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Abstract Purpose: Interferon-alpha (IFN-alpha) has
been shown to control symptoms, reduce platelet counts,
and reduce the bone marrow megakaryocyte mass in
patients with essential thrombocythemia (ET). A semi-
synthetic protein-polymer conjugate of IFN-alpha 2b
(PEG-IFN2b) increases the serum half-life of IFN-alpha
2b. We conducted a pilot study of Peg-IFN2b in patients
with ET. Patients and methods: Patients with a history
of persistent (greater than 2 months) platelet counts
>600· 109/l, with hyperplasia of bone marrow megak-
aryocytes in the absence of an alternate identifiable cause
of thrombocytosis were eligible. Patients were required to
have either thrombohemorrhagic signs and/or symptoms
if previously untreated; persistence of thrombohemor-
rhagic signs and/or symptoms if receiving anagrelide,
IFN-alpha, or hydroxyurea; or intolerance to anagrelide,
IFN-alpha, or hydroxyurea. The initial PEG-IFN2b dose
was from 1.5 to 4.5 lg/kg per week subcutaneously with
subsequent dose adjustments as indicated by response
and adverse events.Results: Eleven patients (nine female,
median age 54 years, range 26–69 years) were treated.
PEG-IFN2b rapidly controlled platelet counts and
resolved symptoms in all patients. The median duration
of PEG-IFN2b therapy on-study was 9 months (range
4–17 months). No patient had signs or symptoms of
thrombosisorhemorrhagewhileonstudy.After 2 months
of therapy, 10 patients (91%) were in complete remission,
and 11 (100%) after 4 months. One patient discontinued
therapy at 4 months because of persistent grade 3 fatigue
and a second at 5 months because of anxiety and depres-
sion. Conclusion: PEG-IFN2b has significant activity
in patients with ET. Long-term follow-up of a larger co-
hort of patients is needed to define its role in this disease.

Keywords Essential thrombocythemia Æ Pegylated
interferon Æ Efficacy

Introduction

Current therapy for patients with essential thrombo-
cythemia (ET) commonly includes hydroxyurea and/or
anagrelide [1, 2]. Concern has been raised about the
leukemogenic potential of hydroxyurea [2, 3]. Anagre-
lide is effective in controlling symptoms and reducing
platelet counts in most patients. Anagrelide decreases
the bone marrow megakaryocyte mass (BMMM) in
patients with ET, primarily by reducing megakaryocyte
size and ploidy [4, 5]. Both platelet count elevation and
symptoms tend to recur within a short time after dis-
continuation of anagrelide, even following long-term
administration [6].

Overall initial response rates to single-agent anagre-
lide are over 90% in patients with ET [7]. In one recent
study of 35 patients, of 33 (94%) responding patients, 27
(82%) remained on anagrelide therapy for a median of
11 years (range 7–15 years) [6]. Of these patients, 20%
experienced a total of ten thrombotic episodes, and a
similar proportion experienced major hemorrhagic
events. All thrombohemorrhagic complications occurred
at a platelet count of more than 400·109/l. Thus, for
patients who are intolerant of, or fail, anagrelide therapy
there is a clear need for alternate approaches.

Recombinant interferon alpha (IFN-alpha) is effec-
tive in controlling the platelet counts, reducing symp-
toms, and reducing the BMMM in patients with ET [8,
9, 10]. However, this therapy is associated with signifi-
cant adverse events, and up to 20% of patients may have
to discontinue within 1 to 3 years [9, 10, 11, 12]. A
semisynthetic protein-polymer conjugate of IFN-alpha
2b (PEG-IFN2b) has been created by attaching a
12,000-Da monomethoxypolyethylene glycol (PEG12000)
polymer to the native IFN-alpha 2b [13]. PEG12000

conjugation increases serum half-life and allows pro-
longed patient exposure to IFN-alpha 2b [13, 14].
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Equivalent units of PEG-IFN2b and IFN-alpha 2b have
comparable activity in terms of natural-killer and lym-
phokine-activated killer cell cytolytic activity induction,
induction of class I major histocompatibility proteins,
and antiviral activity [13, 15]. Pegylated preparations of
IFN-alpha have been studied in patients with chronic
viral hepatitis and have been reported to be more
effective in comparative studies with IFN-alpha [16, 17,
18]. We conducted a pilot study of PEG-IFN2b in
patients with ET.

