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Abstract

Lenalidomide, with or without prednisone, is an active therapy for patients with myelofibrosis 

(MF). We provide an update of a phase II study of lenalidomide plus prednisone in patients with 

MF, after median follow up of 9 years. Forty patients were enrolled in the study and all patients 

were evaluable for response. Response to the treatment was reevaluated using IWG response 

criteria published in 2013: quality of response improved over time and overall response rate was 

35%. Response in splenomegaly was seen in 39% of patients and anemia response in 32%. The 

median time to treatment failure (TTF) in all patients was 8.2 months and the median duration of 

response was 34.6 months. Response was highly durable in some patients: six patients (15%) had 

TTF for more than 60 months (5 years) and three patients are still on the treatment beyond 109 

months (9 years). Complete and partial responses were seen in one and five patients, respectively, 

but achieving deeper response was not necessary for the response to be durable. New clinical 

studies are needed to explore safe and well tolerated lenalidomide-based combination strategies 

for patients with MF.
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Introduction

Myelofibrosis (MF) is a clonal stem-cell disorder characterized by bone marrow fibrosis, 

osteosclerosis, and pathological angiogenesis that are thought to be largely mediated by 

proinflammatory, fibrogenic, and angiogenic cytokines [1]. The discovery of the JAK2V617F 

mutation promoting constitutive activation in JAK-STAT pathway as a key pathogenesis of 

this disease, led to development of JAK inhibitors, including ruxolitinib [2]. Two large 
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randomized trials comparing ruxolitinib to placebo or best available therapy resulted in its 

approval by the Food and Drug Administration (FDA) in 2011[3, 4]. Ruxolitinib is 

particularly effective in reducing spleen size and improving MF-related systemic symptoms. 

Also, pooled analysis of these two studies showed that patients who were randomized to 

ruxolitinib had significantly longer overall survival (OS) compared to those who received 

placebo or best available therapy [5]. However, there is no curable treatment for MF at the 

present time, except for potential cure following allogeneic stem cell transplant, but this 

treatment modality is not generally considered for older patients. The median age at 

diagnosis of MF is 66 years [6]; therefore other effective treatments, with different 

mechanisms to JAK inhibition, are needed.

Lenalidomide is one of the immunomodulatory agents (IMiDs), which have anti-

inflammatory and anti-angiogenic activity, with potential to modify the bone marrow 

environment and possibly reduce fibrosis; clinically it may improve anemia and 

thrombocytopenia in patients with MF. It may also reduce the spleen size in some patients. 

In our previous report of this phase II study of lenalidomide plus prednisone, after median 

follow up of 22 months (range: 6–27), 30% of the patients responded to the treatment with 

improved blood cell counts and reduced splenomegaly [7]. Selected patients also achieved 

histopathologic and molecular responses. Here, we report an update of this phase II trial, 

which also addresses the patients who benefited from therapy for over 5 years.

Patients and Methods

This study was a prospective single arm phase II study with primary endpoint being 

objective clinical response rate [7]. Patients were eligible if they had untreated or previously 

treated MF with intermediate or high-risk disease requiring therapy according to the Lille 

scoring system [8]. The details of eligibility criteria were previously described [7]. The 

diagnosis of MF was established according to the WHO classification [9, 10]. A total of 40 

consecutive patients with untreated (N=10) or previously treated (N=30) MF were enrolled 

in this trial between July 2006 and March 2007. The details of the treatment regimen, patient 

evaluation, and assessment of JAK2V617F mutation status were previously described [7]. 

Briefly, lenalidomide 10 mg/day (5mg/day for patients whose platelet count were lower than 

100 × 109/L) was given orally in 28 days cycles on a 21-day on/7-day off schedule for at 

least 6 months unless significant toxicities were observed. Thereafter, lenalidomide was 

continued until progression and/or toxicity warranted treatment discontinuation. Dose 

modification of lenalidomide based on toxicities and response were previously described [7]. 

