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Abstract: Myeloproliferative neoplasms (MPNs) are a group of hematological disorders characterized by proliferation of 

one or more than one myeloid lineage. Genetically they express single or multiple mutations of the Janus tyrosine kinase 

receptors. Advances in understanding molecular and cytogenetic pathophysiology of MPNs led to further identification of 

different mutations rather than the classical break point cluster region Abelson (BCR-ABL). Although the onset of disease in 

all MPNs is insidious and may be asymptomatic, also MPNs run a slowly progressive course however they carry the potential 

of blastic transformation. Furthermore, peripheral blood leucocytosis, thrombocytosis or erythroctosis can lead to a wide array 

of fatal complications. Originally treatment of MPNs based on cytoreduction and supportive measures. Tyrosine kinase 

inhibitors (TKIs) are a group of anti-neoplastic drugs that specifically targeting malignant cells. Many studies proved the 

efficacy and safety of TKIs in management of patients with MPNs. This study was conducted to evaluate TKIs, pros and cons. 
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1. Introduction 

MPNs are the 2008 WHO nomenclature of the 

myeloproliferative disorders (MPDs). They included the 

classical MPDs, chronic myeloid leukemia (CML), primary 

myelofiberosis (PMF), polycythemia vera (PV) and essential 

thrombocythemia (ET), together with chronic eosinophilic 

leukemia (EL), systemic mastocytosis and unclassifiable 

MPNs. Furthermore, in 2008 WHO classification of 

myeloid/lymphoid neoplasms CML was categorized into 

BCR-ABL positive CML that was included with MPN and 

BCR-ABL negative CML that was classified with 

MDN/MPN. [1] 

MPNs are a group of clonal stem cell disorders that share 

some clinical features, at the molecular level they are 

characterized by presence of mutations at the gene coding the 

tyrosine kinase family. An activating mutation of the BCR-

ABL gene leading to active JAk-1 was detected in CML 

patients, whereas a substitution of phenylalanine with valine 

at position 617 at JAk-2 gene was found in patients with PV, 

PMF and ET. [2-4] Epidemiologically the most common 

MPN is CML, epidemiological studies of other types were 

insufficient, however all MPNs are uncommon below 20-

years and rare in childhood. They affect all racial groups with 

a slight male predominance, male to female ratio 1.4:1. [5, 6] 

A breakthrough in management of MPNs occurred in the 

start of the twentieth century with the introduction of the 

targeted effective therapies TKIs. The BCR- ABL specific 

tyrosine kinase inhibitor, imatinib (IM) mesylate was found 

to induce complete cytogenetic response (CCyR) in 75% of 

CML patients by 2-years, major molecular response (MMR) 

in 50% after 5-years and complete molecular response in 

10%. [7, 8] Imatinib mesylate is a first generation TKI, 

dasatinib and nilotinib are second generation TKIs that were 

recommended for CML patients with IM failure or 

resistance. [9] In 2011, the US food and drug administration 

(FDA) approved the multi- TKI, Ruxolitinib for patients with 

myelofiberosis and for PV. [10, 11] 

Adherence to medical treatment was found very critical for 

achieving proper therapeutic response in any given disease. 

There are various methods to measure patients' adherence to 

treatment particularly the orally administered ones. [12, 13] 

Treatment of MPNs is similar to treatment of any chronic 
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disorder is subjective to be influenced by non-adherence. [14] 

This study was conducted to assess advantages and 

disadvantages of TKIs in MPNs, in terms of accessibility, 

affordability, tolerability, therapeutic response, patients' 

adherence and outcome of patients. 

2. Patients and Methods 

2.1. Study Patients and Data Collection 

Patients were recruited from those who were attending the 

hematology outpatient clinic for follow up (a visit every 2-

weeks) or admitted at the Hematology Unit, Internal 

Medicine Department, Assiut University Hospital (AUH), 

over a period of 8-months. Prior diagnosis of MPN was an 

inclusion criterion while those with newly diagnosed MPN 

were excluded from the study. Patients who received TKIs as 

first or second line treatment were included in the study, also 

those who received HU or other drugs were enrolled for 

comparison. 

