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Abstract 32 

Hydroxyurea (HU) constitutes the first-line treatment in most patients with 33 

essential thrombocythemia (ET), but criteria for changing therapy are not clearly 34 

established. The prognostic value of complete hematological response (CHR) and 35 

resistance/intolerance to HU was assessed in 1080 patients from the Spanish 36 

Registry of ET, classified according to revised IPSET-Thrombosis stratification 37 

(Very low- n= 61, Low- n=83, Intermediate- n= 261, and High-risk n=675).  With a 38 

median therapy duration of 5 years, CHR was registered in 720 (67%) patients (1-39 

year probability 51%) and resistance/intolerance in 219 (20%) patients (5-years 40 

probability 13%). After correction by other risk factors, High-risk patients 41 

achieving CHR showed a reduced risk of arterial thrombosis (HR: 0.35, 95%CI: 0.2-42 

0.6, p=0.001) and a trend towards lower risk of venous thrombosis (HR: 0.45, 43 

95%CI: 0.2-1.02, p=0.06) whereas no association was observed for intermediate- 44 

or low-risk patients. In comparison with non-responders, intermediate- and high-45 

risk patients achieving CHR had longer survival and lower myelofibrosis 46 

incidence. Development of resistance/intolerance to HU, mainly cytopenia, was 47 

associated with higher probability of myelofibrosis but no effect on survival or 48 

thrombotic risk was demonstrated. In conclusion, CHR with HU is associated with 49 

better outcomes and might be an early indicator for selecting candidates to 50 

second-line clinical trials.   51 

52 
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Introduction 53 

Essential thrombocythemia (ET) is the most frequent chronic myeloproliferative 54 

neoplasm and the one with the best prognosis with survival being mainly determined by 55 

vascular complications and progression to secondary myelofibrosis (MF) or, less 56 

frequently, to acute myeloid leukemia (AML) (1-3). ET patients have traditionally been 57 

stratified into two thrombotic risk categories based on whether they are older than 60 58 

years and have a history of thrombosis (4). More recently the revised IPSET-thrombosis 59 

scoring system, which accounts for the increased risk linked to the JAK2 mutation, has 60 

been incorporated in most expert recommendations (5-8).  61 

Hydroxyurea (HU) constitutes the first-line treatment of choice in the majority of 62 

patients with ET (7,8). Although most patients achieve adequate disease control under 63 

treatment with HU, some patients require therapy change due to inadequate response 64 

or intolerance. Definitions of response to treatment and criteria for 65 

resistance/intolerance to HU have been proposed by the European LeukemiaNet (ELN) 66 

and might help in the decision of changing therapy in ET (9,10). However, there is scarce 67 

information on the prognostic significance of these definitions in routine clinical practice 68 

since most studies have included a limited number of patients (11,12). Furthermore, the 69 

prognostic value of the response according to ET genotype or the revised-IPSET 70 

thrombosis risk score has not been studied.  71 

In the present study, we have evaluated the prognostic value of achieving a complete 72 

hematological response (CHR) and developing resistance/intolerance to HU in a 73 

contemporary series of 1080 patients included in the Spanish Registry of Essential 74 
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Thrombocythemia. We also conducted subgroup analysis according to both classical and 75 

revised IPSET-thrombosis risk stratification.    76 

 77 

Patients and Methods 78 

The Spanish Registry of Essential Thrombocythemia is a nationwide, non-interventional 79 

prospective study started in 2015 by the Spanish Group of Ph-negative 80 

Myeloproliferative Neoplasms (GEMFIN). Patients diagnosed with ET after the year 2000 81 

were eligible for inclusion. ET diagnosis was established locally at the hospital where the 82 

patient was being treated according to the prevailing World Health Organization (WHO) 83 

criteria at the time of diagnosis. Prefibrotic myelofibrosis were not allowed to be 84 

included.  The registry allows the inclusion of previously diagnosed and newly diagnosed 85 

patients. When ET diagnosis was previous to the inclusion in the registry, clinical data 86 

were collected retrospectively and prospectively updated for therapy changes and 87 

complications. All methods were performed in accordance with the relevant guidelines 88 

and regulations including Spanish Medicines Agency approval (September 9th, 2015) and 89 