Prednisone was given orally at 30mg/day during cycle 1, 15mg/day during cycle 2, and 

15mg every other day during cycle 3 and then it was discontinued. For this report, all 

responses were re-assessed according to revised International Working Group for 

Myelofibrosis Research and Treatment (IWG-MRT) criteria published in 2013 [11]. The 

study, however, did not include an assessment of baseline symptoms and symptomatic 

improvement over time during therapy based on a validated tool (e.g. MPN - symptom 

associated form - total symptom score (MPN-SAF-TSS)) [12]; therefore, we did not include 

symptomatic improvement in the overall response analysis. The only major differences 

between IWG-MRT response criteria published in 2013 to those published in 2006 (that 

were used in our previous report on this study [7]) are the lowering of blood counts required 
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for PR and CR and the requirement for bone marrow histologic remission without complete 

normalization of blood counts. For example, in the 2006 criteria, PR required Hg ≥ 110 g/L, 

platelets ≥ 100 × 109/L, absolute neutrophil count ≥ 1.0 × 109/L and no higher than the 

upper normal limit (UNL), and a normal leukocyte differential in the absence of bone 

marrow histologic remission. In the 2013 criteria, a PR requires bone marrow histologic 

remission (age adjusted normocellularity; <5% blasts; ≤ grade 1 MF) and Hg ≥ 85 g/L but < 

100 g/L and < UNL; neutrophil count ≥ 1 × 109/L and < UNL; platelets ≥ 50, but < 100 × 

109/L and < UNL; <2% immature myeloid cells. We did not evaluate cytogenetic/molecular 

responses in current paper. The study was performed in accordance with the declaration of 

Helsinki and approved by the institutional review board of MD Anderson Cancer Center.

Statistical analysis

The Fisher exact tests were used for the descriptive statistical analyses on categorical 

variables and Mann-Whitney U-test for continuous variables. Time to treatment failure 

(TTF) was defined as the time from commencement of treatment to discontinuation of 

treatment from any cause. The associations between baseline characteristics to response 

were calculated using odds ratio (OR) and 95% confidence intervals (95%CI) by logistic 

regression. OS was defined as the time from commencement of treatment to death from any 

cause. TTF, response duration, and OS were constructed using the Kaplan-Meier method 

[13]. All analyses were performed using STATA version 13.1 (StataCorp LP, College 

Station, TX), with the significance level set at the 5%.

Results

Patient characteristics

The median age at the study enrollment was 62 (range: 41–86) years (Table 1). Median time 

from diagnosis to the treatment was 10 months (range: 0–269 months) and 30 patients (75%) 

were previously treated. Twenty-three patients had an enlarged spleen ≥ 5 cm (measured by 

physical examination), and 22 had anemia with hemoglobin less than 10 g/dl (seven were 

transfusion dependent). Prior treatment included hydroxyurea in 14 (35%), azacitidine in 6 

(15%), steroids in 5 (13%), thalidomide in 4 (10%) and others (27%). Of the 40 patients, the 

JAK2V617F mutation was detected in 20 patients; two had a MPL515 mutation, three had a 

CALR mutation, and the others (n=15) were JAK2V617F mutation negative but not tested for 

either MPL515 or CALR mutations. The median duration of follow up for all surviving 

patients at the time of this analysis was 109 months (range: 23–116+ months); median OS 

for all patients was 46.9 months (95%CI: 38–74.9 months).

Overall response, response duration and toxicity

Response to the treatment improved over time (Figure 1), and 14 patients (35%, 95%CI: 21–

52%) responded overall. Although not formally assessed using the MPN-SAF-TSS, all 

patients who achieved a response described improvements in symptoms in a relatively short 

time, most frequently within 1–2 cycles. There were no significant differences in the 

baseline characteristics between the patients who responded and those who did not (Table 1). 

