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Abstract

Data on the efficacy and safety of interferon (IFN)-α for the treatment of essential 

thrombocythemia (ET) and polycythemia vera (PV) are inconsistent. We conducted a systematic 

review and meta-analysis and searched MEDLINE and EMBASE via Ovid, Scopus, COCHRANE 

registry of clinical trials (CENTRAL), and Web of Science from inception through 03/2019 for 

studies of pegylated IFN (peg-IFN) and non-pegylated IFN (non-peg-IFN) in PV and ET patients. 

Random-effects models were used to pool response rates for the primary outcome of overall 

response rate (ORR) defined as a composite of complete response, partial response, complete 
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hematologic response (CHR) and partial hematologic response. Peg-IFN and non-peg-IFN were 

compared by meta-regression analyses.

44 studies with 1359 patients (730 ET, 629 PV) were included. ORR were 80.6% (95% confidence 

interval: 76.6–84.1%, CHR: 59.0% [51.5%−66.1%]) and 76.7% (67.4–84.0%; CHR: 48.5% [37.8–

59.4%]) for ET and PV patients, respectively. In meta-regression analyses results did not differ 

significantly for non-peg-IFN vs. peg-IFN. Annualized rates of thromboembolic complications 

and treatment discontinuation due to adverse events were low at 1.2% and 8.8% for ET and 0.5% 

and 6.5% for PV patients, respectively. Both peg-IFN and non-peg-IFN can be effective and safe 

long-term treatments for ET and PV.
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Introduction:

Essential thrombocythemia (ET), polycythemia vera (PV), and myelofibrosis (MF) comprise 

the heterogenous group of BCR-ABL1-negative myeloproliferative neoplasms (MPN) and 

manifest with a wide spectrum of clinical presentations ranging from asymptomatic to 

limiting constitutional symptoms as well as an increased risk of thromboembolic events and 

transformation to acute myeloid leukemia (AML).1–3

Treatment of ET and PV aims to reduce the risk of thromboembolic events using antiplatelet 

therapies such as low-dose acetylsalicylic acid (ASA) and cytoreduction with phlebotomy 

and hydroxyurea with both strategies having been shown to reduce the risk of thrombotic 

events.4, 5 Given the potential teratogenicity and the concerns about potential leukemogenic 

effects of hydroxyurea, interferon-α (IFN), is considered an alternative treatment for 

cytoreduction, mitigation of thrombosis risk and symptom management.1, 6–8 Despite its 

long track record since the 1980’s, the role of IFN in the treatment landscape of MPN 

continues to evolve. Recent studies have demonstrated that IFN treatment can lead to a 

reduction in the allele burden of driver mutations, which suggests a disease-modifying effect 

that is not seen with the purely symptomatic treatment with ASA and hydroxyurea.9–11 This 

disease-modifying potential has been attributed to the anti-proliferative, pro-apoptotic, and 

immunomodulatory effects of IFN on hematopoietic progenitor and immune cells in the 

bone marrow leading to the upregulation of tumor antigen presentation, restoration of 

immune surveillance and normal hematopoiesis.12, 13

Given the extensive but heterogenous literature, we conducted a systematic review and meta-

analysis of the use of IFN in the treatment of ET and PV, two common types of MPN, to 

synthesize the efficacy and adverse event profile and to better define the role of these agents 

in the treatment landscape of this group of diseases.
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Methods:

Search strategy:

This systematic review and meta-analysis was conducted according to the Preferred 

Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) and Meta-Analysis 

of Observational Studies in Epidemiology (MOOSE) guidelines14. MEDLINE and 

EMBASE via Ovid, COCHRANE registry of clinical trials (CENTRAL), Scopus, and Web 

of Science electronic databases were searched without language restriction from inception 

(inception dates: MEDLINE: 1946; EMBASE: 1974; CENTRAL: 1996; Scopus: 1970; Web 

of Science: 1900) through March 21st, 2019, using the following combination of free-text 

terms linked by Boolean operators: [“polycythemia” OR “polycythemia vera” OR “essential 

thrombocytosis” OR “essential thrombocythemia” OR “myelofibrosis” OR 

“myeloproliferative neoplasm” OR “MPN”] AND [“interferon” OR “IFN” OR “pegylated 

interferon” OR “peginterferon” or “alpha2b interferon” OR “alpha2 interferon” OR “alpha 

interferon”].

After removal of duplicates, two authors (JPB and MS) independently screened the titles and 

abstracts of all retrieved studies for eligibility. Based on this initial eligibility assessment 

studies were excluded if they were (I) clearly identified as review articles, commentaries or 

basic research articles, (II) reporting results from diseases other than ET, PV, or MF (e.g. 

chronic myeloid leukemia), or (III) case series with less than 5 patients. Subsequently, full 

texts of the potentially eligible studies were reviewed for eligibility. We excluded studies 

that 1) lacked information on the primary outcome of overall response rate (ORR), 2) listed 

IFN only among “other therapies” without separate reporting of outcome data, 3) were 

published only in abstract form, 4) were duplicate publications from the same patient cohort, 

5) used IFN as part of combination therapy, 6) clinical trials without published results, and 

7) studies without an available English full text. There was no disagreement among the two 

reviewers regarding the inclusion of any study. Studies on MF have been reported separately 

and were excluded from this analysis.15 The study selection process is illustrated in a flow 

diagram (Figure 1).

