
Clinical evaluation of the European LeukaemiaNet criteria for
clinicohaematological response and resistance/intolerance to
hydroxycarbamide in essential thrombocythaemia

Hydroxycarbamide (HC; previously termed hydroxycarba-

mide) is currently the treatment of choice for high-risk

patients with essential thrombocythaemia (ET)(Cortelazzo

et al, 1995; Harrison et al, 2005). It acts by slowing DNA

synthesis and repair through inhibition of the ribonucleoside

reductase, leading to a non-selective bone marrow suppression

(Young et al, 1967). Side effects of HC are infrequent, and

mostly include oral ulcers, nausea, diarrhoea, dermatological

abnormalities (alopecia, leg ulcers, hyperpigmentation, actinic

keratosis, nail changes)(Randi et al, 2005), and very rarely,

fever (Braester & Quitt, 2000). There is controversy concerning

the potential leukaemogenicity of this drug (Barbui, 2004).

With regard to its efficacy, HC has been reported to provide an

adequate control of the platelet count in most ET patients

(Murphy et al, 1986; Lofvenberg & Wahlin, 1988; Cortelazzo

et al, 1995; Finazzi et al, 2003; Harrison et al, 2005; Randi

et al, 2005; Palandri et al, 2009; Carobbio et al, 2010), but the

use of different target platelet levels precludes comparisons of

the results across studies. With this background, a group of

leading experts on behalf of the European LeukaemiaNet

(ELN) recently published a set of standardized criteria of

response to treatment in ET (Barosi et al, 2009), which should

be of value to properly evaluate the outcomes obtained in

different clinical trials. However, some ET patients fail to

respond to HC, while others may develop unacceptable side

effects requiring discontinuation of the drug. To address this, a

unified definition of clinical resistance/intolerance to HC in ET

has also been published (Barosi et al, 2007). However, there is

limited information so far regarding the application of the

abovementioned criteria in the clinical setting.
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Summary

Standardized criteria of response to treatment and a unified definition

of resistance/intolerance to hydroxycarbamide (HC) in essential

thrombocythaemia (ET) have been proposed by the European

LeukaemiaNet (ELN). We have retrospectively evaluated such criteria in

166 ET patients treated with HC for a median of 4Æ5 years. Overall, 134

patients achieved a complete clinicohaematological response (CR) and 25 a

partial response. Thirty-three patients met at least one of the ELN criteria

defining resistance (n = 15) or intolerance (n = 21) to HC. Fifteen cases

developed anaemia with thrombocytosis, which was associated with a high

incidence of myelofibrosis and death from any cause. Other definitions of

resistance were less useful. Factors determining the thrombotic risk were a

history of prior thrombosis and a baseline leucocyte count >10 · 109/l. Of

note, patients achieving a CR, even if sustained during the entire follow-up,

did not benefit from a lower incidence of thrombosis or an improved

survival. In conclusion, most ET patients respond to HC, but the

achievement of response, as defined by the ELN, does not correlate with

the patients’ outcome. The best discriminating ELN criterion of resistance to

HC was the detection of anaemia, which also identified a subgroup of

patients with poor prognosis.
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Therefore, we evaluated the ELN criteria for clinicohaema-

tological response and resistance/intolerance to HC in a series

of 166 patients with ET from two institutions. Based on the

results of the present study, some modifications to the

published criteria might be suggested.

