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Abstract Thrombocytopenia is a well-described adverse

event of several disease-modifying therapies (DMT) in

multiple sclerosis (MS). On the other hand, an increased

prevalence of MS has been reported in patients with

immune thrombocytopenia. In this retrospective, cross-

sectional, case–control study we evaluated in a heteroge-

neous MS cohort: (1) the prevalence of thrombocytopenia

in comparison with sex- and age-matched controls; (2) the

relationship between thrombocytopenia and patients’

demographic, clinical characteristics; (3) the risk for

thrombocytopenia in relation to DMT. 187 consecutive MS

patients [51 males, mean age (±SD) 44.5 ± 10.7 years]

and 200 controls (56 males, mean age 45.5 ± 12 years)

were included. Thrombocytopenia was defined as platelet

count lower than normal laboratory values

(130–400 9 109/L). The prevalence of thrombocytopenia

was significantly higher in MS patients than in controls (7

vs. 2.5 %, p = 0.04). Thrombocytopenia was present only

in relapsing–remitting MS cases, and significantly associ-

ated with lower EDSS (p = 0.002) and with a trend for

shorter disease duration (p = 0.06). It was more frequent in

patients on high-dose interferon-b therapy compared with

those on low-dose interferon-b therapy, other therapies or

untreated patients (p = 0.02). High-dose interferon-b
therapy was associated with more than eightfold increase in

the risk for thrombocytopenia (odds ratio 8.60, 95 %

confidence interval: 1.01–74.48 adjusted for EDSS, disease

duration and type of disease). The prevalence of throm-

bocytopenia was increased in MS patients treated with

DMT. High-dose interferon-b therapy is the variable most

strongly associated with thrombocytopenia.
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Background

Multiple sclerosis (MS) is an immune-mediated chronic

disease of the central nervous system, pathologically

characterized by inflammation, demyelination and neu-

rodegeneration. Immune thrombotic thrombocytopenia

(ITP) is a hematologic disorder characterized by isolated

thrombocytopenia. It may be primary or may develop in

association with other disorders, usually immune or

infectious [1]. A previous study reported that MS preva-

lence in ITP patients is approximately 25 times higher than

in the general population [2].

Thrombocytopenia has been also described as adverse

event during several disease-modifying therapies (DMT) in

MS such as interferon-b (IFN-b) [3], cladribine [4], alem-

tuzumab [5], and fingolimod [6]. Conversely, drug-induced

thrombocytopenia is uncommon in patients on teriflunomide

[7], and has rarely been reported to be secondary to natal-

izumab [8, 9] or glatiramer acetate treatment [10]. Further-

more, several case reports have been recently published on

the occurrence of thrombotic microangiopathy with
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hemolytic-uremic syndrome and thrombotic thrombocy-

topenic purpura during IFN-b therapy [11–18], leading to

inclusion of this complication in the drug package leaflet by

the EMA.

In this retrospective cross-sectional case–control study,

based on the MS care and laboratory databases of Regina

Elena National Cancer Institute in Rome, we aimed: (1) to

compare the prevalence of thrombocytopenia in MS

patients in comparison with age- and sex-matched controls;

(2) to evaluate the relationship between thrombocytopenia

and patients’ demographic, clinical characteristics; (3) to

evaluate the risk for thrombocytopenia in relation to dif-

ferent DMT, in particular to IFN-b treatment, in order to

verify in a clinical setting the data provided by trials. The

study was conducted in accordance with the International

Conference Harmonization Guidelines of Good Clinical

Practice and the Declaration of Helsinki.

Materials and methods

Participants

187 consecutive MS patients who had a full blood count

during the last outpatient assessment and 200 randomly

selected age- and sex-matched controls, without a diag-

nosis of MS and having a full blood count, were included in

the study. Patients affected by autoimmune diseases were

excluded. Patients’ neurological disability was evaluated

by Expanded Disability Status Scale (EDSS).

To evaluate the risk of thrombocytopenia in relation to

MS therapies, MS patients were characterized as the fol-

lowing: (a) no-therapy (untreated patients), (b) on therapy

(all treated patients), (c) IFN-b therapy (patients treated

with Betaferon, Extavia, Rebif 44 lg, Avonex, Rebif

22 lg), (d) high-dose IFN-b (patients treated with Beta-

feron, Extavia, Rebif 44 lg), (e) low-dose IFN-b (patients

treated with Avonex, Rebif 22 lg), (f) other therapies

(patients treated with Copaxone, Tysabri, Gilenya).