Hospital del Mar Ethic Committee approval (CEIC-Parc de Salut Mar resolution on 90 

November 10th, 2015, Protocol number GEE-AAS-2015-01). Approval from local IRBs was 91 

also obtained in each participating center following Spanish guidelines for prospective 92 

studies.  Informed consent for participation in the Registry was obtained in all patients. 93 

By November 2023, a total of 3364 patients were included in the registry with 2356 94 

(70%) of them being treated with HU. Patients treated with first line HU in whom full 95 

information regarding response to treatment was available were selected for the present 96 

study (n=1080). The majority of patients were already treated with HU prior to inclusion 97 
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in the registry with 537, 216 and 149 patients starting HU the previous year, between 98 

the second and third year, and three or more years before inclusion, respectively. 99 

Prospective follow-up was available in 744 (69%) patients with a median duration of 3.4 100 

years. Data were entered by the attending physician or local investigators into an 101 

electronic case report form (e-CRF) accessible at the scientific area of GEMFIN website. 102 

Response to HU was categorized according to ELN criteria (9). CHR was defined as 103 

normalization of the platelet count (<400x109/l) in the absence of disease-related 104 

symptoms, with a normal spleen size and a leukocyte count <10x109/l. Any response that 105 

did not satisfy CHR criteria was classified as a non-response. Loss of response was 106 

recognized when a responder no longer met the criteria for response in two consecutive 107 

measurements separated by at least 1 month. 108 

Modified ELN definitions of resistance/intolerance to HU required the fulfilment of at 109 

least one of the following criteria: platelet count >600x109 /l after 3 months of at least 2 110 

g/d or maximum tolerated doses of HU; platelet count >400x109 /l combined with 111 

leukocyte count <2x109 /l or hemoglobin <100 g/l at any dose of HU; presence of leg 112 

ulcers or other unacceptable mucocutaneous manifestations at any dose of HU (10). 113 

The main outcomes of the study were survival, thrombotic events under HU, bleeding, 114 

and disease progression. Arterial thrombosis included coronary artery disease, 115 

stroke/transient ischemic attack, peripheral artery disease and other arterial territories. 116 

Venous thromboembolic events included superficial thrombophlebitis, deep vein 117 

thrombosis, pulmonary thromboembolism, splanchnic vein thrombosis, and other 118 

venous territories. Both major and minor bleeding were included in analysis. 119 
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Period at risk of thrombosis was defined as the time elapsed from HU start to thrombotic 120 

event, end of HU therapy, death, or last visit, whichever occurred first. For survival and 121 

disease progression, time at risk was calculated from HU start to last contact. 122 

Probabilities of thrombosis, disease progression and survival were calculated according 123 

to the achievement of CHR and the development of resistance/intolerance to HU. 124 

Subgroup analyses according to revised IPSET-thrombosis categories and the two-tier 125 

classical score assigned at start of first line therapy with HU were also explored. Time to 126 

event curves were calculated by the Kaplan-Meier method with the log-rank test for 127 

comparisons. Multivariate analyses of factors predicting the main outcomes were done 128 

by Cox regression. All the statistical analyses were performed with SPSS, version 25.  129 

  130 
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Results 131 

Clinical and hematological characteristics of the patients 132 

Main clinical and hematological characteristics at diagnosis of 1080 patients treated with 133 

first line HU in whom full information regarding response to treatment was available are 134 

shown in table 1. 135 

Median time elapsed from diagnosis to HU start was 33 days, with 867 (80%) patients 136 

beginning on HU in the first year after diagnosis. At time of cytoreduction, 144 (13%) and 137 

936 (87%) patients corresponded to low-risk and high-risk categories, respectively, 138 

according to classical risk stratification. When the revised IPSET-Thrombosis was used, 139 

the corresponding figures were 61 (6%), 83 (8%), 261 (24%), and 675 (62%) cases in the 140 

very-low, low, intermediate, and high-risk categories, respectively.  Main reason for 141 

starting HU included: age older than 60 years (n=713), thrombosis (n=138), bleeding 142 

(n=8), extreme thrombocytosis (n=129), microvascular disturbances (n=41), other 143 