Demographic and clinical data were collected through direct 

patient interview, thorough history and clinical examination. 

CBC, ESR, NAP score, bone marrow biopsy or aspirate (if 

indicated), and cytogenetic analyses were done for each 

participant as a part of their follow up investigations. 

Diagnosis of MPNs in the study group was based on 

guidelines for diagnosis of MPNs, [15-18] confirmed by 

reviewing patients' data on their first visit. Phases of CML 

were diagnosed according to Kantarjian et al. [19]  

2.2. Treatment of the Study Participants 

According to previously published guidelines by others, 

[20] patients with chronic phase or accelerated phase CML 

received IM 400-mg/once daily. This dose was doubled in 

cases of failure to obtain response, and reduced to 300-mg in 

presence of side effects. Those who developed IM failure 

were managed with dasatinib 100-mg once daily or HU. A 

group of patients were treated with HU as first line treatment; 

the starting dose was 500-mg twice daily that was titrated 

according to TLC.  

Asymptomatic patients with PMF did not receive any 

treatments; symptomatic patients were managed with 

supportive measures ± HU± splenic irradiation. [21] PV was 

treated with phlebotomy, low dose aspirin and HU. [22] 

However Ruxolitinib was not available for our patients. ET 

was treated with low dose aspirin, HU and platelet pharesis 

(in severe cases). EL was treated with corticosteriods and 

hydroxyura. [23] 

2.3. Assesment of Incompliance to Medications in the Study 

Group 

Incompliance to medications was measured by self-reporting 

method in which patients were inquired about adherence to 

medications and factors of non-adherence. The later were 

grouped into 5- categories patient, disease, health system, social 

and economic, and treatment centered factors. [24] 

2.4. Definitions and Assessment of Response to Treatment 

in the Study Participants 

For patients with CML complete hematologic response 

(CHR) was defined as asymptomatic disease with impalpable 

spleen, the C.B.C showed TLC < 10 × 10
9
/l, with normal 

DLC, platelet count < 450×10
9
/l, and <1% immature cells in 

the peripheral blood. Partial response (PHR) was considered 

if patient is asymptomatic, or with palpable splenomegaly, or 

TLC 10-20 × 10
9
/l, or >1% immature cells in presence of 

normal C.B.C. Treatment failure was included primary 

resistance with failure to obtain CHR after 3-months and 

secondary resistance with loss of a previously obtained 

therapeutic response. Progressive disease was defined as 

acceleration or blastic transformation. [25] 

For BCR-ABL negative MPNs we followed guidelines 

recommended by others to assess treatment responses. [23] 

PFS was defined as the time from diagnosis of disease to 

progression, and OS as the time from diagnosis to death or 

last follow up. [25] 

2.5. Ethical Considerations 

The study design, and methodology were consistent with 

the World Medical Association (WMA) declaration of 

Helsinki for ethics in medical research. [26] Data collection 

was approved by the research ethical committee of faculty of 

Medicine, AUH. Research protocol and objectives were 

discussed to all the study participants before enrollment in 

the study. Patients' consent for participation in the study was 

mandatory. Furthermore all patients knew well that they can 

withdraw from the study at any time without affecting their 

medical care. 

2.6. Statistical Analysis 

Data were collected then introduced into a personal 

computer substituting patients' names with code numbers. 

Analysis of the collected data was done with SPSS V. 17 

software (SPSS Inc. Chicago, TL, USA), and Graph Pad 

Prism V5, Italy. The mean±SD, median, and range were used 

to describe quantitative variables while qualitative variables 

were expressed as percentages from the total number. The X
2
 

test was used to analyze differences among qualitative 

variables. The Tukey's multiple comparison tests was used to 

estimate differences between study patients who were 

grouped according to treatment into 3-groups, those who 

received TKIs as first, TKIs as second and HU as first or 

second line treatment. 

3. Results 

3.1. Demographic, Clinical and Disease Characteristics of 

the Study Participants 

47 patients with MPNs were included in the study, their 

median age was 50-years and range between 18-80 years old, 

59.6% were females and the male to female ratio was 1:1.4. 

