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Abstract

Objective The current clinical measures (ONLS, R-ODS, mRS, and MRC) may not be so sensitive in capturing minimal
variations or measuring fatigue in chronic inflammatory demyelinating polyradiculoneuropathy (CIDP). Our aim was to
assess if 6-min walk test (6MWT) is able to increase the sensitivity in detecting response to therapy and to capture fatigue
in CIDP patients.

Methods We tested 6MWT in 42 CIDP patients. Using both anchor-based and distribution-based approaches, we estimated
the meaningful clinical change after therapy by calculating the minimum improvement cutoff (Minimal Clinically Important
Difference Score—MCID) required for considering a patient as responder. We calculated the sensitivity of the 6 MWT versus
the other clinical outcomes. We analysed fatigue by comparing the velocities between first and sixth minutes of the 6MWT
and the effect of treatment on fatigue using an ANOVA model for repeated measures.

Results MCID resulted equal to 20 m. The combination of 6MWT-MCID cutoff with the other clinical measures led to
identify 74% of responders. The sensitivity of the SMWT was 90% versus 77% of the other clinical measures. The 6MWT
was also sensitive in capturing fatigue-related changes, even though fatigue was not influenced by treatment.

Conclusions The combination of the 6MWT with the other clinical measures increased the chance to detect the quote of
responders. We propose to include the 6BMWT in the routine assessment of CIDP patients and the MCID cutoff at 20 m could
be set for identifying the responders and properly guiding the therapy management.
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Introduction In daily practice and in clinical trials, the clinicians, to

assess the clinical status or the response to therapy, use a

Chronic inflammatory demyelinating polyneuropathy
(CIDP) is a chronic-disabling disease with relapsing, pro-
gressive, or monophasic course. In addition to motor and
sensory symptoms, CIDP patients often complain of fatigue
during a relapse or the clinical course of disease.
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battery of clinimetric tests including the modified version of
the inflammatory neuropathy cause and treatment (INCAT)
scale—sensory subscore (ISS) [1], the Overall Neuropathy
Limitation Scale (ONLS) [2], the Rasch-built overall disabil-
ity scale (R-ODS)[3], the modified Rankin Scale (mRS), and
the Medical Research Council scale (MRC) [4, 5]. However,
these measures may not be so sensitive in capturing minimal
variations or are too operator-dependent.

These issues particularly come out in patients without
a clear response to therapy, in whom the self-reported out-
come may not be corresponding to the objective clinical
evaluation, making challenging for clinicians to assess the
real efficacy of therapy and to decide whether to continue
with the same treatment or to switch to another.
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Moreover, clinical outcome measures now available are
not able to measure objectively fatigue, often reported as the
main invaliding symptom by CIDP patients.

The 6-min walk test (6MWT) has been proved highly
reliable, sensitive, and easy-to-apply for exploring the ambu-
latory ability as well the fatigue-related changes. Hence,
6MWT has been widely used as clinimetric test in several
neurologic disorders comprising Charcot—-Marie—Tooth dis-
ease [6, 7], multiple sclerosis [8], Pompe disease [9], spinal
muscular atrophy [10], stroke [11], facio-scapulo-humeral
muscular dystrophy [12], Duchenne/Becker muscular dys-
trophy and Parkinson disease [13, 14].

Under these premises, we decided to test the 6MWT in
a cohort of CIDP patients and to estimate the meaningful
clinical change after therapy by calculating the minimum
improvement cutoff (Minimal Clinically Important Dif-
ference Score—MCID) required to consider a patient as
responder.

In fact, the MCID is the smallest difference of score in
the domain of interest that the patient perceives as beneficial
and that would guide a decision-making in patient manage-
ment [15, 16].

Methods

We selected fully ambulant patients (Table 1) with a diag-
nosis of definite CIDP according to the EFNS/PNS criteria
and periodically treated with intravenous immunoglobulin
(IVIG) or intravenous methylprednisolone (IVMP) [17].

The patients had not changed the type of treatment (IVIG
or IVMP) in the last 6 months before the enrolment.

Exclusion criteria were: (a) diagnosis of possible or prob-
able CIDP according to the EFNS/PNS criteria; (b) presence
of other possible causes of genetic or acquired demyelinating
neuropathy according to the EFNS/PNS criteria [17]; and
(c) exclusion of cardiopulmonary co-morbidity potentially
affecting 6MWT performances [18].

All patients underwent clinical evaluation comprehensive
of demographic evaluation, clinimetric scales ISS, ONLS,
R-ODS, mRS, MRC sum-score, and 6MWT before (base-
line) treatment (IVIG or IVMP) and after (follow-up) 2
months. IVIG were administered at the dose of 0.4 g/Kg/day
for 5 days and IVMP at the dose of 500 mg/day for 5 days.