(n=22), and not determined (n=29). Concomitant antiplatelet therapy and 144 

anticoagulation were used in 991 and 199 patients, respectively. 145 

Clinical-hematological response and resistance/intolerance to HU 146 

Median duration of therapy with HU was 5 years (IQR: 2.4-8.2). CHR was achieved by 720 147 

(67%) patients, while the remaining patients were classified as non-responders. Median 148 

time to CHR was 352 days, with the probability of achieving a CHR at 1 and 2 years being 149 

51% and 61%, respectively. Response duration was assessed in 583 cases, with 134 of 150 

patients loosing CHR during follow-up. The probability of maintaining CHR at 1, 3, and 5 151 

years was 94%, 84% and 78% respectively.  152 
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Resistance/intolerance to HU was registered in 219 (20%) patients including 30 (3%), 80 153 

(7%), 63 (6%), and 54 (5%) cases with persistent thrombocytosis despite maximum 154 

tolerated dose of HU, cytopenia at the lowest dose to maintain response, leg ulcers, or 155 

unacceptable mucocutaneous toxicity, respectively. CALR/MPL genotypes were more 156 

frequently observed among patients developing persistent thrombocytosis or cytopenia 157 

(supplemental table 1).  Patients with persistent thrombocytosis and unacceptable 158 

mucocutaneous toxicity were significantly younger whereas cytopenia and leg ulcers 159 

were associated with older age (supplemental table 1).  The probability of 160 

resistance/intolerance to HU at 1, 3, and 5 years was 4%, 9%, and 13%, respectively.  161 

HU was stopped in 317 (29%) patients. The most frequent reasons for discontinuation 162 

included toxicity (131 cases), followed by inadequate response (45 cases), and disease 163 

progression (31 cases).   164 

Survival 165 

With a median follow-up of 6.6 years, 245 patients died resulting in a median projected 166 

survival of 16 years. The causes of death included infection (n=52), cardiovascular events 167 

(n=31), disease progression (n=19), second primary neoplasia (n=33), other (n=92), not 168 

reported (n=18).  169 

Median survival was significantly longer in patients achieving CHR than in non-170 

responders (16 years and 14 years in responders and non-responders, respectively, p= 171 

0.04). CHR was associated with a lower risk of death (HR: 0.65, 95%CI: 0.5-0.8 p<0.001) 172 

after correction by classical risk stratification (HR: 5.05, 95%CI: 2.7-9.3 p=0.001) or IPSET-173 

thrombosis stratification (HR: 1.7, 95%CI: 1.4-2.0, p<0.001). Subgroup analysis showed a 174 

significantly lower survival only in intermediate- and high-risk revised IPSET-thrombosis 175 
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groups not achieving CHR (figures 1 and 2). There was no significant association between 176 

development of resistance/intolerance to HU and survival.  177 

Thrombosis and bleeding 178 

A total of 69 arterial thrombotic events were registered while on first-line HU, with the 179 

probability of arterial thrombosis at 5 and 10 years of 4.9% and 10.1% respectively. CHR 180 

was associated with a lower probability of thrombosis (10-years probability of arterial 181 

thrombosis: 19.2% and 7.7% for patients not achieving and those achieving CHR 182 

respectively p=0.001). The protective effect of CHR on arterial thrombosis was restricted 183 

to high-risk patients according to either classical risk stratification or revised IPSET-184 

thrombosis (Figure 3 and Table 2). Multivariate analysis of patients included in the high-185 

risk IPSET category showed a lower risk of arterial thrombosis for those patients 186 

achieving CHR (HR: 0.35, 95%CI: 0.2-0.6, p=0.001) after correction by age (HR: 1.06, 187 

95%CI: 1.02-1.1, p=0.001), history of arterial thrombosis (HR: 3.3, 95%CI: 1.8-6.05, 188 

p<0.001), and presence of cardiovascular risk factors (p not significant). No risk factors 189 

for arterial thrombosis could be identified on multivariate analysis of intermediate-risk 190 

patients including CHR, age and cardiovascular risk. There was no association among the 191 

development of resistance/intolerance to HU and the probability of arterial thrombosis 192 

(data not shown).   193 

Venous thrombotic events were registered in 37 patients resulting in a venous 194 

thrombosis probability of 3.3% and 4.5% at 5 and 10 years, respectively. Four out of 37 195 