Laboratory data

Thrombocytopenia was defined as a platelet count less than

the lower limit of the laboratory normal range

(130–400 9 109/L). We defined ‘‘mild’’ thrombocytopenia as

a platelet count between 100 and 130 9 109/L, while ‘‘mod-

erate’’ thrombocytopenia was defined as a platelet count

between 99 and 50 9 109/L and ‘‘severe’’\50 9 109/L.

Statistical analysis

Data were summarized using mean, standard deviation,

median and range when referred to quantitative variables;

categorical variables were summarized by means of abso-

lute frequencies and percentages. The associations were

analyzed by the Fisher’s exact test or Chi-square test.

Comparisons between groups were carried out for different

variables using Student’s t test.

A multivariate logistic regression analysis was used to

estimate drug-related risk of thrombocytopenia by diverse

comparisons: (a) no-therapy vs. therapy; (b) no-therapy vs.

IFN-b therapy and other therapies; (c) no-therapy vs. high-

dose IFN-b, low-dose IFN-b and other therapies; (d) no-

therapy vs. high-dose IFN-b and other therapies ? low-

dose IFN-b. First, univariate analyses were performed for

thrombocytopenia and demographic, clinical, and drug-re-

lated characteristics as well as for ongoing therapy and

demographic, and clinical characteristics. Risk factors with

significant relationships with both thrombocytopenia and

therapy were used as adjustment factors for potential

confounding in the logistic models. Odds ratios (OR) are

presented with 95 % confidence intervals (CI). An a level

of 0.05 was considered to be statistically significant. All

p values are two-tailed. All statistical analyses were per-

formed using SPSS version 20.0 (SPSS Inc., Chicago, IL,

USA).

Results

187 consecutive MS patients [51 males, mean age (±SD)

44.5 ± 10.7 years] and 200 sex- and age-matched controls

(56 males, mean age 45.5 ± 12 years) were included in the

study.

Patients’ mean disease duration was 132.2 ± 92.6

months, mean EDSS was 3.1 ± 2.2 with a median (range)

of 2.5 (0–8).

There were 156 relapsing–remitting (RR), 27 secondary-

progressive (SP) and 4 primary-progressive (PP) MS

patients. Fifty patients were treated with high-dose IFN-b,

32 with low-dose IFN-b, 25 with Copaxone, 22 with

Tysabri and 13 with Gilenya; 45 patients were not on any

DMT (untreated). Most untreated patients were SP and PP

MS patients. The untreated RR MS patients refused any

type of DMT. Twelve MS patients had a past history of

cancer (6.4 %), but none of them had a cancer of hema-

tological origin. No patient experienced a clinical relapse at

the time of the full blood count and no patient was treated

with high-dose of steroids during the prior 3 months.

We found positive correlations between age and disease

duration (r = 0.48, p\ 0.0001), disease duration and

EDSS (r = 0.36, p\ 0.0001), age and EDSS (r = 0.52,

p\ 0.0001). Thrombocytopenia was not associated with

anemia in MS patients (thrombocytopenia in 11.4 % of

anemic vs. 5.9 % of non-anemic patients, p = 0.25), as

well as in controls (thrombocytopenia in none anemic vs.
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2.8 % of non-anemic subjects, p = 0.46). There were no

significant associations between anemia and DMT

(p = 0.68).

Treated patients had lower EDSS compared to the

untreated ones (2.9 ± 2.1 vs. 3.7 ± 2.5, p = 0.05), but

they did not differ in age, gender, disease duration, and

platelet count. Treated patients differed from untreated

patients for disease type: the majority of RRMS (81.4 %)

and SPMS (55.6 %) patients were treated, while all

(100 %) PPMS patients were untreated (p = 0.001).

Thirteen of 187 MS patients (7 %) and 5 of 200 controls

(2.5 %) were thrombocytopenic, with the prevalence of

thrombocytopenia significantly higher in patients

(p = 0.04). Thrombocytopenia was mild in 17 subjects and

severe in one MS patient (45 9 109/L), and was not

associated with any clinically relevant event. None of MS

patients with a past medical history of cancer had throm-

bocytopenia. Thrombocytopenia was found in 16 % of

patients treated with high-dose IFN-b, 3.1 % of those

treated with low-dose IFN-b, 9.1 % of those treated with

Tysabri, 4 % of those treated with Copaxone, 2.2 % of

untreated patients and in none of Gilenya-treated patients.

