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Abstract Sporadic inclusion-body myositis (s-IBM) is a

chronic progressive inflammatory myopathy leading to

severe disability. It has been suggested that statins may

benefit s-IBM patients based on their pleiotropic effects on

autoimmunity and possible adverse influence of increased

cholesterol on muscle pathological changes. We carried out

a pilot, open-label trial to evaluate safety and tolerability of

oral simvastatin in s-IBM patients. Fourteen patients were

treated with 40 mg of simvastatin over 12 months. Primary

outcome measures included the assessment tools proposed

by International Myositis Outcome Assessment Collabo-

rative Study group and the IBM-Functional Rating Scale.

As additional data, we report the results obtained from

muscle MRI, biopsy and oropharyngeal scintigraphy. Ten

patients completed the trial and the treatment appeared safe

and well tolerated. None of the patients showed a signifi-

cant clinical improvement. Outcome measures used in this

study proved to be valuable tools for global assessment of

s-IBM patients. At present, we cannot recommend simva-

statin as a treatment for s-IBM though our data may war-

rant a placebo-controlled study.
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Introduction

Statins (HMG-CoA reductase inhibitors) are potent

cholesterol-lowering drugs extensively used in medical

practice for primary and secondary prevention of cardio-

vascular events due to atherosclerosis [1, 2]. Statins also

exert a number of the so-called pleiotropic actions that

include inhibition of inflammatory responses and immu-

nomodulatory effects [3, 4], improvement of endothelial

function [5], regulation of progenitor cells, antioxidant and

neuroprotective properties [6, 7]. Statins have a good safety

profile with occasional hepatotoxicity (\3%), myopathy

(\0.2%) [8] and a very rare occurrence of rhabdomyolysis

(\0.05) [9], and may be effective in treating several neu-

rological disease, such as Alzheimer disease [10], MS and

stroke [5, 11, 12], as indicated by both the animal studies

and observational clinical studies. Statins interfere with

autoimmune attack of target tissues by inhibiting the

multiple arms of immune response. Since these anti-

inflammatory effects would be of possible therapeutic

value for sporadic inclusion-body myositis (s-IBM), it has

been suggested that statins may benefit s-IBM patients

[13]. S-IBM is actually a chronic progressive form of

inflammatory myopathy with muscle infiltrates mainly

composed of cytotoxic CD8? lymphocytes but negligible

regeneration, poor response to treatment with steroids or

immunosuppressive drugs and slow progression, leading to

severe disability with loss of autonomous deambulation

and often severe dysphagia [14–16]. In addition to the

putative effects on autoimmunity, the reduction of

cholesterol levels obtained with oral statins would possibly

be desirable ‘‘per se’’. Askanas and Engel [17–19] have

proposed that abnormal deposition of cholesterol together

with caveolin-1 at sites of beta-amyloid accumulation and

processing in vacuolated s-IBM muscle fibers, may induce
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amyloid-beta misfolding and aggregation, adversely influ-

encing the degenerative features of this muscle pathology.

Furthermore, in an experimental model, the increased

ingestion of high levels of dietary cholesterol in rabbits

resulted in skeletal muscle pathological features that

resemble s-IBM [20]. Although attention is recommended

for the risk of rhabdomyolysis development (1 case in

22,727 after 1-year treatment) [9], muscle disorders are not

among the established contraindications to statin therapy. It

is also possible, statins being a very common treatment

among general the population, that some of the s-IBM

patient may have taken statins as cholesterol-lowering

drug; however, it is not known whether the drug is well

tolerated and has any effects on the progression of the

muscle disease. Thus we proposed a pilot study, in order to

evaluate the safety and tolerability of oral simvastatin

treatment in s-IBM patients and to point out any possible

benefit of this treatment on disease progression.

