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Abstract Introduction: Interferon-B-1a (Rebif®) is an established treatment for relapsing-
remitting multiple sclerosis (MS) and haematological changes are commonly
reported in clinical trials of this agent. The combined clinical trial and postmarket-
ing safety database for subcutaneous interferon-B-1a (Rebif®) allows a compre-
hensive, retrospective assessment of both common and infrequent haematological
effects associated with interferon-f therapy.

Methods: Haematological laboratory abnormalities were analysed from six
randomised, controlled clinical trials of subcutaneous interferon-3-1a in MS, five
of which were placebo-controlled. Treatment data were collected from 2482
patients for up to 6 months, 1178 patients for up to 2 years and 786 patients for up
to 6 years. Total interferon-B-1a doses ranged from 22ug once weekly to 44ug
three times weekly. Postmarketing surveillance data were also analysed.
Results: Treatment with interferon-B-1a led to asymptomatic dose-related reduc-
tions in all cell lineages under investigation, predominantly white blood cells. The
greatest differences between interferon-f3-1a therapy and placebo were seen for
total leucocyte and neutrophil counts. At least two-thirds of patients affected by
cytopenia experienced the onset of cytopenia within the first 6 months of therapy.
The majority of events were mild and generally resolved within 3—4 months,
while continuing therapy. Dose reductions were uncommon and only a small
proportion (6 of 727; 0.8%) of patients stopped treatment over 2 years because of
haematological abnormalities when receiving the highest dose of interferon-p3-1a,
44ng three times weekly. Postmarketing safety reports were similarly related to
asymptomatic cytopenias, although one case of potentially related autoimmune
haemolytic anaemia was reported.

Conclusion: Although haematological abnormalities are common and dose-
related in patients with MS receiving interferon-f-1a, the events are mainly mild
and transient, with little impact on adherence to therapy. Haematological events
are rarely of clinical significance and do not adversely affect the benefit-to-risk
ratio that favours high-dose interferon-f3-1a therapy.
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Introduction

Interferon-f is one of a family of naturally occur-
ring proteins that have immunomodulatory, antiviral
and antiproliferative effects. It is widely used as a
long-term immunomodulatory therapy for multiple
sclerosis (MS).!'?! Interferon-B-1a is synthesised in
mammalian cells, so it is glycosylated and has an
amino acid structure that is identical to the natural
molecule. Rebif® ! (Serono, Geneva, Switzerland) is
an interferon-f-1a that is administered subcutane-
ously. There is evidence that the effects of interfer-
on-p in MS are dose-dependent;!3# therefore,
Rebif® is administered at a recommended dose of
44ug three times weekly, although a 22ug three
times weekly dose is also available.

Interferon-f has been extensively tested in both
relapsing-remitting MS (RRMS) and secondary pro-
gressive MS (SPMS). In large clinical trials, the
main adverse events are flu-like symptoms, injec-
tion-site reactions and laboratory abnormalities, !
including asymptomatic white blood cell (WBC)
abnormalities and raised liver aminotransferase
levels.'% The benefits of enhanced efficacy provid-
ed by high-dose, high-frequency therapy with in-
terferon-3 must be considered alongside any dose-
related changes in the safety and tolerability of this
drug.

In order to assess the incidence of changes in
WBC counts in patients with MS receiving interfer-
on-PB-1a and the impact of those changes on patient
safety, information was collated from several
clinical trials of subcutaneously administered in-
terferon-B-1a and from postmarketing surveillance;
these were integrated into a single safety database.
The studies utilised doses ranging from 22ug once
weekly to 441g three times weekly in patients with a
broad range of ages and degrees of disability. Pa-
tients with suspected MS, RRMS and SPMS were
included.

Methods

Clinical Studies

Haematological safety data were analysed retro-
spectively from six controlled, double-blind,

randomised, clinical trials of interferon-B-1a in MS,
five of which were placebo-controlled and one em-
ployed an active control.l!:+8%11.121 For the purposes
of this study an adverse haematological event was
defined as either a symptomatic event (e.g. bleeding,
infection, etc.) felt by the physician to be caused by
a haematological abnormality or a laboratory result
that was a clinically significant change from base-
line. A laboratory abnormality was any event that
differed from the laboratory normal values. Given
that laboratory abnormalities were almost universal-
ly asymptomatic and that similar severity grades of
abnormalities can be considered as adverse events
by some clinicians and not by others, it was deemed
important to focus on all the laboratory abnormali-
ties to eliminate subjectivity in reporting. Adverse
event rates and laboratory abnormalities were col-
lected for up to 6 years within the clinical trials,
although comparison with placebo continued only to
a maximum of 3 years.