Most of patients were from Assiut Governorate (72.3%) and 
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51% were from rural community, table 1 showed 

demographic characteristics of the study group. 

55.3%, 57.4%, 85.1% of patients presented with 

abdominal pain, huge splenomegaly and hepatomegaly, 

respectively. ECOG PS was fully active in 66%. Median 

TLC was 71 x 10
3
/mm

3
. 55.3% of patients were Philadelphia 

positive, and table 2 showed clinical and disease 

characteristics of the study group. 

CML comprised 78.7% of patients in the study group, and 

7 patients with CML & 2 with PMF progressed to blastic 

transformation. One patient with PV developed fibrosis, and 

figure 1 demonstrated distribution of MPNs among the study 

participants.  

25.5% of patients received TKIs (IM) as first line 

treatment and 27.7% as second line, of the later 21.3% 

received IM secondary to HU and 6.4% dasatinib secondary 

to IM. 19 patients were treated with HU, in 17 of them HU 

was first line drug and in 2 of them it was second line to IM. 

6.3% of the study group were treated with other drugs, as 

corticosteroids in EL. 55.7% of patients were non-compliant 

to medication; the median duration of non-compliance was 

12-days, table 2. 

Table 1. Demographic characteristics of the study participants (n=47). 

Variable Estimated results 

Gender  

Male 19(40.4%) 

Female 28(59.6%) 

Age  

Range 18-80 

Mean±SD 46.17±16.03 

Median 50 

Residence  

Assiut 34(72.3%) 

Sohag 3(6.4%) 

Qena 4(8.5%) 

Luxor 2(4.3%) 

Aswan 2(4.3%) 

Al-Menia 2(4.3%) 

Social environment  

Urban 23(48. 9%) 

Rural 24(51.1%) 

Occupation  

Housewife 22(46.8%) 

Employed 5(10.6%) 

Farmer 9(19.1%) 

Unemployed 8(17.0%) 

Student 3(6.4%) 

N.B. SD= standard deviation. 

 

Figure 1. Distribution of myeloproliferative neoplasms in the study group 

(n=47). N.B. CML= chronic myeloid leukemia, MF= primary myelofiberosis, PV= 

polycythemia vera, ET= essential thrombocythemia. 

Table 2. Clinical, disease and treatment characteristics of the study 

participants (n=47). 

Variable Frequency (%) 

Clinical characteristics  

Complaint:  

Abdominal pain 26(55.3%) 

Manifestations of anemia 18(38.3%) 

Manifestations of pancytopenia 2(4.3%) 

Atypical chest pain 1(2.1%) 

ECOG PS  

Fully active 31(66.0%) 

Restricted strenuous activity 18(27.6%) 

Self-care but no work 3(6.4%) 

Spleen  

Huge splenomegaly 27(57.4%) 

Mild to moderate 20(42.6%) 

TLC  

Range 3-546 

Mean±SD 150.22±159.20 

Median 71 

Liver  

Hepatomegaly 40(85.1%) 

Impalpable 7(14.9%) 

Ph chromosome  

Positive 26(55.3%) 

Negative 21(44.7%) 

Treatment  

TKIs (first line) 12(25.5%) 

HU (first or second line) 19(40.5%) 

TKIs (second line) 13(27.7%) 

Others 3(6.3%) 

Patient Compliance  

-Compliant 21(47.3%) 

-Non-Compliant 26(55.7%) 

Duration of non-compliance in days  

Range 10-60 

Median 12 

Mean±SD 46.17±16.03 

N.B. ECOG PS= Eastern co-operative group performance status, 

MPN=Myeloproliferative neoplasms, CML=Chronic myeloid leukemia, 

PMF=Primary myelofiberosis, ET= Essential thrombocythemia, PV= 

Polycythemia vera, EL= Eosinophilic leukemia, Ph= Philadelphia, 

TKIs=tyrosine kinase inhibitors, HU= Hydroxyurea. 
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3.2. Drug Side Effects and Factors of Non-compliance in 

Patients Treated with TKIs Compared to Other Drugs 

Non-hematological side effects of medications such as 

raised ALT& AST, edema of lower limbs and periorbital 

puffiness, and portal vein thrombosis were only found in 

patients who received TKIs as second line treatment. Nausea 

and vomiting were mainly encountered in those who received 

HU (55.4%) followed by TKIs second line (46.6%) and 

lastly TKIs first line. 

