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Background—Polycythaemia vera is a myeloproliferative neoplasm characterised by excessive 

proliferation of erythroid, myeloid, and megakaryocytic components in the bone marrow due to 

mutations in the Janus kinase 2 (JAK2) gene. Ruxolitinib, a JAK 1 and JAK 2 inhibitor, showed 

superiority over best available therapy in a phase 2 study in patients with polycythaemia vera who 

were resistant to or intolerant of hydroxyurea. We aimed to compare the long-term safety and 

efficacy of ruxolitinib with best available therapy in patients with polycythaemia vera who were 

resistant to or intolerant of hydroxyurea.

Methods—We report the 5-year results for a randomised, open-label, phase 3 study 

(RESPONSE) that enrolled patients at 109 sites across North America, South America, Europe, 

and the Asia-Pacific region. Patients (18 years or older) with polycythaemia vera who were 

resistant to or intolerant of hydroxyurea were randomly assigned 1:1 to receive either ruxolitinib 

or best available therapy. Patients randomly assigned to the ruxolitinib group received the 

drug orally at a starting dose of 10 mg twice a day. Single-agent best available therapy 

comprised hydroxyurea, interferon or pegylated interferon, pipobroman, anagrelide, approved 

immunomodulators, or observation without pharmacological treatment. The primary endpoint, 

composite response (patients who achieved both haematocrit control without phlebotomy and 

35% or more reduction from baseline in spleen volume) at 32 weeeks was previously reported. 

Patients receiving best available therapy could cross over to ruxolitinib after week 32. We 

assessed the durability of primary composite response, complete haematological remission, overall 

clinicohaematological response, overall survival, patient-reported outcomes, and safety after 5-

years of follow-up. This study is registered with ClinicalTrials.gov, NCT01243944.

Findings—We enrolled patients between Oct 27, 2010, and Feb 13, 2013, and the study 

concluded on Feb 9, 2018. Of 342 individuals screened for eligibility, 222 patients were randomly 

assigned to receive ruxolitinib (n=110, 50%) or best available therapy (n=112, 50%). The median 

time since polycythaemia vera diagnosis was 8·2 years (IQR 3·9–12·3) in the ruxolitinib group 

and 9·3 years (4·9–13·8) in the best available therapy group. 98 (88%) of 112 patients initially 

randomly assigned to best available therapy crossed over to receive ruxolitinib and no patient 

remained on best available therapy after 80 weeks of study. Among 25 primary responders in the 

ruxolitinib group, six had progressed at the time of final analysis. At 5 years, the probability 

of maintaining primary composite response was 74% (95% CI 51–88). The probability of 

maintaining complete haematological remission was 55% (95% CI 32–73) and the probability 

of maintaining overall clinicohaematological responses was 67% (54–77). In the intention-to-treat 

analysis not accounting for crossover, the probability of survival at 5 years was 91·9% (84·4–

95·9) with ruxolitinib therapy and 91·0% (82·8–95·4) with best available therapy. Anaemia was 

the most common adverse event in patients receiving ruxolitinib (rates per 100 patient-years of 

exposure were 8·9 for ruxolitinib and 8·8 for the crossover population), though most anaemia 

events were mild to moderate in severity (grade 1 or 2 anaemia rates per 100 patient-years 

of exposure were 8·0 for ruxolitinib and 8·2 for the crossover population). Non-haematological 

adverse events were generally lower with long-term ruxolitinib treatment than with best available 

therapy. Thromboembolic events were lower in the ruxolitinib group than the best available 

therapy group. There were two on-treatment deaths in the ruxolitinib group. One of these deaths 

was due to gastric adenocarcinoma, which was assessed by the investigator as related to ruxolitinib 

treatment.
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Interpretation—We showed that ruxolitinib is a safe and effective long-term treatment option 

for patients with polycythaemia vera who are resistant to or intolerant of hydroxyurea. Taken 

together, ruxolitinib treatment offers the first widely approved therapeutic alternative for this 

post-hydroxyurea patient population.

