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Possible risk factors for the occurrence of leukopenia in patients with multiple sclerosis 
treated with interferon beta

In our study, we compared two medications used to treat multiple sclerosis (MS): 
pegylated interferon-beta-1a (PEG-IFN-beta-1a) and interferon-beta-1a (IFN-beta-1a). 
The pegylated form needs to be taken less often. We looked at patients’ medical history, 

Lower leukocytes pretreatment as a 
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Abstract
Background: Interferon-beta (IFN-β) still plays a fundamental role in immunomodulation 
of people with multiple sclerosis (MS) with low disease activity and in clinically isolated 
syndrome (CIS). In 2014, pegylated (PEG) interferon was licensed by the European Medicines 
Agency (EMA) for relapsing-remitting MS (RRMS), enabling a lower dosing frequency.
Objectives: Our retrospective study compares laboratory findings and adverse events between 
subcutaneous (sc.) PEG-IFN-β-1a and IFN-β-1a in RRMS and CIS patients.
Design: Patients with CIS or RRMS fulfilling the revised McDonald criteria from 2017 visiting 
the neurology department of the University Medical Center of the Johannes Gutenberg 
University Mainz from 2010 to 2019 and treated with sc. PEG-IFN-β-1a or sc. IFN-β-1a (n = 202) 
were screened for eligibility. Patients who underwent regular laboratory controls in-house 
were included in our analysis (n = 128).
Methods: We evaluate disease progression through clinical examination, relapse history, and 
magnetic resonance imaging (MRI) disease activity (gadolinium-enhancing or new T2 lesions). 
Relevant laboratory findings such as leukopenia (leukocyte count < 3.5/nl) and neutropenia 
(neutrophil count <43% of lymphocytes or <1500/µl) were assessed. Telephone interviews 
evaluated the side effects of the respective medication. A subgroup of patients was analyzed 
regarding neutrophil quantities and qualities.
Results: Patients treated with sc. PEG-IFN-β-1a had significantly lower leukocyte counts 
(p = 0.046) and higher incidences of leukopenia (p = 0.006) and neutropenia (p = 0.03) compared 
to sc. IFN-β-1a. Clinical and MRI disease activity showed no significant differences, but people 
treated with sc. PEG-IFN-β-1a reported more common adverse events such as joint/muscle 
pain, injection-site reaction, and infections. No serious adverse events were reported.
Conclusion: Treatment with sc. PEG-IFN-β-1a compared to unpegylated sc. IFN-β resulted in a 
significantly greater reduction in leukocyte and neutrophil levels with a higher incidence of side 
effects. We suggest mandatory monitoring of differential blood counts before and during treatment.
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physical exams, lab results, and MRI scans to see how these drugs affected them. We 
also asked about side effects during phone interviews. We found that PEG-IFN-beta-1a 
caused lower levels of certain blood cells, like leukocytes, and more side effects such as 
skin rashes and infections compared to IFN-beta-1a. However, there were no differences 
in disease activity as seen in clinical exams and MRI scans. We recommend regular blood 
tests for patients using these medications to monitor their health.
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Introduction
Despite a rapidly evolving therapeutic landscape 
with a growing number of disease-modifying 
therapies (DMT), platform therapies (interferons 
and glatiramer acetate) still remain a valid thera-
peutic option in clinically isolated syndrome 
(CIS) and multiple sclerosis (MS). This, for 
example, is reflected in the nationwide longitudi-
nal cohort study of individuals with newly diag-
nosed MS from the German National MS cohort, 
in which 392 out of 809 patients (48%) received 
platform therapies 2 years after diagnosis.1 
Currently, the use of platform therapies is espe-
cially considered (i) for patients with mild disease 
symptoms and good prognostic markers, (ii) as a 
deescalating strategy in elderly patients, or (iii) 
for MS management in pregnancy. Interferon-
beta (IFN-β) preparations, which modulate the 
immune system via pleiotropic effects, are a group 
of DMT with one of the longest histories of use in 
people with mild relapsing-remitting MS 
(RRMS).2 It is hypothesized that IFN-β stabilizes 
the blood–brain barrier, thereby preventing the 
migration of leukocytes into the central nervous 
system.3 Additionally, IFN-β binding to the cel-
lular IFN-α/β receptor triggers a complex cellular 
cascade and is involved in antigen processing and 
presentation through transcriptional modulation 
of chemokines and cytokines.4 Furthermore, 
IFN-β was shown to have a direct effect on 
inflammatory T-cells by modulating their sur-
vival, proliferation, and differentiation.3,5

The two main forms of IFN-β used in the treat-
ment of RRMS are the subcutaneously (sc.) applied 
IFN-β-1b and IFN-β-1a, which can be injected 
either sc. or intramuscularly (im.).3 The difference 
between these two IFN-β lies in the amino acid 

sequence and their glycosylation status.6,7 
According to the European Medicines Agency 
(EMA), sc. IFN-β-1a (Rebif®, Merck, Darmstadt, 
Germany) was the third IFN-β therapy developed, 
receiving approval for relapsing MS in 1998. The 
PRISM approval study showed that the application 
of sc. IFN-β-1a three times a week reduces relapse 
rates significantly, compared to placebo.5,8 It has 
the same amino acid sequence as human IFN-β 
and a similar mode of action as IFN-β-1b.5,9

The addition of a polyethylene glycol molecule to 
IFN-β-1a, known as pegylation, enlarges the mol-
ecule (Figure 1(a)), reducing glomerular filtration 
and leading to a prolonged half-life and lower 
drug exposure. Therefore, application of sc. 
pegylated (PEG)-IFN-β-1a is only necessary 
every 2 weeks (125 μg).10,11 The ADVANCE trial 
showed that RRMS patients treated with sc. 
PEG-IFN-β-1a had a significant reduction in the 
annual relapse rate, risk of disability progression, 
and number of T2 lesions compared to placebo 
after 48 weeks.12 With less frequent dosing and 
comparable efficacy to the existing IFN-β forms, 
sc. PEG-IFN-β-1a (Plegridy®, Biogen, 
Cambridge, MA, USA) was approved by the 
EMA in 2014.