Patients and methods

Between December 1986 and July 2009, 166 adult patients

diagnosed with ET at two Spanish hospitals were treated with

HC. Diagnosis of ET was made in accordance with either the

Polycythaemia Vera Study Group (Murphy et al, 1986) or the

World Health Organization criteria (Tefferi et al, 2007). Bone

marrow biopsy was performed at diagnosis in all patients and

the silver stain was scored on a 0–3 scale, with grade 0

corresponding to absence of fibrosis, grade 1 to a minimally

increased reticulin network and grade 2 to an increased

reticulin network (Thiele et al, 2005). The main clinical

characteristics of the series are summarized in Table I. The

median interval between diagnosis of ET and HC start was

3Æ6 months. Reasons for initiating HC were: age older than

60 years with (n = 41) or without (n = 105) history of

thrombohaemorrhagic complications, prior thrombosis

(n = 14), prior bleeding (n = 1), microvascular symptoms

refractory to antiplatelet therapy (n = 1), and extreme

thrombocytosis (>1500 · 109/l)(n = 4). Patients were sched-

uled an initial HC dose of approximately 15 mg/kg per day,

usually 1000 mg/d, which was subsequently adjusted to

maintain the platelet count <400 · 109/l, without significant

cytopenias. Concomitant use of antiplatelet or anticoagulant

therapy was given to 127 and seven patients, respectively,

whereas other cytoreductive drugs were used at any time

during follow-up in 38 patients, including anagrelide (n = 29),

interferon alpha (n = 4), busulphan (n = 6), melphalan

(n = 4), radiophosphorus (n = 4), and chlorambucil (n = 1).

Response to HC treatment was categorized using the

recently published ELN criteria (Barosi et al, 2009). Accord-

ingly, a complete clinicohaematological response (CR) was

defined as normalization of the platelet count (<400 · 109/l)

in the absence of disease-related symptoms, with a normal

spleen size and a leucocyte count £10 · 109/l. A partial

response (PR) was defined as a reduction of the platelet count

by 50% from baseline or a platelet count of £600 · 109/l, in

patients not fulfilling the criteria for CR. Any response that did

not satisfy PR criteria was classified as a non response. Loss of

response was recognized when a responder no longer met the

criteria for response in two consecutive measurements sepa-

rated by at least 1 month.

The ELN definitions of resistance/intolerance to HC

required the fulfilment of at least one of the following criteria:

platelet count >600 · 109/l after 3 months of at least 2 g/d of

HC (2Æ5 g/d in patients with a body weight over 80 kg);

platelet count >400 · 109/l combined with leucocyte count

<2Æ5 · 109/l or haemoglobin (Hb) <100 g/l at any dose of HC;

presence of leg ulcers or other unacceptable mucocutaneous

manifestations at any dose of HC; HC-related fever (Barosi

et al, 2007).

The study was approved by the Research Ethics Committee

of the Hospital Clı́nico of Valencia and the Hospital del Mar of

Barcelona, Spain.

Statistical analysis

The following clinical characteristics at ET diagnosis were

evaluated for their potential relationship with the response to

HC, overall survival and thrombosis-free survival: age, gender,

concomitant cardiovascular risk factors, history of prior

thrombosis, splenomegaly, Hb concentration, leucocyte and

platelet counts, serum lactate dehydrogenase (LDH) level,

JAK2 mutational status, and presence of bone marrow reticulin

fibrosis. In addition to these baseline characteristics, the ELN

response categories, and the development of thrombosis or

myelofibrosis during follow-up were evaluated in the Cox

models as time-dependent covariates. Survival and time-to-

event curves were estimated using the Kaplan-Meier method.

In all analyses, Cox regression models were first fitted for each

of the parameters studied. The proportional hazard assump-

tion was checked using both graphic and analytic methods. For

variables not fulfilling the proportional hazards assumption, a

temporal interaction in an extended Cox regression model was

considered. Factors attaining a significant level (P < 0Æ1) at

univariate analysis were included in a Cox proportional

hazards model for assessing the independent effect of each

covariate controlled for the others. Finally, clinically mean-

ingful factors without statistical significance at the univariate

level were individually entered in the final model, in order to

assure that no significant changes in the final estimates were

produced. In all tests, P values £0Æ05 were considered as

Table I. Main clinico-haematological characteristics at diagnosis in

166 patients with essential thrombocythaemia treated with HC.

Age, years* 71 (18–88)

Male/female 59/107

Cardiovascular risk factors, n (%)� 122 (73)

Major thrombosis prior HC start, n (%) 47 (28)

Major haemorrhage prior HC start, n (%) 16 (10)

Splenomegaly, n (%) 13/164 (8)

Haemoglobin, g/l* 141 (82–169)

Leucocytes, ·109/l* 9Æ0 (4Æ4–24Æ0)

>10 · 109/l, n (%) 76 (46)

Platelets, ·109/l* 773 (257–2226)

>1000 · 109/l, n (%) 31 (19)

High LDH serum levels, n (%) 58/156 (37)

JAK2 V617F mutation, n (%) 84/144 (58)

Grade 1–2 marrow fibrosis, n (%) 52/139 (37)

HC, hydroxycarbamide; LDH, lactate dehydrogenase.

*Median (range).