Introduction

Polycythaemia vera is a clonal myeloproliferative neoplasm that arises because of mutations 

in the Janus kinase 2 (JAK2) gene, and is primarily characterised by an elevation in the red 

blood cell mass.1 A rise in white blood cell and platelet counts is seen in approximately 

40% of patients with polycythaemia vera.2 Splenomegaly is a common feature of advanced 

disease.3 Patients with polycythaemia vera have a substantial symptom burden,3 increased 

risk of thromboembolic events,4 and shortened survival.5 Hence, the main goals of therapy 

are to ease the symptom burden, reduce the risk of thromboembolic events, and minimise 

the transformation to myelofibrosis or acute myeloid leukaemia.1 In patients at high risk, 

either hydroxyurea or interferon alfa is the recommended therapy.6,7 Approximately 25% of 

patients at high risk given the first-line therapy (hydroxyurea or interferon) become resistant 

to or intolerant of treatment.8–10 In addition, many patients have persisting polycythaemia 

vera associated symptoms despite being given standard therapies.11

Ruxolitinib, a JAK1 and JAK2 inhibitor, has shown efficacy in treating patients with 

polycythaemia vera who were resistant to or intolerant of hydroxyurea in the large, 

randomised, phase 3 RESPONSE study (Randomised Study of Efficacy and Safety in 

Polycythemia Vera with JAK Inhibitor INCB018424 versus Best Supportive Care).12 In 

the primary analysis of RESPONSE, ruxolitinib was superior to best available therapy 

in providing haematocrit control along with a 35% or more reduction in spleen volume 

from baseline at week 32 (primary endpoint 22·7% vs 0·9% of patients in the ruxolitinib 

vs best available therapy group; p<0·001) in patients with polycythaemia vera who were 

inadequately controlled with hydroxyurea.12 These results supported the United States Food 

and Drug Administration and the European Medicines Agency approvals of ruxolitinib 

for the treatment of polycythaemia vera in patients who are resistant to or intolerant of 

hydroxyurea.12–14

The long-term follow-up in RESPONSE showed that ruxolitinib provided durable 

haematocrit control, spleen volume reduction, complete haematological remission, and 

clinicohaematological response in these patients with an acceptable safety profile.15,16 The 

analyses from RESPONSE-2 (a phase 3 study in patients with polycythaemia vera who were 

resistant to or intolerant of hydroxyurea and had a non-palpable spleen) further confirmed 

the benefits of ruxolitinib in patients with polycythaemia vera who were inadequately 

controlled with hydroxyurea.17,18 The European LeukemiaNet and National Comprehensive 

Cancer Network guidelines now include ruxolitinib as the recommended treatment for 

patients who are resistant to or intolerant of hydroxyurea.7,19

Here, we present the long-term efficacy and safety results from a planned analysis after 

all patients completed 256 weeks (approximately 5 years) of treatment or had discontinued 

from the RESPONSE study.
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Methods

Study design and participants

We did an international, multicentre, randomised, open-label, phase 3 study (RESPONSE) 

comparing the safety and efficacy of ruxolitinib with best available therapy in patients 

with polycythaemia vera (appendix p 7). Patients were enrolled at 109 sites across North 

America, South America, Europe, and the Asia-Pacific region (appendix p 15–18). The 

methods of this study have been published previously.12 The study population comprised 

patients (18 years and older) with polycythaemia vera who were resistant to or intolerant of 

hydroxyurea as per modified European LeukemiaNet criteria; have required phlebotomy 

at least two times in the 24 weeks before screening and at least one time in the 16 

weeks before screening, with the most distant and the most recent phlebotomy at least 4 

weeks apart, or the most recent phlebotomy within the 16 weeks before screening and a 

haematocrit more than 45% at screening.12 Patients were excluded if they had received 

prior JAK-inhibitor therapy, PEG-IFN-α-2a within 5 weeks of screening, or ₃₂P therapy, 

and patients who were pregnant, lactating, or had inadequate liver or renal function. An 

inadequate response to hydroxyurea was defined as a dose of 2 g or more per day or a 

maximum tolerated dose of less than 2 g per day resulting in at least one of the following: 

need for phlebotomy to maintain haematocrit at less than 45%; platelet count more than 

400 × 109 cells per L and white blood cell count more than 10 × 109 cells per L; and 

failure to reduce splenomegaly extending more than 10 cm below the costal margin by 

more than 50%. The unacceptable side-effects from hydroxyurea were defined as at least 

one of the following: absolute neutrophil count less than 1·0 × 109 cells per L; platelet 

count less than 100 × 109 cells per L, or haemoglobin less than 100 g/L at the lowest 

dose of hydroxyurea required for a response; presence of leg ulcers or other unacceptable 

hydroxyurea-related non-haematological toxicities. The resistance to and intolerance of 

hydroxyurea were planned as the stratification factors during randomisation and no formal 

analysis was planned to compare the two subgroups.

The study was approved by the central ethics committee or institutional review board at each 

participating institution and was done in accordance with the Declaration of Helsinki. All 

patients provided written informed consent.

Randomisation and masking

Patients were stratified by hydroxyurea resistance or hydroxyurea intolerance as categorised 

at the screening visit, and randomly assigned in a 1:1 ratio, to receive ruxolitinib or single-

agent best available therapy at the physician’s discretion. The treating physician made a 

clinical judgment while deciding the single agent therapy for the patient as best available 

therapy. The trial was open label and neither investigators nor participants were masked to 

study treatment.