Previous studies reported that the most common 
adverse events in patients treated with IFN-β 
were flu-like symptoms, injection-site reactions, 
fever, depression, and headache.2 Furthermore, 
in the ADVANCE study, a majority of patients in 
the intervention group had a change in laboratory 
parameters such as increased liver enzymes or 
decreased white blood cell counts.12 Similar 
results were obtained by the PRISM study. Here, 
patients under sc. IFN-β-1a had significantly 
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Figure 1.  Biochemical structure and study design. (a) The biochemical structure of (i) Rebif® and (ii) Plegridy®; 
sc. IFN-β-1a has the same amino acid sequence as human IFN-β and is glycosylated. The difference between 
the two formulations results from the addition of a non-toxic polymer to the α-amino group of the N-terminus 
of IFN-β-1, the so-called methoxy-PEG-O2-methylpropionaldehyde. (b) Study design: Out of a total of 128 
patients with CIS or RRMS, 65 were treated with sc. PEG-IFN-β-1a and 63 were treated with sc. IFN-β-1a. (c) 
The absolute leukocyte count was significantly lower under treatment with sc. PEG-IFN-β-1a (red) compared 
to sc. IFN-β-1a (blue) (p = 0.046). The incidence of (d) leukopenia (p = 0.006) and (e) neutropenia (p = 0.03) was 
significantly higher in patients treated with sc. PEG-IFN-β-1a compared to patients treated with sc. IFN-β-1a.
*p < 0.05.**p < 0.01.
CIS, clinically isolated syndrome; IFN-β, interferon-beta; RRMS, relapsing-remitting multiple sclerosis.
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higher rates of lymphopenia, leukopenia, and 
granulocytopenia compared to a placebo group 
after 3 months of treatment.8

In this work, we retrospectively compare both for-
mulations in terms of leukopenia and its clinical 
effects in MS patients. Furthermore, since neu-
trophils are the first line of defense in the innate 
arm of the immune system, we investigate the 
effect of sc. IFN-β-1a and sc. PEG-IFN-β-1a on 
neutrophil count and function.

Patients and methods

Study design
Patients with CIS or RRMS fulfilling the revised 
McDonald criteria from 201713 visiting the neu-
rology department of the University Medical 
Center of the Johannes Gutenberg University 
Mainz from 2010 to 2019 and treated with sc. 
PEG-IFN-β-1a or sc. IFN-β-1a (n = 202) were 
screened for eligibility. Patients who underwent 
regular laboratory controls in-house were included 
in our analysis (n = 128). Of these, 65 were under 
sc. PEG-IFNβ-1a therapy and 63 were under sc. 
IFNβ-1a therapy (Figure 1(b)). Patients treated 
with im. PEG-IFNβ-1a were not included, since it 
was only licensed after the observation period. 
Patients with incomplete follow-up were excluded 
from analysis. Observed parameters were sex (self-
reported), age at treatment start, relapses, 
Expanded Disability Status Scale (EDSS), and 
previously received DMT. Patients receiving prior 
DMT fulfilled national guidelines on washing out 
or time lapse between cessation of previous ther-
apy and initiation of interferon therapy.

Laboratory analysis
Observed laboratory values included liver 
enzymes and blood cell counts of thrombocytes, 
leukocytes, lymphocytes, neutrophils, basophils, 
and eosinophils. Leukopenia was defined as leu-
kocyte counts below 3.5/nl, and neutropenia as 
neutrophil count below 43% of lymphocytes or 
<1500/µl. Baseline was the last visit before treat-
ment initiation.

Assessment of clinical data and MRI data
To investigate disability progression during IFN 
treatment, the standardized EDSS score was cal-
culated at baseline and either upon stopping IFN 

treatment, if applicable, or at the end of the inves-
tigational period. Clinical relapses during treat-
ment were noted and relapse rate was calculated 

as follows: number of relapses
years

.  New T2 lesions 

or gadolinium-enhancing lesions during the 
period of observation were considered inflamma-
tory MRI activity. Subclinical disease activity was 
defined by MRI activity and absence of clinical 
disease activity, such as relapse or EDSS 
progression.

Adverse events questionnaire
After retrospective analysis, 87 out of 128 patients 
were interviewed regarding adverse events via a 
standardized telephone questionnaire. Patients 
who did not participate were not included in the 
analysis regarding adverse events. The question-
naire included adverse events and reasons for 
possible termination of treatment. More specifi-
cally, the occurrence of infections such as herpes 
infection, mycosis, infections of the airways, or 
intestinal infections were covered. Furthermore, 
common side effects of IFN-β treatment, such as 
flu-like symptoms, skin rash, injection-site reac-
tions, and joint or muscle pain were documented. 
The questionnaire (Supplemental Table 1) uti-
lized in this study was not subjected to formal 
validation or pilot testing.

