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Abstract

It is unclear whether frequently used cutoff values for outcome measures defining min-
imal clinically important differences (MCIDs) can accurately identify meaningful deteri-
oration in chronic inflammatory demyelinating polyneuropathy (CIDP). We used data
from the immunoglobulin overtreatment in CIDP (IOC) trial, in which 60 clinically stable
patients with CIDP were randomized to intravenous immunoglobulin (IVIg) withdrawal
or continuation. We calculated change scores of the Inflammatory Rasch-Built Overall
Disability Scale (I-RODS), grip strength, and Medical Research Council-sum score
(MRC-SS) and classified visits based on a treatment anchor (ie, decision to restart/
increase treatment after reaching a predefined early endpoint of deterioration). The
variability of scores in patients without deterioration was calculated using the limits of
agreement. We defined optimized MCIDs for deterioration and specific combinations
of MCIDs from different outcome measures, and subsequently calculated the accura-
cies of the (combined) MCIDs. Substantial variability was found in scores of the I-
RODS, grip strength and MRC-SS in patients without deterioration over time, and most
MCIDs were within the limits of the variability observed in patients without deteriora-
tion. Some MCID cut-offs were insensitive but highly specific for detecting deteriora-
tion, for example, the MCID-SE of —1.96 of the I-RODS and —2 point on the MRC-SS.
Others were sensitive, but less specific, for example, —4 centiles of the I-RODS. Some
combined MCIDs resulted in high specificities and moderate sensitivities. Our results
suggest that clinically important deterioration cannot be distinguished from variability
over time with currently used MCIDs on the individual level. Combinations of MCIDs

might improve the accuracy of determining deterioration, but this needs validation.
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1 | INTRODUCTION

Outcome measures assessing changes in disability or impairment are
the preferred way to evaluate outcome in chronic inflammatory
demyelinating polyneuropathy (CIDP) in clinical trials and clinical
care.? However, it is often difficult to interpret whether changes
measured on these outcome measures represent clinical meaningful
improvement or deterioration, especially if changes are small. This
implies that, in clinical practice, a patient who shows a small change on
an outcome measure will generally be judged as showing a non-
meaningful change. To improve interpretability of change scores, the
concept of a minimal clinically importance difference (MCID) has been
introduced to define if a change on a certain outcome measure can be
perceived as relevant.® Generally, an MCID can be based on an anchor-
based method, reflecting the patient's or physician's perspective, or a
distribution-based method, reflecting statistical properties.* Although the
ideal approach to MCID is still a matter of debate, it is often rec-
ommended to base an MCID primarily on anchors, as this would better
reflect clinical relevance.* Other authors advocate to use both an
anchor-based MCID as well as a distribution-based MCID.” Ideally, the
cutoff of an anchor-based MCID should be larger than variability in a sta-
ble population in order to distinguish clinically important change on an
outcome measure from random variability. In addition, MCIDs are not
static and may vary between clinical scenarios like the population, dis-
ease severity and the direction of change. For example, the MCID for
deterioration may be smaller than the MCID for improvement.” In case
of CIDP, a small, negative change while tapering treatment might be con-
sidered meaningful by a patient, while the same positive change after
start of induction treatment might be considered as non-meaningful.

The most important outcome measures in CIDP include the
Inflammatory Neuropathy Cause and Treatment (INCAT) disability
scale and the linearly weighed patient-reported Inflammatory-Rasch-
built Overall Disability Scale (I-RODS),%? both assessing disability,
and grip strength and the Medical Research Council-sum score
(MRC-SS), assessing impairment. In CIDP, MCID cutoffs for all these
outcome measures have been calculated, mostly based on
distribution-based methods and only for the clinical context of
improvement.®*2 Only two small studies have focussed on anchor-
based MCIDs for improvement, for the INCAT disability scale, grip
strength and the MRC-SS, based on a single external anchor.®'#
Despite these limitations, the current MCID cutoffs are used in clini-
cal (randomized) trials and care, both in patients who improve as well
in patients who deteriorate.

To investigate the accuracy of existing MCIDs in patients that are
assessed for deterioration, we performed a post-hoc analysis of the
immunoglobulin overtreatment in CIDP (IOC) trial, a double-blind ran-
domized IVIg withdrawal trial investigating the need of ongoing IVIg
treatment.® The aims of this study are to: (a) investigate the variability
in scores of the I-RODS, grip strength, and MRC-SS on visits without
meaningful deterioration according to a clinical anchor during observa-
tion; (b) investigate the sensitivity and specificity of existing MCIDs and
combinations of MCIDs of different outcome measures for deteriora-
tion; (c) define optimized anchor-based MCIDs for deterioration for the
I1-RODS, grip strength, and MRC-SS.

2 | MATERIALS AND METHODS

This is a post-hoc analysis using data from the 10C trial,*> a double-
blind randomized trial in which 60 CIDP patients stable on intrave-
nous immunoglobulin (IVIg) maintenance treatment were randomized
to step-wise IVIg withdrawal (n = 29) or continuation of IVIg treat-
ment (n = 31). The study protocol is described in full elsewhere.’® In
short, patients were assessed for deterioration during a period of
24 weeks with planned visits every 6 weeks and unplanned visits
when necessary. In the IOC trial, an early endpoint was defined as
decrease on the [-RODS (meaning worsening in function) of at least
the MCID based on individualized standard errors (MCID-SE <—1.96)
or if the patient or clinician judged an adverse change to be relevant.
Patients who reached an early endpoint based on these predefined
criteria, were unblinded and subsequently, the treating clinician
decided whether restarting or increasing IVIg treatment was indicated.
The Ethics Committee of Amsterdam UMC approved the study and all
patients provided signed informed consent.