Patients and methods

This was a 12 month, open-label trial with oral simvastatin

treatment in s-IBM patients. The trial verified the effects of

simvastatin therapy on clinical and health-related quality of

life measures. The principal aim of the study was to

evaluate the safety and tolerability of oral simvastatin

treatment in s-IBM patients. The study also intended to

validate, in a trial specifically dedicated to s-IBM patients,

the assessment tools and outcome measures proposed by

the International Myositis Outcome Assessment Collabo-

rative Study (IMACS) group [21–23] and the IBM Func-

tional Rating Scale [24]. The trial was approved by the

local Ethical Committees at Catholic University and Isti-

tuto Besta and all the patients signed a written informed

consent prior to their participation in the study. Fourteen

patients with s-IBM were enrolled in the study. Clinical

characteristics of patients are summarized in Table 1.

Diagnosis of definite s-IBM in all the patients was based,

according to the established criteria [25], on clinical and

muscle biopsy studies. Patients with very severe disease

(more than 10 years duration, severe dysphagia), pregnant

women, patients assuming immunosuppressant drugs and

patients with high risk of rhabdomyolysis (severe hepatic

or renal dysfunction, hypothyroidism, medications predis-

posing to muscle toxicity, CK levels greater than five times

the normal value) were excluded from the study. Conti-

nuation of steroid therapy was allowed in the patients

taking oral prednisone at stable or tapering dosages, while

no immunosuppressive or immunomodulatory drugs have

been administered along with simvastatin.

The dosage of simvastatin was increased by 10 mg

every 4 weeks up to 40 mg/day according to the individual

patients’ tolerance (monitored by blood test for CK, lipids,

liver and renal functions); we selected this in vivo regimen,

as further increase of the dose would augment the risk of

myotoxic effects, probably with no additional desired

effects as in vitro studies on various biological systems

Table 1 Clinical

characteristics of patients

Aza azathioprine, IVIG
intravenous high-dose

immunoglobulins
a All the previous treatments

were suspended at least 2 years

before the study

Patient Sex/age Disease duration

(years)

Previous

treatmenta
Steroid therapy

1 M/68 4 No No

2 M/78 6 No Suspended during

the study

3 F/80 2 No No

4 M/45 1 No Stable dosage

5 F/82 1 No No

6 M/69 6 IVIG, Etanercept,

Aza

No

7 M/58 2 No No

8 M/74 8 IVIG, Aza No

9 M/61 15 IVIG, Aza Stable dosage

10 M/78 16 IVIG Stable dosage

11 F/61 8 No Tapering dosage

12 M/76 7 No No

13 M/63 17 No No

14 M/73 4 No Tapering dosage

Untreated patient 1 F/70 16 No Stable dosage

Untreated patient 2 M/83 6 No Stable dosage

IVIG treated patient 1 M/70 13 No Stable dosage

IVIG treated patient 2 F/79 11 No Tapering dosage
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show that low simvastatin concentration improve angio-

genesis and endothelial function, while higher doses may

induce cell apoptosis [26]. In addition to muscle biopsy,

before starting therapy, basal evaluation included muscle

MRI imaging of lower limbs, complete blood tests

including muscle enzymes, lipid panel, liver, thyroid and

renal function assays. CK was assessed at baseline after

1 month (before increasing dosage from the starting dose

of 10 to 20 mg), then every 2 months (concomitantly with

clinical evaluation) and every time unexplained myalgias

or additional muscle weakness developed over several

days.

Primary endpoint: clinical data

Primary outcome measures included the disease activity

core set IMACS, including the manual muscle test (MMT

or IMACS 4) [22], and all the patients were also evaluated,

at study entry and after 12 months, with the IBM Func-

tional Rating Scale (FRS) [24]. Patients were clinically

evaluated every 2 months, and the same neurologist per-

formed all muscle function tests without the knowledge of

laboratory or biopsy data. Clinical improvement was

defined according to the proposal of IMACS as [20%

improvement in three or more of the core set parameters

and no more than two worsened by[25% excluding MMT.

Worsening was defined by[30% reduction in any three of

six variables of the IMACS core set disease activity mea-

sure. A core set of disease damage measures has been

developed to assess persistent changes resulting from pre-

viously active disease and from complications of therapy or

other events. These include: the myositis damage index

(MDI—IMACS 8), physician and patient/parent global

assessment of disease damage (IMACS 9 and IMACS 10).