Neutrophil isolation and fluorescence-activated 
cell sorting analysis
To investigate the effect of IFN-β on neutrophils 
in MS patients, we isolated and analyzed neutro-
phils from patient blood through flow cytometry. 
Samples for fluorescence-activated cell sorting 
(FACS) analysis were selected prospectively, 
including 10 patients with sc. IFNβ-1a or sc. 
PEG-IFN-β-1a each, as well as 20 healthy con-
trols. Healthy controls were age- and sex-
matched. Blood was collected in ammonium 
heparin tubes. Blood was resuspended in dextran 
solution and set for sedimentation at room tem-
perature by gravitation. Histopaque was overlaid 
with sample supernatant and centrifuged at 600g 
for 30 min. Neutrophils were isolated from the 
cell pellet, platelets were lysed with ammonium-
chloride-potassium buffer for 5 min, and washed 
with phosphate-buffered saline at 600g for 5 min. 
This step was repeated once. Cell count was 
determined using trypan blue.
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Cells were stained for extracellular markers. Cells 
were incubated with either cluster of differentia-
tion (CD) 64 Alexa Fluor® (AF) 700, CD16 
Pe-Cy7, CD66b Horizon, CD11b PE, fluores-
cent viability dye (FVD) APC or CD64 AF700, 
CD16 Pe-Cy7, CD15 FITC, CD62L Pe, 
HLA-DR Horizon, CD45 PerCP, FVD APC for 
10 min at 4°C. After washing with FACS buffer at 
550g for 5 min, cells were resuspended in FACS 
buffer. Samples were screened using a FACS 
Canto II (BD Biosciences, Franklin Lakes, NJ, 
USA) and analyzed using FlowJo version 10 
(FlowJo, LLC, Ashland, OR, USA).

Statistical analysis
Statistical analyses were performed with SPSS ver-
sion 23 (IBM Corp., Armonk, NY, USA) and 
GraphPad Prism version 9.5.1 (GraphPad Software, 
La Jolla, CA, USA). The normal distribution of 
data was tested using the Kolmogorov–Smirnov 
and Shapiro–Wilk tests. We applied a Mann–
Whitney U test or Kruskal–Wallis test with adjusted 
p values by Bonferroni correction, as appropriate. 
Nonparametric correlation was determined by 
Spearman’s rank correlation coefficient and partial 
nonparametric correlation when considering age 
as a covariate. A log-rank test Kaplan–Meier anal-
ysis was applied if there were differences in the 
incidence for the different types of treatment. 
Additionally, we ran a receiver operating charac-
teristic (ROC) curve analysis to assess the prog-
nostic performance of different factors on 
leukopenic or neutropenic incidence. The optimal 
threshold level of leukocytes at treatment initiation 
for incidence of leukopenia or neutropenia was 
obtained through the Youden-Index (defined as 
the sum of sensitivity and specificity minus one). 
Based on the maximal Youden-Index, the sensitiv-
ity and specificity were defined. p values < 0.05 
were considered statistically significant.

Manuscript preparation
Manuscript was prepared following the STROBE 
guidelines.

Results

PEG-IFN-β-1a treatment (sc.) is associated 
with a greater incidence of leukopenia and 
neutropenia
We aimed to investigate whether patients under 
sc. PEG-IFN-β-1a treatment have a higher risk 

for leukopenia compared to patients treated with 
sc. IFN-β-1a. The laboratory examinations were 
conducted during routine visits in our outpatient 
clinic, typically every 3–6 months. Our analysis 
showed a greater reduction and thus a lower 
absolute leukocyte count (mean ± standard devi-
ation (SD) 5.10 ± 1.76 vs 5.73 ± 1.7 cells/nl, 
p = 0.046, Figure 1(c) and Table 1) 8.5 ±  
10.1 months (mean ± SD) after treatment initia-
tion in the PEG-IFN-β-1a group and 5.2 ±  
7.5 months in the IFN-β-1a group (p = 0.071). In 
addition, a trend toward a lower neutrophil count 
(2879.16 ± 1245.82 vs 3373.65 ± 1289.06 cells/μl, 
p = 0.095), as well as a higher incidence of both 
leukopenia (30.8% vs 11.1%, p = 0.006) and neu-
tropenia (21.5% vs 7.9%, p = 0.03) was observed 
under sc. PEG-IFN-β-1a (Figure 1(d) and (e), 
Table 1). These parameters did not differ at base-
line (leukocytes: 7.06 ± 1.69 vs 7.24 ± 2.2 cells/nl, 
p = 0.709; lymphocytes: 1830.12 ± 500.75 vs 
2273.40 ± 3024.62 cells/μl, p = 0.388 and neu-
trophils: 4295.28 ± 1573.40 vs 4077.79 ±  
1662.08 cells/μl, p = 0.305). Baseline time was 
mostly 2 months (mean) prior to treatment initia-
tion. Three patients under sc. PEG-IFN-β-1a 
were previously treated with dimethyl fumarate 
and two patients with mitoxantrone, whereas 
none of those under sc. IFN-β-1a had previously 
been administered dimethyl fumarate or mitox-
antrone. Since both of the aforementioned DMTs 
are also capable of causing leukopenia and might 
therefore interfere with our results, these five 
patients were excluded from our comparison of 
sc. PEG-IFN-β-1a and sc. IFN-β-1a. After the 
exclusion of patients who were previously treated 
with mitoxantrone and dimethyl fumarate, 
patients treated with sc. PEG-IFN-β-1a still 
showed a significantly lower absolute leukocyte 
count as well as a higher incidence of leukopenia 
and neutropenia compared to the patients treated 
with sc. IFN-β-1a (Supplemental Figure 1, 
Supplemental Table 2).