21 | Clinical data

For this study, we collected data concerning demographics, CIDP sub-
type, treatment allocation, and treatment details. For each visit, we
collected the following outcome measures: the I-RODS, grip strength
(the maximum score out of three measurements for both hands sepa-
rately using a Martin-Vigorimeter), MRC-SS (ranging from 0 to
60 points), and patient's perception of clinical deterioration or
improvement on a 5-point patient global impression of change scale
(PGIC ranging from much better to much worse) compared with study
entry. The INCAT disability scale was not used in the trial and there-
fore not analyzed. Treatment decision of physician (restart or increase
of IVIg dose after reaching a predefined early endpoint or continua-

tion of study treatment) was recorded for each visit.

2.2 | Minimal clinically important differences
definitions

We included the most frequently used MCIDs per outcome measure
in CIDP,*® which may be distribution-based, anchor-based, or based
on expert opinion. If different MCID cutoffs were reported in litera-
ture, we investigated multiple MCIDs per outcome measure to com-
pare accuracy. For the [-RODS, we used a MCID-SE of +1.96 that was
suggested in the original paper by Draak et al.,” which was also one of
the criteria to define an early endpoint in the IOC trial. We also
included a change of 4 centile points on the metric scale as MCID
that has been used increasingly in recent trials, despite its arbitrary
choice.r”"*8 For grip strength, we used a change of +8 kilopascal (kPa)
and +14 kPa as MCIDs. In most trials, a change of +8 kPa has been
used,'”'1? however due to lack of specificity of this change, more
recently a larger change of +14 kPa has been proposed.*?*3 MCID for
the MRC-SS is also still debated, and most studies have suggested
either a change of +2 or +4 points on a scale of 0 to 60 as MCIDs.2
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2.3 | External anchors for deterioration

We used a “treatment anchor” as primary external anchor, which was
based on treatment changes implemented by the treating physician
after an early endpoint was reached according to the study defini-
tions, which could be either the MCID-SE <—1.96 on the I-RODS or if
the patient or clinician judged an adverse change to be relevant (see
above). We chose this anchor assuming that a treatment change indi-
cates that both patient and physician judge the deterioration to be
clinically relevant. Visits were categorized by the treatment anchor as
follows: when an early endpoint visit was followed by restart of treat-
ment or increase of dose, the visit was regarded as a visit with mean-
ingful deterioration according to the treatment anchor (VD + TA);
when the treatment regimen remained unchanged, the visit was reg-
arded as a visit without meaningful deterioration according to the
treatment anchor (VD — TA). In addition, we used a patient anchor
that was based on change on the PGIC, which was dichotomized into
deterioration (slightly and much worse on the PGIC) or no deteriora-
tion (about the same and slightly and much better on the PGIC). Visits
were defined as visits with meaningful deterioration according to the
(VD 4+ PA) and visits
deterioration according to the patient anchor (VD — PA). In this study,

patient anchor without  meaningful
we did not define visits as visits with improvement using these
anchors, as patients were not primarily assessed for improvement dur-

ing this trial.

24 | Analysis

We calculated change scores for all outcome measures between each
follow-up and baseline visit. For grip strength, we calculated change
scores for both hands and selected the hand with the maximum
decrease for further analyses. For the analyses of the I-RODS, we
used centile scores and the MCID-SE, which was calculated using
logit-transformed scores and their corresponding individualized stan-
dard errors (SEs), based on previous Rasch analyses.”

We calculated the variability in scores at VD — TA, using the
limits of agreement based on the Bland and Altman method.?° We
used intercept-only multilevel models to allow repeated measure-
ments, containing the change scores as dependent variables and the
patients as random effects. The following formula was used: the mean
difference (the fixed intercept of the multilevel model) + 1.96 * SD
(V[the sum of the within-patient and between-patient variance]). In
other words, we calculated the 95% confidence interval (Cl) of change
scores that were observed on visits without a change in treatment
regimen because of deterioration (VD — TA). These limits of agree-
ment represent the limits of the variability; changes within these limits
are not significantly different from changes observed in patients with-
out a meaningful deterioration.

To investigate diagnostic accuracy, we first determined the dis-
criminatory potential of the I-RODS, grip strength and MRC-SS by
creating receiver operating characteristic (ROC) curves using cross-
sectional data of the last visit of the randomized controlled trial (RCT).

Next, we calculated sensitivities and specificities of existing MCIDs
using both anchors as reference standards.

In addition, we defined MCIDs optimized for deterioration based
on our dataset, by selecting two different cutoffs in the ROC curves:
based on the Youden's index and based on the maximized specificity
with a minimal sensitivity of 60%. The Youden's index gives an indi-
cation of the performance of a diagnostic test by combining the
values of the sensitivity and specificity using the following formula:
sensitivity + specificity — 1, which ranges from O (worst) to
1 (best).2! We favored specificity over sensitivity because errone-
ously diagnosing deterioration has more implications in a clinical set-
ting, as this would imply restarting treatment for a long period of
time whereas, if patients do not meet the criteria for deterioration,
careful follow-up of patients can adequately reveal a missed
deterioration.

We also explored the accuracy of combining existing and opti-
mized MCIDs of various outcome measures on the level of disability
(using only centile score of the I-RODS due to the extensiveness of
analyses) and impairment by using an “and” and/or “or” function. For
example, for the MCID of “—4 centile on the I-RODS and —2 points
on the MRC-SS”, patients had to decrease at least 4 centiles on the |-
RODS as well as at least 2 points on the MRC-SS to be classified as
deteriorated by the combined MCID. This means that a patient that
deteriorated at least the MCID of —4 centiles on the I-RODS, but did
not deteriorate at least the MCID of —2 points on the MRC-SS, was
not classified as deteriorated by this combined MCID for deteriora-
tion. For the combined MCID of “—4 centile on the I-RODS or —2
points on the MRC-SS”, patients had to decrease at least 4 centiles or
at least 2 points on the MRC-SS to be classified as deteriorated by the
combined MCID. For the combination of the “I-RODS and either grip
strength or MRC-SS”, patients had to decrease at least the MCID on
the I-RODS and had to decrease at least the MCID on either grip
strength or the MRC-SS. We selected the most accurate combined
MCIDs for the tables and figures in the primary article. This selection
of combined MCIDs was based on a minimal sensitivity and specificity
of 60%, and at least a Youden's index of 0.5.