�Diabetes, hypertension, smoking, hypercholesterolaemia.
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statistically significant. The statistical analysis was performed

using the Statistical Package for the Social Sciences (spss)

software, version 15.0 (SPSS, Chicago, IL, USA).

Results

Response to HC therapy

Patients received HC for a median time of 4Æ5 years (range,

0Æ1–21). Overall, 134 patients achieved a CR and 25 a PR, after

a median of 3Æ3 months on therapy. The estimated cumulative

rates of CR at 6, 12 and 24 months were 57%, 70% and 76%

respectively. Median daily dose to attain the best response was

1000 mg (range, 500–2500), and the median daily mainte-

nance dose for responders was 850 mg (range, 250–2500).

Factors associated with the response to HC are outlined in

Table II. Of note, the presence of the JAK2 V617F mutation at

baseline correlated with higher rates of CR [Hazard Ratio (HR)

1Æ5, 95% confidence interval (CI): 1Æ0–2Æ2, P = 0Æ03] (Fig 1)

and lower dosages of HC to maintain the responses (P = 0Æ02).

During follow-up, 51 patients lost the CR after a median of

19 months (range, 1–99). Thus, 83 patients (50% of the total

series) had a sustained CR during the entire follow-up period.

The only clinical factor that predicted for a higher risk of losing

the response was a platelet count >1000 · 109/l at ET diagnosis

(HR 2Æ4, 95% CI: 1Æ3–4Æ4, P = 0Æ006).

At the last visit, 109 patients were alive and still on HC

therapy. Thirty patients had withdrawn HC due to toxicity

(n = 14), lack of efficacy (n = 5), occurrence of a second

malignancy (n = 2) or other reasons (n = 9).

Application of the ELN definitions of resistance/intolerance
to HC

A total of 33 patients (20% of the total cohort) met at least one

of the ELN criteria defining resistance (n = 15) or intolerance

(n = 21) to HC (Table III). Of note, no patient had a platelet

count >600 · 109/l after 3 months on HC at ‡2 g/d. At the

3-month time point, six patients were receiving HC at 2 g/d or

more, but one of them was in CR and the remaining five had

Table II. Analysis of factors associated with the clinicohaematological response to hydroxycarbamide in 166 patients with essential thrombocy-

thaemia.

Factor No. CR (%)

Univariate Multivariate

P value

Hazard ratio

(95% CI) P value

Hazard ratio

(95% CI)

Age

£70 years 61/79 (77%) 0Æ001 (baseline) 0Æ003 (baseline)

>70 years 73/87 (84%) 1Æ8 (1Æ2–2Æ5) 1Æ8 (1Æ2–2Æ7)

Gender

Female 84/107 (78Æ5%) 0Æ6 (baseline)

Male 50/59 (85%) 1Æ1 (0Æ8–1Æ5)

Splenomegaly

No 125/151 (83%) 0Æ08 (baseline) 0Æ05 (baseline)

Yes 7/13 (54%) 0Æ5 (0Æ2–1Æ1) 0Æ4 (0Æ2–1Æ0)

Hb level

£140 g/l 64/80 (80%) 0Æ7 (baseline)

>140 g/l 69/85 (81%) 1Æ1 (0Æ8–1Æ5)

Leucocyte count

£10 · 109/l 82/96 (85%) 0Æ002 (baseline) 0Æ003 (baseline)

>10 · 109/l 51/69 (74%) 0Æ6 (0Æ4–0Æ8) 0Æ6 (0Æ4–0Æ8)

Platelet count

£1000 · 109/l 111/135 (82%) 0Æ6 (baseline)

>1000 · 109/l 23/31 (74%) 0Æ9 (0Æ6–1Æ4)

Serum LDH levels

Normal 83/98 (85%) 0Æ9 (baseline)

High 45/58 (78%) 1Æ0 (0Æ7–1Æ5)

JAK2 V617F mutation

No 44/60 (73%) 0Æ03 (baseline) 0Æ01 (baseline)

Yes 69/84 (82%) 1Æ5 (1Æ0–2Æ2) 1Æ7 (1Æ1–2Æ5)

Marrow fibrosis

No 69/87 (79%) 0Æ4 (baseline)

Yes 44/52 (85%) 1Æ2 (0Æ8–1Æ7)