(u11%) venous thrombosis corresponded to superficial thrombophlebitis.  CHR was 196 

associated with a lower probability of venous thrombosis only in patients included in the 197 

high risk IPSET category (Figure 4 and table 2). Multivariate analysis of patients included 198 
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in the high-risk IPSET category showed a trend to a lower risk of venous thrombosis for 199 

those patients achieving a CHR (HR: 0.45, 95%CI: 0.2-1.02, p=0.06) after correction by 200 

age (HR: 1.06, 95%CI: 1.01-1.1, p=0.01), history of venous thrombosis (HR: 5.1, 95%CI: 201 

2.02-12.6, p=0.001), and JAK2 mutational status (p not significant). There was no 202 

association among the development of resistance/intolerance to HU and the probability 203 

of venous thrombosis (data not shown).   204 

A total of 52 patients presented at least one bleeding event under HU.  There were not 205 

a significant association between the probability of bleeding and the achievement of 206 

CHR or the development of resistance/intolerance to HU.  207 

Disease progression 208 

Fifty-eight patients progressed to MF, resulting in a cumulative incidence of MF of 8.9% 209 

after 10 years from HU start. CHR was associated with a significant lower probability of 210 

disease progression to MF (10-years probability 5.5% and 16% in responders and non-211 

responders, respectively, p<0.001). The absence of CHR was associated with a higher 212 

probability of MF in intermediate- and high-risk categories according to the revised 213 

IPSET-thrombosis (table 3). 214 

MF probabilities according to development of resistance/intolerance to HU in the 215 

different IPSET-revised thrombosis risk groups are shown in table 4. When the different 216 

criteria included in the definition of resistance/intolerance to HU were analyzed 217 

separately, only cytopenia and leg ulcers were associated with a significantly higher 218 

probability of MF (Supplemental table 2). Cytopenia at the lowest dose to achieve 219 

response was associated with a higher probability of MF in both intermediate- (10-years 220 
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probability of MF: 20% and 10% for those developing cytopenia or not, p=0.003) and 221 

high-risk patients (38% and 5% respectively, p<0.001).   222 

Thirty-three patients progressed to AML (n=26) or MDS (n=7) resulting in a cumulative 223 

probability of 1.2% and 3.8% at 5 and 10 years from HU start respectively.  CHR was not 224 

associated with the probability of AML/MDS in the overall group of patients. Subgroup 225 

analysis showed a higher probability of AML/MDS in intermediate risk patients not 226 

achieving CHR (table 3). Development of cytopenia under HU was associated with a 227 

significant higher probability of AML/MDS in the overall group of patients (Supplemental 228 

Table 2).  After subgroup analysis according to risk stratification, MDS/AML probability 229 

remained significant only in high-risk patients (10-years probability 17% and 2% for those 230 

developing cytopenia or not, respectively p=0.004). 231 

  232 
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Discussion 233 

In the present study we have analyzed the prognostic impact of achieving CHR and 234 

resistance/intolerance to HU criteria defined by the ELN in a contemporary series of 235 

patients included in the Spanish registry of ET. To the best of our knowledge, it 236 

constitutes the largest series to date on this topic and the first in which the response to 237 

first-line HU is evaluated according to the different risk groups defined by the revised 238 

IPSET-thrombosis score. Failure to achieve CHR was associated with worse survival, 239 

increased risk of arterial thrombosis, and a higher probability of transformation to MF. 240 

The most innovative finding of the present work is the prognostic value of CHR in specific 241 

ET groups as defined by the revised IPSET-thrombosis stratification. In high-risk patients 242 

(age > 60 years and JAK2-mutated or any age with history of thrombosis), achieving CHR 243 

was associated with a lower risk of arterial thrombosis, supporting that CHR should be a 244 

treatment endpoint in the routine management of these patients. In the intermediate 245 

risk group, enriched by CALR-mutated patients older than 60 years, achieving CHR was 246 

not associated with a lower probability of thrombosis which supports the ELN 247 

recommendation of not pursuing normalization of the platelet count when such a 248 

strategy results in toxicity (13).  Moreover, CHR was associated with better survival and 249 

a lower probability of MF in high- and intermediate-risk patients, illustrating the 250 

usefulness of the CHR definition to identify a subgroup of patients who are candidates 251 