Materials and methods

Patient eligibility

Patients with a history of persistent (greater than 2 months) platelet
counts >600·109/l, with hyperplasia of bone marrow megak-
aryocytes in the absence of an alternate identifiable cause of
thrombocytosis were eligible [19]. Patients were required to have a
clear indication for therapy, i.e. either (1) ongoing thrombohem-
orrhagic signs and/or symptoms if previously untreated; (2) per-
sistence of thrombohemorrhagic signs and/or symptoms if
receiving anagrelide, IFN-alpha, or hydroxyurea; or (3) intolerance
of anagrelide, IFN-alpha, or hydroxyurea. Pretreatment evaluation
included history taking and physical examination; complete blood
count (CBC), differential, and platelet count; serum chemistries,
including liver and renal function studies; bone marrow aspiration
with biopsy, cytogenetics, immunophenotyping, molecular studies
(including bcr-abl analysis); serum immunoelectrophoresis, serum
protein assay, immunoglobulin assay by immunofixation, serum
ferritin, vitamin B12 and folate levels, autoantibody screen includ-
ing rheumatoid factor, urinalysis, and radiologic assessments as
clinically indicated. Patients were followed-up with physical ex-
amination, history, adverse event assessment, CBC, platelet count
and serum chemistries, weekly, then monthly or bimonthly as
clinically indicated. Bone marrow aspirate and biopsy was repeated
every 2 to 3 months for the first 6 months, and every 3 to 4 months
thereafter. Cytogenetic and molecular analyses were repeated on all
patients within 6 months of going on study.

PEG-IFN2b was supplied by Schering-Plough Laboratories in
vials containing 150 mg lyophilized powder, along with sterile
water for injection (USP). PEG-IFN2b powder for injection was
formulated in single-dose label strengths (150-mg vial), designed to
provide the label in a 0.5-ml injection volume. At the time of ad-
ministration, the vial of PEG-IFN2b powder for injection was re-
constituted with 0.7 ml sterile water solution for injection USP to
yield 0.74 ml of a 300-mg/ml solution of PEG-IFN2b to be used
directly from the vial. In order to ensure the consistent delivery of
the label dose in 0.5 ml, an overfill of 0.2 ml was provided to
compensate for residual volume in the vial and syringe/needle hub
following withdrawal and an additional 0.04 ml overfill was added
to compensate for the volume displacement by the excipients dur-
ing reconstitution of the product. Although the reconstituted so-
lution is stable for 24 h when stored refrigerated between 2 and
8ºC, it was recommended to patients on study that the solution be
used within 1 h of mixing.

PEG-IFN2b was given by subcutaneous injection once weekly,
either self-administered or by study personnel, at a dose of 3 mg/
kg. Dose escalation to 4.5 or 6.0 mg/kg per week for inadequate
control of platelet counts or symptoms and dose reduction to
1.5 mg/kg per week for grade 3 or 4 adverse events or if the platelet
count was normalized with no symptoms were allowed. A starting
dose of 4.5 mg/kg was allowed if the platelet count was >800·109/l
with moderate to severe thrombohemorrhagic signs or symptoms.
A starting dose of 1.5 mg/kg was allowed if the platelet count was
<600·109/l because of prior therapy with no or mild thrombo-
hemorrhagic symptoms. Premedication with acetaminophen (500–

1000 mg) 30 min prior to initial PEG-IFN2b administration and
further acetaminophen (500–1000 mg orally every 4–6 h) as needed
for ‘flu-like adverse events were allowed as long as the total daily
dose did not exceed 3000 mg. Other cytotoxic, radiation, colony-
stimulating factor, investigational, or biologic therapy was pro-
hibited while the patient was on study.

Response and toxicity criteria

A complete response was defined as persistent (>1 month) re-
duction of platelets counts to <400·109/l with no evident throm-
bohemorrhagic events. A partial response was defined as persistent
(>1 month) reduction of platelets counts to <600·109/l but
>400·109/l with no evident thrombohemorrhagic events. Toxicity
was graded on a scale of 0 to 5 using the National Cancer Institute
Common Toxicity Criteria (NCI-CTC) version 2.0 criteria.