The patient-reported outcomes also included a generic

health-related quality of life assessment using the Medical

Outcomes Study 36-item Short Form (SF-36) health

survey.

Four untreated s-IBM patients who underwent the same

clinical assessment schedule served as a small non-ran-

domized control group regarding clinical outcome.

Muscle MRI imaging and biopsy, oropharyngeal

scintigraphy

As secondary outcome measure, muscle imaging by MRI

after 12 months of therapy was performed. As additional

data in the subgroups of patients, we also examined a

repeated biopsy after 12 months of therapy, and in patients

presenting significant dysphagia, a oropharyngeal scintig-

raphy was performed at baseline and end of treatment.

MRI muscle imaging included examination of pelvic

and lower limb muscles on a Philips 1.5 tesla MR scanner

at study entry and after 12 months. MRI imaging was

performed with T1-W SE images (TR/TE = 500/35 ms)

and T2-W STIR images (T1 = 1/50 ms). Axial slices were

obtained from psoas to distal foot muscles. Both the degree

of muscle degeneration (hypotrophy, fibrosis, adipose tis-

sue substitution) and inflammatory signs were monitored

and compared during follow-up examination. The changes

were classified as minor, moderate or extensive (arbitrary

scale).

All the patients included in the study underwent a

muscle biopsy at the diagnosis, and in five patients who

gave informed consent, an additional needle biopsy of

quadriceps muscle was performed after 12 months of

simvastatin treatment. Routine histological and histo-

chemical reactions including Congo red and immunohis-

tochemistry with the following antibodies were performed,

as described, in all diagnostic biopsies: SMI 31 (Stern-

berger Inc.), anti-human CD8, CD4, MHC-I, MHC-II,

CD68, C5bC9, CD20 (all from Dako), and anti-human

CD138 (Serotec).

Statistical analysis

The Wilcoxon signed rank test was used to compare the

data before and after simvastatin treatment. In particular,

we evaluated scores obtained from IMACS core set at

different times during treatment. Adjustment for multiple

comparisons was made, when necessary, by the use of the

Bonferroni correction method; p values B0.05 were con-

sidered as statistically significant.

Results

Primary endpoint: clinical results

Ten patients completed the trial; three patients dropped out

for personal reasons of no medical significance and not

related to the study, and one patient was withdrawn from

the study because of an asymptomatic significant CK

increase.

No rhabdomyolysis cases have been observed in any

patient, and CK values remained unchanged or slightly

increased (one- to twofold increase of basal level) only

during the first weeks of therapy. Only one patient has

shown a significant CK increase (5 fold the basal level),

thus suspended simvastatin treatment, was strictly moni-

tored by monthly clinical and laboratory studies and did not

present muscle symptoms suggestive for a simvastatin-

induced myopathy, such as myalgias, acute worsening of

muscle weakness and further rapid increase of CK.

No other significant side effects were observed in any

patient during simvastatin treatment; in particular liver and
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renal function did not show any abnormality and none of

the treated patients developed infections or metabolic

complications. Clinical results are summarized in Table 2.

None of the patients showed a significant clinical

improving or worsening according to the IMACS defini-

tion. Considering both IBM-FRT and IMACS report data,

in four patients we have observed a slight improvement of

muscle strength by MMT, while two patients reported a

subjective improvement of general conditions and in

managing common daily activities. Two patients presented

a slight worsening of clinical status, while two patients

remained substantially unchanged. In four untreated

patients, undergoing the same evaluation protocol, we

observed (Fig. 1) a slight worsening that, although not

reaching statistical significance (p = 0.07), indicates a

trend of clinical progression not paralleled in the treated

patients.

Additional data: MRI, muscle biopsy, oropharyngeal

scintigraphy

At the basal MRI, all the patients showed various degrees

of inflammatory changes (areas of focal/diffuse hyperin-

tensity on T2-W STIR) and signs of muscle degeneration

(hypotrophy, fibrosis, adipose tissue substitution). In our

experience with s-IBM patients, MRI examination corre-

lates with the level of functional impairment, but sensi-

tivity in detecting the extent and the severity of muscle

involvement is higher than that of clinical examination.