for second-line treatment. For this subgroup of patients, new therapies aimed at 252 

modifying the natural history of the disease are needed, especially to delay MF 253 

progression (14).  254 
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Two previous studies using the ELN definitions of response failed to demonstrate any 255 

prognostic value for CHR (11,12). However, this discrepancy could be justified by 256 

differences in the number of patients included, treatment intensity, and statistical 257 

design. One study included 166 patients from two Spanish reference centers with 70% 258 

of them achieving CHR after 1 year of treatment, while in a second study on 416 patients 259 

treated in 3 Italian centers, CHR was reported in only 25% of patients (11,12). Such a 260 

marked difference was explained by the different platelet count target employed in these 261 

two studies (< 400x109/l and <600x109/l, respectively). Moreover, the inclusion of an 262 

additional group with partial response, evaluation of the response at a fixed time, or risk 263 

assessment according to duration of response or sustained response might also have 264 

contributed to the differences observed in comparison with our study. It should be noted 265 

that we included 1080 patients from hospitals across Spain, which constitutes a 266 

representative sample of clinical practice in our country. In this regard, the overall CHR 267 

rate of 67% (51% at 12 months of therapy) aligns with treatment intensity aimed at 268 

normalizing the platelet count in most centers. To the best of our knowledge, this is the 269 

first study to identify, in real life, the prognostic value of CHR in ET patients. Our findings 270 

are in line with recently published results in PV patients from the MAJIC PV trial in which 271 

CHR improved event free survival whichever treatment modality is used in second line 272 

(15). 273 

Finally, we have evaluated the prognostic significance of the development of 274 

resistance/intolerance to HU according to the various criteria included in the ELN 275 

definition. Notably, we have confirmed previous findings from our group showing that 276 

cytopenia, especially anemia in combination with thrombocytosis, is associated with 277 

disease progression to both MF and AML (12). Specifically, the prognostic value of 278 
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cytopenia was restricted to intermediate- and high-risk patients for MF progression and 279 

to high-risk patients for AML-MDS. These findings confirm a hierarchy of importance of 280 

the different criteria included in the ELN definition with cytopenia showing the highest 281 

prognostic value, especially in intermediate- and high-risk IPSET groups. If these observations 282 

also operate in lower risk categories should be explored in future studies involving higher 283 

number of patients.  284 

ELN response criteria were established for its implementation in the evaluation of 285 

response in clinical trials while the resistance/intolerance criteria were designed to assist 286 

in deciding whether to change treatment. Consequently, most clinical trials evaluating 287 

second line drugs have used the resistance/intolerance criteria in their inclusion criteria 288 

(16-18). However, our findings underscore that achieving CHR holds significant value in 289 

guiding treatment decisions for patients illustrating that both CHR and 290 

resistance/intolerance criteria could be utilized for clinical trial eligibility. Moreover, it 291 

seems that the CHR definition may outperform the resistance/intolerance criteria in 292 

selecting candidates for second line trials. Supportive evidence favoring this strategy 293 

includes an earlier identification of candidates, as illustrated by 49% and 4% of non-294 

responders and resistant/intolerant patients at 1 year, respectively, as well as the 295 

broader prognostic value for CHR in main clinical outcomes such as arterial thrombosis, 296 

disease progression and survival.    297 

The REVEAL study clearly demonstrated that persistent leukocytosis is a risk factor for 298 

thrombosis in polycythemia vera while different studies point to a possible role for 299 

leukocytes in ET (19-20).  PT1 subanalysis showed that platelet count outside the normal 300 

range was associated with the risk of major hemorrhage whereas persistent leukocytosis 301 
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correlated with thrombosis and major hemorrhage (21).  We were not able to separately 302 

analyze the value of leukocytosis and persistent thrombocytosis under HU since the 303 

blood count values were not available. Another limitation of our work includes the lack 304 

of data in a proportion of patients precluding the evaluation of the prognostic value of 305 

response duration. We were unable to demonstrate any association between the 306 

resistance/intolerance criteria and survival, which may be attributed to heterogeneity of 307 

resistance/intolerance criteria, a high proportion of patients experiencing extra-308 

hematological toxicity and limited follow-up.  309 

In conclusion, CHR with first-line HU is a relevant prognostic factor that correlates with 310 

significant better survival and a lower rate of disease progression to MF in patients 311 

categorized as high- and intermediate-risk according to revised IPSET-thrombosis 312 

stratification. Moreover, high risk patients achieving CHR face a lower risk of arterial 313 

thrombosis. The results of the present study support that failure to achieve CHR could 314 

be considered as an eligibility criterion in second-line clinical trials.  315 
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Legends for the figures 410 