Quality assessment:

Two investigators (JPB and MS) extracted data using a standardized data-extraction form. A 

Downs and Black checklist was used independently by two authors (JPB and MS) to assess 

study quality as published previously.16, 17 The Downs and Black checklist is a validated 

tool for quality assessment for both randomized and non-randomized studies in systematic 

reviews. In its original version it contains 27 items assessing study quality in terms of 

reporting for a maximum score of 28 points.16

Definition of response and endpoints:

Primary outcome was the ORR defined as a composite of complete response (CR), partial 

response (PR), complete hematologic response (CHR) and partial hematologic response 

(PHR). Given the range of publication dates among the included studies, definitions used by 

the individual publications varied slightly but were primarily based on the normalization/

improvement of peripheral blood counts and resolution of MPN-associated symptoms. For 
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this meta-analysis definitions of CHR and PHR as reported by the original studies were used 

(Table 1). Key secondary outcomes included the rate of CHR and freedom of phlebotomy. 

Safety endpoints were the rate of treatment discontinuation and of thromboembolic 

complications.

Statistical analysis:

Random-effects models were used to pool ORR and rates of CR, PR, CHR, PHR, and 

thromboembolic events per patient year. All effect sizes underwent logarithmic 

transformation prior to pooling using an inverse variance weighting approach. Heterogeneity 

of studies was determined using Cochran Q and I2 indices and significant heterogeneity 

(defined as I2 > 60%) was further explored with sensitivity analyses.18 Planned subgroup 

analyses and univariate meta regression analyses were performed to statistically compare 

effect sizes of different studies based on the type of interferon administered (non-peg-IFN 

vs. peg-IFN) and duration of follow up (<24 months vs. ≥ 24 months). All analyses were 

performed with Comprehensive Meta-Analysis (CMA 2.2, Biostat).

Results:

Results of literature search:

Our search strategy identified 11,516 citations with 8,587 unique publications remaining 

after removal of duplicates. Based on title and abstract review, studies reporting results on 

diseases other than ET, PV, or MF, review articles, commentaries that did not report original 

data, basic research articles without clinical data, and case series with less than 5 patients 

were excluded, yielding a sample of 143 publications for full-text review. As outlined in the 

methods section, further exclusion criteria were applied to derive at the final sample of 44 

studies included in the meta-analysis. Figure 1 outlines the study selection process.

Description of included studies:

Among the 44 studies, 30 studies (4 retrospective cohort studies, 13 prospective cohort 

studies, 1 phase I clinical trial, and 12 phase II clinical trials) reported outcomes on 730 

patients with ET19–48 and 23 studies (5 retrospective cohort studies, 10 prospective cohort 

studies, 1 phase I clinical trial, 5 phase II clinical trials, and 2 phase III clinical trials) with a 

total of 629 patients with PV.9, 26–28, 33, 34, 37, 42, 43, 46, 49–60 Nine studies included patients 

with both ET and PV and were included in the disease-specific meta-analyses if they 

reported results separately for the different diseases.26–28, 33, 34, 37, 42, 43, 46

Disease-specific risk stratification using standardized tools such as the International 

Prognostic Score of Thrombosis in Essential Thrombocythemia (IPSET) were only reported 

by one study,27, 61 while four studies commented on risk assessment based on the patient’s 

age and history of prior thromboembolic events.30, 34, 49, 51 Information on prior treatments, 

prevalence of splenomegaly and baseline symptom burden were provided inconsistently by 

the original studies. Baseline characteristics of the patients included in the individual studies 

by disease entity are provided in Supplemental Tables 1 and 2.
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Treatment characteristics:

Among the identified studies, patients were primarily treated with non-peg-IFN in 31 

studies,11, 19, 21–25, 28, 31, 32, 35–43, 45–48, 50, 52, 53, 55–57, 59, 60 peg-IFN in 12 studies,
9, 20, 26, 27, 29, 30, 33, 34, 44, 49, 54 and ropegylated-IFN in one study,51 respectively. Dosing and 

treatment schedules varied substantially between the individual studies with dose 

adjustments based on efficacy and adverse events being permitted (Tables 1 and 2).

Assessment of study quality:

Overall study quality was limited by the single-arm design employed by most studies. 

Notable exceptions were the studies by Crisa et al.49 and Kiladjian et al.54 that used 

hydroxyurea or ruxolitinib as an active comparator, respectively. The multi-arm studies by 

Crisa et al. and Kiladijian et al. scored 22 and 23 points, respectively, on the Downs and 

Black checklist.49, 54 Included single-arm studies achieved 12–19 points on the rating scale 

with the studies by Masarova et al., Saba et al., and Gisslinger et al. scoring highest.34, 39, 51 

A detailed quality assessment for the individual studies and the subcategories of the Downs 

and Black checklist is provided in Supplemental Table 3.