CI, confidence interval; CR, complete clinicohaematological response; LDH, lactate dehydrogenase.
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platelet counts between 400 and 600 · 109/l. On the other

hand, five patients had a platelet count >600 · 109/l after

3 months of treatment, but all of them were receiving HC at

doses ranging from 1000 mg to 1750 mg/d. Despite the lack of

an adequate control of the thrombocytosis in such patients, no

further dose escalation of HC was prescribed due to the

presence of side effects. Three patients with a platelet count

>400 · 109/l developed leucopenia of <2Æ5 · 109/l while on

HC at a daily dose of 1000 mg, 1000 mg, and 1500 mg

respectively. Interestingly, all three had previously met the

criterion of resistance to HC due to a decrease in the Hb level

to <100 g/l together with a platelet count >400 · 109/l. In fact,

the latter criterion was the one more frequently encountered in

the present series, occurring in a total of 15 cases. In two of

these, a diagnosis of myelofibrosis preceded the detection of

the anaemia by 6 and 11 months respectively, whereas in five

cases the anaemia antedated the myelofibrotic transformation

by 1, 2, 2, 10, and 32 months respectively. Eleven patients

developed leg ulcers at various HC doses, ranging from 500 to

2500 mg/d (median, 1000 mg/d). This complication led to a

permanent discontinuation of the drug in eight cases, with

three patients being able to resume HC upon resolution of the

ulcer with no later recurrence. Other unacceptable mucocu-

taneous manifestations occurred in nine patients. Haemato-

logical and mucocutaneous complications were unrelated, with

only two patients presenting both types of toxicities. Finally,

one instance of fever probably related to HC was documented.

Clinical outcome of the patients

With a median follow-up from ET diagnosis of 7 years (range,

0Æ5–23), 38 patients (23%) had died, resulting in a survival

probability of 65% at 10 years from HC start. Causes of death

included cardiovascular complications (n = 12), infections

(n = 8), leukaemic transformation (n = 5), an unrelated

malignancy (n = 5), haemorrhage (n = 1), or were unknown

(n = 7). Factors independently associated with survival are

shown in Table IV. As can be seen, the risk of death from any

cause was increased by 6Æ2-fold (95% CI: 2Æ3–16Æ7, P < 0Æ001)

in patients who met any of the ELN criteria of resistance to

HC. Thus, death was registered in 11 of the 15 resistant

patients and in 27 of the 151 non-resistant patients, corre-

sponding to a survival probability at 10 years of 26% and 79%

respectively (P < 0Æ001) (Fig 2). Anaemia was, in all instances,

the first finding qualifying for resistance to HC, with the

median subsequent survival of patients with anaemia being

only 2Æ4 years (range, 0Æ01–4Æ9). When compared with the

others, resistant patients were more likely to display hyper-

proliferative features at ET diagnosis, such as higher levels of

leucocytes (P = 0Æ05), platelets (P = 0Æ004) and serum LDH

(P = 0Æ02).

With a follow-up of 1034 person/years, 25 patients experi-

enced thrombotic events, at a median of 40 months (range, 4–

207) from HC start, with a thrombotic incidence rate of 2Æ4%

patients/year and a cumulative incidence at 10 years of 21%. A

total of 20 arterial and five venous thromboses were recorded.

At the time of thrombosis, the platelet count was normal in 8

of 20 patients (40%) with available data. In multivariate

analysis, the clinical factors that correlated with a higher risk of

thrombosis after HC start were a history of prior thrombosis

(HR 3Æ8, 95% CI: 1Æ6–8Æ8, P = 0Æ002) and a leucocyte count

>10 · 109/l at ET diagnosis (HR 3Æ1, 95% CI: 1Æ2–7Æ6,

P = 0Æ016) (Table IV). By contrast, we did not find any

relationship between cardiovascular risk factors and the

occurrence of arterial or venous thrombosis during HC

treatment. Moreover, the same was true when the patients

were stratified according to their clinical features (e.g. age, sex,

history of thrombosis). Notably, there was no statistical

difference in the cumulative incidence of thrombosis between

Fig 1. Probability of achieving a complete clinicohaematological re-

sponse to hydroxycarbamide in 166 ET patients according to JAK2

mutational status at baseline.

Table III. Application of the European LeukaemiaNet criteria of

resistance/intolerance to hydroxycarbamide in 166 patients with

essential thrombocythaemia.