Figure 1: Survival according to complete hematological response in intermediate-risk patients 411 

with essential thrombocythemia treated with first line hydroxyurea. Median survival was 17 412 

years and 11 years in responders and non-responders respectively, p value <0.001. Black solid 413 

line corresponds to responders. Red solid line corresponds to non-responders. Risk stratification 414 

by revised IPSET-thrombosis score. 415 

Figure 2: Survival according to complete hematological response in high-risk patients with 416 

essential thrombocythemia treated with first line hydroxyurea. Median survival was 15.5 years 417 

and 12.5 years in responders and non-responders, respectively, p value =0.02. Black solid line 418 

corresponds to responders. Red solid line corresponds to non-responders. Risk stratification by 419 

revised IPSET-thrombosis score. 420 

Figure 3: Cumulative incidence of arterial thrombosis according to complete hematological 421 

response in high-risk patients treated with first line hydroxyurea (p<0.001). Black solid line 422 

corresponds to responders. Red solid line corresponds to non-responders. Risk stratification by 423 

revised IPSET-thrombosis score. 424 

Figure 4: Cumulative incidence of venous thrombosis according to complete hematological 425 

response in high-risk patients treated with first line hydroxyurea (p=0.035). Black solid line 426 

corresponds to responders. Red solid line corresponds to non-responders. Risk stratification by 427 

revised IPSET-thrombosis score. 428 
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Table 1: Main clinical characteristics at diagnosis in 1080 patients included in the Spanish 

Registry of Essential Thrombocythemia treated with first line hydroxyurea 

Age, median (interquartile range) 68 (60-76) 

Female sex, n (%) 660 (61) 

Bleeding before diagnosis, n (%) 41 (4) 

Thrombosis before diagnosis, n (%) 194 (18) 

Cardiovascular risk factors 

  Diabetes, n (%) 

  Therapy for hypertension, n (%) 

  Smoking, n (%) 

 

180 (17) 

601 (56) 

111 (10) 

Symptoms at diagnosis 

  Microvascular disturbances, n (%) 

  Arterial thrombosis, n (%) 

  Venous thrombosis, n (%) 

  Bleeding, n (%) 

 

182 (17) 

56 (5) 

23 (2) 

32 (3) 

Hemoglobin g/l, median (interquartile range) 142 (132-151) 

Leukocyte count x109/l, median (interquartile range) 8.9 (7.3-10.9) 

Platelet count, median (interquartile range) 728 (608-912) 

Genotype* 

  JAK2V617F, n (%) 

  CALR, n (%) 

  MPL, n (%) 

  Triple negative, n (%) 

 

690 (64) 

259 (24) 

38 (3.5) 

87 (8) 

Classical risk stratification 

  Low, n (%) 

  High, n (%) 

 

210 (19) 

870 (81) 

Revised IPSET-Thrombosis stratification 

  Very low, n (%) 

  Low, n (%) 

  Intermediate, n (%) 

  High, n (%) 

 

88 (8) 

122 (11) 

239 (22) 

631 (58) 

*Six additional cases were double positive: JAK2V617F+/CALR+ n=3, JAK2V617F+/MPL+ n=2, 430 

CALR+/MPL+ n=1 431 
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Table 2: Cumulative incidence of thrombosis according to hematological response in 1080 patients with essential thrombocythemia treated with first line 

hydroxyurea   

Risk stratification 

 