Response to IFN in patients with ET:

The ORR was reported by all 30 studies and was 80.6% (95% CI 76.6–84.1%) for all studies 

combined (Figure 2 A). Heterogeneity among the various studies was low with a Cochran’s 

Q statistic of 29 (p=0.15) and an I2 statistic of 21.2%. ORR was 80.8% (95% CI 76.4–

84.6%; I2=8.5%) for non-peg-IFN and 79.8% (95% CI 69.2–87.5%; I2=48.4%) for peg-IFN, 

which was not statistically significantly different in meta-regression analysis (p=0.46) 

(Figure 2 A).

The CHR/CR and PHR/PR rates were reported by 29 studies (Figure 2 B and C). For all 

studies combined, the CHR/CR rate was 59.0% (95% CI 51.5–66.1%) with significant 

heterogeneity among the studies (Cochran’s Q=97.4 p<0.001; I2=71.3%). The CHR/CR rate 

was not statistically significantly different (p=0.23) between peg-IFN (64.8%, 95% CI 53.1–

74.9%; I2=61.8%) and non-peg-IFN (55.0%, 95% CI 45.2–64.5%; I2=68.2%). The PHR/PR 

rate for all studies was 25.8% (95% CI 20.3–32.2%) with significant heterogeneity among 

studies (Cochran’s Q=81.6; p<0.001; I2=65.7%). Contrary to the CHR/CR rate, the PHR/PR 

rate was higher for non-peg-IFN (32.0%, 95% CI 24.3–40.9%; I2=58.5%) than for peg-IFN 

(16.2%, 95% CI 10.2–24.8%; I2=45.4%), which reached statistical significance in meta-

regression analysis (p=0.008). Table 1 provides a detailed overview of response rates for 

individual studies.

Response to IFN in patients with PV:

The ORR was reported by all 23 studies (Figure 3 A). For all studies combined, the ORR 

was 76.7% (95% CI 67.4–84.0%). There was significant heterogeneity among the various 

studies with a Cochran’s Q statistic of 85.0 (p<0.001) and an I2 statistic of 74.1%. ORR was 

comparable between non-peg-IFN at 76.3% (95% CI 64.2–85.3%; I2=66.1%) and peg-IFN 

at 77.5% (95% CI 61.4–88.2%; I2=82.1%), which was not statistically significantly different 

in meta-regression analysis (p=0.95) (Figure 3 A).
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The CHR/CR and PHR/PR rates were reported by all 23 studies (Figure 3 B and C). For all 

studies combined, the CHR/CR rate was 48.5% (95% CI 37.8–59.4%) with significant 

heterogeneity among studies (Cochran’s Q=105.5; p<0.001; I2=79.9%). CHR/CR rate was 

not statistically significantly different (p=0.78) between non-peg-IFN (47.3%, 95% CI 34.1–

60.9%; I2=70.8%) and peg-IFN (50.7%, 95% CI 33.3–67.9%; I2=85.8%). The PHR/PR rate 

for all studies was 27.1% (95% CI 20.8–34.5%) with significant heterogeneity among 

studies (Cochran’s Q=85.0; p<0.001; I2=67.0%). The PHR/PR rate was not statistically 

significantly different (p=0.10) between non-peg-IFN (31.3%, 95% CI 23.2–40.7%; 

I2=48.9%) and peg-IFN (17.8%, 95% CI 10.0–29.6%; I2=77.8%).

The percentage of patients, who achieved freedom from phlebotomy was reported by 11 

studies (Supplemental Figure 1). The freedom from phlebotomy rate for all studies 

combined was 58.1% (95% CI 44.3–70.7%) with significant heterogeneity among studies 

(Cochran’s Q=41.2; p<0.001; I2=75.7%). The freedom from phlebotomy rate was not 

statistically significantly different (p=0.57) between non-peg-IFN (63.3%, 95% CI 41.9–

80.4%; I2=77.0%) and peg-IFN (54.3%, 95% CI 36.6–71.1%; I2=78.1%). Table 2 provides a 

detailed overview of response rates for individual studies.

Response rate based on duration of follow up:

As response rates to IFN can increase over time,62 we conducted a subgroup and meta-

regression analysis of the ORR based on the median duration of follow up. Studies which 

did not report the median duration of follow up were excluded from this analysis. For ET 

patients, we stratified studies by either ≤ 6 vs. >6 months of follow up (Supplemental Figure 

2A), <24 vs. ≥24 months of follow up (Supplemental Figure 2B), ≤36 vs. >36 months of 

follow up (Supplemental Figure 2C). The ORR was not statistically significantly different in 

any of those comparisons and was in line with the ORR reported for all studies combined.