Hematological side effects, such as thrombocytopenia 

&leucopenia were present only in those who received TKIs as 

first & second line drugs, respectively. Pancytopenia was 

present in similar proportion (44.4%) of patients who received 

HU and TKIs second line. Anemia was found in 46.2%, 

30.8%, and 23.1% of patients who received TKIs first line, 

HU, and TKIs second line respectively, as depicted in figure 2. 

 

Figure 2. Hematologic and non-hematologic side effects of TKIs compared 

to other drugs among the study group, P= 0.002. N.B. TKIs= tyrosine kinase 

inhibitors, HU= hydroxyurea, FL= first line drug, SL= second line drug. 

Factors of non- compliance in patients who received TKIs 

as first line treatment were pregnancy, absent symptoms, 

cost, lack of accessibility, and side effects in order of 

frequency. The most common factors for those who received 

TKIs second line and HU were lack of accessibility and 

fluctuated course of disease, respectively, as in figure 3. 

 

Figure 3. Factors of non-compliance among patients who were treated with 

TKIs compared to other drugs, P= 0.310. N.B. TKIs= tyrosine kinase 

inhibitors, HU= hydroxyurea, FL= first line drug, SL= second line drug. 

3.3. Effect of Patients' Characteristics on Adherence to 

Medications in the Study Group 

69.42% of non-compliant patients were females, 53.8% 

housewives and 57.7% from rural community. 65.4% of non-

compliant patients presented with huge splenomegaly, 66.5% 

were fully active, and 61.5% of them were with chronic 

phase CML. Out of the non-compliant patients 34.6%, 

30.8%, and 26.9% received HU, TKIs as first line and second 

line, respectively, as in table 3. 

Table 3. Effect of patients' and disease's characteristics on patients' 

compliance to treatment. 

Patients' characteristics, 

ttt and ttt side effects 
Patients' compliance 

 Compliant Non-compliant P value 

Gender    

Male 11(52.4%) 8(42.41%) 
0.133 

Female 10(47.6%) 18(69.42%) 

Residence    

Assiut 14(66.7%) 20(76.9%) 

0.179 
Sohag 0(0%) 3(11.5%) 

Qena 2(9.5%) 2(7.7%) 

Luxor 1(4.8%) 1(3.8%) 

Social environment    

Urban 12(57. 1%) 11(42.3%) 
0.312 

Rural 9(42.9%) 17(57.7%) 

Occupation    

Housewife 8(38.1%) 14(53.8%) 

0.685 

Employed 3(14.3%) 2(7.7%) 

Farmer 4(19.0%) 5(19.2%) 

Unemployed 5(23.8%) 3(11.5%) 

Student 1(4.8%) 2(7.7%) 

Clinical characteristics    

Complaint:    

Abdominal pain 14(66.7%) 12(46.2%) 

0.448 

Manifestations of anemia 6(28.6%) 12(46.2%) 

Manifestations of 

pancytopenia 
1(4.8%) 1(3.8%) 

Atypical chest pain 0(0%) 1(3.8%) 

ECOG PS    

Fully active 14(66.7%) 17(65.4%) 

0.238 Restricted strenuous activity 7(33.3%) 6(23.1%) 

Self-care but no work 0(0%) 3(11.5%) 

Spleen    

Huge splenomegaly 10(47.6%) 17(65.4%) 
0.221 

Mild to moderate 11(52.4%) 9(34.6%) 

Type and phase of MPN    

Chronic phase CML 12(57.1%) 16(61.5%) 

0.339 

Accelerated phase CML 4(19.0%) 1(3.8%) 

Blastic phase CML 1(4.8%) 3(11.5%) 

PMF 1(4.8%) 3(11.5%) 

ET 0(0%) 1(3.8%) 

PV 1(4.8%) 0(0%) 

PMF blastic transformation 1(4.8%) 1(3.8%) 