Criteria

No. of

patients

Time to

occurrence*

Platelet count >600 · 109/l after

3 months with ‡2 g/d of HC

0 –

Platelet count >400 · 109/l and

leucocytes <2Æ5 · 109/l at any dose

3 97 (27–168)

Platelet count >400 · 109/l and Hb

<100 g/l at any dose

15 45 (4–171)

Leg ulcers or other unacceptable

mucocutaneous toxicity

20 31 (1–115)

HC-related fever 1 32

Any of the above criteria, no. (% of

total patients)

33 (20)

HC, hydroxycarbamide; Hb, haemoglobin.

*Median time from HC start, months (range).

J.-C. Hernández-Boluda et al
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Table IV. Multivariate analysis of risk factors for survival and thrombotic complications in 166 patients with essential thrombocythaemia treated

with hydroxycarbamide.

Presenting features

Survival Thrombosis

Univariate Multivariate Univariate Multivariate

P value

Hazard ratio

(95% CI) P value

Hazard ratio

(95% CI) P value

Hazard ratio

(95% CI) P value

Hazard ratio

(95% CI)

Age

£70 years <0Æ001 (baseline) <0Æ001 (baseline) 0Æ8 (baseline)

>70 years 4Æ3 (2Æ1–8Æ9) 7Æ1 (2Æ7–18Æ7) 0Æ9 (0Æ4–2Æ0)

Gender

Female 0Æ5 (baseline) 0Æ2 (baseline)

Male 1Æ2 (0Æ6–2Æ4) 1Æ7 (0Æ8–3Æ9)

Vascular risk factors*

No 0Æ8 (baseline) 0Æ6 (baseline)

Yes 1Æ1 (0Æ5–2Æ3) 1Æ3 (0Æ5–3Æ2)

Prior thrombosis

No 0Æ3 (baseline) 0Æ005 (baseline) 0Æ002 (baseline)

Yes 1Æ5 (0Æ7–3Æ0) 3Æ2 (1Æ4–7Æ0) 3Æ8 (1Æ6–8Æ8)

Splenomegaly

No 0Æ2 (baseline) 0Æ04 (baseline) 0Æ11

Yes 1Æ8 (0Æ7–4Æ3) 2Æ9 (1Æ0–8Æ0)

Hb level

£140 g/l 0Æ8 (baseline) 0Æ7 (baseline)

>140 g/l 1Æ1 (0Æ6–2Æ0) 1Æ2 (0Æ5–2Æ6)

Leucocyte count

£10 · 109/l 0Æ05 (baseline) 0Æ7 0Æ02 (baseline) 0Æ016 (baseline)

>10 · 109/l 1Æ9 (1Æ0–3Æ6) 2Æ6 (1Æ2–5Æ8) 3Æ1 (1Æ2–7Æ6)

Platelet count

£1000 · 109/l 0Æ11 (baseline) 0Æ5 (baseline)

>1000 · 109/l 1Æ8 (0Æ9–3Æ7) 1Æ4 (0Æ6–3Æ6)

Serum LDH level

Normal 0Æ003 (baseline) 0Æ13 0Æ08 (baseline) 0Æ2
High 2Æ8 (1Æ4–5Æ5) 2Æ1 (0Æ9–4Æ9)

Marrow fibrosis

No 0Æ2 (baseline) 0Æ3 (baseline)

Yes 1Æ8 (0Æ8–4Æ1) 1Æ8 (0Æ6–5Æ2)

JAK2 mutation

No 0Æ4 (baseline) 0Æ5 (baseline)

Yes 1Æ4 (0Æ6–3Æ2) 1Æ4 (0Æ5–3Æ9)

Evolutive variables�
CR with HC therapy

No 0Æ2 (baseline) 0Æ5 (baseline)

Yes 1Æ7 (0Æ8–3Æ7) 0Æ7 (0Æ3–1Æ8)

Resistance to HC

No <0Æ001 (baseline) <0Æ001 (baseline) 0Æ5 (baseline)

Yes 10Æ4 (5Æ0–21Æ5) 6Æ2 (2Æ3–16Æ7) 2Æ0 (0Æ3–15Æ3)

Intolerance to HC

No 0Æ2 (baseline) NE

Yes 1Æ9 (0Æ8–4Æ6)

Thrombotic events

No <0Æ001 (baseline) 0Æ008 (baseline) NE

Yes 4Æ2 (2Æ1–8Æ3) 2Æ8 (1Æ3–5Æ8)

Myelofibrosis

No <0Æ001 (baseline) 0Æ003 (baseline) NE

Yes 5Æ9 (2Æ4–14Æ0) 7Æ5 (1Æ9–29Æ2)

CI, confidence interval; Hb, haemoglobin; HC, hydroxycarbamide; CR, complete clinicohaematological response; LDH, lactate dehydrogenase; NE, not

evaluated.