We plotted the sensitivity and specificity of all existing and new,
optimized MCIDs and a selection of most accurate combined MCIDs.

)22
<)y

Analyses were performed in R (version 4.0.2 a software envi-

ronment for statistical computing and graphics.

3 | RESULTS

Sixty patients were included in the study, of whom a total of 241 visits
were available for analysis. The baseline characteristics of all patients
can be found in Table 1. In 24/60 (40%) patients, meaningful deterio-
ration was noted during the study follow-up of 24 weeks as based on
the primary treatment anchor, while 28/56 (50%) had deteriorated
according to the secondary patient anchor. Twenty-nine patients
were allocated to IVIg withdrawal, of whom 17 reached an early end-
point (59%), which resulted in restarting IVIg treatment or increasing

its dosage in all (17/17) patients. Thirty-one patients were allocated
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TABLE 1 Baseline demographic and clinical characteristics at baseline (n = 60 patients)

Sex (n males [%])
Age (mean [SD; range])
CIDP phenotype
Typical
Atypical
Asymmetric CIDP
Pure motor/sensory
Treatment allocation during trial
IVIg continuation
IVIg withdrawal
Disease duration (median [range])
Wear off symptoms
Duration of IVIg treatment
6-12 months
>12 months
Previous withdrawal attempts
IVIg interval (median [range])
IVIg dose per infusion (median [range])
I-RODS (median [IQR, range])
Logits
Centiles
MRC-SS (median [IQR; range])
Grip strength, right hand (mean [SD;
range])

Grip strength, left hand (mean [SD;
range])

Patients with meaningful deterioration
during trial according to treatment
anchor (n = 24)

17/24 (71%)
61 years (SD 14, range 30-86)

20/24 (83%)
4/24 (17%)
2/24 (8%)
2/24 (8%)

7/24 (29%)

17/24 (71%)

64 months (17-586)
8/24 (33%)

9/24 (38%)
15/24 (63%)
12/24 (50%)
3 weeks (2-6)
40 g (10-80)

3.09 (IQR 1.47-6.25, range —2.46 to 8.11)
67 (IQR 56-88, range 30-100)

59 (IQR 56-60, range 38-60)

77 kPa (SD 39; 9-155)

69 kPa (SD 38; 0-155)

Patients without meaningful deterioration
during trial according to treatment
anchor (n = 36)

25/36 (69%)
57 years (SD 15, range 21-81)

27/36 (75%)
9/36 (25%)
4/36 (11%)
5/36 (14%)

24/36 (67%)
12/36 (33%)

49 months (7-314)
7/36 (19%)

19/36 (53%)
17/36 (47%)
11/36 (31%)
3 weeks (2-6)
50 g (30-80)

5.03 (IQR 3.66-6.25, range —0.61 to 8.11)
78 (IQR 71-88, range 42-100)

60 (IQR 58-60, range 51-60)

83 kPa (SD 25; 42-135)

82 kPa (SD 27; 40-135)

Note: Grip strength was measured using a Martin-Vigorimeter ranging from 0 to 160 kPa. The MRC-SS used for analyses ranged from O (total paralysis) to

60 points (normal strength).

Abbreviations: I-RODS, Inflammatory Rasch-built Overall Disability Scale; IQR, interquartile range; IVIg, intravenous immunoglobulins; kPa, kilopascal;

MRC-SS, MRC sum score; SD, standard deviation.

to IVIg continuation of whom 13 (42%) reached an early endpoint,
which resulted in increasing their IVIg dosage in 7/13 (54%) patients.
The reason for an early endpoint was deterioration based on MCID-
SE in 50% (15/30; 5/13 IVIg continuation and 10/17 IVIg withdrawal)
of patients, clinician-based in 23% (7/30; 3/13 IVIg continuation and
4/17 IVIg withdrawal) or patient-based in 27% (8/30; 5/13 IVIg con-
tinuation and 3/17 IVIg withdrawal).

3.1 | Anchor-based change scores

The means and distributions of change scores for I-RODS, grip
strength and MRC-SS based on the primary anchor for meaningful
deterioration (VD + TA and VD — TA) can be found in Table 2 and
corresponding Figure 1. In addition, the means and distributions of
change scores of the I-RODS, grip strength and MRC-SS

categorized based on the secondary anchor (VD + PA and
VD — PA) can be found in Table Al. Twenty-four visits (13%) were
classified as visits with meaningful deterioration when using the
treatment anchor (VD + TA), while 54 visits (29%) were classified
as visits with meaningful deterioration when applying the patient
anchor (VD + PA). Changes in outcome measures on VD + TA gen-
erally appeared larger compared with VD + PA. Together, this sug-
gest that deterioration as perceived by patients did not always

lead to change in treatment.

3.2 | \Visits without deterioration

The limits of agreement, representing the limits of variability, for the I-
RODS, grip strength, and MRC-SS can be found in Table 3. These
limits are based on the 95% CI of change scores that were observed
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TABLE 2 Change scores of visits with and without meaningful deterioration according to the treatment anchor for the I-RODS, grip strength
and MRC-SS (VD + TA and VD — TA, n = 181 visits of 60 patients)

Category of visit according 1-RODS, centiles 1-RODS, MCID-SE Grip strength, kPa MRC-SS, points

to treatment anchor n visits (mean change [SD]) (mean change [SD]) (mean change [SD]) (median change [IQR])

Visits without meaningful 157 visits of 0(SD 8) —0.05 (SD 0.97) —4(SD 14) 0 (IQR 0-0)
deterioration (VD — TA) 52 patients

Visits with meaningful 24 visits of —11(SD 8) —1.95(SD 1.30) —18(SD 19) —0.5(IQR —4 to 0)
deterioration (VD + TA) 24 patients

Note: For grip strength, change scores of the hand with the maximum decrease are shown measured using a Martin-Vigorimeter ranging from O to

160 kPa. The MRC-SS used for analyses ranged from O (total paralysis) to 60 (normal strength).