Thrombocytopenia was found only in RRMS patients

and was more frequent in patients on high-dose IFN-b
therapy compared with those on low-dose IFN-b therapy,

other therapies or untreated patients (p = 0.02, Table 1). It

was also significantly associated with lower EDSS

(p = 0.002), and with a trend for shorter disease duration

(p = 0.06) (Table 1). There were no significant associa-

tions between thrombocytopenia and type of disease,

gender or age (Table 1).

At multivariate logistic regression analysis, high-dose

IFN-b therapy was associated with more than eightfold

increase in the risk for thrombocytopenia (OR 8.38, 95 %

CI 1.01–69.92; and OR 8.60, 95 % CI 1.01–74.48 adjusted

for EDSS, disease duration and type of disease) when

comparing untreated patients with those treated with high-

dose IFN-b, low-dose IFN-b and other drugs as well as

when comparing untreated patients with those treated with

high-dose IFN-b and other therapies ? low-dose IFN-b
(OR 8.38, 95 % CI 1.01–69.92, and OR 8.72, 95 % CI

1.01–75.51 adjusted for EDSS, disease duration and type of

disease) (Table 2).

Discussion

Thrombocytopenia is a well-described adverse event dur-

ing several MS DMT and some of these treatments have

been shown to modulate platelet or megakaryocytic func-

tions [19–21].

Our study highlighted that high-dose IFN-b therapy is

the variable most strongly associated with

thrombocytopenia, increasing more than eight times the

risk for thrombocytopenia in our MS cohort. It is known

that treatment with IFN-b has been associated to asymp-

tomatic reductions in almost all blood cell lineages and

mild neutropenia, anemia, and thrombocytopenia were all

reported to be statistically related to the treatment since the

first drug trials on MS patients [3, 22]. Usually, thrombo-

cytopenia is mild and generally resolves spontaneously

while continuing therapy.

We found thrombocytopenia only in RRMS patients and

an association with a lower disability score, with a trend

towards significance for shorter disease duration. Indeed, a

lower disability score is likely to be related to shorter

disease duration, being EDSS and disease duration related

factors. Moreover, both of them suggest a high probability

of being treated with IFN-b. These results are in agreement

with the known data that the inflammatory component is

much more evident in RRMS than in the other disease

forms and in the early phase that usually corresponds to

lower EDSS. However, by adjusting for these factors at

multivariate logistic regression analysis, high-dose IFN-b
therapy remained an associated risk for thrombocytopenia

although the confidence interval was wide, likely reflecting

that a bigger sample size would be needed. Furthermore,

since the rate of thrombocytopenia in untreated patients

(2.2 %) was similar to that in controls (2.5 %), it is rea-

sonable to assume that its prevalence in our MS patients

may depend prevalently on DMT and especially on high-

dose IFN-b treatment. This confirms that IFN-b may pro-

mote asymptomatic thrombocytopenia, which can reach up

to the rare symptomatic cases of thrombotic thrombocy-

topenia reported in literature [11–18]. Despite thrombo-

cytopenia has also been described during other DMT in

MS, our study could not confirm these findings, probably

due to the small number of patients in each treatment

subgroup. Indeed, the population size is a limitation of this

study.

On the other hand, platelet activation is known to be

involved in the pathophysiology of MS, independently of

treatment [23]. It is not clear whether this is an epiphe-

nomenon, possibly secondary to endothelial injury in MS,

or alternatively it is due to the role of platelets in neu-

roinflammation [24–26]. Platelets interact with leukocytes

at the endothelium of the blood–brain barrier (BBB) and

release the adhesion molecule PECAM-1 to the circulation

is associated with leukocyte infiltration [24]. Moreover,

platelet activating factor (PAF) can disrupt endothelial

junctions and is likely to be one of the factors responsible

for the early disruption of the BBB in MS. PAF can cause

thrombocytopenia at levels as low as 3 ng/kg, therefore it is

not strange that mild thrombocytopenia reported for MS

patients has been attributed to PAF activity [24]. Interest-

ingly, PAF receptors are up-regulated in MS lesions [24].
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A possible explanation for the association of thrombo-

cytopenia with IFN-b therapy could be the increased con-

sumption of platelets due to activation of inflammatory-

thrombotic processes since the physiological production of

type I interferons and inflammatory cytokines starts the

innate immune response [27]. Innate immunity represents

Table 1 Relationships between platelet count and demographical and clinical characteristics of MS patients