MRI after 12 months showed no significant changes in

inflammatory or degenerative abnormalities (not shown).

Similarly, the needle muscle biopsy performed in five

patients did not show major histopathological changes

when compared with the biopsy at the diagnosis (not

shown). Interestingly, we did notice that a characteristic

pattern of muscle involvement was maintained in each

patient. In fact, both the relative proportion of inflamma-

tory changes and vacuolated muscle fibers containing

either Congo red or SMI31-positive inclusions, as well as

the percentage of main lymphomonocytic subpopulations

(CD8?, CD4?, CD20?, CD68?, CD138?) were main-

tained even if the second biopsy was performed on the

different muscle (quadriceps vs. deltoid), suggesting that

every patient may present an individual ‘‘pathologic mus-

cle signature’’ relatively constant at least within the time

frame of this study. None of the four patients who under-

went oropharyngeal scintigraphy showed a significant

worsening of the dysphagia.

Discussion

Simvastatin treatment in s-IBM appeared to be safe, well

tolerated, and without significant collateral effects both as

monotherapy and in association with corticosteroids. Even

though it was not primarily a trial of clinical efficacy, this

was a safety study designed to investigate also possible

effects on disease progression. Indeed, primary endpoint

Table 2 Summary of clinical

results

a significant improvement or

worsening according to IMACS

definitions (at least 20%

improvement in three of six core

set measures with no more than

two worse by at least 25% not

including manual muscle

testing)

Patient IMACS score

improved/

worseneda

Abverse

events

General

outcome

MMT

(IMACS 4)

before/after

IBM FRS

before/

after

CK (UI/l)

before/

after

1 No/no No Unchanged 73/73 35/35 496/509

2 No/no No Improved 69/76 32/34 392/722

3 No/no No Dropped out – – –

4 No/no No Unchanged 68/69 29/29 255/723

5 No/no No Dropped out – – –

6 No/no No Worse 65/63 31/28 190/192

7 No/no No Dropped out – – –

8 No/no No Improved 66/68 28/31 326/206

9 No/no No Worse 61/58 27/24 220/173

10 No/no No Unchanged 61/62 29/29 258/244

11 No/no No Improved 59/66 28/32 34/102

12 No/no No Unchanged 72/72 32/32 426/156

13 No/no CK increase Dropped out – – –

14 No/no No Improved 66/73 30/32 286/43

Untreated patient 1 No/no – Unchanged 68/71 35/33 104/71

Untreated patient 2 No/no – Worse 67/59 27/21 123/140

Untreated patient 3 No/no – Worse 63/62 33/30 253/173

Untreated patient 4 No/no – Worse 66/59 30/25 370/440
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was represented by clinical evaluation of patients per-

formed through the IMACS core set and the IBM Func-

tional Rating Scale. Although in four patients we observed a

slight improvement of muscle strength by MMT, simva-

statin apparently did not significantly modify the patients’

clinical impairment. However, based on the comparative

evaluations at baseline and end of treatment time points, we

noted an apparent stability of clinical condition in the

majority of treated patients, in contrast with the trend of

clinical worsening observed in the four non-simvastatin

treated s-IBM patients. In fact, after 1 year of simvastatin

treatment, only two treated patients presented a slight

worsening of clinical condition, while 80% of our treated

patients did not show a significant clinical progres-

sion. Nevertheless, none of the patients showed either a

clinical improvement or worsening fulfilling the IMACS

definition.

Regarding secondary outcome measures muscle MRI

evaluation showed no significant changes in terms of

inflammatory or degenerative abnormalities, and the

Fig. 1 Overview panels of

FRS and IMACS4 scores.

a Changes of functional rating

scale (FRS) score between first

and fifth clinical examination,

both in simvastatin treated

s-IBM patients (no significant

changes, p = 0,349) and in

untreated s-IBM patients (slight

worsening, p = 0,147).

b Changes of IMACS 4 score

between first and fifth

examination, both in

simvastatin treated s-IBM

patients (unchanged score or

slight improvement not

statistically significant,

p = 0,202), and in untreated

s-IBM patients (trend of slight

worsening, p = 0,071).