Abbreviations: I-RODS, Inflammatory Rasch-built Overall Disability Scale; IQR, interquartile range; kPa, kilopascal; MCID, minimal clinically important
differences; MCID-SE, individual change score divided by their corresponding stand error of the difference; MRC-SS, MRC sum score; SD, standard
deviation; VD + TA, visit with meaningful deterioration according to the treatment anchor; VD - TA, visit without meaningful deterioration according to
the treatment anchor.
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© T 0.51
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I | ” |
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|:| Visits with meaningful deterioration (VD+TA) |:| Visits without meaningful deterioration (VD-TA)

FIGURE 1 Change scores of visits with and without meaningful deterioration according to the treatment anchor for the I-RODS, grip
strength and MRC-SS (VD + TA and VD — TA, n = 181 visits of 60 patients). The dotted and striped lines represent the current MCIDs. The
dotted lines represent the following MCIDs: +4 centiles on the I-RODS, +1.96 MCID-SE on the I-RODS, +8 kPa for grip strength, and +2 points
on the MRC-SS. The striped lines represent the MCIDs of 14 kPa on grip strength, and +4 points on the MRC-SS. For grip strength, change
scores of the hand with the maximum decrease are shown measured using a Martin-Vigorimeter ranging from O to 160 kPa. The MRC-SS used
for analyses ranged from O (total paralysis) to 60 (normal strength). I-RODS, Inflammatory Rasch-built Overall Disability Scale; kPa: kilopascal;
MCID, minimal clinically important differences; MCID-SE, individual change score divided by their corresponding stand error of the difference;
MRC-SS, MRC sum score; VD + TA, visit with meaningful deterioration according to the treatment anchor; VD — TA, visit without meaningful
deterioration according to the treatment anchor
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on VD — TA. The limits of agreement of the |-RODS ranged between
—14 to 12 centiles and —2.07 to 1.80 MCID-SE. For grip strength, the
limits of agreement ranged from —33 to 25 kPa and for MRC-SS from
—2.2 to 2.0 points. In other words, these limits represent the 95% Cls
of change scores that were observed on visits without a treatment
change due to deterioration.

Deterioration in outcome measures exceeding an MCID on
VD-TA varied between 1% and 42%, depending on the outcome

TABLE 3

Outcome measure Mean difference (95% Cl)

|1-RODS, centiles -1(-2,1)

I-RODS, MCID-SE —0.14 (-0.39,0.11)
Grip strength, kPa —4(-8,0)

MRC-SS, points -0.1(-0.3,0.2)

measure and cutoff (Table 4). The MCID cutoff of 8 kPa on grip
strength was considered the least specific as it was observed in
66/157 (42%) of visits without leading to a treatment change. That
means that on those visits, a meaningful deterioration on the out-
come measure was established when applying the MCID defini-
tions, but the treatment was not increased or restarted. Similar
percentages of changes in outcome measures exceeding an MCID

for deterioration (between 0% and 40% of visits) were observed in

Limits of agreement for the I-RODS, grip strength, and MRC-SS

Lower limit of agreement Upper limit of agreement

_14 12
—2.07 1.80

-33 25
-22 2.0

Note: Calculations are based on change scores on 157 visits without meaningful deterioration based on the treatment anchor (VD — TA) of 52 patients
using intercept-only multilevel models to allow repeated measurements with the following formula: the mean difference (the fixed intercept of the
multilevel model) £ 1.96 * SD (¥ [the sum of the within-patient and between-patient variance]). These limits of agreement represent the limits of the
variability; changes within these limits are not significantly different from changes observed in patients without meaningful deterioration.

For grip strength, change scores of the hand with the maximum decrease are shown measured using a Martin-Vigorimeter ranging from O to 160 kPa. The
MRC-SS used for analyses ranged from O (total paralysis) to 60 (normal strength).

Abbreviations: I-RODS, Inflammatory Rasch-built Overall Disability Scale; IQR, interquartile range; kPa, kilopascal; MCID, minimal clinically important
differences; MCID-SE, individual change score divided by their corresponding stand error of the difference; MRC-SS, MRC sum score; SD, standard

deviation.

TABLE 4 MCIDs during visits without meaningful deterioration according to the treatment anchor (VD-TA, n = 157 visits of 52 patients)

No MCID for deterioration (%; n/N
visits of n patients)

Outcome measure MCID cutoff for deterioration

Singular MCIDs

MCID deterioration (%; n/N visits
of n patients)

1-RODS —4 centiles

—1.96 MCID-SE
Grip strength —8 kPa

—14 kPa
MRC-SS —2 points

—4 points

Combined MCIDs

1-RODS and either grip
strength or MRC-SS

1-RODS or MRC-SS

—4 centiles and either —8 kPa
or
—2 points

—4 centiles and either —14 kPa
or —2 points

—4 centiles or —2 points

—1.96 MCID-SE or —2 points

77%
98%
58%
76%
92%
99%

122/157 of 42 patients)
154/157 of 51 patients)
91/157 of 36 patients)

119/157 of 45 patients)
144/157 of 48 patients)
156/157 of 52 patients)

92% (144/157 visits of 48 patients)

96% (150/157 of 49 patients)

71% (112/157 of 40 patients)
90% (142/157 of 42 patients)

23% (35/157 visits of 22 patients)
2% (3/157 of 3 patients)

42% (66/157 of 30 patients)

24% (38/157 of 20 patients)

8% (13/157 of 11 patients)

1% (1/157 of 1 patient)

8% (13/157 of 10 patients)

4% (7/157 of 6 patients)

29% (45/157 of 30 patients)
10% (15/157 of 13 patients)

Note: The table shows the percentages of visits without meaningful deterioration (VD — TA) during which any of the existing MCIDs were reached using
change scores between each follow-up visit and the baseline visit. No MCID for deterioration was reached when the change score was >—the MCID value
and the MCID for deterioration was reached when the change score was <—the MCID value.