Predictors for leukopenia and neutropenia 
under treatment with interferons
To unravel whether treatment with sc. PEG-
IFN-β-1a could be a risk factor for developing 
leukopenia or neutropenia, a Kaplan–Meier risk 
analysis was performed. The two groups were 
compared using a log-rank test. This showed a 
significantly higher risk of developing leukope-
nia (p = 0.003, Figure 2(a)) and neutropenia 
(p = 0.01, Figure 2(b)) under sc. PEG-IFN-β-1a 
treatment compared to sc. IFN-β-1a. 
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To identify risk factors for the development of 
leukopenia or neutropenia within the whole 
cohort, a ROC curve analysis was performed. 
Leukocytes at baseline (area under the curve 
(AUC) = 0.751, 95% confidence interval (CI): 
0.648–0.854, p < 0.001) were predictive for the 
development of leukopenia with a cut-off value 
of ⩽6.99 leukocytes/nl (Youden-Index) (Figure 
3(a)). Furthermore, leukocytes at baseline 
(AUC = 0.664, 95% CI: 0.540–0.787, p = 0.032) 
and treatment duration (AUC = 0.312, 95% CI: 
0.199–0.425, p = 0.013) could predict neutro-
penia under treatment (Figure 3(b)). The  
cut-off value for leukocytes at baseline was 
⩽6.55 leukocytes/nl (Youden-Index) and  
for treatment duration was >27 months 
(Youden-Index).

The aforementioned risk factors to develop leu-
kopenia and neutropenia were confirmed by mul-
tivariate analysis. After considering covariates 
unbalanced at the univariate level, two factors 
were revealed as independent predictors for the 
development of leukopenia and neutropenia 
under treatment with interferons. Leukopenia 
and neutropenia were associated with treatment 
with sc. PEG-IFN-β-1a (leukopenia: odds ratio 
(OR) 7.736, 95% CI: 2.165–27.637, p = 0.002; 
neutropenia: sc. PEG-IFN-β-1a: OR 7.231, 95% 
CI: 1.721–30.391, p = 0.007) and leukocytes at 
baseline (leukopenia: OR 0.506, 95% CI: 0.346–
0.739, p < 0.001; neutropenia: OR 0.686, 95% 
CI: 0.473–0.997, p = 0.048; Tables 2 and 3, 
Figure 3(c) and (d)).

In order to model the time-dependent occurrence 
of leukopenic incidences, we additionally per-
formed a Cox regression analysis, revealing sc. 
PEG-IFN-β-1a (hazard ratio (HR) 0.256, 95% 
CI: 0.096–0.681, p = 0.006) and leukocytes at 
baseline (HR 0.580, 95% CI: 0.428–0.784, 
p ⩽ 0.001) as independent predictors for the 
occurrence of leukopenia (Tables 4 and 5).

Differences in clinical effectiveness and  
side effects under sc. PEG-IFN-β-1a versus sc. 
IFN-β-1a treatment
Analysis of the clinical characteristics such as 
relapse rate and EDSS during treatment revealed 
no significant differences between the two groups. 
There were also no differences between the effects 
of both therapies on radiological activity (new T2 

lesions or gadolinium-enhancing lesions). Treat
ment groups were similar in terms of age, sex, 
diagnosis, and treatment duration. However, 
patients treated with sc. PEG-IFN-β-1a reported 
a higher occurrence of herpes simplex labialis 
infection (9% vs 0%, p = 0.043), flu-like symp-
toms (86.4% vs 51.2%, p < 0.001), and joint/
muscle pain (70.5% vs 32.6%, p < 0.001, Table 
1) compared to patients treated with sc. IFN-
β-1a. After repeating the analysis excluding the 
five patients pre-treated with dimethyl fumarate 
or mitoxantrone, we still observed a higher occur-
rence of flu-like symptoms (84.2% vs 50%, 
p = 0.001) and joint/muscle pain (68.4% vs 
31.0%, p = 0.002) in the PEG-IFN-β-1a com-
pared to the sc. IFN-β-1a group (Supplemental 
Table 2). However, we now additionally observed 
an increased rate of injection-site reaction (81.6% 
vs 52.4%, p = 0.009), but no longer increased 
occurrence of herpes simplex labial infection in 
the PEG-IFN-β-1a compared to the sc. IFN-β-1a 
group (Supplemental Table 2).