Data on treatment discontinuations because of
adverse events were obtained from the six controlled
studies, including their extension phases up to 6
years, as well as data from another 17 uncontrolled
MS studies.!'¥] Data on serious adverse events
(SAESs) were obtained from all 23 studies and from
postmarketing surveillance.

The database of the controlled studies included
2482 patients (termed the ‘controlled population’),
comprising of 1500 patients with RRMS and 982
patients with SPMS. Placebo was administered to
441 patients with RRMS and 383 patients with
SPMS. Interferon-B-la was administered to 1059
patients with RRMS and 599 patients with SPMS.
The 6-month data included all patients from the
controlled population. The 2-year and 6-year data
were from subsets of the controlled population and
included 1178 patients from two studies (560 with
RRMSM and 618 with SPMS!!), of whom 392
were receiving placebo (years 1-2 or 1-3 only) and
786 were receiving interferon-B-1a. The total pooled
safety data, including those from the 17 uncon-
trolled studies, provided information on a total of
3995 patients (termed the ‘total population’) with
over 7800 patient-years of exposure.

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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Table |. Definitions of grades of haematological abnormality (National Cancer Institute Common Toxicity Criteria)

Parameter Grade 1 Grade 2 Grade 3 Grade 4
Total WBC 3.0 x 109/L to <LLN 2.0 to <3.0 x 109/L 1.0 to <2.0 x 109/L <1.0 x 109/L
Neutrophils 1.5 x 109/L to <LLN 1.0 to <1.5 x 109/L 0.5 to <1.0 x 109/L <0.5 x 109/L
Lymphocytes 0.75-1.0 x 109/L 0.5 to <0.75 x 109/L 0.5 to 0.2 x 109/L <0.2 x 109/L
Platelets 75 x 109/L to <LLN 50 to <75 x 109/L 25 to <50 x 109/L <25 x 109/L
Haemoglobin 100 g/L to <LLN 80 to <100 g/L 65 to <80 g/L <65 g/L

LLN = lower limit of normal; WBC = white blood cell.

Six-month clinical trial data were used to explore
differences in the haematological changes associat-
ed with different doses of interferon-B-1a during the
initial months of therapy, whereas 2-year and 6-year
clinical trial data provided information on the onset
and recovery of events following administration of
the approved doses (22ug and 44ug three times
weekly) for MS.

Routine laboratory tests were performed during
the clinical trials, generally at baseline, at weeks 2, 4
and 12, and then every 3 months thereafter.
Haematological measures included WBC count, dif-
ferential, haemoglobin and platelet counts. The Na-
tional Cancer Institute Common Toxicity Criteria
(version 3.0, 2003) were used to grade toxicity (ta-
ble I) below the lower limit of normal (LLN). Due to
variations in scales used to grade lymphopenia, a
LLN was set at 1.0 x 109/L for all samples. Data are
presented based on laboratory measures. Because all
abnormalities were asymptomatic, adverse event re-
porting underestimates the impact on these variables
and may vary between sites for similar grades of
laboratory abnormality.

To assess the persistence of haematological
changes, shift tables were prepared to document the
number of patients who had normal, high or low
haematological parameters at baseline, cross-corre-
lated with their status at specific timepoints during
the study. Persistent new-onset elevations were cal-
culated based on the number of patients with elevat-
ed values at the endpoint divided by the number at
risk (those with high or normal values) at baseline.

Postmarketing Data

Rebif® has been on the market from mid-1998.
Since then, safety data from postmarketing sources
have been recorded in a dedicated database and
analysed periodically in compliance with existing
regulations worldwide. For the purpose of this pub-

© 2004 Adis Data Information BV. All rights reserved.

lication, all medically confirmed cases in the Serono
postmarketing safety database with an initial receipt
date up to 30 September 2003 were considered. In
the database, the coding dictionary used is the
WHO’s Adverse Reaction Terminology (WHO-
ART) and verbatim terms are coded. The search was
conducted either by verbatim terms or by the WHO-
ART Preferred Term and Body System.

