 

p-value 0.000 0.000 0.725 

 

Table 2: Age-group distribution of MPNs 

Age group 

(years) 

PV 

no. (%) 

ET 

no. (%) 

MF 

no. (%) 

< 20 2 (1.1 %) 0 (0.0%) 0 (0%) 

20-29 28 (15.1%) 10(12.0%) 0 (0%) 

30-39 26 (14.0%) 16 (19.3%) 3 (14.3%) 

40-49 43 (23.1%) 25 (30.1%) 2 (9.5%) 

50-59 40 (21.5%) 18 (21.7%) 3 (14.3%) 

60-69 27 (14.5%) 6 (7.2%) 11 (52.4%) 

70+ 20 (10.7%) 8 (9.7%) 2 (9.5 %) 
 

 

Table 3:  Circumstance of disease detection 

 Characteristics of the 

patients 

Circumstance 

of detection 

PV 

no.(%) 

ET 

no.(%) 

MF no. 

(%) 

Incidental 32 

(17.2%) 

15 

(18.1%) 

6 

(28.6%) 

 

Symptomatic 154 

(82.3%) 

68 

(81.9%) 

15 

(71.4%) 
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Figure 1: Symptoms by MPN subtypes 

 

 

Figure 2: Complications by MPN subtypes 

 

4. Discussion 

Understanding the clinical manifestations of MPNs 

is crucial to guide physicians to apply a therapeutic 

strategy for managing MPNs patients -reducing the 

risk of complications and improving quality of life- 

provide information to assess the value 

of new drugs, changes, or revision of criteria for 

treatment response. 

In 2013, the European LeukemiaNet (ELN) 

Consortium and International Working Group-

Myeloproliferative Neoplasms Research and 

Treatment (IWG-MRT), revised the treatment 

response criteria for PV, ET, and PMF. Some of the 

changes in treatment response criteria include 

consideration of the Myeloproliferative Neoplasm 

Symptom Assessment Form as a tool for assessing 

therapeutic outcomes in patients with ET and PV 

being treated with novel therapeutic agents (Barosi 

G, 2013, Tefferi A, 2013). 

Our study on myeloproliferative neoplasms 

revealed that PV (63.0%) was the most frequent 

MPN in Sudan followed by ET and PMF. 

4.1 Polycythemia vera 

In our study,  the median age at diagnosis of PV 

was 50 years, a  similar median age was reported by 

Yesilova AM at al  (53 years) (Yesilova AM, 

2017).  However, a higher median age (60-71 

years) was reported elsewhere in the literature 

(Passamonti et al., 2004, Bonicelli et al., 2013, 

Srour et al., 2016). Males were more likely to have 

PV as pointed out by, previous studies (Geyer et al., 

2017, Stein et al., 2013, Mehta et al., 2014). Our 

findings indicated that 53.2% of the PV (n=186) 

affected young adults aged 20-49 years. Although 

PV had been reported in elders with a median age at 

diagnosis of 60 years, approximately 20 to 25 % of 

PV patients were younger than 40 years (Tibes and 

Mesa, 2013). Stein BL et al. (Stein et al., 2013) 

reported that younger patients diagnosis with PV 

were at a significantly higher risk for 

complications, including splenic vein thrombosis. 

As in older patients, their disease tended towards, 

myelofibrosis and/or leukemia. Consequently, 

physicians should be alert to younger patients 

suffering from PV and should apply a treatment 

protocol for delaying or reducing the risk of 

complications. 

Fatigue and headache are the most common 

neurological symptoms reported affecting MPNs 

patients, limiting their involvement in social and 

physical activities (Scherber et al., 2011, Hensley et 

al., 2013, Mesa et al., 2007, Michiels, 2015a, Mesa 

et al., 2016). In our research, the main symptoms 

present at diagnosis of PV were fatigue with fever 

and headache. Recent studies have demonstrated 

that fatigue has been closely associated with 

depressed mood in MPNs (Tibes R, 2013). The 

combination of cancer-related depression and 

fatigue also contribute to affect the quality of life. 

Thrombotic complications are the leading cause of 

mortality in MPNs. In general, the incidence of 

thrombosis at the time of diagnosis ranges between 

12.0% and 40% for PV (Tibes R, 2013, Hensley B, 

2013). A thrombotic complication was 1.1% in our 

study. Our cases with thrombotic complications 

were mostly < 60 years and without a previous 

history of thrombosis or cardiovascular risk.  