PV fiberotic transformation 1(4.8%) 0(0%) 

Eosinophilic leukemia 0(0%) 1(3.8%) 

Type of treatment    

TKIs first line 4(19%) 8(30.8%) 

0.146 
TKIs second line 6(28.5%) 7(26.9%) 

HU first or second line 10(47.6%) 9(34.6%) 

Others 1(4.8) 2(7.6%) 

N.B. ECOG PS= Eastern co-operative group performance status 

MPN=Myeloproliferative neoplasms, CML=Chronic myeloid leukemia, 

PMF=Primary myelofiberosis, ET= Essential thrombocythemia, PV= 

Polycythemia vera, EL= Eosinophilic leukemia, TKIs=tyrosine kinase 

inhibitors, HU= Hydroxyurea. 
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3.4. Effect of Adherence to Treatment in the Obtained 

Therapeutic Response 

We assessed the influence of adherence to TKIs or HU or 

any given treatment in the study patients on the obtained 

hematologic response. Results showed that patients who 

were non-compliant to TKIs were less likely to achieve 

CHR. When we considered patients taking HU we found 

similar results. 42.9% of compliant patients achieved CHR 

vs. 23.1% for those who were non-compliant, PHR in 28.6% 

vs. 11.5%, treatment failure in 9.5% vs. 34.6%, and 

progression in 9.5% vs. 26.9%, P=0.068, as in figure 4. 

 

Figure 4. Effect of non-compliance to medications in the obtained hematologic response. N. B. CHR= complete hematologic response. PHR = partial 

hematologic response. 

3.5. Outcome of Patients Who Were Treated with TKIs 

Compared to Other Drugs 

Complications of MPNs were present in a considerable 

proportion of patients. One young age patient with chronic 

phase CML who were on HU developed lecucytosis > 100 

and thromocytosis that was complicated with priapism, 

another elderly female developed central nervous system 

leucostasis that was managed with leucopharesis. 

Nearly half of the patients who received TKIs as second 

line developed blastic transformation, 46.2% transformed to 

AML and 7.7% to ALL. Only one patient of the TKIs first 

line & HU groups progressed to ALL & AML, respectively.  

Assessment of response to treatment was mainly based on 

estimating the hematologic response because a group of 

patients were from faraway governorates thus long duration 

of follow up was impractical. The obtained HR showed that 

the majority who obtained CHR were treated with HU, TKIs 

as second and first line, in order. 77.8% & 22.2% of those 

with PHR were treated with HU and TKIs first line 

respectively. Interestingly, 77.7% of those who progress to 

more advanced phases of disease were in the group treated 

with TKIs as second line drug. Equal percentages of those 

treated with HU and TKIs as first line drug developed 

treatment failure. 3-patients were missed during follow up; 

accordingly their therapeutic response was unknown. There 

was no significant difference in PFS & OS among the study 

patients who were treated with TKIs compared to other 

drugs. Table 4, showed outcome of patients with MPNs 

treated with TKIs compared to other drugs. 

30.8% & 10.5% of the TKIs second line and HU groups 

pass their way by the end of the study period. On the 

contrary the entire TKIs first line group was still living, as in 

figure 5. 
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Table 4. Outcome of patients with MPNs who were treated with TKIs (n=25) compared to other drugs (n=22). 

Hematologic response 

X2 test CHR PHR Treatment failure Progressive disease Not known P value 

TKIs first line 4(26.7%) 2(22.2%) 5(45.5%) 1(11.1%0 0(0%) 

0.000** 
TKIs second line 6(40.0%) 0(0%) 0(0%) 7(77.8%) 0(0%) 

HU first or second line 5(33.3%) 7(77.8%) 5(45.5%) 1(11.1%) 1(33.3%) 

Others 0(0%) 0(0%) 1(9.1%) 0(0%) 2(66.7%) 

 
Progression 

X2 test No progression AML ALL P- value 

TKIs first line 11(91.7%) 1(8.3%) 0(0%) 

0.001** 
TKIs second line 6(46.2%) 6(46.2%) 1(7.7%) 