For the combined MCID of “—4 centile on the I-RODS or —2 points on the MRC-SS”, patients had to decrease at least 4 centiles or at least 2 points on the
MRC-SS to be classified as deteriorated by the combined MCID. For the combined MCID of the “I-RODS and either grip strength or MRC-SS”, patients
had to decrease at least the MCID on the I-RODS and had to decrease at least the MCID on either grip strength or the MRC-SS.

For grip strength, change scores of the hand with the maximum decrease are shown measured using a Martin-Vigorimeter ranging from 0 to 160 kPa. The
MRC-SS used for analyses ranged from O (total paralysis) to 60 (normal strength).

Abbreviations: I-RODS, Inflammatory Rasch-built Overall Disability Scale; kPa, kilopascal; MCID, minimal clinically important differences; MCID-SE,
individual change score divided by their corresponding stand error of the difference; MRC-SS, MRC sum score.
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the VD-PA (Table A2). This means that on those visits, a meaning-
ful deterioration on the outcome measure was established when
applying the MCID definitions, but patients reported not to feel
deteriorated.

The percentages of visits with deteriorations exceeding the most
accurate combined MCIDs on VD — TA and VD — PA, can also be
found in Table 4 and Table A2, respectively.

Finally, we investigated discrepancies between the treatment and
patient anchor. Of all VD — TA, 20% (31/154) were classified as
VD + PA, which means that although patients reported to feel deteri-
orated, the treatment was not always restarted or increased.

3.3 | Visits with deterioration

During VD + TA, all patients reported to feel deteriorated on the
PGIC except one patient that felt improved (95%, 21/22). The sensi-
tivities, specificities and Youden's indexes of all existing and optimized
MCIDs are shown in Figure 2 and Table 5. The MCID-SE (I-RODS)
and MRC-SS MCIDs showed highest specificities. Sensitivities for
existing MCIDs were suboptimal except for the MCID of —4 centiles
on the I-RODS at the expense of specificity when using the treatment
anchor as reference. Generally, the optimized MCID cutoffs for dete-
rioration differed based on the method used for calculations, that is,

I-RODS (centile) Grip strength (kPa)
= e s H————— e s
44 = 14 1 ——
= —— | ————
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FIGURE 2
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Sensitivities and specificities of existing MCIDs (full line), combinations of existing MCIDs, and MCIDs optimized (dotted) for

deterioration of the I-RODS, grip strength and MRC-SS. The MCID values are shown on the y-axis, which are either existing (full line) or
calculated based on our sample (dotted line). The symbol represents either the sensitivity or specificity on the x-axis and the line the 95%
confidence intervals, based on the treatment anchor. The sensitivity constitutes of the percentage of patients in which meaningful deterioration is
correctly identified by the MCID of all patients with meaningful deterioration. The specificity constitutes of the percentage of the patients in
which the absence of meaningful deterioration is correctly identified by the MCID of all patients without meaningful deterioration. The
confidence intervals of the sensitivity and specificity are based on 2000 stratified bootstrap replicates. Combinations between outcome measures
were made by using an “and” and/or “or” function. For the combined MCID of “—4 centile on the I-RODS or —2 points on the MRC-SS”, patients
had to decrease at least 4 centiles or at least 2 points on the MRC-SS to be classified as deteriorated by the combined MCID. For the combination
of the “I-RODS and either grip strength or MRC-SS”, patients had to decrease at least the MCID on the I-RODS and had to decrease at least the
MCID on either grip strength or the MRC-SS. In Table A3, the data are shown in full detail. I-RODS, Inflammatory Rasch-built Overall Disability
Scale; kPa, kilopascal; MCID, minimal clinically important differences; MCID-SE, individual change score divided by their corresponding stand

error of the difference; MRC-SS, MRC sum score
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TABLE 5 Accuracy of existing MCIDs and MCIDs optimized for deterioration of the I-RODS, grip strength and MRC-SS

Outcome MCID cutoff for Sensitivity Specificity Youden's

measure MCID calculation method deterioration (95% Cl) (95% Cl) index

I-RODS Optimized, Youden's index —3 centiles 92% (79-100) 66% (50-81) 0.58
Existing MCID —4 centiles 83% (67-96) 69% (53-83) 0.52
Optimized, max. Specificity —8 centiles 63% (42-83) 83% (69-94) 0.46
Optimized, Youden's index —0.515 MCID-SE 96% (79-100) 69% (56-83) 0.65
Optimized, max. Specificity —1.82 MCID-SE 63% (42-79) 92% (81-100) 0.55
Existing MCID —1.96 MCID-SE 50% (29-71) 92% (83-100) 0.42

Grip strength Existing MCID —8 kPa 73% (55-91) 55% (39-72) 0.28
Existing MCID —14 kPa 64% (45-82) 78% (64-92) 0.42
Optimized, Youden's index and optimized, max.  —15 kPa 64% (45-82) 81% (67-92) 0.45

Specificity

MRC-SS Optimized, max. Specificity NA? - - -
Existing MCID and Optimized, Youden's index —2 points 46% (25-67) 94% (86-100) 0.40
Existing MCID —4 points 33% (17-50) 100% 0.33

(100-100)

Note: The sensitivities and specificities were calculated using the treatment anchor, based on data of the last visit of the RCT. The Youden's index
combines the values of the sensitivity and specificity using the following formula: sensitivity + specificity — 1, and ranges from O (worst) to 1 (best). For
calculation of the MCID based on the maximized specificity, the cutoff with the highest specificity was selected with a minimum sensitivity of 60%.
Abbreviations: Cl, confidence intervals; I-RODS, Inflammatory Rasch-built Overall Disability Scale; kPa, kilopascal; max., maximized; MCID, minimal
clinically important differences; MCID-SE, individual change score of the I-RODS divided by their corresponding stand error of the difference; MRC-SS,

MRC sum score.