c Changes in mean IMACS 4

score in simvastatin treated and

untreated s-IBM patients
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specific distribution of muscle involvement observed at

baseline was unchanged in every patient. Additional

instrumental data obtained only in subgroups of patients

cannot be considered as effective secondary outcome

measures but, as a corollary to clinical and MRI data,

provide additional information useful for the overall eval-

uation of patients. Either oropharyngeal scintigraphy or

evaluation of repeated muscle biopsies showed no signifi-

cant changes after simvastatin treatment. As a corollary,

this highlights that pathologic characteristics, such as

degree of inflammation, amount of vacuolated fibers and

fibrotic changes in affected muscles (also examining an

affected muscle different from the previously biopsied one)

tend to remain rather constant in individual s-IBM patients

at least within a 1 year time-frame.

Development of new therapies for s-IBM has been

hampered by the rarity of disease, the limited understand-

ing of its pathogenesis and the paucity of randomized

clinical trials [27–31] which are extremely difficult to be

set and evaluated in a chronic myopathy characterized by

slow progression. Our trial had a recommended minimum

duration of 1 year and also avoided comparison with other

inflammatory myopathies which could hamper data

analysis.

To the best of our knowledge, this is the first clinical

trial specifically dedicated to s-IBM patients based on

IMACS group assessment tools and proposed outcome

measures [21–23], together with the IBM Functional Rat-

ing Scale [24]. This core set, correlated with information

derived from muscle pathology and MRI imaging, proved

to be useful for a comprehensive assessment of s-IBM

patients. It will be applicable also in upcoming studies with

different pharmacological or cellular therapies in s-IBM

and may be further developed to better standardize out-

come measures, thus improving therapeutic trials design in

this specific population of elderly myositis patients.

We found out a good accordance between IBM-FRS and

IMACS scales that were also consistent with the patient’s

subjective evaluations. The efficacy of tools capable to

explore functional ability in common daily activities, in

addition to muscle strength evaluation, has to be under-

scored. Such a global assessment can be more suitable to

detect even slight differences of clinical condition in a

chronic progressive disease like s-IBM. Core sets measures

IMACS 7 and IMACS 8 which evaluate mainly extra-

muscular involvement, usually scarce in s-IBM, are of less

interest than in other inflammatory myopathies, such as

polymyositis and dermatomyositis. More importantly,

IMACS definition of improvement and worsening should

be tailored for s-IBM allowing small but significant clinical

changes to be definitely considered. In fact, while acute or

subacute clinical evolution of PM and DM consents to

evaluate response to treatment in a short period of time, in

a chronic slowly progressive disease, such as s-IBM, it is

necessary to also assess the minimal changes in the clinical

course. Although the clinical outcome measures did not

evidence a statistically significant improvement, and MRI

and muscle biopsies showed stability of pathologic chan-

ges, a possible positive effect of simvastatin administration

indicated by the slowing of clinical progression could have

been missed by our investigation.

Nearly, all the pharmacological therapies proposed for

s-IBM patients are expensive and/or weighted by important

side effects, their use is often empiric and not validated in

controlled studies, and for most of all no clinically relevant

effects have been indeed demonstrated, since claim of

efficacy have been reported anecdotally or in small

uncontrolled study. In s-IBM the main goal of treatment is,

at least, to halt disease progression and stabilize patient’s

clinical conditions. Therefore, achieving such a result using

a low cost oral agent, with an acceptable tolerability and

toxicity profile, could imply a significant benefit in both

clinical and pharmacoeconomics terms. We are also obvi-

ously aware of limitations of this study that was arguably

small, not blind and placebo-controlled, thus not designed

to unequivocally demonstrate clinical efficacy. Assessment

bias and placebo effect are important factors unavoidable

in uncontrolled studies, thus, at the present we cannot

recommend simvastatin as a treatment for s-IBM. How-

ever, our data on safety and preliminary clinical observa-

tion may warrant a double-blind placebo-controlled study

to verify whether s-IBM patients may indeed benefit from

chronic simvastatin treatment.
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