Results

The clinical characteristics and progress of 11 patients
treated on study are summarized in Table 1. Their me-
dian age was 55 years (range 26–69 years); two (17%)
were older than 60 years. Nine patients (83%) were fe-
male. The median duration of prior diagnosis of ET was
40 months (range 2–120 months). The median duration
of prior therapy for ET was 25 months (range 0–
84 months). In terms of prior anagrelide exposure, two
patients on the cohort had received no specific therapy
for ET. One patient had received aspirin only and one
patient, who had had a previous response to conven-
tional IFN, requested to go on study and had received
no prior anagrelide therapy. The remaining seven pa-
tients had all received prior anagrelide therapy (Ta-
ble 1). Three patients were intolerant of anagrelide,
usually due to persistent nausea and/or hypotension,
while a further four patients had persistent ET-attrib-
utable symptoms despite an adequate trial of anagrelide.
Seven patients had received prior therapy with anagre-
lide, four with hydroxyurea, and three with IFN-alpha.
All patients had a diploid karyotype. Two patients re-
ceived a starting dose of PEG-IFN2b of 4.5 mg/kg as
they had platelet counts >800·109/l with moderate
thrombohemorrhagic symptoms. Two patients com-
menced therapy on study at a weekly dose of 1.5 mg/kg
as both had platelet counts <600·109/l, were intolerant
of anagrelide, and had no thrombohemorrhagic symp-
toms at the time of going on study. Both patients had
histories of prior platelet counts >1000·109/l associated
with thrombotic symptoms – the platelet counts had
normalized with resolution of attributable symptoms in
both patients on anagrelide therapy, but this was poorly
tolerated due to symptomatic hypotension and persis-
tent nausea in one patient each.

The median duration of PEG-IFN2b therapy on
study was 9 months (4–17 months). No patient had
signs or symptoms of thrombosis or hemorrhage while
on study. Nine patients (82%) were in complete remis-
sion at 2 months of therapy, and 11 (100%) at
4 months. This study was terminated when PEG-IFN2b
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became available commercially, as the patients were
then able to receive all care and follow-up from local
physicians. Eight patients (73%) experienced grade 2 or
3 ‘flu-like symptoms, including fever, headache, myal-
gias, and nausea, following the initial PEG-IFN2b in-
jection. These symptoms were well controlled by
acetaminophen and resolved completely in seven pa-
tients by the fifth injection. Two of these patients con-
tinued to take acetaminophen prior to each injection.
One patient had persistent ‘flu-like symptoms and
eventually discontinued therapy at 4 months, primarily
due to grade 3 fatigue. Five patients reported intermit-
tent redness at the injection site; this was not associated
with pain or pruritus. Three patients developed alopecia
(two mild, one moderate) after 6, 8 and 12 months on
study. This resolved completely in all three patients
without a specific dose reduction in response. One pa-
tient developed a grade 3 hepatic transaminitis with no
increase in serum bilirubin after 3 months on a weekly
3 mg/kg regimen, but liver enzymes normalized after
reduction to a weekly 1.5 mg/kg regimen. A second
patient discontinued therapy after 5 months because of
anxiety and depression. This patient had a history of
anxiety and depression prior to study entry, and, after
an interval of 2 months from leaving the study, received
further PEG-IFN2b therapy for ET and at the time of
this report had done so for over 3 months without re-
currence of these symptoms.

Discussion

The risk/benefit ratio of cytoreductive therapy in pa-
tients with ET has not yet been defined and may vary
markedly between individuals. Current therapy, for
those patients who are deemed to require it, involves a
therapeutic calculation between the needs to control
platelet counts, thrombohemorrhagic phenomena, ad-
verse effects, and leukemogenic risk [20]. The choice of
agent(s) is often affected by the severity of signs and/or
symptoms and the patient’s age. While hydroxyurea,
anagrelide, and IFN-alpha are all effective in controlling
blood counts and symptoms, they have markedly dif-
ferent adverse effect profiles and the latter two agents are
considered to have minimal or no leukemogenic risk. It
may, in both cases, be premature to make a definitive
statement on this issue.

Wang et al. have recently reported on the effects of
IFN-alpha on megakaryocyte development [21]. Using
several bone marrow cell purification techniques and
quantitative culture methods, this group demonstrated
that IFN-alpha directly inhibits megakaryocyte growth
induced by thrombopoietin (TPO). Janus kinase (JAK)
and its substrates mediate the effects of TPO on cellular
proliferation and survival [22]. Wang et al. found that
IFN-alpha directly suppresses TPO-induced phospho-
rylation of the JAK2 substrates c-Mpl (the TPO recep-
tor) and signal transduction and activation of
transcription 5 (STAT5) in a TPO-dependent hemato-

poietic cell line and of c-Mpl and STAT3 in primary
murine megakaryocytes [21]. IFN-alpha induces the
production of suppressors of cytokine signaling-1
(SOCS-1) in these cells, which has been shown to inhibit
TPO-induced cell growth [23, 24].