HU first or second line 18(94.7%) 1(5.3%) 0(0%) 

Others 3(100%) 0(0%) 0(0%) 

Progression free survival (PFS) 

Tukey's Multiple Comparison Test Mean Diff. q Significant? P < 0.05? Summary 95% CI of diff 

TKIs first line vs TKIs second line -9.673 1.558 No ns -31.08 to 11.73 

TKIs first line vs HU first or second line -1.044 0.1785 No ns -21.20 to 19.11 

TKIs second line vs HU first or second line 8.629 1.510 No ns -11.07 to 28.33 

Overall survival (OS) 

Tukey's Multiple Comparison Test Mean Diff. q Significant? P < 0.05? Summary 95% CI of diff 

TKIs first line vs TKIs second line -7.147 1.188 No ns -27.84 to 13.55 

TKIs first line vs HU first or second line -0.1798 0.03245 No ns -19.24 to 18.88 

TKIs second line vs HU first or second line 6.968 1.288 No ns -11.64 to 25.58 

N.B. CHR= complete hematologic response, PHR= partial hematologic response, AML= acute myeloid leukemia, ALL= acute lymphoblastic leukemia, 

TKIs=tyrosine kinase inhibitors, HU= Hydroxyurea 

 

Figure 5. Outcome of patients with MPNs who were treated with TKIs compared to other drugs. N. B. MPNs= myeloproliferative neoplasms, TKIs = tyrosine 

kinase inhibitors. 
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4. Discussion 

Recently in 2014, the WHO revised its classification of 

MPNs; all efforts were diverted to the BCR-ABL negative 

MPNs, [27] furthermore new mutations were discovered in 

MPNs such as CAlR (calreticulin). [28] This in turn led to 

the development of new TKIs in MF and PV. [10, 29] All of 

these denoted that TKIs and their use in MPNs is still a focus 

for current research. This study was done to assess various 

aspects of treatment with TKIs in patients with MPNs. 

In accordance with recent study in Upper Egypt and 

contradictory to other studies, this study revealed 

predominance of female gender and rural residence in 

patients with MPNs. [30, 31] Furthermore, this study 

confirmed the findings of others that the most common 

presenting feature of MPNs is abdominal pain and that CML 

is the most prevalent MPN. [31, 32] 

Although HSCT is the only curative treatment for patients 

with MPN it was not available for any of our patients. This 

was, similar to, other studies due to unavailable matched 

donor and older age of the patients. Furthermore 

management of MPNs after approval of TKIs was 

completely changed that HSCT was only reserved to those 

who developed blastic transformation. [33] 

In this study 2- of our patients developed IM failure that was 

managed by prescribing hydroxyurea as second line treatment. 

This was mainly due to unavailability and un-affordability of 

dasatinib or nilotinib as second line drugs. [34] 

Adherence to TKIs in this study was markedly lower than 

that in other studies, and the degree of adherence was found 

independent risk factor not only for achieving molecular 

responses but even for HR. [14, 35] This could be explained 

by the literacy of most of our patients, also due to low socio-

economic status of our patients making TKIs unaffordable. 

Furthermore, most of our patients were from rural 

community, faraway from tertiary or even secondary health 

care centers limiting regular follow up. Unlike other studies, 

[36] the first most common factor of non-compliance was 

drug side effects. In Egypt, the Ministry of Health, 

Government and University Hospitals offer treatments to 

patients free or with nominal fee, even though cost of therapy 

was the second most prevalent etiology of non-compliance in 

the study patients. This could be explained that these services 

are provided to in-patients, and there are lengthy 

administrative steps to be provided as outpatient. 

Furthermore, the chronic course of MPNs makes treatment 

with the relatively expensive TKIs unaffordable even for 

those of high socio-economic class. 

An interesting finding was that absence of symptoms was 

the main factor of non-compliance for those treated with 

TKIs as first line drug. This indicated that the efficacy of 

TKIs in reducing splenic size, cytoreduction and palliation of 

constitutional symptoms could be disadvantageous unless 

patients were alert enough of hazards of non-compliance to 

TKIs. 

