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Abstract

This multi-center Italian prospective observational study reports the 4 months follow-up data of 87 patients
affected by chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) and multifocal motor
neuropathy (MMN) shifted from intravenous to subcutaneous immunoglobulin treatment. A therapeutic
shift from intravenous to subcutaneous immunoglobulin was performed in 87 patients (66 CIDP; 21 MMN)
affected by immune-mediated peripheral neuropathies with evidence of a sustained clinical response to
intravenous immunoglobulin. Patients were evaluated by means of the Overall Neuropathy Limitation
Scale,Medical Research Council Scale and Life Quality Index questionnaire, both at the time of therapeutic
shift and after 4 months of subcutaneous immunoglobulin treatment. A sustained clinical efficacy was
observed after the switch to subcutaneous immunoglobulin: the Overall Neuropathy Limitation Scale score
improved in the group of 66 CIDP patients (P = 0.018), with only one subject reporting a worsening of 1
point, and remained stable in the group of 21 MMN patients (P = 0.841), with one subject reporting a
worsening of two points. An improvement in the patient’s perception of therapeutic setting was reported
in both groups. This large multi-center study confirms the short-term clinical equivalence of subcutaneous
versus intravenous immunoglobulin and a possible improvement in the patient’s perception of therapeutic
setting with the subcutaneous administration. However, further studies are required to extend the results
to a longer observational period.
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Introduction

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) and multifocal motor neuropathy
(MMN) are rare immune-mediated diseases presenting with progressive limb weakness and, in CIDP, also
impaired sensory function. At the present time, intravenous immunoglobulin (IVIg) monthly infusions are
the most recommended therapy, as it proved to stabilize the disease clinical progression and improve the
isokinetic muscle strength [1, 2].

Moreover, the alternative option of subcutaneous immunoglobulin (SCIg) has been recently proposed,
starting from the encouraging results observed in the primary immunodeficiency diseases, where an equal
efficacy and a lower incidence of serious adverse events have been demonstrated [3]. The possible
advantages of SClIg versus IVIg include a more stable plasmatic concentrations, lower emotional distress for
the patient during infusion and a higher independence from the hospital care. In a double-blind
randomized controlled clinical trial on 14 CIDP patients, Markvardsen et al. [4] observed that SClg was well
tolerated, with a significant improvement of isokinetic strength compared to placebo. In addition, Harbo et
al. [5] reported a similar efficacy between subcutaneous and intravenous immunoglobulin in a cohort of
MMN patients, and a commercial trial, investigating the efficacy of SClg therapy in CIDP patients (PATH
study), is currently ongoing.

Although the majority of clinical studies seems to suggest that SClg could represent an effective alternative
to IVIg, the literature data are still based on small single-center reports [4-11] and no official
recommendation has been formulated yet.



In this context, we report here the results of a multi-center Italian prospective observational study, aiming
to evaluate the SClg therapy efficacy in the real-life setting of immune-mediated peripheral neuropathies
treatment. A large sample of patients affected by CIDP and MMN were included in the analysis, reporting
the main clinical and quality of life changes observed after the shift from intravenous to subcutaneous
immunoglobulin, over a 4-month follow-up period.

Materials and methods

Patients

Patients from 12 Italian Neurological Departments and one Paediatric Neuropsychiatric Department were
included in the study. Comorbidities that could by themselves cause neuropathy were excluded and all
subjects fulfilled the European Federation of Neurological Societies/Peripheral Nerve Society (EFNS/PNS)
criteria for CIDP or MMN [1, 2]. At the time of recruitment, patients were in maintenance therapy with
monthly IVIg infusions in two consecutive days, apart from one case, treated with a single-day intravenous
infusion every 2 weeks (1 g/kg every 2 weeks).

All subjects reported a previous sustained response to IVIg therapy for 26 months and a “wear-off effect”,
defined as at least one of the following signs/symptoms between each immunoglobulin infusion: (a)
worsening of fatigue; (b) increase of >1 point at the Overall Neuropathy Limitation Scale (ONLS); and (c)
decrease of 21 point at the Medical Research Council (MRC) Scale.