4.2 Essential Thrombocythemia 

In our research female patients were more likely to 

have ET (50.0%), this is tallied with published data 

(Passamonti F, 2004, Stein BL, 2011, Srour SA, 

2016). The median age of ET patients at diagnosis 

was 48 years, a higher median age (66-68 years) at 

presentation years was reported in other studies  

(Oliva EN, 2012, Cortelazzo S, 1995). Although ET 
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was reported in the older adult, limited published 

data is available on young adult groups with a 

median around 35 years  (Finazzi G, 2003, Alvarez-

Larran A, 2007). This is consistent with our results 

revealing that ET mostly occurred among young 

adults aged 20-49 years. Barbui et al. (Barbui T, 

2012) hypothesized that young adults with ET may 

be characterized by different biology and a higher 

rate of events due to longer disease duration. They 

suggested caution in prescribing aspirin and drugs 

such as anagrelide, which are reported to be 

associated with an increased risk of myelofibrosis 

development. 

Neurological symptoms including headache and 

dizziness are frequently encountered as clinical 

manifestations in ET (Michiels, 2015b). In our 

study headache was the most frequent symptom in 

ET. Few studies investigating the frequency of 

headaches as complain when diagnosing patients 

with ET. One study reported that 13.5 % of ET 

patients complained of a headache at diagnosis 

(Billot S, 2011)[30]. Barbie et al (Barbui T, 2011) 

reported that ET-related headaches can be attributed 

to hypertension. Hypertension is one of the 

cardiovascular risk factors. Therefore, physicians 

must be able to differentiate headache as a primary 

problem, or a consequence of ET. 

Thrombotic complications in ET at the time of 

diagnosis ranges between 7.0% and 26.0%     

(Barbui T, 2012) In our study none of the ET cases 

presented thrombotic complications. Similar to PV, 

most of the ET cases were at low risk of thrombotic 

complications. 

Splenomegaly is a commonly abdominal-related 

complaint of 5- 20% in  ET patients at diagnosis 

(Barbui et al., 2012, Passamonti and Rumi, 2009, 

Campbell et al., 2005, Andriani et al., 2016). 

Consistent with the literature, baseline 

splenomegaly was present in 21.7% of the ET cases 

in our study. A recent retrospective study indicated 

that baseline splenomegaly seems to be an 

independent additional risk factor for thrombosis in 

ET patients (Andriani et al., 2016). 

4.3 Primary Myelofibrosis  

Our findings revealed that males and females were 

approximately affected, consistent with published 

data  (Tefferi A, 2012). The median age at 

diagnosis of PMF was 58 years, a similar median 

age was reported by Mesa and colleagues (58 years) 

(Mesa R, 2016). However, the higher   median age 

was reported in other studies, where the reported 

median age was between 65 and 70 years (Tefferi et 

al., 2012, Cervantes et al., 2009, Mitra et al., 2013, 

Srour et al., 2016)  

Less attention was paid to the frequency of 

thrombotic complications, but it was reported to be 

similar to that observed in ET (Barbui T, 2010). 

Thrombotic complications were not frequent (5%) 

in our research, which may be due to the small 

number of PMF cases. 

Few published studies have described the 

symptomatic burden among PMF patients; fever, 

fatigue, and joint pain were the most frequent 

symptoms reported  (Michiels, 2015b, Hensley B, 

2013) [13, 24]. In our study, fever, fatigue, and 

joint pain were reported with less frequency.  

Splenomegaly is a common sign present in 10-56% 

of PMF patients at diagnosis. It contributes to the 

morbidity in PMF (Mesa et al., 2007, Mitra et al., 

2013, Barosi, 2011, Mesa et al., 2006)]. In our 

study, splenomegaly occurred in 23.8%. 

 In Conclusion, the current study showed that in 

Sudan, MPNs affect a younger population and PV 

was more prevalent than ET and PMF. The findings 

also revealed that headache, fatigue, and joint pain 

were the most frequent symptoms in all MPNs 

subtypes. Further investigations are necessary to 

understand the biology and genetics of MPNs in 

Sudan. 
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