Clinical relevance of leukopenia in  
IFN-treated patients
In order to assess the clinical relevance of leuko-
penia and neutropenia, we divided the whole 
cohort by the incidence of leukopenia and neutro-
penia, independent of immunomodulatory treat-
ment regimen. Patients with leukopenia had a 
lower count of leukocytes (5.9 ± 1.4 vs 7.5 ±  
1.9 leukocytes/nl, p < 0.001) and neutrophils 
(3417.9 ± 1530.1 vs 4428.7 ± 1560.85  
neutrophils/μl, p = 0.038) before treatment initia-
tion. Furthermore, a reduction in leukocytes, 
neutrophils, and lymphocytes occurred during 
IFN treatment (leukocytes: 3.27 ± 0.5 vs 
5.95 ± 1.4 leukocytes/nl, p < 0.001; neutrophils: 
1569.6 ± 425.4 vs 3564.6 ± 1085.8 neutrophils/μl, 
p < 0.001; lymphocytes: 1188.16 ± 256.30 vs 
1586.93 ± 492.01, p < 0.001). Per the question-
naire, leukopenic patients experienced genital 
mycosis (14.3% vs 0%, p = 0.002) and joint/mus-
cle pain (71.4% vs 44.6%, p = 0.033) significantly 
more often than non-leukopenic patients 
(Supplemental Table 3). Neutropenic patients 
(14.84%) had been on the treatment significantly 
longer (29.8 ± 16.65 vs 21.9 ± 18.9 months, 
p = 0.017). Regarding further side effects, neutro-
penic patients also more commonly presented 
joint/muscle pain (83.3% vs 46.6%, p = 0.018, 
Supplemental Table 4). However, in our cohort, 
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Table 1.  Comparison of patient characteristics in PEG-IFN-β-1a versus sc. IFN-β-1a treatment groups.

Parameter IFN-β-cohort PEG-IFN-β-1a sc. IFN-β-1a p Value

N 128 65 (50.78) 63 (49.22)  

Female (sex) 106 (82.8) 55 (84.61) 51 (80.95) 0.583

BMI 25.08 (±4.90) 26.08 (±5.72) 24.28 (±4.03) 0.186

Age at treatment start 33.71 (±11.16) 33.55 (±10.80) 33.87 (±11.59) 0.849

Age at first diagnosis 31.25 (±10.41) 31.33 (±10) 31.17 (±10.89) 0.862

Diagnosis by treatment start

  CIS 27 (21.1) 14 (21.54) 13 (20.63) 0.900

  RRMS 101 (78.9) 51 (78.46) 50 (79.36) 0.760

IFN treatment duration (months) 23.12 (±18.74) 18.88 (±13.41) 26.30 (±21.68) 0.080

Pretreatment

  sc. IFN-β-1a 11 (8.6) 11 (16.92) 0 0.001

  im. IFN-β-1a 1 (0.8) 1 (1.53) 0 0.323

  sc. IFN-β-1b 2 (1.6) 1 (1.53) 1 (1.59) 0.982

  Fingolimod 2 (1.6) 1 (1.53) 1 (1.59) 0.982

  Dimethyl fumarate 3 (2.3) 3 (4.61) 0 0.084

  Glatiramer acetate 8 (6.3) 8 (12.31) 0 0.004

  Mitoxantrone 2 (1.6) 2 (3.1) 0 0.161

EDSS at treatment start 1.082 (±1.2) 1.15 (±1.25) 1.02 (±1.14) 0.574

EDSS changea 0.077 (±0.87) 0.15 (±1.09) 0.342

Disease activity

  Relapse 49 (38.3) 22 (33.85) 27 (42.86) 0.294

  Relapse rate 0.59 (±1.58) 0.70 (±1.93) 0.477 (±1.12) 0.578

MRI availabilityb 107 (83.6) 51 (78.5) 56 (88.9)  

  MRI activity 57 (53.27) 26 (50.98) 31 (55.36) 0.650

  Subclinical activityc 44 (41.12) 23 (45.1) 21 (37.5) 0.375

  New T2-lesion 57 (53.27) 26 (50.98) 31 (55.36) 0.650

  Gd-enhancement 23 (21.49) 9 (17.65) 14 (25) 0.356

Laboratory results

  Leukocytes baseline (cells/nl) 7.14 (±1.94) 7.06 (±1.69) 7.24 (±2.20) 0.709

 � Leukocytes under treatment (cells/nl) 5.27 (±1.59) 5.10 (±1.76) 5.73 (±1.7) 0.046

(Continued)
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Parameter IFN-β-cohort PEG-IFN-β-1a sc. IFN-β-1a p Value

White blood cell differential at baselined 61 (47.65) 38 (58.46) 23 (36.50)  

  Lymphocytes baseline (cells/µl) 1997.26 (±1885.72) 1830.12 (±500.75) 2273.40 (±3024.62) 0.388

  Neutrophils baseline (%) 61.46 (±12.32) 60.69 (±12.38) 62.73 (±12.38) 0.935

  Neutrophils baseline (cells/µl) 4213.28 (±1597.13) 4295.28 (±1573.40) 4077.79 (±1662.08) 0.305

 � Lymphocytes under treatment (cells/µl) 1505.90 (±478.85) 1577.29 (±474.49) 1421 (±475.04) 0.054

 � Neutrophils under treatment (cells/µl) 3115.27 (±1285.04) 2879.16 (±1245.82) 3373.65 (±1289.06) 0.095