?Not applicable; the lower limit of 60% sensitivity was not associated with deterioration. The cutoff had therefore no clinical meaning and was not shown.

either the Youden's index or based on the maximized specificity. In
addition, the sensitivities and specificities based on the patient anchor
can be found in Table A3.

The sensitivities and specificities of all the combined MCIDs
based on our data can be found in Table A4. The highest specificity,
of 100% (95% Cl: 90-100), was found when applying the combined
MCID that encompassed both —1.96 SE-MCID on the I-RODS and
—14 kPa of grip strength, with a sensitivity of 35% (95% Cl: 16-57).
The combined MCID of —3 centiles on the I-RODS or —15 kPa of grip
strength (both optimized MCIDs), resulted in the highest sensitivity of
100% (95% Cl: 86-100) with a specificity of 53% (95% Cl: 35-70). The
combined MCID based on existing MCIDs with the highest sensitivity
encompassed —4 centile on the |-RODS or —8 kPa of grip strength,
which had a sensitivity of 96% (95% Cl: 79-100) with a specificity of
42% (95% Cl: 26-59). We found similar accuracies of the combina-
tions of existing MCIDs and the combinations of optimized MCIDs.
The sensitivities and specificities of the selection of the most accurate
combined MCIDs—the selection was based on a minimal sensitivity
and specificity of 60%, and Youden's index of at least 0.5—can be
found in Figure 2. When applying a minimal sensitivity of 60%, we
found that the combined MCID of the I-RODS (—4 centiles) with
either grip strength (—14 kPa) or MRC-SS (-2 points), resulted in the
highest specificity of 92% (95% Cl: 78-98) with sensitivity of 70%
(95% Cl: 47-87) and the highest Youden's index. This combined MCID
was identical in terms of sensitivity, specificity, and Youden's index to
the combined MCID that encompassed optimized MCIDs of the |-
RODS (-3 centiles) with either grip strength (—15 kPa) or MRC-SS

(—2 points), which is therefore not shown in Figure 2, Table 2, and
Table A4.

Most MCIDs or combinations of MCIDs had large Cls of the sen-
sitivity and specificity. Only one MCID cutoff, either existing or opti-
mized based on our data, was outside the limits of the variability
observed in VD — TA (ie, the MRC-SS >4 MCID). In other words, most
MCID cutoffs were within the Cl of changes that were observed on

visits without a treatment change due to deterioration.

4 | DISCUSSION

In this study, we found substantial variability in scores of the I-RODS,
grip strength and MRC-SS in visits without meaningful deterioration
when measured in patients participating in a randomized trial. Most
existing MCIDs used for deterioration were within the limits of this
variability. Moreover, we found that both existing MCIDs and the
optimized anchor-based MCIDs from this study were insensitive but
highly specific for detecting deterioration or vice versa, limiting their
use on the individual level.

The considerable variability in outcome measures on visits with-
out meaningful deterioration according to the treatment or patient
anchor we observed may be explained by various factors, including
minor (treatment related) symptom fluctuations, changes in mood,
pain or fatigue and inconsistencies due to misunderstanding of the
items or answer categories of questionnaire, poor interrater reliability

for the MRC-SS, or suboptimal method of measurement such when
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assessing grip strength.1%121623-25 |n addition, specifically applicable
for our study, variability may be also influenced by blinding of patients
and potential nocebo effects.’® Recently, a retrospective study that
included stable, IgG-treated CIDP patients found that, during routine
care, the MCIDs of the 4 centiles of I-RODS, 8 kg of grip strength
(using a Jamar dynamometer) and 2 points on the MRC-SS were met
in 44%, 11% and 44%, respectively.?® This implies that variability
exceeding MCIDs in stable patients is also common in clinical care.
Another study of CIDP patients investigated the minimum detectable
change (MDC),?” which is conceptually similar to the limits of variabil-
ity used in our study, as both reflect the threshold of changes beyond
that what can be observed in stable patients. The MDC of I-RODS
was smaller than limits of variability in our data.?” Also, contrary to
our results, the distribution-based MCID value of grip strength and
the I-RODS exceeded the MDC,?” indicating that clinically meaningful
changes can be distinguished from random variability. The inconsis-
tency with our results can be explained by the authors' use of reliabil-
ity parameters used for calculations of the MDC, which were derived
from studies containing mainly patients with stable Guillain-Barré syn-
drome, while stable CIDP patients only accounted for 27% (80/294)
and 29% (30/102) of patients, in studies of the I-RODS and grip
strength respectively.**?® Variability in stable patients might be dis-
ease specific, especially since stable CIDP patients often experience
(treatment related) fluctuations in symptoms and patients' reported
disability is subjected to variables such as fatigue and mood.1%132324

To date, no studies have investigated accuracies of MCIDs for
deterioration using a clinical anchor as reference standard. One
study reported that the MCID of —8 of grip strength was more sen-
sitive in detecting meaningful deterioration than the MCID of
1 point of the INCAT-DS in the placebo group of the ICE trial.?’
Another study reported insufficient sensitivity to detect meaningful
deterioration using the MCID of 1 point on the INCAT-DS and
changed the protocol amendment by adding the MCIDs of —8 kPa
of grip strength and 4 centile points on the I-RODS to increase
sensitivity.2?