 ARTERIAL THROMBOSIS VENOUS THROMBOSIS 

Classical CHR Events/patients 10-years 

probability 

P value Events/patients 10-years 

probability 

P value 

  Low Yes 

No 

3/72 

2/72 

6.6% 

9.6% 

0.9 4/72 

1/72 

0% 

3.3% 

0.6 

  High Yes 

No 

36/648 

28/288 

6.9% 

21.8% 

<0.001 19/648 

13/288 

3.8% 

7.3% 

0.07 

Revised IPSET-T CHR Events/patients 10-years 

probability, % 

P value Events/patients 10-years 

probability, % 

P value 

  Very low Yes 

No 

1/28 

0/33 

7% 

- 

0.4 0/28 

0/33 

- 

- 

- 

  Low Yes 

No 

2/44 

2/39 

4.3% 

14% 

0.7 4/44 

1/39 

7.2% 

0% 

0.4 

  Intermediate Yes 

No 

6/156 

8/105 

6% 

11% 

0.07 4/156 

3/105 

4.4% 

3.8% 

0.8 

  High Yes 

No 

30/492 

20/183 

7.2% 

27.9% 

<0.001 15/492 

10/183 

3.7% 

9.3% 

0.035 
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Table 3: Cumulative incidence of disease progression to myelofibrosis (MF) or myelodysplastic syndrome/acute myeloid leukemia (MDS/AML) according to 

risk stratification and hematological response in 1080 patients with essential thrombocythemia treated with first line hydroxyurea   

Risk stratification 

 

 MYELOFIBROSIS MDS/AML 

Classical CHR Events/patients 10-years 

probability 

P value Events/patients 10-years 

probability 

P value 

  Low Yes 

No 

3/72 

6/72 

7% 

6% 

0.4 3/72 

0/72 

8% 

- 

0.05 

  High Yes 

No 

21/648 

28/288 

5% 

18% 

<0.001 17/648 

13/288 

3% 

5% 

0.07 

Revised IPSET-T CHR Events/patients 10-years 

probability, % 

P value Events/patients 10-years 

probability, % 

P value 

  Very low Yes 

No 

0/28 

4/33 

- 

12% 

0.1 1/28 

0/33 

0% 

- 

0.3 

  Low Yes 

No 

3/44 

2/39 

11% 

6% 

0.9 2/44 

0/39 

13% 

- 

0.1 

  Intermediate Yes 

No 

5/156 

13/105 

5% 

23% 

0.01 2/156 

8/105 

2% 

7% 

0.001 

  High Yes 

No 

16/492 

15/183 

6% 

15% 

0.03 15/492 

5/183 

3% 

3% 

0.8 
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Table 4: Cumulative incidence of disease progression to myelofibrosis (MF) or myelodysplastic syndrome/acute myeloid leukemia (MDS/AML) according to 

risk stratification and development of resistance/intolerance to first line hydroxyurea in 1080 patients with essential thrombocythemia  

Risk stratification 

 

 MYELOFIBROSIS MDS/AML 

Classical R/I Events/patients 10-years 

probability 

P value Events/patients 10-years 

probability 

P value 

  Low Yes 

No 

5/32 

4/112 

20% 

3% 

0.02 1/32 

2/112 

6% 

2% 

0.8 

  High Yes 

No 

28/187 

21/749 

17% 

6% 

<0.001 12/187 

18/749 

7% 

2% 

0.2 

Revised IPSET-T R/I Events/patients 10-years 

probability, % 

P value Events/patients 10-years 

probability, % 

P value 

  Very low Yes 

No 

2/15 

2/46 

14% 

3% 

0.2 0/15 

1/46 

- 

0% 

0.1 

  Low Yes 

No 

3/17 

2/66 

20% 

3% 

0.1 1/17 

1/66 

10% 

4% 

0.6 

  Intermediate Yes 

No 

10/72 

8/189 

14% 

11% 

0.08 5/72 

5/189 

6% 

3% 

0.6 

  High Yes 

No 

18/115 

13/560 

19% 

5% 

<0.001 7/115 

13/560 

7% 

2% 

0.2 
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R/I: resistance/intolerance to hydroxyurea. When different criteria included in the definition of R/I to hydroxyurea were analyzed separately only cytopenia 435 

remain significant for progression to MF in the following risk groups: classic high-risk (p<0.001), intermediate-risk revised IPSET(p=0.003) and high-risk 436 

revised IPSET (p<0.001). Regarding AML cytopenia was associated with a higher probability only in high-risk groups according to stratification by both classic 437 

(p=0.01) and revised IPSET (p=0.004). 438 
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Supplemental table 1: Main clinical characteristics at diagnosis according to the development or not of resistance/intolerance to first-line hydrodroxyurea in 