  Neutrophils under treatment (%) 57.26 (±9.52) 54.79 (±8.49) 60.12 (±9.88) 0.003

  Leukopenia 27 (21.1) 20 (30.77) 7 (11.1) 0.006

  Neutropenia based on % 19 (14.8) 14 (21.53) 5 (7.93) 0.030

  Neutropenia based on cells count 24 (18.75) 16 (24.61) 8 (12.7) 0.084

Adverse eventse

  N 87 (67.9) 44 (67.69) 43 (68.25) 0.950

  Mycosis genitalis 3 (3.4) 2 (4.54) 1 (2.32) 0.570

  Herpes simplex labialis 4 (4.6) 4 (9.09) 0 0.043

  Infection of respiratory tract 10 (11.5) 5 (11.36) 5 (11.63) 0.969

  Hair loss 17 (19.5) 6 (13.63) 5 (11.63) 0.778

  Skin rashf 11 (12.6) 6 (13.63) 5 (11.63) 0.778

  Injection-site reaction 58 (66.7) 36 (81.81) 22 (51.16) 0.002

  Diarrhea 4 (4.6) 2 (4.54) 2(4.65) 0.981

  Flu-like symptoms 60 (69) 38 (86.36) 22 (51.16) <0.001

  Joint/muscle pain 45 (51.7) 31 (70.45) 14 (32.56) <0.001

aEDSS change is defined as the difference between EDSS at study end and EDSS at therapy start.
bMRI data available in 107 of 128 patients.
cSubclinical disease activity is characterized by MRI activity (new T2 lesions or Gd+ enhancing lesions) without clinical activity.
dWhite blood cell differential at baseline refers to the number and percentage of patients who had a white blood cell differential test 
performed at the baseline.
eAdverse events were reported via follow-up telephone questionnaire completed by 87 of 128 patients.
fSkin rash was defined as a change of the skin especially regarding color after injection. Data shown as number (percentage) or mean 
(±standard error of the mean) as appropriate, unless stated otherwise. Significant p values are highlighted in bold.
BMI, body mass index; CIS, clinically isolated syndrome; EDSS, Expanded Disability Status Scale; Gd, gadolinium; IFN-β, interferon-beta; 
RRMS, relapsing-remitting multiple sclerosis; sc., subcutaneous.

Table 1.  (Continued)

leukopenia or neutropenia did not significantly 
affect disease activity or progression.

PEG-IFN-β-1a (sc.) may decrease migration  
of neutrophils
When isolating granulocytes from human blood, 
a decreased number of neutrophils could be 

observed within the sc. PEG-IFN-β-1a treat-
ment cohort by FACS staining (Figure 4). 
Analyzing the single-cell living population, neu-
trophil numbers dropped in comparison to 
healthy controls, whereas sc. IFN-β-1a-treated 
patients retained stable neutrophil numbers (not 
significantly different from controls, Figure 4(a)). 
Neutrophils from patients treated with sc. 
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Figure 2.  Treatment with sc. PEG-IFN-β-1a predicts incidence of leukopenia and neutropenia. (a and b) 
Kaplan–Meier risk analysis for the occurrence of (a) leukopenia and (b) neutropenia under treatment with sc. 
PEG-IFN-β-1a (red) and sc. IFN-β-1a (blue). Log-rank test showed p = 0.003 for the occurrence of leukopenia 
and p = 0.01 for the occurrence of neutropenia. *p < 0.05. **p < 0.01. 
IFN-β, interferon-beta.

PEG-IFN-β-1a displayed differential properties 
in comparison to both sc. IFN-β-1a-treated and 
healthy control neutrophils (Figure 4(b)–(d)). 
These neutrophils expressed significantly lower 
levels of the lymphocyte homing receptor CD62L 
(L-selectin) in comparison to neutrophils 
retrieved from both healthy controls and sc. IFN-
β-1a-treated patients with MS (Figure 4(b)). 
Additionally, neutrophils of patients treated with 
sc. PEG-IFN-β-1a displayed a significantly 
higher proportion of the granulocyte-associated 
CD15, as well as the immune-presenting 
HLA-DR (Figure 4(c) and (d)).

Discussion
In this study, we demonstrated that the incidence 
of leukopenia, neutropenia, and adverse events 
including infections was higher in patients under 
treatment with IFN-β and especially sc. PEG-
IFN-β-1a. However, there was no significant dif-
ference regarding lymphocyte counts in patients 
treated with sc. PEG-IFN-β-1a compared to 
patients treated with sc. IFN-β-1a. These find-
ings most likely indicate a shift in blood cell lines 
and underline the importance of measuring dif-
ferential blood counts under interferon treatment. 
Moreover, the drop in neutrophil counts was 
greater with longer exposure to treatment. 
Leukopenic patients, independent of IFN-
formulation, also displayed a higher incidence of 
fungal disease. Whereas the results regarding leu-
kopenia and side effects are still significant after 

exclusion of patients pretreated with mitox-
antrone or dimethyl fumarate, the previously 
reported effects of PEG-IFN-β on increased rates 
of infections could no longer be demonstrated. 
Our observation identifies a lower baseline level of 
leukocytes as a significant risk factor for the occur-
rence of both leukopenia (6.99 leukocytes/nl) and 
neutropenia (6.55 leukocytes/nl). Furthermore, 
patients with a treatment duration over 27 months 
were at a higher risk for the occurrence of neu-
tropenia. Patients receiving sc. PEG-IFN-β-1a 
reported more side effects than patients under sc. 
IFN-β-1a. The Plegridy Observational Program 
is an ongoing phase IV real-world study for the 
safety and efficacy of sc. PEG-IFN-β-1a in RRMS 
patients. Preliminary results have shown an 
adverse event profile like that reported in the piv-
otal ADVANCE/ATTAIN trials.11,12 Presence of 
these was shown to result in higher rates of early 
discontinuation of therapy when compared to 
patients without these symptoms.14