We found some inconsistency between the patient anchor and
the treatment anchor for deterioration. On some visits, patients
reported to feel deteriorated, but the treatment was not increased or
restarted on that visit. It is possible that the physician attributed the
patient reported deterioration to symptoms unrelated to active CIDP
or that the deterioration experienced by patients could not be objecti-
fied by the clinician. Indeed, we found that changes in outcome mea-
sures tended to be smaller when deterioration was classified
according to the patient compared with according to the clinician. Dif-
ferences in perspectives of change between patients and physicians
have been reported before.*° Currently, no consensus has been
reached regarding the best anchor to define a meaningful change.*°

As expected, the MCID combinations resulted in various sensitivi-
ties and specificities. The combination of the I-RODS of —4 centiles
and either grip strength or MRC-SS resulted in high specificities as
well as moderate sensitivities, which may be preferable for detecting

meaningful deterioration to avoid overtreatment. We did not perform

analysis on whether our patients had isolated distal or proximal weak-
ness. Nonetheless, the high accuracy of this combined MCID impli-
cates that meaningful deterioration is not always accompanied by
change in both grip strength and MRC-SS. However, these results
need to be validated in larger studies. Combination of the optimized
MCIDs did not result in better diagnostic accuracy than the combina-
tions of currently used MCIDs.

The main limitation of our study was the sample size. Although
most results were based on multiple measurements per patient, some
results were based on a single measurement per patient and showed
wide Cls. Moreover, the sample size precluded investigation of addi-
tional determinants such as disease phenotype and baseline severity
of disability or impairment on the accuracies of the MCIDs. It is likely
that the cutoff for a meaningful change differs between a severely
and slightly disabled patient, although most patients in the 10C trial
had limited disability. In addition, we chose a treatment decision as
primary anchor rather than a patient anchor, because patient anchors
are often criticized for recall bias and questionable reliability.®* How-
ever, it is unclear which anchor best represents a meaningful change.
Importantly, we used data from an RCT in which patients were
assessed regularly. We cannot exclude the possibility that patients
enrolled in an RCT answer patient-reported outcome measures differ-
ently, for example, due to expectations of the allocated treatment,?
compared with patients in regular care and therefore our results might
not be generalizable to normal care. In addition, I-RODS changes were
used to define an early endpoint, although this endpoint was only
reached by half of patients and decision to restart treatment after an
early endpoint was made by the treating physician, we cannot rule

out that this decision to treat was influenced by the I-RODS change.

4.1 | Potential implications for clinicians

Our results highlight the uncertainties concerning interpreting
MCIDs in research and probably clinical care. In general, and specifi-
cally for grip strength, which is known for daily fluctuations, it is
advised to use multiple consecutive time points to improve the dis-
tinction between meaningful changes and random variability, by
using the means of multiple time points or by using a minimum num-
ber of days with consistent change.*>?% However, the minimal time
with consistent change to be considered clinically meaningful has
not been investigated. To make further recommendations con-
cerning MCIDs, additional research is needed to investigate the vari-
ability of scores in stable patients and investigate the accuracies and
cutoffs of (combined) MCIDs for both improvement and deteriora-
tion, using larger sample sizes, in the context of both (randomized)
clinical trials and clinical care, for example by means of a meta-analy-
sis. It is advised to combine MCIDs on the level of disability as well
as impairment to assess changes.?4® The MCID calculations should
be based primarily on relevant and multiple clinical anchors and
methods, since it is unknown which anchors and methods are supe-

rior. Distribution-based methods should be used alongside clinical
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anchors to define the threshold beyond the random variability.
Finally, a single objective “optimal” MCID cutoff will most likely not
exist, since different contexts warrant a different sensitivity-
specificity balance. In case of deterioration, a higher specificity com-
bined with frequent monitoring might be appropriate to avoid over-
treatment in CIDP. Ideally, the final selection of MCIDs in various
contexts should be based on extensive review and group consensus

among clinical experts and patient groups.
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Change scores of visits with and without meaningful deterioration according to the secondary patient anchor for the I-RODS, grip

1-RODS, MCID-SE Grip strength, kPa MRC-SS, points
(mean change [SD]) (mean change [SD]) (median change [IQR])
0.00 (SD 0.95) —4(SD 15) 0.0 (IQR —2to 0)
—1.10(SD 1.32) —10(SD 16) 0.0 (IQR 0-0)

Note: For grip strength, change scores of the hand with the maximum decrease are shown measured using a Martin-Vigorimeter ranging from 0-160 kPa.
The MRC-SS used for analyses ranged from O (total paralysis) to 60 (normal strength).

Abbreviations: kPa, kilopascal; IQR, interquartile range; I-RODS, Inflammatory Rasch-built Overall Disability Scale; MCID, minimal clinically important
differences; MCID-SE, individual change score divided by their corresponding stand error of the difference; MRC-SS, MRC sum score; SD, standard
deviation; VD + PA, visit with meaningful deterioration according to the patient anchor; VD — PA, visit without meaningful deterioration according to the
patient anchor.
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TABLE A2
patients)

Outcome measure MCID cutoff for deterioration

Singular MCIDs

1-RODS —4 centiles

—1.96 MCID-SE
Grip strength —8 kPa

—14 kPa
MRC-SS —2 points

—4 points

Combined MCIDs

1-RODS and either grip
strength or MRC-SS

—4 centiles and either —8 kPa
or — 2 points

—4 centiles and either —14 kPa
or — 2 points

1-RODS or MRC-SS —4 centiles or — 2 points

—1.96 MCID-SE or — 2 points

No MCID for deterioration (%; n/N
visits of n patients)

81% (101/124 visits of 38 patients)
100% (124/124 visits of 46 patients)
60% (74/124 visits of 30 patients)
74% (92/124 visits of 39 patients)
94% (116/124 visits of 44 patients)
99% (123/124 visits of 45 patients)

95% (118/124 visits of 43 patients)

96% (119/124 visits of 43 patients)

77% (95/124 of 38 patients)
94% (116/124 of 44 patients)

MCIDs during visits without meaningful deterioration according to the secondary patient anchor (VD — PA, n = 124 visits of 46

MCID deterioration (%; n/N visits
of n patients)

19% (23/124 visits of 15 patients)
0% (0/124 visits)

40% (50/124 visits of 25 patients)
26% (32/124 visits of 20 patients)
6% (8/124 visits of 7 patients)

1% (1/124 visit)

5% (6/124 visits of 6 patients)

4% (5/124 of patients of 5
patients)

23% (29/124 of 20 patients)
6% (8/124 of 7 patients)

Note: The table shows the percentages of visits without meaningful deterioration (VD — PA) during which any of the existing MCIDs were reached using
change scores between each follow-up visit and the baseline visit. No MCID for deterioration was reached when the change score was >—the MCID value
and the MCID for deterioration was reached when the change score was <—the MCID value.