For PV patients, we stratified studies by either ≤12 vs. >12 months of follow up 

(Supplemental Figure 3A), <24 vs. ≥24 months of follow up (Supplemental Figure 3B), ≤36 

vs. >36 months of follow up (Supplemental Figure 3C). The ORR was not statistically 

significantly different in any of those comparisons and was in line with the ORR reported for 

all studies combined. However, we did notice that response rates and especially CHR rates 

improved over time in several studies.9, 51

Response rate based on median patient age:

To assess whether the median patient age of study patients had an influence on the ORR for 

IFN-treated patients, we conducted a meta-regression analysis comparing studies with a 

median patient age of <60 years with studies in which the median patient age was ≥60 years 

of age (Supplemental Figure 4). ORR was similar in studies in ET patients (ORR: 79.7% 

[95% CI: 74.4–84.2%] for studies with median age <60 years vs 78.5% [95% CI: 41.9–

94.8%]; p=0.70). However, among studies in PV patients the ORR in studies with a median 

patient age <60 years was statistically significantly higher than in studies with a median 

patient age ≥60 years (ORR: 79.0% [95% CI: 70.7–85.3%] for studies with median age <60 

years vs 41.8% [95% CI: 22.6–63.8%]; p<0.001).
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Histopathologic and molecular responses in ET and PV patients treated with IFN:

Histopathologic response to IFN treatment with repeat bone marrow biopsies was assessed 

by only six and two studies for ET and PV patients, respectively.37–40, 45, 48, 56, 58 Among 

IFN-treated ET patients, 6–30% of patients experienced a normalization of baseline bone 

marrow abnormalities (mainly megakaryocyte hyperplasia and bone marrow fibrosis),
37–40, 45 while up to 40% of patients with PV achieved normalization of bone marrow 

morphology in the two studies with follow up bone marrow assessment (Supplemental Table 

4).56, 58

Baseline JAK2 V617F status was available for three and 13 studies of ET and PV patients, 

respectively, although not all studies reported the baseline JAK2 V617F allele burden.
9, 28, 33, 34, 46, 49, 51, 53, 54, 56, 58, 60 Three additional studies also reported information on 

CALR status among ET patients.33, 34, 44 When reported, 48–100% of ET patients and 83–

100% of PV patients were JAK2 V617F-positive, respectively.9, 28, 33, 34, 46, 51, 53, 56, 58 

Only one study reported the median baseline JAK2 V617F allele burden for ET patients.34 

The rate of complete (CMR; undetectable JAK2 V617F) and partial molecular response 

(PMR; ≥50% reduction in allele burden) was 9–27% and 17–33% in the two studies on ET 

that reported this information, respectively.34, 46 Verger et al. included only patients with 

CALR mutations with a median allele burden of 41% at baseline and reported a PMR in 

42% of patients.44

Among studies of PV patients, the median baseline JAK2 V617F allele burden ranged from 

40.5–70%.9, 34, 49, 51, 54, 56 Molecular response definitions varied among studies 

(Supplemental Table 5). Six studies reported rates of CMR and PMR, which was achieved in 

0–33% and 15–57% of patients, respectively.9, 28, 34, 46, 51, 60 In the studies with serial 

molecular response assessments, JAK2 V617F allele burden tended to decrease over time 

with ongoing IFN treatment.9, 51 Due to the heterogeneity of outcome assessments and 

definitions, we were unable to conduct a meta-analysis on the molecular response rate or 

histopathologic changes in the bone marrow. A summary of those outcomes for individual 

studies is provided in Supplemental Table 4 and 5.

Rate of thromboembolic events in patients with ET and PV treated with IFN:

The rate of thromboembolic events was reported by 13 studies reporting outcomes for non-

peg-IFN and peg-IFN treated ET patients (Figure 4 A).20, 21, 23, 25, 27, 30, 31, 35, 38, 39, 42, 46 

The rate of thromboembolic complications was uniformly low at 1.2% per patient year (95% 

CI 0.3–2.2%; Cochran’s Q statistic: 10.5; p=0.57; I2 statistic: 0%) for ET patients and was 

not statistically significantly different (p=0.68) between non-peg-IFN (1.1%, I2=10.2%) and 

peg-IFN (1.5%, I2=0%).

The rate of thromboembolic events was reported by 11 studies as outcomes for non-peg-IFN 

and peg-IFN treated PV patients (Figure 4 B).9, 27, 42, 46, 49, 51, 54, 55, 57, 59 For PV patients, 

the rate of thromboembolic complications was uniformly low at 0.5% per patient year (95% 

CI 0.0–1.1%; Cochran’s Q=9.36; p=0.49; I2=0%) and was not statistically significantly 

different (p=0.18) between peg-IFN (0.5% per patient year, I2=0%) and non-peg-IFN (2.9% 

per patient year, I2=15.8%).
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As the risk for thromboembolic events increases with age and patients older than 60 years 

are classified as high-risk,61, 63 we conducted a subset analysis comparing the rates of 

thromboembolic events between studies with a median patient age <60 years and studies 

with a median patient age of ≥60 years (Supplemental Figure 5). There was a non-

statistically significant trend towards a higher rate of thromboembolic events in studies with 

an older patient population on average for both ET and PV.