In the safety profile analysis of IFN-β preparations 
with more than 16 years of follow-up, no new 
unknown complications or adverse events were 
discovered. The known complications are mostly 
reversible and manageable.3,15,16 Laboratory tests 
could show a reduction in neutrophils, platelets, 
and less frequently lymphocytes, as well as an 
increase in transaminases.10 The ADVANCE 
study showed that there was a reduction in hema-
tologic parameters (leukocyte, lymphocyte, and 
neutrophil counts) in more patients taking sc. 
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Figure 3.  Predictive factors for the incidence of leukopenia and neutropenia. (a and b) ROC curve—predicting 
the occurrence of (a) leukopenia and (b) neutropenia in the whole cohort. (a) Leukocytes at baseline (AUC: 
0.751, 95% CI: 0.648–0.854, p < 0.001, cut-off value of ⩽6.99 leukocytes/nl (Youden-Index)) was identified as 
a significant risk for leukopenia; treatment duration and age at treatment were not significant (treatment 
duration: AUC = 0.588, 95% CI: 0.497–0.674, p = 0.149; age at treatment start: AUC = 0.500, 95% CI: 0.388–0.612, 
p = 0.997 ). (b) Regarding the occurrence of neutropenia, leukocytes at baseline (AUC = 0.664, 95% CI: 0.540–
0.787, p = 0.032, cut-off value for leukocytes at baseline ⩽6.55 leukocytes/nl (Youden-Index)) and treatment 
duration with interferons (AUC = 0.312, 95% CI: 0.199–0.425, p = 0.013, treatment duration >27 months (Youden-
Index)), significantly identify patients developing neutropenia; age at treatment initiation was not significant. 
(c and d) Forest plots showing the determined OR for the occurrence of (c) leukopenia and (d) neutropenia. 
The binary logistic regression model revealed “use of sc. PEG-IFN-β-1a” and “leukocyte count at baseline” 
as significant predictors for the dependent variable “occurrence of leukopenia” under IFN therapy; “use of 
sc. PEG-IFN-β-1a” and “leukocyte count at baseline” were significant predictors for the dependent variable 
“occurrence of neutropenia” under IFN therapy.
AUC, area under the curve; CI, 95% confidence interval; IFN-β, interferon-beta; OR, odds ratio; ROC, receiver operating 
characteristic; sc., subcutaneous; Tx, drug treatment.
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PEG-IFN-β-1a compared to the placebo group. 
However, according to the study, these were not 
clinically relevant. A reduction in leukocyte 
counts below 3 leukocytes/nl was seen in 7% of 
patients with application of sc. PEG-IFN-β-1a 
every 2 weeks and in only 4% of patients with 
application every 4 weeks.14 Although the guide-
lines suggest a white blood cell differential before 
therapy,17,18 it is not always applied in clinical 
routine. Our results emphasize regular laboratory 
examinations to detect changes in leukocyte and 
neutrophil counts under treatment with inter-
feron preparations, as suggested.17 We suggest a 
monitoring schedule entailing a follow-up exami-
nation after 4 weeks in case of leukocyte count 
below a certain threshold (in this study, below 
6.55 leukocytes/nl), followed by quarterly checks 
thereafter; in case of leukocyte counts above 
6.55 leukocytes/nl at treatment initiation, quar-
terly follow-up checks are deemed sufficient.

It remains unclear why the application of sc. 
PEG-IFN-β-1a leads to leukopenia, particularly 
neutrophil decrease. Pegylation enlarges the mol-
ecule, reducing the glomerular filtration rate and 
extending the half-life. This also allows the 
biweekly application regimen of sc. PEG-IFN-
β-1a.10,12 We hypothesize that a longer interaction 
of the immune system or leukocytes with the drug 
might result in more leukocytes or neutrophils 
perishing. CD62L is an adhesion molecule 
involved in the attachment of neutrophils to the 
endothelial cell layer upon inflammation.19  
The observed reduction in CD62L expression  
on neutrophils from patients treated with sc. 

Table 2.  Multivariable analysis with the occurrence of 
leukopenia as dependent variable.

Variable OR (95% CI) p-Value

sc. PEG-IFN-β-1a 7.736 (2.165–27.637) 0.002

Treatment duration 1.020 (0.990–1.052) 0.190

Age at Tx-start 0.996 (0.948–1.047) 0.882

Number of previous 
therapies

0.499 (0.179–1.393) 0.185

Leukocytes at 
baseline

0.506 (0.346–0.739) <0.001

Significant p values are highlighted in bold.
CI, confidence interval; IFN-β, interferon-beta; OR, odds ratio; sc., 
subcutaneous; Tx, drug treatment.

Table 3.  Multivariable analysis with the occurrence of 
neutropenia as dependent variable.

Variable OR (95% CI) p-Value

sc. PEG-IFN-β-1a 7.231 (1.721–30.391) 0.007

Treatment duration 1.032 (0.999–1.066) 0.060

Age at Tx-start 0.996 (0.943–1.052) 0.879

Number of previous 
therapies

0.423 (0.114–1.499) 0.179

Leukocytes at 
baseline

0.686 (0.473–0.997) 0.048

Significant p values are highlighted in bold.
CI, confidence interval; IFN-β, interferon-beta; OR, odds ratio; sc., 
subcutaneous; Tx, drug treatment.

Table 4.  Cox regression analysis with leukopenia as 
dependent variable.