Events that are labelled, particularly if non-seri-
ous, are typically under-reported to the sponsor.
Therefore, common non-serious events, such as
haematological disorders, are best analysed using
clinical study data. However, spontaneous reporting
can generate signals, or confirm a signal generated
during clinical studies. The definition of ‘serious’
used is in agreement with the International Confer-
ence on Harmonisation (ICH) guidelines (ICH
E2A): a serious event is one that is fatal, life-
threatening, disabling, incapacitating, results in hos-
pitalisation, prolongs hospitalisation, is a congenital
anomaly or birth defect, or is otherwise considered
medically significant.

The spontaneously reported postmarketing data
provided clinical, but no laboratory, information
based on approximately 60 000 patients, with ap-
proximately 145 000 patient-years of exposure, as
of September 2003.

Statistics

The analysis was performed on all available data
from the studies under consideration. The Cochran-
Armitage Trend Test on binomial proportions was
used to detect any dose-effect relationships. Com-
parisons of proportions affected were made using
Fisher’s Exact Test. The 95% Cls were estimated
using the binomial distribution. All tests were two-
sided with a significance level of 0.05. Values
<0.0005 are expressed as p < 0.001. All computa-
tions were performed using SAS (SAS Institute Inc.,

Drug Safety 2004; 27 (10)



748

Rieckmann et al.

Cary, North Carolina, USA) version 8.02 for Win-
dows. Descriptive statistics (mean, median) were
reported for all the continuous variables assessed.
For nominal variables, the distribution tables (num-
bers and percentages) were displayed for each treat-
ment and each visit.

Results

Patient Demographics

The ratio of male to female patients was approxi-
mately 1 : 2 in studies of RRMS and 2 : 3 in those of
SPMS. Median (mean) patient age in the total popu-
lation was 37 (37.1) years: 35 (35.3) years in pa-
tients with RRMS and 44 (43.1) years in those with
SPMS; 90% of patients were aged between 22 and
52 years. Patients were predominantly Caucasian
97.1%).

Exposure to Interferon-g-1a

All patients who received at least one dose of the
study drug during the clinical trials were included in
the analyses of safety (table II). In the controlled
population, 1658 patients received interferon-B-1a
(Rebif®) and 824 patients received placebo. In the
Prevention of Relapses and Disability by In-
terferon-B-1a Subcutaneously in Multiple Sclero-
sis (PRISMS)!!! and Secondary Progressive Efficacy
Clinical Trial of Recombinant Interferon-f-la in
Multiple Sclerosis (SPECTRIMS)!!! studies, safety
data were available for patients who started the
study receiving interferon-f-1a, either 22ug (n =
398) or 4411g (n = 388) three times weekly, and who
continued therapy for up to 6 years, plus 392 pa-
tients who received placebo for 2 years. The propor-
tion of patients who completed each interval is also
shown in table II.

Incidence of White Blood Cell Toxicity in the
Controlled Population

Examination of the results for the controlled pop-
ulation by study demonstrated heterogeneity in the
proportions of patients affected by WBC toxicity,
with one study, the EVidence of Interferon Dose-
response: European North American Comparative
Efficacy (EVIDENCE)" trial, showing consistently
lower rates than the other studies. Differences be-

© 2004 Adis Data Information BV. All rights reserved.

Table Il. Patient numbers contributing data during various time intervals, the proportion completing the interval and the cumulative treatment exposure and time on study for the

controlled population

44ug qw 22ug tiw 44ug tiw

Placebo 22ug qw

Treatment duration (months)

Parameter

(treatment-years)

727 (327)
388 (723)
388 (1792)

96
93
89
83
76

(treatment-years)

398 (180)
398 (740)

(treatment-years)

98 (44)

(treatment-years)

435 (198)

(treatment-years)

824 (372)
392 (748)

Patient number
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50 -

Proportion of patients affected (%)

179
45 | 238
40 + 81
35 4
188
30 4
o5 100 124
20 4 155 102
17 16
15 %8 56
48 95 49 11
44
10 =
55 49 28 6
5
o 143
0

Placebo

22pug once weekly

44pg once weekly

22yg three times weekly
44ug three times weekly

EODEOO

Leucopenia Granulocytopenia

Lymphopenia

Thrombocytopenia Anaemia

Haematological toxicity

Fig. 1. The number and proportion (%) of patients with haematological abnormalities, based on laboratory testing, during the first 6 months
of treatment with interferon-p-1a (Rebif®) in all six studies. The comparisons of 22ug and 44ug three times weekly with placebo were
significant for all measures (p < 0.002), apart from anaemia. Differences between 22ug and 44ug three times weekly were significant (p <
0.001) for leukopenia and granulocytopenia (p < 0.001 for both) and thrombocytopenia (p < 0.05).