IVIg doses, which were comprised between 1 and 2 g/kg monthly, were shifted to an equivalent SClg dose
(16 % solution of human IgG ready-to-use in 6 patients and 20 % solution of human IgG ready-to-use in 81
patients), administered in 1-3 subcutaneous infusions per week, according to each patient’s total dose. The
shift was performed after 5-10 days since the last intravenous infusion, at the maximal theoretical
immunoglobulin efficacy. Subjects were instructed with their caregivers in subcutaneous self-
administration and home infusion by a nurse experienced in this therapy; treatment was administered via a
programmable infusion pump (chrono-speed 50 by Cane S.p.a., Italy) coupled to a 50 mL syringe connected
with catheters to a butterfly subcutaneous needle. The ethical committee approval was obtained (CEIl- 629
Prot. no 0010675, 25 Jan 2013) and all subjects signed a written informed consent.

Outcome measures

The primary study end-point was the maintenance of clinical efficacy with subcutaneous immunoglobulin,
evaluated by the ONLS total score and the MRC muscle strength.

Secondary end-points were the evaluation and comparison of Life Quality Index (LQI) and side-effects
profile with the two different therapeutic regimens.

Evaluation

Clinical assessments were performed at the time of switch to SClg (TO or baseline) and after 4 months of
treatment (T1 or follow-up visit). Disability was assessed by means of the ONLS, while muscle strength was
evaluated by means of MRC scale in eight muscle group bilaterally (shoulder abduction, elbow flexion, wrist
extension, first dorsal interosseous, hip flexion, knee extension, and ankle flexion/extension) with a
maximum score of 80 points. Quality of life measures and/or patient’s preferences for one treatment over
the other were compared by means of LQl, a validated scale used in previous SClg trials [12]. LQI consists of
15 items examining the respondent’s perceptions of immunoglobulin treatment impact on daily activities,
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summarized to four sub-scales: “treatment interference”, “therapy-related problems”, “therapy setting”,
and “treatment costs”. The symptom fatigue was assessed by means of a subjective clinical interview,
without referring to specific scales.

Statistical evaluation

Descriptive statistics (mean, standard deviation, and range) were used for continuous variables, while
categorical variables were described as percentages of subjects falling in each group. Wilcoxon non
parametric test was used for comparison of follow-up data. All P values reported are two-tailed and a
probability (P) value <0.05 was considered statistically significant. The analyses were performed using
PASWStat 18 for Windows.

Results

Clinical follow-up data of 87 patients shifted from IVIg to SClg between 2012 and 2014 were considered in
the analyses: 66 were affected by CIDP and 21 by MMN (Table 1). The two groups were similar for age,
disease duration, age at onset, gender distribution, and immunoglobulin total dose, with an IVIg infusion
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frequency of between 15 and 40 days, adapted to the single patient’s “wear-off” effect duration.

Table 1 Clinical and demographic characteristics of patients at

baseline
CIDP MMN
Number of subjects 66 21
Age 56.7 £ 14.9 57.0 £ 14.6
Range Range
(12-84) (31-79)
Gender
Males 41 14
Females 25 7
Disease duration (vears) 8.6 £ 6.0 8.9 £+ 6.3
Range Range
(1.5-25) (1.5-21)
Age at onsel 48.6 £ 16.0 46.4 £ 14.1
Range Range
(10-79) (23-71)
Subcutaneous immunoglobulin 86.5 £ 32.7 86.6 = 294
dose (g) Range Range
(55-200) (55-160)

CIDP Chronic inflammatory demyelinating polyradiculoneuropathy,
MMN multifocal motor neuropathy

The ONLS total scores significantly improved in CIDP patients (Table 2) between T0O and T1 (P = 0.018), while
no significant changes (P = 0.841) were observed in MMN patients (Table 3). An amelioration in the ONLS
total score (at least 1 point) was observed in 33.3 % of CIDP patients, while 65.2 % remained stable and
only one subject (1.5 %) worsened of 1 point. The majority of MMN patients (95.2 %) remained stable after
the switch to SCIG, with only one subject worsening of two points at the ONLS total score. On the other
hand, MRC score showed only a minimal improvement in CIDP patients (P = 0.342), and it remained
substantially stable in MMN subjects (P = 0.950).