1080 patients included in the Spanish Registry of Essential Thrombocythemia  

 R/I to HU 

(Any criterium) 

Persistent 

Thrombocytosis 

Cytopenia Leg ulcers Unacceptable 

mucocutaneous toxicity 

 No 

N=861 

Yes 

N=219 

p No 

N=105

0 

Yes 

N=30 

p No 

N=100

0 

Yes 

N=80 

P 

 

No 

N=1017 

Yes 

N=63 

p No 

N=1026 

Yes 

N=54 

p 

Age, years 66 67 0.8 67 60 0.03 66 71 <0.001 68 71 <0.001 67 61 0.01 

Sex 

  Male 

  Female 

 

78% 

82% 

 

22% 

18% 

 

0.15 

 

98% 

97% 

 

2% 

3% 

 

0.5 

 

92% 

93% 

 

8% 

7% 

 

0.5 

 

96% 

93% 

 

4% 

7% 

 

0.1 

 

96% 

94% 

 

4% 

6% 

 

0.2 

Hemoglobin, g/l 142 139 0.007 141 137 0.2 142 133 <0.01 141 140 0.8 141 144 0.2 

Leukocytes, x109/l 9.4 9.6 0.4 9.4 9.8 0.5 94 9.8 0.2 9.4 9.4 0.9 9.4 9.0 0.2 

Platelets, x109/l 779 907 <0.001 800 969 0.04 794 933 <0.001 798 921 0.02 803 828 0.5 

Genotype* 

  JAK2V617F 

  CALR 

  MPL 

  Triple negative 

 

84% 

72% 

60% 

79% 

 

16% 

28% 

40% 

21% 

 

 

<0.001 

 

99% 

93% 

90% 

98% 

 

1% 

7% 

10% 

2% 

 

 

<0.001 

 

95% 

89% 

82% 

90% 

 

5% 

11% 

18% 

10% 

 

 

0.001 

 

94% 

92% 

95% 

99% 

 

6% 

8% 

5% 

1% 

 

 

0.2 

 

96% 

94% 

92% 

93% 

 

4% 

6% 

8% 

7% 

 

 

0.4 

*Six double positive cases (JAK2V617F+/CALR+ n=3, JAK2V617F+/MPL+ n=2, CALR+/MPL+ n=1) were excluded from analysis. Resistance/intolerance to HU 1 

was defined as: platelet count >600x109 /l after 3 months of at least 2 g/d or maximum tolerated doses of HU; platelet count >400x109 /l combined with 2 
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leukocyte count <2x109 /l or hemoglobin <100 g/l at any dose of HU; presence of leg ulcers or other unacceptable mucocutaneous manifestations at any 3 

dose of HU 4 
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Supplemental Table 2: Cumulative incidence of disease progression to myelofibrosis (MF) or myelodysplastic syndrome/acute myeloid leukemia 

(MDS/AML) according to hematological response (CHR) and resistance/intolerance to hydroxyurea (HU) in 1080 patients with essential thrombocythemia     

  MYELOFIBROSIS 

 

MDS/AML 

  Events/patients 10-years 

probability 

P value Events/patients 10-years 

probability 

P value 

  CHR Yes 

No 

24/720 

34/360 

5.5% 

16% 

<0.001 20/720 

13/360 

3.8% 

3.7% 

0.4 

Resistance/intolerance 

to HU (any criteria) 

No 

Yes 

25/861 

33/219 

5.7% 

17.4% 

<0.001 20/861 

13/219 

2.5% 

6.7% 

0.2 

Persistent 

thrombocytosis 

No 

Yes 

54/1048 

4/30 

8.7% 

14.6% 

0.2 32/1048 

1/30 

3.5% 

8.3% 

0.8 

Cytopenia No 

Yes 

36/998 

22/80 

7% 

29.7% 

<0.001 25/998 

8/80 

3% 

11% 

0.01 

Leg ulcers No 

Yes 

47/1016 

11/62 

8.2% 

16.1% 

0.03 30/1016 

3/62 

3.6% 

6% 

0.8 

Unacceptable 

mucocutaneous toxicity 

No 

Yes 

56/1025 

2/53 

9.2% 

5.3% 

0.4 33/1025 

0/53 

4% 

- 

0.2 
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