Variable Platelet count p value

Normal (130–400 9 109/L) (n = 174) Lower than normal (\130 9 109/L) (n = 13)

Age, years (mean ± SD) 44.8 ± 10.7 40.6 ± 9 0.17*

Disease duration, months (mean ± SD) 135.5 ± 93.2 86.7 ± 77.5 0.06*

EDSS (mean ± SD) 3.1 ± 2.2 2 ± 1 0.002*

Sex, n (%) 0.35**

Male 46 (90.2) 5 (9.8)

Female 128 (94.1) 8 (5.9)

Type of disease, n (%) 0.25**

Relapsing–remitting 143 (91.7) 13 (8.3)

Secondary progressive 27 (100) 0 (0)

Primary progressive 4 (100) 0 (0)

Therapy, n (%) 0.02**

High-dose IFN-b 42 (84.0) 8 (16.0)

Low-dose IFN-b 31 (96.9) 1 (3.1)

Other therapies 57 (95.0) 3 (5.0)

No-therapy 44 (97.8) 1 (2.2)

EDSS Expanded Disability Status Scale

* Student’s t test

** Fisher exact test or Chi-square test

Table 2 Drug-related risk of thrombocytopenia in multiple sclerosis patients

Variable Unadjusted OR (95 % CI) OR adjusted for EDSS, disease

duration and type of disease (95 % CI)

p value*

Therapy 0.22

No-therapy 1 1

Therapy 4.06 (0.51–32.14) 3.73 (0.46–30.04)

Therapy 0.24

No-therapy 1 1

Other therapies 2.32 (0.23–23.03) 2.26 (0.22–22.73)

High-dose ? low-dose IFN-b 5.42 (0.66–44.28) 5.02 (0.59–42.62)

Therapy 0.05

No-therapy 1 1

Other therapies 2.32 (0.23–23.03) 2.29 (0.23–23.12)

Low-dose IFN-b 1.42 (0.08–23.57) 1.03 (0.06–17.96)

High-dose IFN-b 8.38 (1.01–69.92) 8.60 (1.01–74.48)

Therapy 0.02

No-therapy 1 1

Other therapies ? low-dose IFN-b 2.0 (0.22–18.41) 1.78 (0.19–16.71)

High-dose IFN-b 8.38 (1.01–69.92) 8.72 (1.01–75.51)

No-therapy: untreated patients, therapy: all treated patients, high-dose IFN-b: patients treated with Betaferon, Extavia, Rebif 44 lg, low-dose

IFN-b: patients treated with Avonex, Rebif 22 lg, other therapies: patients treated with Copaxone, Tysabri, Gilenya

OR odds ratio, CI confidence interval

* Multiple logistic regression analyses
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the non-specific defense against infections and tissue dam-

age acting through its essential processes including inflam-

mation and blood coagulation [28]. Platelets are among the

main effector cells not only in coagulation, but also in

inflammation and in the continuum between innate and

adaptive immunity [29]. Therefore, it is reasonable to

hypothesize that as far both IFN-b and pathophysiological

MS processes contribute to induce thrombocytopenia in MS

patients, the drug effect is prevalent through the increased

activation of innate immunity.

In fact, in cases with high clinical or MRI inflammatory

activity we usually prescribed different DMT rather than

IFN-b, such as Tysabri or Gilenya, but they have been

found to be related to a lower (Tysabri) or no risk (Gilenya)

of thrombocytopenia. Therefore, the disease inflammatory

component cannot be considered a main determinant of

thrombocytopenia. Interestingly, we found thrombocy-

topenia in the 9.1 % of patients treated with Tysabri. In the

literature there are two reports describing drug-induced

immune thrombocytopenia during treatment with Tysabri

[8, 9]. In both cases there was a good response to steroid

treatment with rapid improvement of thrombocyte levels.

Even if in our patients it was a mild asymptomatic

thrombocytopenia, our data suggest that asymptomatic

thrombocytopenia during treatment with natalizumab may

be underestimated.

The present study highlights the importance of a close

monitoring of the platelet count, especially during high-

dose IFN-b therapy, to prevent the symptomatic thrombotic

cases, strengthening the EMA recommendations on

thrombocytopenia control in MS patients. However, further

studies are needed in order to better identify the population

at risk and understand the pathophysiological mechanisms

of the thrombocytopenia in MS.
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