This study confirmed that adherence to TKIs is not only 

crucial for achieving MMR as stated by others, [14, 37] but 

also in achieving and maintaining CHR. Concomitant with 

other studies our results showed that non-adherence not only 

affected therapeutic response to TKIs but to any given drug 

in the study patients.[38] Non-compliant patients were more 

susceptible to develop treatment failure and progress to more 

critical phases of disease. [37] Strikingly, non-compliance to 

TKIs was more apparent in females, chronic phase CML who 

were with good ECOG PS. 

In this study, drug side effects were more apparent when 

TKIs were used as second line treatment. Consistent with 

Masiello et al. this was more prominent in non-

hematological side effects such as fluid retention and raised 

ALT &AST. [39] When considering hematological side 

effects isolated cytopenia occurred when TKIs used as first 

line drugs, while pancytopenia occurred when they were 

used as second line. 

In this study a higher proportion of CML/ PMF patients 

progressed to blastic phase compared to other studies. This 

may be due to longer duration of disease besides high rate of 

non-adherence to medications. [14] 

This study proven the efficacy of TKIs in achieving HR, 

however this was not the case when TKIs were used as 

second line drugs, this was reflected in very high rate of 

blastic transformation and mortality of the latter group. 

These results were conflicting to those of Edesa and his 

colleague. [40] The appropriate explanation of these 

conflicting results is much longer duration of disease in 

patients of this study that ranged from 3-120 months. 

This study showed survival advantage of TKIs only when 

used as first line drug, where there were no detectable deaths 

in patients treated with TKIs as first line drug while one third 

and one fifth of the patients who were treated with TKIs as 

second line drug and HU were died. Nevertheless, there were 

no significant differences in PFS or OS among the study 

groups, this could be explained by short duration of follow 

up in the current study. 

Survival advantages of TKIs in patients with MPNs have 

been proven in previous studies. [40-42] However, this study 

affirmed that this advantage is gained when TKIs are used as 

first line and lost or reduced when they are used as second 

line drugs whether right after HU or even other TKI. 

This study showed that myeloblastic transformation is 

commoner than lymphoblastic in patients with MPNs. An 

interesting finding was that lymphoblastic transformation 

occurred only in patients who were treated with TKIs as first 

or second line drugs. Overall, the majority of blastic 

transformations were in the group that received TKIs as 

second line drugs. This could be explained by longer 

duration of disease in this group with maximum PFS 120-

month compared with 48-month for other groups. 

Furthermore, patient adherence to medications progressively 

reduced with longer duration of follow up. [43, 44] 
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5. Conclusions 

In conclusion, this study showed that although TKIs are 

effective targeted therapies in patients with MPNs, even 

though not all patients with MPNs gain benefits of them. 

This was explained by the unavailability of the newly 

approved TKIs in most of health care centers. Furthermore 

their efficacy was reduced by high rates of non-compliance 

which were mainly due to side effects and high cost of 

treatment. Tolerability and efficacy of TKIs decreased when 

they were used as second line drugs. Accordingly, to gain the 

best results with TKIs in patients with MPNs it is better to 

use them early in the disease and avoid prescribing cheaper 

drugs then use TKIs as second line drugs. Furthermore, this 

paper recommended that health care professionals should 

include a session of health education for patients with MPN 

each visit. This session aimed to discuss the value of 

adherence to TKIs and to teach patients how to overcome 

any factor of non-compliance. Also hematologists and 

oncologists have to insist on their patients that absence of 

symptoms does not mean to stop TKIs. Moreover, they have 

to take care of patient's socio-economic status when 

prescribing TKIs.  

Also we recommended those who are responsible for 

synthesizing and marketing TKIs to ensure worldwide 

distribution and accessibility of drugs in terms of marketing 

with suitable costs that could be affordable by different 

socio-economic classes. 

Finally, it was concluded that TKIs are still palliative 

therapies in MPNs and their effect on the natural history of 

the disease is limited, as stopping drugs could lead to loss of 

the obtained therapeutic responses. Accordingly their 

efficacy is limited with non-compliance; hence further 

research is needed to overcome drawbacks of TKIs and to 

focus on curative treatments for MPNs. 
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