tween EVIDENCE and the other studies include
different time (1999-2000 for 6-month data versus
1995-6 for the other studies), geography (predomi-
nantly US-based versus Europe, Canada and Austra-
lia) and product container (liquid in prefilled syr-
inges versus liquid in vials), although the formula-
tion was unchanged. It is not clear that any of these
factors would differentially affect haematological
results. For the abnormalities with potentially more
clinical relevance (grades 3 or 4), there were no
substantial differences between studies. For this
reason, dose comparisons may be best assessed
using data from PRISMS! and SPECTRIMS, !
as presented below.

During the first 6 months of therapy, asymptom-
atic reductions were seen in several haematological
variables (figure 1). There was evidence of a dose-
effect relationship for leucopenia (p < 0.001, linear
trend analysis), lymphopenia (p < 0.001), granulo-
cytopenia (p < 0.001) and thrombocytopenia (p <
0.001), but not for anaemia (p = 0.16). There were
no notable changes in the numbers of basophils,
eosinophils or monocytes. Most of these laboratory
abnormalities were of mild severity. For the doses
approved for MS therapy, 22ug and 44ug three
times weekly, differences between the proportion of

© 2004 Adis Data Information BV. All rights reserved.

patients with abnormal results for interferon-B-1a
and placebo were significant (p < 0.001) for all
comparisons, except for anaemia. A difference be-
tween the two approved doses (p < 0.05) was seen
for granulocytopenia, leucopenia and thrombo-
cytopenia.

For patients with 2 years of exposure to interfer-
on-B-1a, there were significant differences in the
proportion of patients for each haematological vari-
able, for both doses, compared with placebo, except
for anaemia in the 22ug three times weekly group
(table III); most of these abnormalities were mild
(grade 1). In this 2-year cohort study, there is a
sufficient duration of treatment to generate informa-
tion on time to onset and average duration of labora-
tory abnormalities. The median (mean) time to onset
for haematological abnormalities was 1.6 (4.8)
months, for thrombocytopenia it was 1.5 (3.6)
months and for anaemia it was 3.0 (7.0) months.

Longer-term data (6-year follow-up from the
PRISMS!!I and SPECTRIMS!'!! studies) demon-
strated that the proportion of patients with haemato-
logical abnormalities increased somewhat compared
with the proportions affected after 2 years (table IV).
Interpretation of these long-term rates of haemato-
logical abnormalities must take into consideration

Drug Safety 2004; 27 (10)
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Table lll. Percentage of patients receiving interferon-B-1a for 2 years in the controlled population experiencing haematological toxicity (by

grade and treatment group)?

Haematological toxicity Grade Placebo (n = 392)

22ug tiw (n = 398) 44ug tiw (n = 388)

90
8

1

0
0.3
89
8

3
0.3
0.3
84
10
5

1

0
96
4

0
83
15
1

3 0.3

Leucopenia

Granulocytopenia

Lymphopenia

Thrombocytopenia

Anaemia

N =2 O =2 O WN-—- O P WN-=- 0PI, wWN-=O

68° 48b°
25 34
7 17
0.3 1

0 0
78° 630°
15 19
6 14
0.5 3

0 0.3
70° 550¢
18 21
10 20
2 4

0 0.3
86° 73
14 27
0 0.3
79 7104
20 27

1 2

0 0

p < 0.001 compared with placebo.
p < 0.001 compared with 22ug tiw.
p < 0.05 compared with 22ug tiw.

tiw = three times weekly.

o o T o

Percentages are rounded to nearest integer, except for values <0.5%.

the fact that comparable placebo values are not
available for the 6-year data and that factors other
than interferon-B-1a therapy could contribute to
these laboratory abnormalities.

Severity of Abnormalities

Most of the haematological abnormalities were
mild: only 0.2% of the controlled population (6 out
of 2482 patients) experienced grade 4 toxicity dur-
ing the first 6 months of therapy: 2 out of 824 (0.2%)
placebo-treated patients and 4 out of 1658 (0.2%)
interferon-treated patients. After 2 years of therapy,
1 of the 392 (0.3%) patients receiving placebo and 3
of the 786 (0.4%) treated patients experienced grade
4 toxicity.