Procedures

Patients randomly assigned to the ruxolitinib group received the drug orally at a starting 

dose of 10 mg twice a day. Dose adjustments for safety and efficacy reasons were allowed 

in patients receiving ruxolitinib. A standardised dosing regimen was used to determine 
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dose adjustments for safety and efficacy so that each participant was titrated to their most 

appropriate dose. Single-agent best available therapy comprised hydroxyurea, interferon or 

pegylated interferon, pipobroman, anagrelide, approved immunomodulators, or observation 

without pharmacological treatment. All randomly assigned patients received a low dose of 

aspirin (75–150 mg per day) unless medically contraindicated.

Patients assigned to best available therapy were permitted to cross over to ruxolitinib 

from week 32 if they did not meet the primary endpoint or after week 32 in cases of 

phlebotomy eligibility or splenomegaly progression, or both. At week 80, patients receiving 

best available therapy who did not cross over discontinued the study. The data from 

the pre-planned analyses (week 80 and week 208) have been published previously.15,16 

Adverse events were assessed according to the National Cancer Institute Common Toxicity 

Criteria for Adverse Events version 3.0. The safety results were summarised for the patients 

randomly assigned to ruxolitinib and separately for all patients after crossover from best 

available therapy to ruxolitinib. For patients randomly assigned to best available therapy, 

safety results were summarised for the duration of randomised treatment until crossover.

Outcomes

The composite primary endpoint was the proportion of patients achieving both (1) 

haematocrit control without phlebotomy (defined as no phlebotomy eligibility between 

weeks 8 and 32 with ≤1 phlebotomy eligibility from randomisation to week 8; phlebotomy 

eligibility was defined as haematocrit >45% and ≥3 percentage points higher than baseline 

or >48%, whichever was lower) and (2) 35% or more reduction from baseline in spleen 

volume (as measured by MRI or CT scan) at week 32. The proportion of patients who 

reached complete haematological remission (defined as haematocrit control, platelet count 

≤400 × 109 cells per L, and white blood cell count ≤10 × 109 cells per L) was a key 

secondary endpoint. Overall clinicohaematological response was the additional secondary 

endpoint and was defined by spleen volume reduction of 35% or more by imaging (MRI or 

CT), platelet count ≤400 × 109 cells per L, and white blood cell count ≤10 × 109 cells per L, 

or absence of phlebotomy eligibility, or both.

Since all patients randomly assigned to best available therapy either crossed over to 

ruxolitinib or discontinued the treatment by week 80, this analysis evaluated the durability 

of efficacy in the ruxolitinib group only, including durability of the primary response, 

primary response components (haematocrit control and spleen volume reduction), complete 

haematological remission, and overall clinicohaematological response. Overall survival, an 

exploratory endpoint, was defined as the time from the date of randomisation to the date 

of death from any cause. The longer-term efficacy assessments also included the changes 

in JAK2 Val617Phe allele burden from baseline and patient-reported outcomes (European 

Organization for the Research and Treatment of Cancer quality of life questionnaire 

functional scores and Pruritus Symptom Impact Scale).

Statistical analysis

The methods of the statistical analysis have been published previously.12 Briefly, the 

primary and secondary endpoints were analysed based on the principle of intention-to-treat. 
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For efficacy analyses, all patients that were randomly assigned to receive ruxolitinib were 

combined as one group regardless of their titrated dose, and all patients that were randomly 

assigned to receive best available therapy were combined as one group regardless of their 

initial or subsequent therapy. Safety was assessed in all patients who received at least one 

dose of assigned treatment. Assessments of change and percentage change from baseline 

included all patients with baseline measurements; changes in individual symptom scores 

included only patients with baseline values greater than 0. Patients with missing assessments 

were not included in the analyses. Duration of primary response was defined as the time 

from the first occurrence when both components of the primary endpoint were met to the 

date of the first documented disease progression. Kaplan-Meier estimates of duration of 

primary response along with 95% CIs were presented for the responders in the ruxolitinib 

group only as prespecified in the protocol. Kaplan-Meier estimates of duration of complete 

haematological remission and overall clinicohaematological responses along with 95% CIs 

were also presented. For the overall survival analysis, hazard ratios (HRs) and 95% CIs were 

calculated from stratified Cox proportional hazards using the Wald test. The Kaplan-Meier 

estimates of median overall survival along with 95% CIs were calculated by treatment. Since 

this study was not designed to address specific biomarker-related hypotheses, the analysis of 

these data was viewed as exploratory and hypotheses generating.