Discontinuation rate of IFN therapy in patients with ET and PV:

Studies that did not explicitly report the adverse event-related treatment discontinuation rate 

or the median duration of follow up were excluded from this analysis. Additionally, we 

excluded the study by Saba et al. as a median duration of follow up of 174 months would 

have led to an artificially low annualized discontinuation rate. For all studies combined, the 

discontinuation rate per patient year was 8.8% (95% CI 5.8–11.8%) for ET patients with 

significant heterogeneity among the studies (Cochran’s Q=53.9; p<0.001; I2= 68.5%) 

(Figure 5 A). The treatment discontinuation rate was higher for peg-IFN (10.9%, 95% CI 

6.2–15.7%; I2=0%) compared to non-peg-IFN (7.5%, 95% CI 3.7–11.3%; I2=64.3%) but did 

not reach statistical significance in meta-regression analysis (p=0.23).

For studies examining IFN use in PV, the discontinuation rate per patient year for all studies 

was 6.5% (95% CI 3.3–9.8%) with significant heterogeneity among studies (Cochran’s 

Q=26.38; p=0.002; I2=65.9%) (Figure 5 B). In a meta-regression analysis treatment 

discontinuation rate per patient year was not statistically significantly different (p=0.36) 

between non-peg-IFN (11.0%, 95% CI 2.9–19.0%; I2=76.8%) and peg-IFN (5.7%, 95% CI 

2.1–9.2%; I2=47.9%) (Figure 5 B).

Adverse events:

Given the long time-span covered by studies in this meta-analysis, reporting of adverse 

events was inconsistent among studies with 11 studies not providing any assessment of 

adverse events at all. Especially older studies did not use a standardized grading system for 

the severity of adverse events which precluded a formal meta-analysis. Qualitatively, flu-like 

symptoms were highly prevalent especially with non-peg-IFN formulations affecting almost 

all patients and constituting the most common cause for early treatment discontinuation 

despite supportive treatment with antipyretics. Serious and ≥grade 3 adverse events were 

rare although only 10 studies provided an objective grading. When reported, rates of ≥grade 

3 adverse events ranged from 0% to 64.7%. We were unable to systematically assess 

whether these adverse events were felt to be treatment-related or secondary to the underlying 

disease. While this heterogeneity of outcome reporting precluded a formal meta-analysis, 

descriptive summaries of adverse events as reported by the original studies by disease entity 

can be found in Tables 1 and 2.

Sensitivity analysis:

Despite the various IFN formulations used, differences in outcome definitions, and the long 

interval of publication dates included in our meta-analysis, there was no significant 

heterogeneity regarding the ORR for IFN use in patients with ET (I2 = 21.2%, p=0.15). 

However, there was statistically significant heterogeneity for CHR/CR (I2 = 71.3%, 
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p<0.001) and PHR/PR rates (I2 = 65.7%, p<0.001) among studies on ET. One reason for the 

heterogeneity between CHR and PHR rates could have been a variable response definition 

by individual studies with some studies requiring complete resolution of splenomegaly and 

ET-associated symptoms as well as a repeat bone marrow biopsy, while most other studies 

defined CHR using normalization of peripheral blood counts only. Therefore, we conducted 

a subgroup analysis of studies that reported CHR as defined by a normalization of blood 

counts (Supplemental Figure 6A). Studies which only reported CR rate but did not specify 

the CHR rate were excluded from this analysis. The CHR rate of all studies reporting a CHR 

rate (66.0%; I2=69.9%; p<0.001) appeared slightly higher than the combined CHR/CR rate 

of all studies included in the analysis (59.0%, I2=71.3%; p<0.001). However, the significant 

heterogeneity among studies did not change arguing against differences in response 

definition as a reason for heterogeneity among studies.

For PV studies, there was significant heterogeneity among the ORR and CHR/CR rates. In a 

subgroup analysis of studies which defined CHR by normalization of blood counts 

(Supplemental Figure 6B), the CHR rate of all studies reporting a CHR rate (44.6%; 

I2=76.4%; p<0.001) was similar to the combined CHR/CR rate of all studies included in the 

analysis (48.5%, I2=79.9%, p<0.001) and there was a decrease in study heterogeneity 

observed arguing against differences in response definition as a reason for heterogeneity 

among studies.

Conversely, the lower ORR reported by Kiladjian et al. is not explained by different response 

criteria as this study did not require a repeat bone marrow biopsy to define CR. While data 

on prior treatment were not reported by all studies, 100% of patients in the study by 

Kiladjian et al. were pretreated with hydroxyurea and the included patient population was 

older than on average (mean median age: 54 years [all studies] vs 61 years and 70 years, in 

the study arms by Kiladjian et al., respectively).54

Discussion:

To our knowledge, this is the first published systematic review and meta-analysis on the use 

of IFN for the treatment of ET and PV. We included 44 studies with 1359 patients (730 ET, 