A large body of data suggests that IFN-alpha is ef-
fective in approximately 60% to 70% of patients with
ET over a 1 to 5-year period [8, 9, 25, 26]. However,
adverse effects result in discontinuation of INF-alpha in
approximately 25% of patients with ET by 1 to 2 years,
and are of sufficient severity to require dose reductions
in another 20% of patients. INF-alpha reduces BMMM,
and thus may be capable of reducing the already low risk
that patients with ET will develop leukemia. Sustained
remissions in patients with ET have been reported fol-
lowing discontinuation of IFN-alpha therapy [27, 28].
IFN-alpha has been used to successfully treat pregnant
patients with ET [29, 30, 31, 32, 33, 34, 35, 36]. Thus a
less-toxic form of INF-alpha is of potential therapeutic
benefit in patients with ET.

Polyethylene glycol (PEG) is a linear, hydrophobic,
uncharged, flexible polymer that is available in a variety
of molecular weights. PEG modification of proteins
represents a significant current endeavor in protein
pharmaceuticals. In studies involving over 40 proteins,
PEG modification usually lengthens the plasma half-life,
reduces antigenicity and immunogenicity, and reduces
sensitivity to proteolysis. Neutralizing antibodies are a
significant clinical issue in some patients receiving INF-
alpha, with current data indicating that these antibodies
occur more frequently and are more frequently associ-
ated with loss of clinical benefit in patients with hema-
tologic malignancies rather than solid tumors [37, 38, 39,
40]. PEG-IFN2b was developed as a semisynthetic form
(protein-polymer conjugate) of IFN-alpha 2b (intron A)
by attaching a PEG molecule to the epsilon amino group
of some lysine residues in the protein molecule and/or
the N-terminal amino acid. A single PEG12000 molecule
is conjugated to free amino groups on an intron mole-
cule via a urethane linkage. The PEG-IFN2b conjugate
is formulated as a lyophilized powder for injection. The
prolongation of plasma half-life with subsequent in-
crease in AUC is hoped to result in enhancement of the
therapeutic window for PEG-IFN2b as compared to
IFN-2b.

In this pilot study, weekly PEG-IFN2b rapidly con-
trolled the platelet counts and alleviated symptoms in all
patients. However, the study regimen was associated
with significant toxicities, with 2 of 11 patients discon-
tinuing therapy. Anxiety and depression was the cause
of stopping therapy in one patient. An incidence of 16%
to 26% of anxiety and/or depression as an adverse event
has been reported in studies of PEG-IFN2b in patients
with chronic hepatitis [41, 42]. This patient had a history
of these symptoms prior to PEG-IFN2b therapy and
after the study received further PEG-INF2b therapy
without adverse effects. Eight patients (73%) had dis-
tressing ‘flu-like symptoms with the first dose of therapy
and all patients had subsequent dose reductions as their
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platelet counts fell and symptoms resolved. Thus, both
lower initial and maintenance doses may be more
appropriate for future studies.

Initial pilot studies with PEG-IFN2b might reason-
ably be confined to patients who are intolerant of ana-
grelide or have failed to completely respond to it.
However, as anagrelide is so well tolerated and effective
in reducing symptoms, the important stimulus for long-
term PEG-IFN2b use, would be the clear demonstration
of a progressive reduction in the BMMM and eventu-
ally, although these studies would take many years, a
clear demonstration that the rate of leukemogenesis or
transformation to myelofibrosis were significantly re-
duced in patients with ET receiving this therapy. For
most patients, the optimum regimen may well be a
combination in which lower doses of anagrelide, which
will thus be extremely well tolerated, will rapidly reduce
platelets and symptoms, given with concomitant very
low doses of PEG-IFN2b, which will also greatly reduce
this drug’s adverse effects and allow chronic dosing with
a regimen with the potential to significantly reduce or
eliminate the malignant clone in ET.

The available data clearly suggest that PEG-IFN2b is
superior to unmodified IFN in terms of its adverse event
profile and efficacy. However, the experience with PEG-
IFN2b is relatively preliminary and longer-term follow-
up of larger cohorts of patients will be needed to allow
definitive comparisons with the unmodified preparation.
Thus, whether the suggested studies utilize pegylated or
unmodified IFN will depend on the maturation of the
current large PEG-IFN studies. Long-term follow-up of
a larger cohort of patients is needed to define the role of
PEG-IFN2b in patients with ET. Combinations of
anagrelide and PEG-IFN2b may be particularly worthy
of study, as this might allow disease control using lower
doses of both agents with fewer adverse events while
perhaps increasing BMMM reduction.
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