Role of the funding source

The study was designed by academic investigators and representatives of the funder. 

All authors had full access to the data for interpretation and analysis, were involved in 

development and approval of the report, and had the final responsibility for the decision to 

submit for publication. All authors vouch for the accuracy and completeness of the reported 

data, and attest that the study conformed to the protocol and statistical analysis plan.

Results

We enrolled patients between Oct 27, 2010 (first patient first visit), and Feb 13, 2013, and 

the study concluded on Feb 9, 2018 (last patient last visit). Of 342 individuals screened for 

eligibility, 222 patients were randomly assigned to receive either ruxolitinib (n=110, 50%) or 

best available therapy (n=112, 50%). The baseline characteristics of patients and the primary 

results of the study have been reported previously12 and were mostly balanced between 

the treatment groups (appendix p 2). At baseline, patients randomly assigned to ruxolitinib 

were reported to have longer previous exposure to hydroxyurea compared with best available 

therapy (median 162·9 weeks, IQR 52·9–382·0 vs 145·6 weeks, 42·9–365·4) and higher 

frequency of previous non-melanoma skin cancer or precancerous skin conditions (11% vs 
6%). The median time since polycythaemia vera diagnosis was 8·2 years (IQR 3·9–12·3) in 

the ruxolitinib group and 9·3 years (4·9–13·8) in the best available therapy group.

The median dose intensity was 22·5 mg per day (IQR 18·7–28·7) in patients who were 

randomly assigned to ruxolitinib, in which 68 (62%) of 110 patients required a dose 

reduction or interruption and 88 (80%) of 110 patients required a dose increase at some 

point of time during the study. After the primary analysis at week 32, 98 (88%) of 

112 patients initially randomly assigned to best available therapy crossed over to receive 
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ruxolitinib and no patient remained on best available therapy after 80 weeks of study. In the 

crossover population, the median dose intensity of ruxolitinib was 19·8 mg per day (IQR 

15·4–27·8). 66 (67%) of 98 crossover patients required reduction or interruption and 68 

(69%) required increase in dose at some point of time during the study.

The median time to crossover from best available therapy to ruxolitinib was 34·7 weeks 

(95% CI 33·9–35·3). At study completion, 72 (66%) of 110 patients in the ruxolitinib group 

and 64 (65%) of 98 patients who crossed over from the best available therapy group to 

receive ruxolitinib completed 5 years of on-study treatment (figure 1; appendix p 3). The 

main reasons for premature discontinuation before completion of 5 years in the ruxolitinib 

group (median exposure 255 weeks, IQR 158–256) and crossover group (220 weeks, 135–

223) were adverse events (16 [15%] of 110 and 16 [16%] of 98; regardless of study drug 

relationship), disease progression (12 [11%] of 110 and 9 [9%] of 98), and patient decision 

(6 [6%] of 110 and 6 [6%] of 98). The lack of efficacy (100 [89%] of 112) primarily led 

to the treatment discontinuations in the best available therapy group (median exposure 34 

weeks, IQR 32–36).

As reported previously,12 the primary endpoint was reached in 25 (23%) patients randomly 

assigned to ruxolitinib and one patient (1%) receiving best available therapy at week 32 

(p<0·0001). In the primary analysis, 66 (60%) patients randomly assigned to ruxolitinib 

showed haematocrit control compared with 21 (19%) patients randomly assigned to best 

available therapy, whereas 44 (40%) patients given ruxolitinib showed a spleen response 

compared with one (1%) patient given best available therapy. At the time of data cutoff, 

six (24%) of 25 primary responders had progressed (progression criteria were phlebotomy 

eligibility, progression of splenomegaly, or both). Duration of maintaining primary response 

at 224 weeks (starting from week 32) was 74% (95% CI 51–88). The median duration of 

primary response was not reached at the time of study completion (figure 2A).

Duration of complete haematological remission (haematocrit control, platelet count ≤400 

× 109 cells per L, and white blood cell count ≤10 × 109 cells per L) at 224 weeks 

(starting from week 32) was 55% (95% CI 32–73). Of 26 (24%) patients who had complete 

haematological remission at week 32, ten (38%) progressed by week 256 (figure 2B). Of 

the 66 (60%) patients who had haematocrit control at week 32, 16 (24%) had progressed by 

week 256, and duration of haematocrit control at 224 weeks (starting from week 32) was 