629 PV) treated with various formulations of IFN over a period of more than three decades. 

With a pooled ORR of 80.6% (95%CI: 76.6–84.1%) and 76.7% (95%CI: 67.4–84.0%) for 

patients with ET and PV, respectively, IFN appears to be an effective treatment option. There 

was no statistically significant difference in terms of ORR for non-peg-IFN compared to 

peg-IFN in ET and PV patients and between shorter (<24 months) and longer (≥24 months) 

durations of follow up. Importantly, the thrombosis rate was uniformly low for studies 

examining IFN therapy for PV and ET and appeared similar or lower compared to historic 

controls of patients treated with cytoreduction.4, 64, 65 As thromboembolic and 

cardiovascular events account for a substantial proportion of deaths associated with ET and 

PV, reducing the risk for such complications especially in high-risk patients (e.g. age ≥60 or 

prior thrombotic events) is essential and cytoreduction with hydroxyurea and/or phlebotomy 

in combination with ASA is frequently used.63 In PV patients, strict hematocrit (Hct) control 

(i.e. Hct <45%) with phlebotomy and/or hydroxyurea has been shown to significantly reduce 

the risk for cardiovascular death and major thrombosis compared to a more lenient target.4 
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However, even in the landmark CYTO-PV trial 2.7% of patients in the group with a Hct 

target of <45% suffered a major thrombotic event or cardiovascular mortality after a median 

of 31 months of follow-up.4 In our analysis the annualized rate of thrombotic events was 

only 0.5% and 1.2% among PV and ET patients, respectively, without significant differences 

between peg-IFN and non-peg-IFN or heterogeneity across studies. This finding is in line 

with data from the recent PROUD-PV and CONTINUATION-PV studies that compared 

ropeginterferon alfa-2b to standard of care and reported similar rates of major 

thromboembolic and cardiovascular events between the two arms (major thromboembolic 

event: 3% vs. 3%; major cardiovascular events: 10% vs 6%).62 These data suggest that IFN 

may be an acceptable alternative to phlebotomy and/or hydroxyurea as it has comparable 

efficacy with regard to thrombotic complications. In the subset of ET and PV patients with 

splanchnic vein thrombosis, Mascerenhas et al. recently showed in a prospective phase II 

study of 20 ET and PV patients with prior splanchnic vein thrombosis treated with peg-IFN 

alfa-2a that 15% and 55% of patients achieved a CR and PR, respectively, after 12 months of 

therapy and none of the patients developed a recurrent splanchnic vein thrombosis.66 

However, it is important to note that 18 out of 20 patients received either ASA, 

anticoagulation (coumadin or low molecular weight heparin), or a combination of both, as 

well.66 Therefore, the effect of IFN on thrombosis risk and its role in combination with ASA 

or anticoagulation warrants further studies.

Despite its effectiveness, a wider uptake of IFN in routine clinical practice has been 

hampered by its associated side effects and the absence of an oral formulation. In our meta-

analysis the annual treatment discontinuation rate was 8.8% and 6.5% in ET and PV 

patients, respectively. The annualized treatment discontinuation rate for peg-IFN and non-

peg-IFN was similar for both ET and PV patients although pegylated formulations are 

believed to have better tolerability and the weekly administration schedule is easier to adhere 

to for patients. Potential explanations include the comparatively short duration of follow up 

for studies of peg-IFN compared to non-peg IFN, which leads to early treatment 

discontinuations carrying a relatively greater weight in the studies using peg-IFN. 

Additionally, studies on peg-IFN included less patients compared to non-peg IFN, which 

supports the need for larger studies with longer follow up to better evaluate the safety profile 

of peg-IFN.

Reporting of adverse events and their severity grading was inconsistent among studies but 

mainly included flu-like symptoms, malaise, and fever with lower rates of liver toxicity, 

neurotoxicity, and psychiatric complications. While most adverse events, were reportedly 

manageable with antipyretics and dose adjustments, the frequency of dosing (up to daily for 

older formulations) can make even low-grade adverse events difficult to tolerate for patients 

and lead to treatment discontinuation. This is especially relevant as alternative therapies such 

as hydroxyurea, phlebotomy, or anagrelide seem to have less side effects and are effective in 

reducing the risk of thromboembolic complications.4, 5, 67–70 As there are currently no large 

randomized trial data showing superiority of IFN over either anagrelide or hydroxyurea 

available, both the National Comprehensive Cancer Network (NCCN) and European 

Leukemia Net (ELN) recommend hydroxyurea over IFN for cytoreduction in ET patients.
1, 63 However, recommendations differ for PV patients with NCCN recommending 

hydroxyurea in addition to ASA and phlebotomy for high-risk patients (age ≥60 years and/or 
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prior thrombosis) with IFN as an alternative mainly for younger or pregnant patients.1 

Conversely, ELN recommendations suggest IFN and hydroxyurea as equally effective 

choices.63 While the combination of phlebotomy, ASA and cytoreductive therapy with 

hydroxyurea or IFN is the standard of care for higher-risk PV patients,1, 63 we were unable 

to specifically assess the effect of combinations of IFN with phlebotomy or hydroxyurea due 

to heterogeneity of practice patterns among studies. However, freedom of phlebotomy was 

achieved in 58.1% of PV patients in our meta-analysis and reductions in phlebotomy 

requirements with IFN treatment can constitute an important improvement in patients’ 

quality of life. Similarly, in recent clinical trials of IFN in PV patients such as PROUD-PV, 

phlebotomy was permitted in addition to IFN or hydroxyurea to achieve a Hct of <45%.62 

Dedicated studies evaluating the combination of IFN, hydroxyurea, and phlebotomy are 

needed to fully assess the efficacy and safety of this approach.