Considering grades 3—4 toxicity as a measure of a
clinically significant effect, the proportions of pa-
tients experiencing such toxicities when receiving
221ug or 44ug three times weekly (the approved

© 2004 Adis Data Information BV. All rights reserved.

doses) compared with placebo are shown in table
IVv.

In the total population database, eight patients
receiving interferon-f3-1a had haematological abnor-
malities that were classified as SAEs by the treating
physician. Seven patients had lymphopenia (six pa-
tients receiving 44ug three times weekly and one
receiving 22ug three times weekly), and one patient
had anaemia (receiving 44ug three times weekly).
Five patients taking placebo also experienced such
SAEs: four had anaemia and one had lymphopenia.
The most common haematological SAE during in-
terferon-f-1a therapy was lymphopenia that had an
incidence rate of 0.09 per 100 patient-years, com-
pared with 0.12 per 100 patient-years for placebo.
The SAEs related to lymphopenia may partly be an
artefact of the rating scales used by the individual
sites, particularly as all cases were asymptomatic.
When using the Common Toxicity Criteria scale,

Drug Safety 2004; 27 (10)
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a All comparisons (Fisher’'s exact test) significantly different (p < 0.002) from placebo, excluding anaemia.

b All comparisons between 44ug tiw and placebo are significant (p < 0.05).

All comparisons between doses are significant (p < 0.05), excluding anaemia at 6 months.

Cc

three times weekly.

tiw =

there are only two patients with grade 4 toxicity
(very severe or life-threatening), one of each receiv-
ing 22ug once weekly and 44g three times weekly.
All SAE cases resolved following dose interruption,
and no deaths related to haematological abnormali-
ties were reported.

Persistence of Abnormalities

The mean (median) duration of laboratory abnor-
malities were 3.8 (3.0) months for leucopenia, 4.5
(3.0) months for lymphopenia, 3.0 (3.0) months for
neutropenia, 3.6 (2.8) months for thrombocytopenia
and 4.2 (3.0) months for anaemia for patients in the
controlled population. Table V presents data on the
cumulative proportion of patients who had any ab-
normality during the study and the proportion whose
endpoint value was abnormal. The table demon-
strates that, although the proportions of patients
experiencing haematological abnormalities were
high, most of these subsequently resolved. For ex-
ample, in patients receiving the highest dose of
interferon-B-1a, 44ug three times weekly, most of
the abnormalities had resolved by 2 years, while
patients continued on therapy. The proportions of
patients with abnormal values that subsequently re-
solved were 71% (37 out of 52) for leucopenia, 76%
(34 out of 45) for lymphopenia, 81% (30 out of 37)
for neutropenia, 81% (21 out of 27) for thrombo-
cytopenia and 68% (19 out of 28) for anaemia. The
proportions of patients with persistent abnormalities
were not substantially greater than for recipients of
placebo. Of the abnormalities that persisted, the
proportions rated mild were 87% (13 out of 15) for
leucopenia, 55% (6 out of 11) for lymphopenia, 71%
(5 out of 7) for neutropenia, 89% (8 out of 9) for
anaemia and 100% (5 out of 5) for thrombo-
cytopenia. For more severe events, i.e. grades 2—4,
11 out of 12 (92%) events in the placebo group, 22
out of 27 (81%) events in the 22ug three times
weekly group and 52 out of 62 (84%) events in the
44ug three times weekly group resolved by the end
of the 2-year interval.

Treatment Discontinuation and
Dose Modification

In the total population, 12 of 3995 (0.3%) pa-
tients receiving interferon-B-la experienced 16

Drug Safety 2004; 27 (10)
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22 30 12 14 21

32

22ug tiw (n = 398)

28

11 27

45

15 37

52

44ug tiw (n = 388)

three times weekly.

months; qw = once weekly; tiw

mo =

haematological events leading to treatment with-
drawal (eight lymphopenia, five leucopenia, one
each of thrombocytopenia, granulocytopenia and
leucocytosis). The time to treatment discontinuation
varied considerably (2—14 months). In the controlled
population, six patients reported nine events leading
to treatment withdrawal (four each of lymphopenia
and leucopenia and one leucocytosis); two patients
were receiving 22ug three times weekly and four
were receiving 44ug three times weekly (0.8% of
the 44ug three times weekly group). In the uncon-
trolled population, five patients reported six events
leading to treatment withdrawal (four lymphopenia,
one leucopenia and one granulocytopenia). In the
clinical trial protocols, grade 4 toxicity required
treatment discontinuation even if the events were
asymptomatic. This is important when considering
reports of lymphopenia, as these were graded using
the WHO scale for leucocytes because the WHO
scale does not grade lymphopenia. This leads to an
overestimation of the severity of lymphopenia. The
current Common Toxicity Criteria scale does not
designate grade 4 toxicity for lymphopenia.