Combinations between outcome measures were made by using an “and” and/or “or” function. For the combined MCID of “—4 centile on the I-RODS or
—2 points on the MRC-SS”, patients had to decrease at least 4 centiles or at least 2 points on the MRC-SS to be classified as deteriorated by the combined
MCID. For the combination of the “I-RODS and either grip strength or MRC-SS”, patients had to decrease at least the MCID on the I-RODS and had to
decrease at least the MCID on either grip strength or the MRC-SS.

For grip strength, change scores of the hand with the maximum decrease are shown measured using a Martin-Vigorimeter ranging from O to 160 kPa. The
MRC-SS used for analyses ranged from O (total paralysis) to 60 (normal strength).

Abbreviations: kPa, kilopascal; I-RODS, Inflammatory Rasch-built Overall Disability Scale; MCID, minimal clinically important differences; MCID-SE,
individual change score divided by their corresponding stand error of the difference; MRC-SS, MRC sum score; VD + PA, visit with meaningful
deterioration according to the patient anchor; VD — PA, visit without meaningful deterioration according to the patient anchor.
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TABLE A4  Accuracy of combined MCIDs of the I-RODS, grip strength and MRC-SS

Combination of outcome measures

I-RODS and grip strength
I-RODS and MRC-SS
I-RODS and MRC-SS
|I-RODS and MRC-SS
I-RODS and grip strength
I-RODS and grip strength
I-RODS and grip strength

I-RODS and either grip strength or
MRC-SS

I-RODS and either grip strength or
MRC-SS

I-RODS or MRC-SS
I-RODS and grip strength

I-RODS and either grip strength or
MRC-SS

1-RODS or grip strength
I-RODS or MRC-SS

I-RODS or grip strength
1-RODS or grip strength
1-RODS or grip strength
|1-RODS or grip strength

MCID cutoffs for deterioration
—1.96 MCID-SE and —14 kPa
—1.96 MCID-SE and —2 points
—4 centile and —2 points

—3 centile and —2 points®
—1.96 MCID-SE and —8 kPa
—4 centile and —14 kPa

—3 centile and —15 kPa®

—3 centile and either —15 kPa or
—2 points?

—4 centile and either —14 kPa or
—2 points

—1.96 MCID-SE or —2 points

—4 centiles and —8 kPa

—4 centiles and either —8 kPa or —2 points

—1.96 MCID-SE or —14 kPa
—4 centile or —2 points
—1.96 MCID-SE or —8 kPa
—4 centile or —14 kPa

—3 centile or —15 kPa®

—4 centile or —8 kPa

Sensitivity (95% Cl)
35% (16-57)
29% (13-51)
42% (22-63)
42% (22-63)
35% (16-57)
55% (32-76)
55% (32-76)
70% (47-87)

70% (47-87)

67% (45-84)
59% (36-79)
74% (52-90)

78% (56-84)
88% (68-97)
87% (66-97)
91% (71-99)
100% (86-100)
96% (79-100)

Specificity (95% Cl)
100% (90-100)

97% (85-99)

97% (85-99)

97% (85-99)

94% (81-99)

94% (81-99)

94% (81-99)

92% (78-98)

92% (78-98)

89% (74-97)
83% (67-93)
83% (67-94)

69% (52-84)
67% (49-81)
53% (35-70)
53% (35-70)
53% (35-70)
42% (26-59)

Youden's index
0.35
0.26
0.39
0.39
0.29
0.49
0.49
0.62

0.62

0.56

0.42
0.57

0.47
0.55
0.40
0.45
0.53
0.38

Note: The gray parts of the table indicate that the sensitivity or specificity is above 60% and the Youden's index above 0.50. The darker areas implicate

higher (better) values.

Combinations between outcome measures were made by using an “and” and/or “or” function. For example, for the MCID of “—4 centile on the I-RODS
and —2 points on the MRC-SS,” patients had to decrease at least 4 centiles as well as at least 2 points on the MRC-SS to be classified as deteriorated by
the combined MCID. This means that a patient that deteriorated at least the MCID of —4 centiles on the I-RODS, but did not deteriorate at least the
MCID of —2 points on the MRC-SS, was not classified as deteriorated by this combined MCID. For the combined MCID of “—4 centile on the I-RODS or
—2 points on the MRC-SS,” patients had to decrease at least 4 centiles or at least 2 points on the MRC-SS to be classified as deteriorated by the combined
MCID. For the combination of the “I-RODS and either grip strength or MRC-SS,” patients had to decrease at least the MCID on the I-RODS and had to
decrease at least the MCID on either grip strength or the MRC-SS.
The Youden's index combines the values of the sensitivity and specificity using the following formula: sensitivity + specificity — 1, and ranges from O

(worst) to 1 (best).

Abbreviations: Cl, confidence intervals; I-RODS, Inflammatory Rasch-built Overall Disability Scale; kPa, kilopascal; max., maximized; MCID, minimal
clinically important differences; MCID-SE, individual change score of the I-RODS divided by their corresponding stand error of the difference; MRC-SS,

MRC sum score.

MCID cutoff optimized for deterioration calculated based on this sample.
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