73% (95% CI 60–83; appendix p 8). In the ruxolitinib group, 78 (83%) of 94 patients (94 

patients were evaluable after week 80 up until the week 256 visit) required no phlebotomies 

and only six (6%) of 94 patients needed three or more after week 80 up until the week 256 

visit. Similarly, 69 (87%) of 79 patients (79 patients were evaluable after week 80 up until 

the week 256 visit) who crossed over to ruxolitinib from best available therapy remained 

phlebotomy free, with only six (8%) of 79 patients needing three or more phlebotomies 

at week 224 of crossover (appendix p 9). 63 (64%) of 98 patients who crossed over to 

ruxolitinib had haematocrit control after 32 weeks. Overall, there were fewer phlebotomies 

required in patients who were either randomly assigned to ruxolitinib or crossed over to 

ruxolitinib as compared with best available therapy. Of the 87 patients with a white blood 

cell count more than 10 × 109 cells per L at baseline, 36 (41%) had a white blood cell count 

of 10 × 109 cells per L less than at week 256. 25 (46%) of 54 patients with platelet counts 
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greater than 400 × 109 cells per L at baseline reduced platelet counts to less than 400 × 109 

cells per L by week 256.

Among the 70 (64%) patients who had an overall clinicohaematological response at 

week 32, 21 (30%) had progressed by week 256. The probability of maintaining 

clinicohaematological response at 224 weeks (starting from week 32) was 67% (95% CI 

54–77), and the median duration of clinicohaematological response was not reached (figure 

2C). The probability of maintaining at least a 35% reduction in the spleen volume at week 

224 (starting from week 32) was 72% (34–91; appendix p 10). In the ruxolitinib group (98 

[89%]) and crossover population (84 [86%]), most patients showed a decrease in spleen 

volume at some point of time during the study, whereas only 55 (49%) of the patients given 

best available therapy showed a reduction in spleen volume (appendix p 11).

Overall, there were ten (9%) deaths in the ruxolitinib group and nine (8%) deaths in the best 

available therapy group during the study or in the survival follow-up phase (appendix p 4). 

In the intention-to-treat analysis, not accounting for crossover, the Kaplan-Meier estimates 

for overall survival at 5 years were 91·9% (95% CI 84·4–95·9) in the ruxolitinib group 

and 91·0% (82·8–95·4) in the best available therapy group (HR 0·95, 95% CI 0·38–2·41, 

figure 3). The survival follow-up was only applicable to those patients who completed 

or discontinued study treatment before week 256 or continued until the time when the 

individual week 256 visit from randomisation would have been reached. The majority of the 

patients were discontinued from the study at or before their individual week 256 visit and 

were censored, therefore there is a substantial drop in the number of patients at risk after 

week 256. The estimates beyond week 256 were highly variable, and do not suggest any 

significant differences between the ruxolitinib and best available therapy groups. There were 

110 patients, ten events, and 100 censored for ruxolitinib and 112 patients, nine events, and 

103 censored for best available therapy. For week 256, there were 77 patients at risk and 

eight events for ruxolitinib and 71 patients at risk and eight events for best available therapy. 

There were 98 patients on best available therapy who crossed over to ruxolitinib.

At baseline, 104 (95%) patients were JAK2 Val617Phe positive with a mean allele burden 

of 76%. Over the course of treatment, the mean JAK2 Val617Phe allele burden decreased 

consistently in patients who were given ruxolitinib (appendix p 12). At the time of study 

completion (week 256), the mean percentage change from baseline in allele burden (negative 

value indicates improvement) was −38% (SD 38·64, n=66) in the ruxolitinib group. The 

patients who crossed over from best available therapy to ruxolitinib showed a reduction 

of −23% (SD 40·5, n=64). In the best available therapy group at week 32, the mean 

percentage change from baseline in the JAK2 Val617Phe allele burden was 1·18 (SD 25·33, 

n=80). Likewise, the improvements in the measures of quality of life seen at week 32 were 

maintained by the end of the study in patients originally randomly assigned to ruxolitinib 

(appendix pp 13–14). As assessed by the Pruritus Symptom Impact Scale, 42 (40%) patients 

given ruxolitinib maintained improvement (ie, very much improved and much improved 

responses) of pruritus up until week 256 (appendix p 13). The improvements in scores 

on the European Organization for the Research and Treatment of Cancer quality of life 

questionnaire global health status–quality of life scale were also sustained in some patients 

by week 256 (appendix p 14).
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Because patients given best available therapy crossed over to ruxolitinib (median crossover 

time 34·7 weeks, 95% CI 33·9–35·3), it is important to consider the safety findings in the 

context of difference in exposure duration between the ruxolitinib and best available therapy 

groups. There was no relevant increase in the exposure-adjusted rates of adverse events 

with longer exposure compared with previous reports, and there were no new or unexpected 

adverse events. Being consistent with the previous reports and given the mechanism of 

action of ruxolitinib, anaemia was the most common adverse event in patients receiving 

ruxolitinib (including those who received ruxolitinib after crossover, table 1). Of note, most 

anaemia events were mild to moderate in severity, and four patients in both the ruxolitinib 

group and crossover population showed grade 3 or 4 new or worsening of haemoglobin 

from baseline. The exposure-adjusted rates for thrombocytopenia were higher in the best 

available therapy group (16·3 per 100 patient-years) than the ruxolitinib group (4·4 per 100 

patient-years) or the crossover patients (1·2 per 100 patient-years).