The role of IFN in the treatment landscape of ET and PV will likely continue to evolve. 

Following our data cut-off date, the randomized phase III PROUD-PV (ropeginterferon α
−2b vs hydroxyurea) and its continuation study CONTINUATION-PV (ropeginterferon α
−2b vs best available treatment [BAT]; 97% hydroxyurea) trials that enrolled 257 early stage 

PV patients were published.62 While PROUD-PV failed to demonstrate non-inferiority of 

ropeginterferon α−2b compared to hydroxyurea at 12 months for the composite primary 

outcome of CHR and spleen size normalization, response rates to ropeginterferon α−2b 

improved over time and both the composite outcome of CHR and symptom improvement as 

well as CHR alone were superior to hydroxyurea after 36 months in CONTINUATION-PV.
62 The response rates seen in those trials are overall in line with the findings of our meta-

analysis and lend additional support to the validity of our results. Notably, ropeginterferon α
−2b was well tolerated and led to molecular responses in 66% of cases, which further 

supports its disease-modifying potential.62 Based on these studies ropeginterferon α−2b was 

approved by the European Medicines Agency as monotherapy in adults for the treatment of 

PV without symptomatic splenomegaly in February 2019. The role of IFN will be further 

defined with publication of the final results of the randomized, open label phase III MPN-

RC112 trial that compares hydroxyurea to peg-IFN-α−2a as initial treatment of high-risk ET 

and PV patients (NCT01259856). Preliminary results showed similar ORR for hydroxyurea 

and IFN after 12 months of treatment.71 However, in an intention-to-treat analysis at 24 

months among 106 patients IFN appeared to be more effective than hydroxyurea but to be 

associated with more grade 3/4 adverse events and no clear advantage in quality of life.71, 72

In a meta-regression analysis of studies on PV, we found that IFN was more effective in 

studies with a median patient age <60 years compared to studies with a median patient age 

≥60 years. Extrapolating these results to the individual patient level is limited as we only 

compared studies stratified by median patient age and cross-study heterogeneity remains a 

potential confounder. While the association of advanced age and increased risk of 

thrombotic events is well-established, age has not been consistently identified as a 

prognostic factor for hematologic responses to IFN.63, 73 However, given its disease-

modifying potential, safety in pregnancy, and concerns about development of resistance and 

leukemogenic potential of hydroxyurea, IFN might be an attractive option for younger and 

lower-risk patients with PV.63, 73, 74 The randomized phase II LOW-PV trial 

(NCT03003325) is currently evaluating whether the addition of pegylated proline-IFN-α−2b 
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to ASA and phlebotomy could enhance Hct control in low risk PV patients (age <60 years, 

no prior thrombotic events).

Several studies have shown that IFN can lead to a reduction of the JAK2 V617F variant 

allele frequency (VAF), which suggests a disease modifying effect that is unusual with 

hydroxyurea.9, 10, 75, 76 Molecular responses, which are usually defined as ≥50% reduction 

in allele burden in patients with >20% VAF at baseline (PMR) or undetectable (CMR),77 

were only inconsistently defined and reported in the studies included in this meta-analysis 

which precluded a formal assessment of this endpoint but molecular response rates of up to 

90% have been described.9, 11, 27 In our systematic review six studies reported rates of CMR 

and PMR in 0–33% and 15–57% of patients among IFN-treated PV patients, respectively, 

with six additional studies reporting a reduction in allele burden.
9, 28, 34, 46, 49, 51, 53, 54, 56, 58, 60 Furthermore, molecular responses with CMR rates of up to 

26.7% were also reported in ET patients, which supports the disease-modifying potential of 

IFN.34, 46 Additionally, the prolonged response duration even after treatment discontinuation 

demonstrated in several studies suggests a potential elimination of the underlying clonal 

population and even cure in some patients but further studies with extended follow-up are 

necessary.11, 58 However, it is important to note that prolonged treatment with IFN is often 

required to achieve a CMR, which is an important aspect to address when counseling 

patients.34, 51, 62

Since the prognosis of ET and PV patients can vary widely, appropriate treatment selection, 

patient counseling, and clinical trial eligibility criteria continue to evolve with the wider 

availability of molecular testing.63, 78, 79 Efforts to standardize the reporting of outcomes 

and patient selection for clinical trials based on relevant risk factors have been launched by 

the ELN and International Working Group – Myeloproliferative Neoplasms Research and 

Treatment (IWG-MRT).78, 79 While recent trials of ruxolitinib used standardized 

assessments of symptom burden using Myeloproliferative Neoplasm Symptom Assessment 