One patient achieved complete response (CR), five patients achieved partial response (PR) 

and eight patients achieved clinical improvement (CI: three for spleen size and hemoglobin, 
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three for spleen size and two for hemoglobin). In total, 39% (95%CI: 20–61%) of patients 

showed a response in terms of spleen size reduction, and the overall anemia response was 

32% (95%CI: 14–55%). Three of seven patients that were transfusion dependent became 

transfusion independent. The median time to first response was 2.9 months (range: 0.4–5.9 

months). The median TTF was 8.2 months (95%CI: 5.9–11.7 months). The median TTF for 

responders and non-responders were 37.6 months and 5.9 months, respectively. The median 

duration of response was 34.6 months (95%CI: 9.7–69.8+ months). At the time of data 

analysis, 29 patients died, eight patients were alive but off treatment and three patients 

remain on treatment. Six patients were on therapy for more than 60 months (5 years), and 3 

patients are still on the treatment beyond 109 months (Figure 1). The median OS for 

responders and non-responders were 52.8 months and 45.7 months, respectively (P=0.57). 

The median OS after treatment failure was 30.2 months.

As previously reported [7], the treatment was generally well tolerated with no severe or 

unexpected toxicity. Among responders, four of 14 patients started lenalidomide at 5 mg 

daily due to thrombocytopenia (platelets < 100 × 109/L); of the other 10 responding patients 

who started lenalidomide at 10 mg daily, five patients required dose reductions due to 

anemia (n=2), thrombocytopenia (n=1), neutropenia (n=1), and elevated liver function test 

(n=1). Most commonly seen grade 3–4 non-hematological toxicities were fatigue in 27% of 

patients, followed by diarrhea (15%) and infection (15%). The reason for discontinuation of 

the treatment included lack of response/progression of disease (n=21), grade 3–4 cytopenia 

(n=5, 3 anemia, 1 neutropenia, 1 thrombocytopenia), transfer to bone marrow transplant 

(n=2), thrombotic event (n=1), grade 3 neuropathy (n=1), newly diagnosed atrial fibrillation 

with dyspnea (n=1), newly diagnosed multiple myeloma (n=1), unable to come to our center 

for follow up (n=1), and death due to unrelated medical conditions (n=3: West Nile 

infection, acute myocardial infarction, and chronic heart failure).

Characteristics of long-term responders treated with lenalidomide >60 months

Six patients continued on the treatment for more than 60 months (patients 1–6; Table 2). 

Three patients achieved PR, two patients achieved CI (spleen size and anemia), and one 

patient was in stable disease but had excellent symptomatic improvement. There are no 

significant differences in the baseline characteristics between these six patients and those 

who did not respond to the treatment. All but one patient had an enlarged spleen, and four 

patients were JAK2V617F mutation positive; the other two were either CALR or MPL515 
mutation positive. Changes in JAK2V617F allele burden during therapy did not correlate with 

the response type or durability (data not shown). Two of six patients were taken off the study 

due to death from other causes (West Nile infection and acute myocardial infarction). One 

(patient 4) experienced progression of the disease with clonal evolution, and underwent 

allogeneic stem cell transplant following treatment with ruxolitinib and azacitidine. She is 

currently alive and in complete molecular response (MPL515 mutation negative) 18 months 

post-transplant.
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Discussion

The current study updates outcomes of patients with MF treated with lenalidomide plus 

prednisone, and confirms that responses are highly durable in some patients: 15% of patients 

had a TTF of more than 60 months. Interestingly, achieving PR/CR was not necessary for 

the response to be durable. The median time to first response was three months and all 

clinically measurable responses occurred within six months. Our results therefore suggest 

that six months duration of therapy would be sufficient and appropriate to give to see 

whether the patient can benefit from lenalidomide and prednisone or not.