Dose reductions for haematological events oc-
curred in 49 (3.0%) patients on 171 occasions. The
reasons for dose reductions, by type of abnormality,
were lymphopenia (n = 30), leucopenia (n = 26),
granulocytopenia (n = 16), anaemia (n = 5),
thrombocytopenia (n = 2) and bone marrow depres-
sion (n = 1).

Drug Interactions

To examine whether the use of concomitant
medications was associated with any specific ad-
verse events, data from the PRISMS study'!! were
investigated and rates of adverse events noted when
patients were receiving medications commonly used
in MS. These concomitant medications were corti-
costeroids (frequently used to manage relapses), an-
tidepressants (frequently used both for depression
and pain management in MS) and hormonal therapy
(for women). There was an increase in both leucocy-
tosis and lymphopenia in association with cortico-
steroid use that was similar in placebo- and interfer-
on-PB-1la-treated patients. The leucocytosis is consis-
tent with the demargination associated with
corticosteroid use, but the explanation for
lymphopenia associated with corticosteroid use is
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less clear. Concomitant use of antidepressants pro-
duced a small increase in lymphopenia in patients
receiving interferon-3-1a, 44g three times weekly.
However, this difference may be a chance finding,
because no such change was found in patients re-
ceiving the 221g three times weekly dose. Concomi-
tant hormonal therapy in women was not associated
with any specific changes in adverse events.

Clinically Apparent Events

As stated above, symptomatic events directly
related to haematological abnormalities were rare.
However, haematological abnormalities may be
causally linked with adverse events in other areas,
particularly infections and haemorrhagic events.
Contrasting adverse events between groups with the
largest dose difference, placebo compared with in-
terferon-B-1a 44ug three times weekly, infectious
events such as viral respiratory tract infections and
urosepsis were comparable between groups (22.5%
and 19.9%, respectively) after 6 months; the differ-
ence becoming slightly greater after 2 years. Less
common infections (fungal, parasitic, herpes zoster)
occurred in 1.6% of patients on placebo and 2.8%
receiving interferon-f-1a 44ug three times weekly
at 6 months and in 6.6% and 8.0% at 24 months.
Haemorrhagic events were reported in 1.8% and
3.8% of patients on placebo and interferon-B-1a
44ug three times weekly, respectively, at 6 months
but in 16.3% and 15.0% at 24 months. Other pulmo-
nary, cardiac and allergic adverse events were very
uncommon and found to be similar between groups.

Postmarketing Surveillance Data

Since the introduction of Rebif® to the market, a
total of 117 events related to abnormalities of
WBCs, red blood cells (RBCs) or platelets have
been reported to the manufacturers. This figure rep-
resents 8.3% of all adverse events reported in associ-
ation with the use of Rebif®. The proportion of
events that were considered serious (15 out of 117,
12.8%) is less than the 17.2% of all spontaneously
reported events that were considered serious.

The cases recorded in the database essentially
confirm the findings from the clinical studies. The
majority (87.2%) of the reports are non-serious,
predominantly isolated WBC reductions (43 reports,
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36.8%), most commonly neutrophils, with infre-
quent reports of reduced platelet counts (12%) or
RBCs (7%). A decrease in counts of two cell lin-
eages (WBC and RBC, WBC and platelets) has been
reported in 15 (12.8%) cases, while four cases in-
volved all three lineages. Detailed information was
provided by reporters in only approximately 50% of
cases, but from such information it appears that in
about two-thirds of instances the event onset is
within 3 months of the start of treatment. Addition-
ally, from available information, the events respond
favourably to dose reduction or discontinuation.

It is very difficult to evaluate the severity of the
events reported, as outside the study setting no com-
mon scale for severity is used, and the judgements of
the reporters, if provided, cannot be compared.
When severity was mentioned, clinicians indicated
in their reports that the event was ‘mild’ in the
majority of the 29 cases with these data provided, or
they simply specified absolute WBC counts, which
were mainly grades 1 and 2, with three reports of
grade 3 abnormalities. All of the non-serious cases
of RBC or platelet decreases were grade 1.