To test the reliability of the 6MWT, we repeated it twice
within a few days before starting therapy, and thus, we esti-
mated the intraclass correlation coefficients (ICC). The
6MWT was performed according to the American Thoracic
Society (ATS) guidelines [18].

At follow-up visit, patients reported whether their con-
dition was stable, improving or getting worse compared
to baseline evaluation. The patients also estimated if the
improvement was slight or very significant.

Moreover, patients were considered as responders to
treatment when at least 1-point increase in ONLS and/or
MRC and/or mRS scores was observed or when changes
in meters walked at 6GMWT were greater than the minimal
clinically important difference (MCID) value [19].

Statistical analysis

We applied a simple linear regression for evaluating the cor-
relation at baseline between the 6MWT and the other clini-
cal measures (Table 2).

To calculate the MCID for 6MWT, we used both anchor-
based and distribution-based approaches, as suggested by
Copay et al. and as yet performed in CIDP patients [16, 20].

Anchor-based methods were based on comparison
between variations in outcome measure values and patients
reported outcomes (PROs), namely, the self-perception of
patient clinical condition changes.

Distribution-based methods instead were based only on
mathematical interpolation of baseline and/or follow-up val-
ues for each clinical outcome.

The anchor-based method chosen in this study was the
“between-patient score change”, based on dividing patients
in four different groups according to self-evaluation of

Table 1 Demographic and

clinical evaluation of our cohort Sex (male/female ratio)

Age (years) mean (SD)
Age of onset (years) mean (SD)

Disease duration (years) mean (SD)

Follow-up (days) mean (SD)
Typical (%)
Variants (%)

Course (%)
Acute onset (%)

3517

54.09 (16.41)
45.35(19.91)

8.5 (10.18)

66.95 (27.02)

21/42 (50%) of typical

21/42 (50%) of variants [9/21 (43%) MADSAM; 6/21 (28.5%)
DADS; 6/21 (28.5%) sensory]

4/42 (9%) monophasic, 32/42 (76%) relapsing, 6/42 (15%) chronic
2/42 patients (4.8%)

MADSAM multifocal acquired demyelinating sensory and motor neuropathy, DADS distal acquired demy-

elinating symmetric neuropathy
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Table2 Simple linear regression for each scale versus 6-min walk
test as dependent variable (baseline values)

Variable P Beta coefficient® [CI]

ISS 0.02 —10.29 [-18.81; —1.76]
ONLS <0.00 —39.5[-54.75; —24.27]
R-ODS <0.00 7.24 [4.17;9.78]

mRS <0.00 —77.43 [-101.23; —53.64]
MRC <0.00 14.05 [6.93; 21.17]

*Variation in meter in 6MWT corresponding to 1-point increase for
each variable

clinical changes at follow-up compared to baseline: each
patient at follow-up stated if clinical condition was sta-
ble, improved (slightly or very significantly), or worsened.
MCID came out from the difference of mean value varia-
tions between “stable” and “slightly improved” groups. The
MCID was obtained by calculating the mean value of the
difference in walked meters between “stable” and “slightly
improved” groups.

Distribution-based approaches consisted of statistic
parameters calculated on the 6MWT at baseline. We took
in consideration the minimal detectable change (MDC),
[21] calculated as MDC =1.96 x SD (standard deviation)
X SEM, where SEM is the Standard Error of Measurement
and correspond to /1 — ICC, and the effect size, considered
as small, moderate, or large (respectively, 0.2 X SD, 0.5 X
SD, 0.8 x SD) [20].

A possible influence of baseline values of the 6 MWT on
the MCID was tested performing a simple linear regression
corrected for PROs subgroups.

Finally, we compared the sensitivity (the proportion of
patients who were identified as responders) between the
6MWT and the other clinical measures (i.e., ONLS, MRC,
and mRS combined).

Fatigue was explored performing a comparison between
the velocities between the first and sixth minutes of 6MWT
at baseline and at follow-up using the ¢ student test for
paired sample. Moreover, to evaluate the effect of treat-
ment on fatigue, we applied analysis of variance (ANOVA)
for repeated measures with time (two levels: first and sixth

Table 3 Mean variations for 6oMWT according patients reported outcomes

minutes) and visit (two levels: baseline and follow-up) as
within-subjects factors.

Data availability

No individual patient data have been shared in this article.
If requested from any qualified investigator, corresponding
authors will share any data not published here in anonymized
form.