Table 2 CIDP patients: baseline versus follow-up data

TO Tl P value
[baseline) (4 months)

Overall Neuropathy 41 £28 3120 0.018
Limitation Scale Ranee Ranee
(0-15) (0-10)
Medical Research Council 609 + 101 72.1+£90 0.342
Scale Range Range

(40-30) (48-80)
Life Quality Index

Sub-scale 1 544 £21.1 915£75 0.016
Sub-scale 11 61.8 £142 877 £89 0.021
Sub-scale 111 65.6 £24.0 9645 0.044
Sub-scale IV 348 £203 396=£102 0.071

Table 3 MMN patients: baseline versus follow-up data

TO Tl P value
(baseline) (4 months)
Overall Neuropathy 32+ 16 33+ 14 0.841
Limitation Scale Rane Range
(0-6) (1-6)
Medical Research Council 733+£73 T735+£69 0950
Scale Range Range

(60-80) (62-80)
Life Quality Index

Sub-scale | 759 +£92 876=£163 0338
Sub-scale 11 77179 +£31 875=£101 0.183
Sub-scale I1I 8302+79 968+£55 0.041
Sub-scale IV 500+ 124 682+£38 0.071

Differences in patient’s perception between the two therapeutic regimens were measured by means of the
LQl scale (Tables 2, 3): LQl part-lll subscores increased both in CIDP and MMN patients, indicating a
patient’s perception improvement in therapeutic setting, while LQIl part-I and part-1l improved only in the
CIDP group, indicating an amelioration of treatment interference in the activities of daily living (P = 0.016)
and in problems related to the administration of therapies (P = 0.021). Concerning the safety profile, SClg
was associated to a significantly lower incidence of adverse events: 21.8 % of patients (nineteen cases)
reported side effects or adverse events during IVIg infusion, consisting of high blood pressure (eight cases),
headache (eight cases), deep vein thrombosis (two cases), and nausea (one case). On the contrary, only one
patient reported a significant adverse event during SClg administration, consisting of a painful and itching
cutaneous erythema that occurred 46 days after the start of treatment and required to return at IVIg for
two courses. After the erythema resolution, SClg therapy was reintroduced in another site of injection,
without further complications.

Frequent and transient skin reactions (redness) without generalized symptoms, localized to the injection
sites, were frequently observed and considered as an expectable reaction to subcutaneous infusion.



Discussion

This Italian nationwide unblinded multi-center study reports the clinical and quality of life data of a large
sample of immune-mediated peripheral neuropathy patients, shifted from IVIg to SClg. Subjects affected by
CIDP and MMN, with evidence of active disease and reporting a “wear-off” effect between each IVig
administration, were evaluated at the time of shift to SClg and then after 4 months of therapy. Safety
reasons lead to choose a short follow-up duration, in view of the potential consequences of administering a
less effective therapy in a large cohort of patients. Nevertheless, a follow-up duration of 4 months was
considered adequate to highlight a possible lack of therapeutic efficacy [1, 2]. The main finding of this study
was the maintenance of clinical efficacy with SClg: only two patients (one CIDP and one MMN) worsened at
the ONLS, while most subjects remained stable during follow-up and 22 CIDP patients showed an
improvement.

SClg administration was well tolerated: local minor side-effects (transient skin reactions) were frequently
reported, but only one case required a temporary suspension because of a painful and itching erythema
that completely disappeared in a few weeks.