*Diabetes, hypertension, smoking, hypercholesterolaemia.

�These factors were considered as time-dependent covariates in the Cox regression analysis.
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patients who remained in CR throughout the entire follow-up

and the others (HR 0Æ9, 95% CI: 0Æ4–2Æ1, P = 0Æ8) (Fig 3).

Transformation to myelofibrosis was observed in 11 patients

at a median of 64 months (range, 23–160) from the initiation of

HC, with a cumulative risk at 10 years of 13%. In all cases, a

review of the marrow biopsies performed at ET diagnosis

allowed exclusion of the ‘prefibrotic’ form of myelofibrosis

(Tefferi et al, 2007). However, patients displaying reticulin

accumulation (grade 1–2) in their initial marrow biopsy had a

trend to a higher risk of myelofibrotic transformation (HR 4Æ3,

95% CI: 0Æ9–21Æ2, P = 0Æ08). Of note, a remarkable incidence of

myelofibrosis was observed in patients fulfilling the ELN criteria

for resistance, as this complication was recorded in 7 of 15 such

cases, whereas only four cases were documented in the remain-

ing patients (P < 0Æ001). Lastly, five patients developed acute

leukaemia at a median of 74 months (range, 53–118Æ5) from HC

start, with an estimated actuarial risk at 10 years of 8Æ5%. Three

of these patients were not exposed to cytotoxic drugs other than

HC, one had previously been given busulphan, whereas the

remaining patient had received radiophosphorus and busulphan

following HC withdrawal due to intolerance. Thus, the cumu-

lative incidence of leukaemia among patients exposed to HC

alone was of 4% at 10 years. A trend towards a higher leukaemic

risk was observed in the subgroup of patients (n = 13) who were

sequentially exposed to several cytotoxic drugs (HR 5Æ0, 95% CI:

0Æ8–30Æ5, P = 0Æ08).

Discussion

Definitions of response to treatment (Barosi et al, 2009) and

resistance/intolerance to HC in ET (Barosi et al, 2007) have

been recently proposed on behalf of the ELN. Notably, they

resulted from a consensus process among experts and were not

evidence-based, and therefore need to be validated in the

clinical setting. For this reason, we have retrospectively applied

the proposed criteria to all patients treated with HC in our

institutions, focusing on the potential correlation between the

ELN response categories and the clinically meaningful out-

comes, namely, the overall survival and the thrombosis-free

survival.

In our series, most ET patients were able to achieve a CR

with HC therapy (70% at 1 year), a figure that is considerably

higher than the one reported in a recent study (25% at 1 year)

applying the same criteria to a large cohort of ET patients

(Carobbio et al, 2010). This discrepancy most likely reflects the

different therapeutic endpoints used in both studies, with a

target platelet level of less than 400 · 109/l in the present series

as opposed to one of less than 600 · 109/l in the Italian series.

These data support the well-recognized effectiveness of HC in

controlling the platelet count in ET (Cortelazzo et al, 1995;

Harrison et al, 2005; Randi et al, 2005; Palandri et al, 2009).

Of interest, the presence of the JAK2 V617F mutation was

associated with a higher probability of attaining CR, as well as

with lower dosages of HC to sustain the responses, in line with

previous evidence suggesting a greater sensitivity to the drug in

these cases (Campbell et al, 2005).

To our knowledge, the present study is the first one to

report on the frequency of ET patients fulfilling the ELN

criteria for resistance/intolerance to HC (Barosi et al, 2007).