Patients’ consents

This study was a prospective study and all patients gave
written informed consent. The study was approved by the
local Ethics Committee (University of Naples “Federico II”,
Italy).

Results

We enrolled 42 CIDP patients fulfilling inclusion crite-
ria, whose demographic features are reported in Table 1.
Based on 1-point increase in ONLS and/or MRC and/or
mRS scores, we identified 24 responders (58%) and 18 non-
responders (42%);

Simple linear regression showed a significant correlation
between the 6BMWT and all the other clinical measures at
baseline (Table 2).

Through the anchor-based method, we found 2 patients
who considered themselves as worsened, with an effective
mean reduction of 23 m [—78.65; 124.64] during the 6 MWT.
In the “stable” group (12 patients), we found an increase of
6.91 m [—8.41; 22.34]. In the “slightly improved” group,
comprehensive of 12 patients, we observed an improvement
of 27.17 m [16.54; 37.79], and in the “very significantly
improved” group (16 patients), we found an increase of
57.93 m [42.04; 73.83] (Table 3).

By calculating the difference between “stable” and
“slightly improved” groups, we obtained a mean MCID
value for the 6MWT of 20.26 m [4.07; 30.07].

A preliminary approach to distribution methods was to
calculate the ICC (0.983), which has demonstrated a high

Group Values of 6-m walk test

Baseline Follow-up Variations p value
Worsened 367.5 [-1036.54; 1771.54] 344.5 [-957.89; 1646.89] —23 [-78.65; 124.64] 0.21
Stable 348.75 [296.06; 401.44] 355.67 [299.47; 411.87] 6.91 [—8.41; 22.34] 0.34
Slightly improved 322.17 [265.57; 378.76] 349.33 [293.07; 405.6] 27.17 [16.54; 37.79] <0.00
Very significantly improved 356.81 [313.59; 400.04] 414.75 [373.16; 456.34] 57.93 [42.04; 73.83] <0.00

Values are reported in meters, mean [confidence intervals]
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reliability of the 6GMWT, with a SEM of 10.9. Therefore, the
minimally detectable change (MDC) had a value of 21.4 m.
Moreover, regarding the effect size, we obtained values of
16.96 m (small effect), 42.55 m (moderate effect), and 67.68
m (large effect). Accordingly, we decided to assume a 20-m
improvement (corresponding to mean value of anchor-based
method, MDC and small effect size) as the cut-off value (our
MCID) to consider a patient as 6 MW T-responder.

There was no relation between the MCID value and the
6MWT performance at baseline, i.e., the MCID value was not
influenced by meters walked at baseline evaluation.

The MCID value was in line with the results of the linear
regression between the ONLS and the 6MWT that showed
a beta coefficient of —39.5 [—54.75; —24.27], meaning that
1-point variation in the ONLS corresponds to 39-m variation
in the 6BMWT. Noteworthy, the MCID previously calculated
for the ONLS ranged between 0.64 and 0.72 corresponding to
a range of 24-28 m for the 6GMWT [20].

Therefore, by applying this cutoff for the 6MWT to the
cohort of CIDP patients, 7 of 18 patients labelled as non-
responders using 1-point increase in ONLS and/or MRC and/
or mRS scores shifted to the 6MWT-responder group, while 3
out of 24 patients identified as responders were missed. Six out
of the seven patients identified as 6 MW T-responders reported
also subjective improvement at follow-up visit.

The rate of responders identified by 6MWT was 66% (28
patients), and by combining the 6MWT with the other clini-
cal measures, the rate of overall responders increased up to
74% (31 patients) of our cohort. Overall, the sensitivity of
the 6MWT was 90% (28/31) versus 77% (24/31) of the other
clinical outcomes (ONLS, MRC, and mRS).

To investigate the fatigue, we calculated at baseline, and at
follow-up, the first-minute velocity (FMV) [baseline=1 m/s
(0.93; 1,07); follow-up =1.09 m/s (1.02;1.17)], the sixth-min-
ute velocity (SMV) [baseline =0.94 m/s (0.87; 1.02); follow-up
=1.04 m/s (0.96; 1.12)], and the overall mean velocity (OMV)
[baseline=0.95 m/s (0.88; 1.04); follow-up =1.05 m/s (0.98;
1.13)]. T student test for paired sample showed significant dif-
ferences between the first and sixth minutes both at baseline
(»<0.00) and follow-up (p <0.00) visit. 6BMW T-responder
patients showed a significant improvement at follow-up visit
for FMV, SMV, and OMV compared to baseline. Conversely,
ANOVA for repeated measures did not show any significant
effect of treatment factor on fatigue even in 6 MW T-responder
group alone and after excluding patients with disability limited
to upper limbs.