The rates of non-haematological adverse events were generally lower with the longer-term 

ruxolitinib treatment than those in the best available therapy group (table 1). The most 

common non-haematological adverse events (exposure-adjusted rate ≥5 per 100 patient-

years) in the ruxolitinib group and crossover population, respectively, were pruritus (7·0 

and 6·1), diarrhoea (7·0 and 3·6), increased weight (6·1 and 4·2), headache (5·8 and 5·2), 

arthralgia (5·6 and 3·3), fatigue (5·1 and 3·9), and muscle spasms (5·1 and 3·3). The rates 

of infections were generally lower in patients given ruxolitinib (per 100 patient-years of 

exposure 18·9 in the ruxolitinib group and 19·1 in crossover population) than those in the 

best available therapy group (59·8 per 100 patient-years), except herpes zoster infection, 

which was more common in the patients given ruxolitinib (table 1). The overall rates of 

serious adverse events per 100 patient-years of exposure were 10·3 in the ruxolitinib group 

versus 13·6 in the best available therapy group versus 13·0 in the crossover population 

(table 2). The most frequent adverse events leading to dose adjustment or interruption 

of ruxolitinib occurring in 3% or more of patients were anaemia, thrombocytopenia, and 

pruritus. The exposure-adjusted rates (per 100 patient-years) of thromboembolic events were 

lower in patients given ruxolitinib (1·2) and the crossover population (2·7) than patients 

given best available therapy (8·2). Thromboembolic events are presented in table 3.

The rates of secondary malignancies per 100 patient-years of exposure were 7·0 in those 

originally randomly assigned to ruxolitinib, 4·1 with best available therapy, and 4·5 in the 

crossover population (appendix p 5). The rates of non-melanoma skin cancer were 5·1 

in those originally randomly assigned to ruxolitinib, 2·7 with best available therapy, and 

2·7 in the crossover population. Among the patients with a history of non-melanoma skin 

cancer, rates of non-melanoma skin cancer (per 100 patient-years of exposure) were 18·6 

in ruxolitinib group, 28·5 in best available therapy group, and 13·4 in crossover population. 

Among the patients without a history of non-melanoma skin cancer, rates of non-melanoma 

skin cancer (per 100 patient-years of exposure) were 3·6 in ruxolitinib group, 1·4 in the 

best available therapy group, and 2·0 in crossover population (appendix p 6). The rates of 

transformation to myelofibrosis and acute myeloid leukaemia (per 100 patient-years) were 

2·1 and 0·2 in the ruxolitinib group, 1·8 and 0·6 in the crossover population, and 1·4 and 

0·0 in the best available therapy group, respectively. One patient in the crossover population 

was diagnosed with lymphoplasmacytoid lymphoma or immunocytoma (grade 2) 35 days 
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after the last dose of ruxolitinib. The event was reported as a serious adverse event and was 

assessed to be not related to the study treatment.

There were two on-treatment deaths in the ruxolitinib group. One of these deaths was due 

to gastric adenocarcinoma, which was assessed by the investigator as related to ruxolitinib 

treatment. The second death was due to a malignant neoplasm. During the treatment, the 

CT of the patient’s thorax revealed the presence of a bronchopulmonary malignant tumour 

confirming the diagnosis of malignant neoplasm. 9 days after the last dose of the ruxolitinib, 

the patient died because of multiple comorbidities, with malignant neoplasm being the 

contributory factor. The investigator did not suspect an association between the event 

(malignant neoplasm) and ruxolitinib treatment. In the crossover population, four patients 

had fatal adverse events leading to four on-treatment deaths (2 patients had pneumonia, 

1 had a CNS haemorrhage, and 1 had hypovolaemic shock). None of these deaths were 

considered to be related to ruxolitinib treatment. No patients died while on best available 

therapy treatment.