Mesa and colleagues reported results of phase II study of lenalidomide plus prednisone in 42 

patients with MF [14]. In that study, lenalidomide was given at 10 mg/day continuously 

(without off days) in 28 day cycles. Overall response by IWG-MRT 2006 criteria was seen 

in 10 patients (24%). This somewhat lower response rate compared to our study could be 

mostly associated with the difference in the trial designs. The study by Mesa and colleagues 

aimed to give treatment for three months at first and then treatment was given up to six 

months in those who were not showing progressive disease or unacceptable toxicities. In 

contrast, our study planned to give at least six months of therapy and continued as long as 

possible. Nevertheless, median event free survival among responders in Mesa’s study was 

36.6 months, confirming a durable response of lenalidomide in selected patients. We 

previously evaluated thalidomide and lenalidomide as a single agents in patients with MF, 

and conducted a pooled analysis of the three trials [15–17], including the current study. 

Interestingly, there was no significant difference in response between lenalidomide single 

agent and lenalidomide plus prednisone; however, response duration was significantly longer 

in patients who received lenalidomide plus prednisone [15]. Of note, lenalidomide single 

agent was given for a shorter duration than in the current study: three months for all patients 

and up to 6–24 months for responders. As we showed in the current study, continuation of 

lenalidomide is important as long as there is a benefit.

A newer IMiD, pomalidomide, has shown activity (in initial studies) in patients with MF 

[18, 19]. In the first randomized phase II study evaluating different doses of pomalidomide, 

either alone or in combination with prednisone, 25% of patients with anemia responded [19] 

by IWG-MRT 2006 criteria. Since responses were seen both with 0.5 mg or 2 mg/day doses 

regardless of prednisone, a subsequent phase II trial evaluated single agent pomalidomide at 

0.5 mg/day dose. Interestingly, response to anemia was only seen in patients who were 

JAK2V617F positive (24% vs 0%) [18]. Recently, however, a phase III double-blind placebo-

controlled randomized trial was conducted [20] and no difference in anemia response 

between pomalidomide and placebo (both 16%) were recorded using IWG-MRT 2013 

criteria, whereas response in platelets was significantly better in patients who received 

pomalidomide (22% vs 0%). We recently conducted a phase II trial of ruxolitinib in 

combination with lenalidomide [21]. Ruxolitinib was given as 15 mg twice daily, and 

lenalidomide was given at 5 mg daily for 21 days on 28 days cycle. Unfortunately, however, 

this treatment resulted in a high rate of treatment discontinuation, mainly due to hematologic 

toxicities, most frequently thrombocytopenia. Overall, 31 patients were enrolled in the trial: 

all required interruption of lenalidomide and 45% of the patients were completely off 

lenalidomide within three months from start of the treatment. Responses by IWG-MRT 2013 
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criteria were seen in 55% of the patients; however, the trial was terminated early because of 

the toxicities. Of note, improvement in anemia was only seen in one patient. This study tells 

us that even though new drugs are effective as a single agents, and may have different 

mechanism of action, careful considerations of toxicity profiles of each drug are needed in 

order to provide superior result without an increase in toxicity.

In conclusion, about a third of patients with MF may respond to lenalidomide plus 

prednisone, and in selected patients the response is highly durable. However, no differences 

in the baseline characteristics among patients could be found to explain differences in 

clinical outcome. Minimal exposure to therapy of 6 months is suggested, with a continuation 

of therapy for as long as patients tolerate and have clinical benefit. New lenalidomide-based 

combination therapies should be developed and evaluated within clinical trial settings in 

order to improve outcome for patients with MF.
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Highlights

• An update of phase II trial of lenalidomide plus prednisone in patients with 

myelofibrosis after a median follow-up of nine years is presented.

• A third of patients with myelofibrosis responded to lenalidomide plus 

prednisone.

• Response was highly durable in 6 patients who received therapy for more than 

5 years.

• A minimum of 6 months therapy is suggested to best evaluate clinical benefit.
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Figure 1. 
Overall duration of therapy and best response for each patient enrolled in the study.
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