Discussion

One of the challenges facing the clinicians in managing
CIDP patients is whether to consider a patient as responder
or not, keeping in mind several variables such as the latency

of effect of therapies, the subjective perception of patients
and the objective neurological evaluation.

A possible strategy to face the “grey-zone” of patients,
whose response is unclear, could be the identification of a
scale with a definite cutoff, easily applicable and able to
capture minimal important clinical variations (i.e., MCID).

Some authors tried to set MCID for the outcome meas-
ures commonly used in CIDP patients, but only the ONLS
gained such result to be considered an “ideal” scale,[20, 22]
and responder was defined a patient having a MCID >0.72.
However, the ONLS is an ordinal and non-linear scale, and
thus, it is not able to capture a change less than 1-point. In
other words, if a patient improves more than MCID values
but less than 1-point in ONLS, he cannot be considered as
responder despite the clinical improvement.

Given this limitation, we decided to apply systematically
in a group of CIDP patients the 6MWT (before and 2 months
after the treatment) that offers continuous values (i.e., meters
walked along 6 min) for calculating the MCID. At baseline,
the 6GMWT correlated with ONLS supporting the sensitiv-
ity of our methodological approach in measuring clinical
impairment in CIDP. Moreover, ICC analysis demonstrated
that GBMWT is also highly reliable.

The MCID resulted equal to 20 m, i.e., the patients walk-
ing at least 20 m more than previous assessment (before
therapy) could be considered as responders.

Interestingly, the MCID was not influenced by the degree
of disability at baseline (meters walked at 6MWT), thus
meaning that a higher degree of clinical impairment was
not associated with a lower MCID cut-off value.

By applying the MCID for the 6 MWT to the cohort of our
patients, the rate of responders increased from 58 to 66%.
Moreover, the combination of 6MWT with the other clinical
measures (i.e., ONLS, MRC, and mRS) led to identify 74%
of responders (16% more than classic clinical measures).

Overall, the sensitivity of 6MWT was 13% greater than
the other clinical measures (90% vs 77%) in identifying
responder patients.

The seven patients identified as responders only through
the 6MWT support the sensitivity of a long walk-distance
test in assessing globally the impact of neuropathy on gait
performance that may be influenced by both sensory and
motor involvement.

Conversely, the 6MWT did not identify three patients
otherwise classified as responders by other clinical meas-
ures. These patients had clinical impairment limited to upper
limbs, and thus, it is easily explainable why the 6MWT
missed them. As these patients were identified by ONLS, it
is conceivable that a minimal clinical data set in future study
design may include 6MWT and ONLS.

The 6MWT has been proved to be sensitive not only
for exploring the ambulatory ability but also for capturing
the fatigue-related changes [23, 24]. We found significant
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differences in velocities between the first and sixth minutes,
both at baseline and follow-up. However, even though FMV,
SMYV, and OMYV were improved after treatment, therapy did
not have any significant effect on fatigue even when we ana-
lysed separately the cohort of 6MWT-responders, in whom
SMYV continued to be worse than FMV and by excluding
patients, whose disability was limited to upper limbs.

Many factors are associated with performance on 6MWT
including sensory and motor involvement, and fatigue.
Weakness and sensory disturbances, as well fatigue may
depend on conduction blocks or axonal loss. In a short-time
follow-up (2 months), only the resolution of conduction
blocks may lead to a better performance on 6MWT. This
would explain the greater distance walked at follow-up with
respect to baseline evaluation.

On the other hand, the missing effect of therapies on
fatigue, inferred from the comparable degree of decrease in
walking speed in the 6BMWT between baseline and follow-
up, suggests a different mechanism for fatigue. Thus, the
axonal loss might play a main role in developing fatigue and
this is poorly influenced by pharmacological effect over the
short time (2 months).

In Spinal Muscolar Atrophy type 3 patients, fatigue on
6MWT has been related to a concurrent neuromuscolar
junction dysfunction, and as the failure of neuromuscular
transmission has been documented in CIDP patients, it is
conceivable that the impairment of neuromuscular trans-
mission may have a role in fatigue also in CIDP [25, 26].
Unfortunately, in the present work, we have not tested neu-
romuscular transmission that would certainly be interesting
to evaluate in future studies.

In conclusion, our study supports that the 6BMWT is a
reliable and sensitive tool for monitoring CIDP patients
and underlines that the combination of the 6 MWT with the
other clinical measures increases the chance to detect the
real quote of responders to therapy. We propose to include
the 6MWT in the routine neurological examination of CIDP
patients and the MCID cutoff at 20 m should be used for
identifying the responders and properly guiding the therapy
management.
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