Discussion

The results from this final analysis of the RESPONSE study add to the evidence for 

the efficacy and safety of ruxolitinib in patients with polycythaemia vera who are 

inadequately controlled with hydroxyurea either because of resistance or intolerance. The 

primary analysis of this study showed the superiority of ruxolitinib compared with best 

available therapy12 (including interferon)20 in terms of achieving haematocrit control, 

spleen response, complete haematological remission, and overall clinicohaematological 

response. These 5-year findings showed that the primary response, complete haematological 

remission, and overall clinicohaematological response were maintained with long-term 

ruxolitinib therapy. In addition, modest reductions in JAK2 Val617Phe allele burden and 

improvements in quality of life parameters were observed with longer-term ruxolitinib use, 

indicating greater overall benefits with the long-term treatment. The obvious limitation here 

is the quality of life data being collected at week 256 or at the end of treatment visit after 

week 32. It is worth noting that the patient population included in this study are patients 

with polycythaemia vera who had significant splenomegaly at baseline and therefore had 

advanced disease (some might in fact be developing myelofibrosis).

The benefits of ruxolitinib treatment were not limited to patients who were initially 

randomly assigned to ruxolitinib, but were also observed in the crossover patients. Many of 

the crossover patients did not require phlebotomy after 32 weeks of crossover. This finding 

is in agreement with the previously published subanalysis from RESPONSE by Verstovsek 

and colleagues.21 These findings showed that non-responders in the ruxolitinib group had 

a greater median duration of time to subsequent phlebotomy eligibility (52 weeks) than 

non-responders in the best available therapy group (21 weeks). Hence, it is plausible that 

patients from the crossover population might not have reached haematocrit control while on 

best available therapy, but showed clinical improvement after crossing over to ruxolitinib. 

Similar to the improvement in phlebotomy requirement, a reduction in allele burden was 

also observed in these patients after crossing over to ruxolitinib.
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A previous study showed that patients resistant to hydroxyurea (but not intolerant) have 

a 5·6-times increased risk of death.9 A subsequent analysis by the same research group 

showed that patients fulfilling the unified definition of resistance or intolerance criteria did 

not have worse survival compared with those patients who were not resistant or intolerant.8 

The additional analysis of subgroups from the above-mentioned study8 further revealed that 

patients who were hydroxyurea-resistant or hydroxyurea-intolerant who develop cytopenia 

had significantly lower survival rates (63%) compared with those who responded to 

hydroxyurea. Althoug cross-trial comparisons might be done with caution, the observed 

survival at 5 years with ruxolitinib treatment in the RESPONSE study appears to be higher 

than the survival previously reported in the hydroxyurea-resistant or hydroxyurea-intolerant 

population. In our study, it was not possible to make any direct comparisons with best 

available therapy, as most patients given best available therapy crossed over to ruxolitinib 

after week 32. Due to extensive crossover of patients from best available therapy, the 

observed HR from this analysis represents a conservative estimate of ruxolitinib benefit and 

warrants further exploration.

Nearly 65% of patients given ruxolitinib completed this long-term treatment period as per 

protocol, with only 15% of patients discontinuing the study drug because of an adverse 

event. The long-term safety and tolerability of ruxolitinib was consistent with the previous 

findings.12,16 As expected from the mechanism of action of ruxolitinib,1 the most common 

haematological adverse events were anaemia and thrombocytopenia but these rarely led to 

the treatment discontinuation. With longer-term follow-up, the rates of non-haematological 

adverse events and infection (except herpes zoster) were lower in the ruxolitinib group than 

the best available therapy group. Most of the herpes zoster infections were grade 1 or 2 

and were resolved. As the evidence is increasing over time for better control of infections 

using active screening techniques, prophylaxis, or treatment modalities at symptom onset 

and patient education, these measures could have possibly contributed to controlled infection 

rates observed over time in the RESPONSE study. Although the RESPONSE study was not 

designed to evaluate the reduction in thrombotic events, the lower rate of thromboembolic 

events, durable haematocrit control, and complete haematological remission with ruxolitinib 

treatment could potentially benefit in minimising the risk of a thromboembolic event.

The rates of non-melanoma skin cancer were higher in the patients originally randomly 

assigned to ruxolitinib and who did not have previous history of non-melanoma skin 

cancer at baseline. Based on the observation made from a small number of patients in 

the ruxolitinib group, who had longer prior exposure to hydroxyurea at baseline, it is 

plausible that previous hydroxyurea treatment could be an underlying contributory factor for 

an increased rate of non-melanoma skin cancer in the ruxolitinib group.22 Overall, no new 

long-term safety signals were detected in this analysis.