Our findings confirm the results of previous smaller clinical reports [4—-11], suggesting that SClg could be
considered as effective as IVIg in the treatment of chronic immune-mediated peripheral neuropathies. This
might be relevant, since the clinical data currently reported in literature are still not clear and based on
small cohorts of patients: Markvardsen et al. [4] observed a significant improvement in CIDP patients with
SClg and similar results have been also described by Harbo et al. [5, 9] in MMN subjects. On the other side,
Eftimov et al. [8] did not observe any improvement after the shift from IVIg to SClg, but only a clinical
stability in four out of five subjects. In our cohort, we observed a possible different pattern of clinical
response to SClg between CIDP and MMN subjects: a significant improvement was observed in CIDP
patients, both for clinical disability and LQI, with particular regard to the subscales related to “interference
of the treatment with the activities of daily living” and to the “therapeutic setting”. On the other hand,
MMN patients remained substantially stable with SClg, not reporting any improvement in disability scales
and in muscle strength, with only a moderate amelioration in the LQl scores.

The two treatments have a different pharmacokinetics: IVIg infusion leads to an immediate increase of
IgGplasmatic concentration, followed by a sharp decline within the first 2—8 days and a milder decrease in
the following weeks [11]. The initial concentration plunge seems related to a shift from vascular to
extracellular compartments [13], while the following mild decline might be due to immunoglobulin
catabolism while returning to the vascular compartment. On the contrary, SClg are adsorbed in the
subcutaneous tissue and then gradually released, without significant peak of plasmatic concentrations [8].

It can be argued that differences in the pharmacokinetic profile might reflect in a differential therapeutic
efficacy, however, the optimal dosage and frequency of immunoglobulin administration in chronic immune-
mediated peripheral neuropathies are still not clear [14]. Some authors suggest that IVlg administration
could be more effective, since a plasmatic threshold of IgG concentration should be reached, to obtain a
clinical response [15, 16]. On the contrary, other authors [17] hypothesized that immunoglobulin
therapeutic efficacy could be related to the reaching of a plasmatic concentration steady state, which can
be achieved either after several IVIg infusions or with a constant subcutaneous delivery. Alternatively, it is
also possible that anlgG plasmatic peak would be necessary to induce the initial improvement, but not to
maintain the clinical stability [8].



Overall, in this large cohort of Italian patients, we observed an improvement of clinical disability in CIDP
subjects and a substantial stability in MMN patients. It is possible that the more pronounced “wear-off”
effect typical of MMN, or alternatively the lack of 1gG plasmatic peak of intravenous administration,
accounted for part of these differences. However, other possible explanations might be related to the
disability scales used for evaluations: the ONLS improvement observed in CIDP patients could be partly
related to sensory functions tasks, which are not affected in MMN, like “turn a key in a lock” or “do or undo
buttons or zip”. The effect of SClg could have been therefore underestimated in MMN patients, while the
use of a more specific scale, as the Rasch-built Overall Disability Scale [18], may lead to different results.

In conclusion our findings suggest that SClg therapy seems to have a similar clinical efficacy than IVIg, with
a lower profile of side-effects. Moreover SClg requires lower resources [19, 20] in terms of direct costs
(drugs for pre-medication, health care professional time) and indirect costs, such as loss of working time for
the patient/caregiver, transport and parking (IVIg administration at the patient’s domicile is not allowed in
Italy).

However, given the lack of a control group and the short follow-up duration, we can not assert the
superiority of one treatment over the other, even if a clinical and LQl amelioration was observed in the
group of CIDP patients. On the other hand, our findings seems to confirm the short-term follow-up safety
and effectiveness of SClg in patients responders to IVIg. These data may be particularly relevant for patients
without a valid peripheral venous access, or experiencing adverse events with IVIlg infusion or having
difficulties in reaching the hospital.

Further studies, with a longer follow-up duration seems necessary to confirm our results, the long term
efficacy of SClg and the possible differences in the therapeutic response between CIDP and MMN patients.
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