Form (MPN-SAF) and spleen size reduction,54, 80 those information were not available in 

the majority of studies included in this manuscript which precluded a meta-analysis of those 

outcomes. Although an increasing body of evidence suggests that the addition of molecular 

testing can aid in the risk stratification of ET and PV patients and that molecular responses 

could be an important clinical trial endpoint, additional studies with longer follow-up 

evaluating more nuanced questions such as the impact of VAF and the impact of co-

mutations are needed.34, 51, 63, 81 Furthermore, a potential impact of other factors such as 

white blood cell count on thrombosis risk could not be evaluated in our study but has been 

shown previously.82, 83 However, data are controversial with a recent publication suggesting 

an association of persistent leukocytosis with risk of disease progression to MF, 

myelodysplastic syndrome, or AML but not thrombosis incidence in PV patients.84

While our systematic review and meta-analysis yielded robust results despite the various 

IFN formulations and treatment schedules and settings, several limitations exist. First, we 

had to rely on outcome definitions provided by the authors of the original studies. However, 

in our sensitivity analysis of studies reporting only CHR based on peripheral blood counts, 

heterogeneity persisted, which argues against a systematic effect of outcome definitions on 

our results. Second, data on adverse events were inconsistently reported and the absence of a 
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standardized grading system did not permit a meta-analysis of this endpoint. However, the 

annual treatment discontinuation rate of 6.5% in PV and 8.8% in ET patients, respectively, 

are in line with the original studies.51, 85 Third, genetic data both for molecular response 

assessment and for the identification of predictive biomarkers were not available for the 

majority of studies given that a significant proportion of studies was conducted before the 

routine use of molecular testing. Finally, as the nomenclature has been evolving over time 

we cannot exclude that studies using alternative terms such as “myeloproliferative 

syndrome” instead of MPN might have been missed. However, our search strategy retrieved 

over 11,500 citations and 44 studies were included in the final meta-analysis what makes it 

unlikely that an alternative, even more extensive search strategy would have changed the 

conclusions of the study as a whole.

Conclusion:

This is the first published systematic review and meta-analysis of IFN in PV and ET 

covering 44 studies with 1359 patients and over three decades of clinical experience with 

various formulations and treatment schedules of this agent. IFN is a potent treatment option 

in both treatment-naïve and refractory patients with ORR of 80.6% (CHR: 59.0%) and 

76.7% (CHR: 48.5%) in ET and PV patients, respectively, with comparable efficacy seen 

with pegylated and non-pegylated formulations. Adverse events remain a major limitation to 

treatment with IFN, but the high ORR and the durable molecular remission seen in a subset 

of patients suggest IFN to be a reasonable therapeutic option for patients with ET or PV.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Flow chart showing study selection as per the MOOSE guidelines
Figure 1 illustrates the search strategy and stepwise process of study selection used in this 

meta-analysis. MEDLINE and EMBASE via Ovid, the COCHRANE registry of clinical 

trials (CENTRAL), Scopus and the Web of Science electronic databases were searched 

without language restriction from inception through March 21st, 2019, using the following 

combination of free-text terms linked by Boolean operators: [“polycythemia” OR 

“polycythemia vera” OR “essential thrombocytosis” OR “essential thrombocythemia” OR 

“myelofibrosis” OR “myeloproliferative neoplasm” OR “MPN”] AND [“interferon” OR 

“IFN” OR “pegylated interferon” OR “peginterferon” or “alpha2b interferon” OR “alpha2 

Bewersdorf et al. Page 19

Leukemia. Author manuscript; available in PMC 2021 June 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



interferon” OR “alpha interferon”]. After removal of duplicates, two authors (JPB and MS) 

independently screened the titles and abstracts of all retrieved studies for eligibility. Studies 

were excluded if they were (I) review articles, commentaries or basic research articles, (II) 

reporting results from diseases other than ET, PV, or MF (e.g. chronic myeloid leukemia), or 

(III) case series with less than 5 patients. Subsequently, full texts of the potentially eligible 

studies were reviewed for eligibility. We excluded studies that 1) lacked information on the 

primary outcome of overall response rates, 2) IFN listed only among “other therapies” 

without separate reporting of outcome data, 3) studies published only in abstract form, 4) 

duplicate publications from the same patient cohort, 5) IFN given as part of combination 

therapy, 6) clinical trials without published results, and 7) without an available English full 

text. Studies on myelofibrosis have been reported separately and were excluded from this 

meta-analysis.
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Figure 2: Response to non-pegylated IFN (IFN) and pegylated IFN (peg-IFN) in ET
A: Overall response rate (ORR)

B: Complete hematologic response (CHR) rate

C: Partial hematologic response (PHR) rate
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Figure 3: Response to non-pegylated IFN (IFN) and pegylated IFN (peg-IFN) in PV
A: Overall response rate (ORR)

B: Complete hematologic response (CHR) rate

C: Partial hematologic response (PHR) rate
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Figure 4: Rate of thromboembolic events (per patient year)
A: in ET

B: in PV
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Figure 5: Discontinuation rate of non-pegylated IFN (IFN) and pegylated IFN (peg-IFN) therapy 
(for all patients while on study)
A: in ET

B: in PV
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