Taken together, the long-term efficacy and safety data from the completed RESPONSE 

study support that ruxolitinib is a safe and effective therapeutic option for patients with 

polycythaemia vera who are resistant to or intolerant of hydroxyurea treatment.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

We searched PubMed for articles published between July 1, 2003, and July 1, 2018 

with no language restrictions. We searched “polycythemia vera” AND “hydroxyurea” 

AND “resistance”, “polycythemia vera” AND “second-line”, and “polycythemia vera” 

AND “phase 3”. We included all completed and ongoing studies. The therapeutic 

goals for patients with polycythaemia vera are to prevent vascular events, to improve 

symptom burden, and to delay disease progression. Hydroxyurea has been a long-

standing cytoreductive agent in the first-line setting for patients at high risk. In 2011, 

the European LeukemiaNet also recommended interferon as the first-line option in 

patients at high risk with polycythaemia vera who are in need of cytoreductive therapy. 

However, 25% of patients at high risk given the first-line therapy (hydroxyurea or 

interferon) become resistant to or intolerant of treatment. For patients who do not 

tolerate or are resistant to hydroxyurea or interferon, therapeutic options remain limited. 

The available cytoreductive agents have rarely been compared in a randomised study, 

and their use is supported by little prospective evidence. More than 95% of patients 

with polycythaemia vera possess the JAK2 Val617Phe mutation; hence, ruxolitinib, a 

JAK 1 and JAK2 inhibitor, was investigated in patients with polycythaemia vera who 

were refractory to or intolerant of hydroxyurea. A phase 2 study (INCB 18424–256) 

in patients with polycythaemia vera who were refractory or intolerant to hydroxyurea 

showed that treatment with ruxolitinib was effective and well tolerated, and can result in 

normalisation of haematocrit, white blood cell count, and platelet count while reducing 

the need for phlebotomy. In this study, splenomegaly was improved with ruxolitinib 

treatment. On the basis of the emerging efficacy and safety evidence from this study, the 

registration phase 3 RESPONSE study was designed to compare the long-term efficacy 

and safety of ruxolitinib to best available therapy in patients with polycythaemia vera 

who were refractory to or intolerant of hydroxyurea.

Added value of this study

In the primary analysis of RESPONSE, ruxolitinib was superior to best available 

therapy in patients with polycythaemia vera who were inadequately controlled with 

hydroxyurea. These results supported the United States Food and Drug Administration 

and the European Medicines Agency approvals of ruxolitinib for the treatment of 

polycythaemia vera in patients who are resistant to or intolerant of hydroxyurea. 

The European LeukemiaNet and National Comprehensive Cancer Network guidelines 

now include ruxolitinib as the recommended treatment for patients who are resistant 

to or intolerant of hydroxyurea. The results from this final analysis after 5 years 

of follow-up show that the primary response, complete haematological remission, 

and clinicohaematological response were durable in these patients with long-term 

ruxolitinib therapy. In RESPONSE, the exposure-adjusted rates (per 100 patient-years) of 

thromboembolic events were lower in patients given ruxolitinib compared with patients 

given best available therapy. Additionally, sustained reductions in JAK2 Val617Phe allele 

burden and improvements in quality of life parameters were observed with longer-term 

ruxolitinib use.
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Implications of all the available evidence

Ruxolitinib is a safe and effective long-term treatment option for patients with 

polycythaemia vera who are resistant to or intolerant of hydroxyurea treatment. Our 

results indicated a greater benefit with long-term treatment. The long-term safety and 

tolerability of ruxolitinib were consistent with the previous reports, and no new safety 

signals were reported.
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Figure 1: Trial profile
*Reasons for ineligibility are described in detail in the appendix (p 1); patients might 

have more than one reason for ineligibility. †One patient was randomly assigned to 

best available therapy but did not receive study treatment. Initial best available therapy 

comprised hydroxyurea (n=66), interferon or pegylated interferon (n=13), anagrelide (n=8), 

immunomodulators (n=5), pipobroman (n=2), and observation (n=17). ‡98 of 112 patients 

were eligible for cross over to ruxolitinib. §One patient in the ruxolitinib group, determined 

by the investigator to have discontinued the study treatment because of adverse events, died 

afterwards.
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Figure 2: Response in patients treated with ruxolitinib
(A) Primary response (patients who achieved both haematocrit control without phlebotomy 

and 35% or more reduction from baseline in spleen volume). There were 25 responders, six 

events, and 19 censored. (B) Complete haematological remission. There were 26 responders, 

ten events, and 16 censored. (C) Overall clinicohaematological response. There were 70 

responders, 21 events, and 49 censored. Crosses indicate censored patients.

Kiladjian et al. Page 18

Lancet Haematol. Author manuscript; available in PMC 2022 March 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: Overall survival by intention-to-treat analysis
HR=hazard ratio. Crosses indicate censored patients.
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