Variable HR (95% CI) p-Value

PEG-IFN-β-1a (vs sc. 
IFN-β-1a)

0.256 (0.096–0.681) 0.006

Treatment duration 
(months)

0.993 (0.964–1.022) 0.619

Age at Tx-start (years) 0.998 (0.961–1.037) 0.934

Number of previous 
therapies

0.649 (0.300–1.403) 0.272

Leukocytes baseline 
(leukocytes/nl)

0.580 (0.428–0.784) <0.001

Significant p values are highlighted in bold.
CI, confidence interval; HR, hazard ratio; IFN-β,  
interferon-beta; Tx, drug treatment.

Table 5.  Cox regression analysis with neutropenia as 
dependent variable.

Variable HR (95% CI) p-Value

PEG-IFN-β-1a (vs sc. 
IFN-β-1a)

0.264 (0.078–0.889) 0.032

Treatment duration 
(months)

0.989 (0.955–1.025) 0.539

Age at Tx-start (years) 1 (0.955–1.025) 0.992

Number of previous 
therapies

0.522 (0.171–1.591) 0.253

Leukocytes baseline 
(leukocytes/nl)

0.712 (0.506–1.002) 0.051

Significant p values are highlighted in bold.
CI, confidence interval; HR, hazard ratio; IFN-β, interferon-beta; 
Tx, drug treatment.
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Figure 4.  FACS analysis of neutrophils. (a) The number of neutrophils was significantly reduced in patients 
treated with sc. PEG-IFN-β-1a compared to healthy controls. (b) The neutrophils from patients under sc. PEG-
IFN-β-1a shows significantly less CD62L in comparison to neutrophils from both healthy controls and sc. IFN-
β-1a-treated patients. Neutrophils from patients treated with sc. PEG-IFN-β-1a displayed significantly more 
(c) CD15 and (d) HLA-DR than those from sc. IFN-β-1a-treated patients or healthy controls.
*p < 0.05. **p < 0.01.
FACS, fluorescence-activated cell sorting; IFN-β, interferon-beta.

PEG-IFN-β-1a may hint at potential shedding of 
the molecule. It has been described in other 
inflammatory diseases that CD62L is shed upon 
challenge of the expressing neutrophils via an 
immunoglobulin E-dependent pathway.20,21 
Whether that is also the case upon PEG-IFN-
β-1a treatment remains to be elucidated. It is pos-
sible that the reduced expression of CD62L 
explains the increased occurrence of infection, as 

neutrophils might not be able to enter inflamma-
tory tissue.

Additionally, we observed that neutrophils from 
sc. PEG-IFN-β-1a-treated people with MS dis-
played higher levels of CD15. Increased CD15 lev-
els, especially on neutrophils, have been associated 
with the modulation of the adaptive and innate 
immune system, potentially contributing to the 
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effects of sc. PEG-IFN-β-1a-treatment.22,23 Finally, 
a small but significant increase in MHC class II 
expression (HLA-DR) could be visualized on sc. 
PEG-IFN-β-1a neutrophils. It has been shown 
before that IFN is able to induce HLA-DR 
expression on neutrophils, which in turn drives 
super-antigen-mediated activation of T-cells.24 
Moreover, HLA-DR expression on neutrophils 
has been associated with increased neutrophilic 
activity and phagocytic capacity.25 These FACS 
findings support a decrease in migratory capaci-
ties and activation of neutrophils. However, the 
small number of patients included in this analysis 
is not sufficient to demonstrate a causal relation 
between the occurrence of neutropenia in people 
with MS and sc. PEG-IFN-β-1a treatment.

While our study provides important information 
about the monitoring of patients treated with sc. 
PEG-IFN-β-1a, is not without limitations. We 
did not conduct a power analysis prior to study 
initiation, which might result in an underpowered 
sample size thereby limiting the generalizability of 
our findings. Especially the small number of 
patients included in our FACS analysis cohort 
prohibits drawing causal conclusions. An addi-
tional limitation of the study is that the question-
naire used to collect reported adverse events was 
not pilot tested and was applied retrospectively so 
the occurrence of side effects with regard to injec-
tion time was based on participants’ recollection. 
Further prospective studies are needed to investi-
gate reasons for treatment discontinuations due 
to adverse events or leukopenia, as well as exami-
nations on the duration until the blood cell counts 
return to a normal range. Finally, prospective 
longitudinal studies with blood sampling directly 
after application of sc. PEG-IFN-β-1a or sc. IFN-
β-1a is necessary to explore this relationship.

Based on the above results, laboratory monitoring 
including differential blood count prior to initiation 
of therapy can be recommended. However, cut-off 
values have to be established and confirmed in a 
prospective study. In this way, patients at risk of 
developing relevant leukopenia or neutropenia 
could be identified. For those patients, closer mon-
itoring or an alternative DMT could be discussed.

Conclusion
This study shows a higher incidence of leukope-
nia, neutropenia, and infections in patients 
treated with sc. PEG-IFN-β-1a compared to sc. 

IFN-β-1a. Moreover, sc. PEG-IFN-β-1a also 
resulted in more side effects. Lower baseline leu-
kocyte counts were a significant risk factor for 
leukopenia and neutropenia. Establishing cut-off 
values for pretreatment leukocyte counts could 
help identify patients at risk and thereby enable 
closer monitoring or initiation of alternative treat-
ment in these patients.
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