Considering the limitations of spontaneous re-
porting and the uncertainty regarding the denomina-
tor, little can be said about a dose relationship. When
the dose was provided in the reports, the cases
occurred more frequently when the patients were
taking interferon-B-la 44ug three times weekly.
This may reflect the fact that the majority of patients
are currently using this dosage regimen, although
controlled clinical data support a dose effect.

Serious events affecting WBCs, RBCs and plate-
lets have been reported rarely with Rebif®. The
majority of the 15 serious case reports are confound-
ed by the concomitant use of other potentially
haematotoxic drugs, such as mitoxantrone, or by the
presence of underlying illnesses that provide a more
plausible explanation for the event. Other reports are
so poorly documented that a complete evaluation
cannot be performed.

There has been one case that represents a possible
safety signal. A 40-year-old woman with MS had
taken Rebif®, 22ug three times weekly, for 2.5 years
when she was admitted to hospital with anaemia and
jaundice. Blood analysis was consistent with an
autoimmune haemolytic anaemia (increased biliru-
bin and lactic dehydrogenase Ilevels, positive
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Coomb’s test, presence of spherocytes, polychroma-
sia and increased numbers of reticulocytes). The
patient was treated with prednisolone 40mg daily
and folic acid 5mg twice daily. Rebif® and
mefenamic acid, a drug known to be associated with
haemolytic anaemia, were both stopped, following
which the patient progressively recovered. When the
haemoglobin had reached normal levels, the patient
was restarted on Rebif® with close monitoring, but
the blood abnormalities began to recur within a few
months, at which point Rebif® therapy was discon-
tinued permanently.

Discussion

Up to 35% of patients in clinical trials were
reported to have an adverse event involving
haematological parameters — defined as a change
from baseline values that was considered clinically
significant.! Similar abnormalities have been re-
ported in patients treated with interferon-o. in other
indications,!'+16 suggesting that this effect is typical
of type-1 interferons. The mechanism by which
haematological effects occur is believed to be relat-
ed to bone marrow suppression.

As the haematological abnormalities are almost
universally asymptomatic, adverse event reporting
in clinical trials underestimates the full effect of
therapy and is subject to variation in interpretation
by clinicians. A more precise measure of the
haematological impact of interferon-f therapy is
based on laboratory values. The proportions of pa-
tients with various haematological laboratory abnor-
malities seen in the Rebif® safety database were
dose-related and, for the highest dose, 44ug three
times weekly, ranged from 19-44% after 6 months
of therapy (compared with 3—13% for placebo) and
ranged from 2-52% after 24 months of therapy
(compared with 4-17% for placebo). The greatest
difference compared with placebo involved leuco-
cytes and neutrophils, with the least difference seen
for haemoglobin. For the interferon-B-1a 44ug three
times weekly dose, all comparisons with placebo
were highly significant.

The laboratory abnormalities observed in the
clinical trials were asymptomatic, and most were
graded as mild. Routine infections were slightly
more common in placebo-treated patients compared
with high-dose interferon. However, during the first
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6 months of therapy, there was a trend to an increase
of atypical infections with high-dose interferon ther-
apy, a trend that was less apparent after 2 years of
therapy. Likewise, haemorrhagic events, while in-
frequent, appeared increased with therapy during the
first 6 months, but this trend reversed by 2 years.
There may thus be a slight increase in such events
during the early months of therapy, although the
absolute difference between groups is small (1-2%).
Observations made during the 2 years demonstrates
that comparable proportions of placebo and interfer-
on-treated patients were affected.

Cytopenia generally reversed, either spontane-
ously or with dose reduction, and rarely led to the
discontinuation of therapy. Most of the abnormali-
ties occurred during the first 6 months of therapy
and long-term trials demonstrated that the preva-
lence decreased substantially over time, with only
small numbers of new incident cases reported after 6
months. Serious or life-threatening events were very
uncommon.