Overall, 20% of the total series met such criteria. With regard

to the definitions of resistance, the most discriminating

criterion was the detection of anaemia along with thrombo-

cytosis, which was observed in 9% of cases, while other criteria

were less useful. In fact, no patient had a platelet count above

600 · 109/l after 3 months on HC at 2 g/d or more. There

were occasional patients who had platelet counts above such

threshold at that time point, but the presence of minor side

effects precluded the escalation of the HC dose above

1750 mg. Consequently, the latter patients could not be

categorized as resistant or intolerant to HC according to the

Fig 2. Probability of survival in 166 ET patients according to whether

or not they met the European LeukaemiaNet criteria for resistance to

hydroxycarbamide during treatment.

Fig 3. Cumulative incidence of thrombosis during follow-up in 166

ET patients according to the response to hydroxycarbamide treatment.

J.-C. Hernández-Boluda et al

86 ª 2010 Blackwell Publishing Ltd, British Journal of Haematology, 152, 81–88



ELN definitions. Moreover, all patients developing leucopenia

(<2Æ5 · 109/l) on HC therapy had previously experienced

anaemia (Hb < 100 g/l), and therefore this criterion failed to

identify any additional resistant patients. These findings

suggest that the current ELN criteria for resistance to HC

might be improved with some modifications. Thus, we

propose a definition of resistance to HC based on the presence

of a platelet count >600 · 109/l after 3 months of at least 2 g/d

of HC or at a lower dose if concomitant side effects preclude a

dose increase, and/or on the detection of anaemia

(Hb < 100 g/l) together with thrombocytosis (>400 · 109/l)

at any time during treatment.

Severe drug-related mucocutaneous complications were

observed in 12% of cases, and usually led to HC withdrawal.

This figure is similar to the one reported in the United

Kingdom Medical Research Council Primary Thrombocytha-

emia 1 Study, where dermatological events were registered in

11% of patients treated with HC (Harrison et al, 2005).

Unfortunately, we failed to identify any clinical factor that

could reliably predict the appearance of these complications.

Of note, mucocutaneous and haematological toxicities were

mostly unrelated, with very few patients presenting both types

of side effects. In line with previous studies (Braester & Quitt,

2000; Randi et al, 2005), the occurrence of HC-related fever

was very rare.

On the whole, the most striking finding of the present study

was the poor survival registered in the subgroup of patients

qualifying for resistance to HC. Thus, such patients had a six-

fold higher risk of death by any cause than the others, and the

median subsequent survival from the onset of anaemia, which

was always the first factor defining resistance, was only

2Æ4 years. This increased mortality could be attributed in part,

but not exclusively, to the high incidence of myelofibrosis

registered in this subgroup. Therefore, the detection of

anaemia along with thrombocytosis during treatment should

probably be considered a marker of disease progression, unless

proved otherwise. Of interest, patients destined to develop

resistance to HC had a distinctive clinical profile at ET

diagnosis, characterized by marked hyperproliferative features.

By contrast, their baseline Hb level was similar to that of the

other cases.

Finally, a lack of correlation between the response to HC

and the thrombotic risk was observed. Indeed, patients who

maintained CR status at all times during follow-up (50% of

total series) did not benefit from a lower incidence of

thrombosis as compared with the others. These results

challenge the notion that any particular threshold for the

platelet count should be used as an endpoint of treatment in

ET. In this sense, other authors have suggested that the

leucocyte count could constitute a better surrogate endpoint

for therapy (Carobbio et al, 2010), in view of the prognostic

impact of this factor on both the thrombotic risk (Wolanskyj

et al, 2006; Carobbio et al, 2008) and the survival (Gangat

et al, 2007; Girodon et al, 2010). In fact, a detrimental effect on

the thrombotic risk of a high leucocyte count at ET diagnosis

was also observed in the present series. However, it should be

noted that no clear benefit of controlling the leucocytosis was

evident in the present study, since patients with sustained CR

kept, by definition, a leucocyte count below 10 · 109/l at all

times during follow-up, and yet this was not translated into

less vascular complications. Therefore, prospective randomized

trials are warranted to properly evaluate whether different

parameters could eventually constitute better surrogate mark-

ers for the long-term treatment success.

In conclusion, treatment with HC can induce complete

clinicohaematological responses in most ET patients, but such

responses do not seem to correlate with the risk of thrombosis

nor with the overall survival. The best discriminating ELN

criterion of resistance to HC is based on the detection of

anaemia. Moreover, this criterion is particularly useful since it

also identifies a subset of ET patients with a poor prognosis.

These results should be taken into account in the design of

future studies addressing the value of new treatment modalities

for ET.
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