These data are supported by the postmarketing
surveillance observations, even bearing in mind the
limitations of spontaneous reporting. In 5 years of
postmarketing experience, only one severe reaction
appears to have been associated with Rebif®; other
cases were either confounded by another disease or
by the use of concomitant medication. The single
case has a possible autoimmune aetiology and prob-
ably differs in aetiopathogenesis from the common,
non-serious and generally mild haematological dis-
turbances observed both in clinical studies and re-
ported in the postmarketing setting. The autoim-
mune hypothesis is consistent with findings in the
above cases and with an association of other autoim-
mune events reported rarely with interferon therapy,
including thyroid"7'"! and hepatic,'>?° though
more commonly reported with interferon-o than
interferon-B use.l”-?!! Cases of severe haematologi-
cal events are more common with interferon-a, 21231
although events reported with interferon-f3 include
autoimmune haemolytic anaemia after a 2-month
course of an unspecified interferon-f§ administered
twice weekly,?) and aplastic anaemia after 1 year of
therapy with intramuscular interferon-B-la once
weekly.?71 It is also important to consider that in-
terferon-o. has been advocated as a therapy for vari-
ous forms of haemolytic anaemia and thrombo-
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cytopenia.?$34 The paucity of published case re-
ports of serious haematological toxicity related to
interferon-P treatment of MS patients provides fur-
ther evidence against a major risk of toxicity.

There are three interferon-f3 products approved
for use in MS. Interferon-B-1b (Betaseron®, Scher-
ing AG, Berlin, Germany) is administered subcuta-
neously at a dose of 82511g (8 MIU) every other day.
This higher dose is required because of lower bioac-
tivity. No data exist directly comparing Betaseron®
and Rebif®, although the product information for
Betaseron®B3! indicates that the haematological
profiles are comparable. A direct comparative study
of 677 RRMS patients on Rebif® or the interferon-
B-1a, Avonex® (Biogen, Cambridge, Massachu-
setts, USA) 30ug administered intramuscularly once
weekly, demonstrated significantly enhanced effica-
cy of the Rebif® regimen on relapse and magnetic
resonance imaging outcomes for up to an average of
64 weeks.*301 More patients on Rebif® than
Avonex® had haematological events considered as
adverse events (13.6% vs 5.3%; p < 0.001) com-
pared with the total number of asymptomatic reduc-
tions in WBC counts (27% vs 9%; p < 0.001).537!
Clearly, not all WBC reductions are considered as
adverse events by clinicians, yet all are asymptomat-
ic. These proportions represent any occurrence dur-
ing the average 64-week exposure. The proportions
with abnormal counts at the final assessment were
9% and 2% for Rebif® and Avonex®, respectively
(pre-treatment values were abnormal in 2% of both
groups). Furthermore, for each regimen, the propor-
tion of patients with clinically more relevant, severe
events was low, both for changes considered as
adverse events (0.9% vs 0.6%) and for asymptomat-
ic decreased WBC counts (1.5% vs 0.6%). Two
(0.6%) patients receiving Rebif®, but no patient
receiving Avonex®, stopped therapy for haemato-
logical toxicity. Thus, although there is a substantial
dose difference, there is relatively little impact on
treatment adherence and most toxicity is of mild
grade. When considering therapy, an assessment of
relative benefit-to-risk is important. In terms of effi-
cacy, the number needed to treat (NNT) to have one
extra patient remain free of relapses was 12,130
while the NNT to induce one additional adverse
event-related dropout, including haematological ad-
verse events, was 91,137 a benefit-to-risk ratio that
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favours high-dose, high-frequency interferon-B-1a
therapy.

Conclusion: Therapeutic Guidelines

Monitoring of patients for haematological abnor-
malities is recommended in the US prescribing in-
formation for Rebif®3¥! at baseline, regular intervals
(1, 3 and 6 months) following initiation of treatment
and periodically thereafter in the absence of clinical
symptoms. Nevertheless, the data available from
this extensive pooled database indicate that, al-
though these abnormalities are common during
treatment with interferon-B-1a, they are rarely con-
sidered clinically significant and are not associated
with infections or other complications. Dose modifi-
cations for haematological toxicity were made in 3%
of patients in the controlled population and cessation
of therapy occurred in 0.4% of all patients and 0.8%
of those on the highest dose, i.e. 44ug three times
weekly. Despite the limited impact of interferon on
blood lines, prudence would suggest that patients
with grade 3 WBC abnormalities should probably
have their dose reduced or interrupted until values
fall to grade 2 or less. Grade 4 events are so unusual
that other potential aetiologies should be explored.
For platelets and haemoglobin, any toxicity of grade
2 or higher is very uncommon and not substantially
different from changes seen in placebo-treated pa-
tients. Grade 2 toxicity or greater should prompt an
investigation for other causes while considering in-
terferon dose modification. Overall, haematological
changes related to interferon-f therapy, while com-
mon, do not appear to constitute a safety concern at
the doses used to treat MS.
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