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Richard A. Lewis, Department of Neurology, Abstract

Cedars-Sinai Medical Center, Los Angeles, CA, The Polyneuropathy And Treatment with Hizentra (PATH) study required subjects
USA.

Email: richard.lewis@cshs.org with chronic inflammatory demyelinating polyneuropathy (CIDP) to show depen-

Funding information dency on immunoglobulin G (IgG) and then be restabilized on IgG before being ran-
CSL Behring domized to placebo or one of two doses of subcutaneous immunoglobulin (SCIG).
Nineteen of the 51 subjects (37%) randomized to placebo did not relapse over the
next 24 weeks. This article explores the reasons for this effect. A post-hoc analysis of
the PATH placebo group was undertaken. A literature search identified other
placebo-controlled CIDP trials for review and comparison. In PATH, subjects random-
ized to placebo who did not relapse were significantly older, had more severe disease,
and took longer to deteriorate in the IgG dependency period compared with those
who relapsed. Published trials in CIDP, whose primary endpoint was stability or dete-
rioration, had a mean non-deterioration (placebo effect) of 43%, while trials with a
primary endpoint of improvement had a placebo response of only 11%. Placebo is an

important variable in the design of CIDP trials. Trials designed to show clinical

PATH study group members are listed in Appendix.
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improvement will have a significantly lower effect of this phenomenon than those
designed to show stability or deterioration.
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1 | INTRODUCTION 21 | PATH placebo group: retrospective statistical
analyses

The double-blind, randomized placebo-controlled trial (RCT) is the
gold standard for investigating the effect of a new therapy. The inclu-
sion of subjects randomized to a placebo arm is supposed to measure
any effect that is not due to the active ingredient of the investiga-
tional product. Placebo is considered to be a usually pharmacologically
inert preparation, which may provide some benefit without having an
actual effect on a disorder.! These effects have been shown to be
related to the patient's expectations of their clinical state and desired
effects of treatment, as well as conditioning from previous experi-
ences. While the term placebo is frequently used, it actually encom-
passes several definitions. We use the term “placebo response” to
describe when a subject reports an improvement in the condition
while on a placebo. “Placebo effect” will be used when a subject does
not deteriorate or, in the case of chronic inflammatory demyelinating
polyneuropathy (CIDP), does not relapse as expected while on pla-
cebo. These effects of placebo are seen in clinical trials of virtually all
disorders, whether the response is objective or subjective. The various
factors that influence placebo response are only just beginning to be
understood.!

CIDP comprises a group of immune-mediated disorders respon-
sive to therapy.?® However, in all CIDP trials, there has been recogni-
tion of a significant placebo response and effect. This has been
particularly true in trials in which the primary outcome measure was
based on whether a patient relapsed after an initially efficacious treat-
ment was removed (placebo effect).

The Polyneuropathy And Treatment with Hizentra (PATH) study
was a phase Ill RCT investigating subcutaneous immunoglobulin
(SCIG) for maintenance therapy in CIDP.* PATH used a unique design
in the desire of mitigating the placebo effect by requiring all subjects
to be withdrawn in an open-label setting from IVIG prior to entry to
the blinded, randomized SCIG-treatment period. However, 37% (19 of
51) of subjects randomized to placebo in the SCIG-treatment period
did not relapse during the study. The PATH study, therefore, provides
an opportunity to explore the factors influencing this placebo effect.
This information can be useful in the design and powering of future

clinical trials in CIDP and other disorders.

2 | METHODS

Full details of the PATH study have been published.*> All subjects
provided informed consent prior to enrolment. The PATH study is
registered with ClinicalTrials.gov, number NCT01545076.

In the original study, 57 subjects were randomized to placebo.** Six
subjects were excluded from our retrospective analyses for the fol-
lowing reasons: two were erroneously entered into the restabilization
period and then were randomized to placebo, and four subjects with-
drew for a reason other than relapse. Of these, three were by subject
decision and one was by physician decision. Thus, 51 subjects were
analyzed. We compared the baseline characteristics and the time to
deterioration in the open-label IgG dependency test period by relapse
status. All reported P-values are two-sided and unadjusted for multi-

plicity using either the Wilcoxon test or Fisher's exact test.

2.2 | Literature search: selection of studies

Placebo-controlled CIDP studies were identified in a literature search
of articles indexed on PubMed. The PubMed search was conducted
on 11 December 2019 with no date restrictions. See Appendix 2 for
the full list of PubMed search terms used and a preferred reporting
items for systematic reviews and meta-analyses (PRISMA) flow dia-
gram. Obvious irrelevant publications were excluded, and other publi-
cations were discussed between two individuals (RAL and AC) to
agree on the eligibility and reasons for exclusion. The search aimed to
capture all RCTs with a placebo arm conducted in CIDP with any
active treatment. Search terms included “chronic inflammatory demy-
elinating polyradiculoneuropathy” and “placebo” or “sham” and “intra-
venous immunoglobulin” or “subcutaneous immunoglobulin” or
“steroids” or “interferon beta-1a” or “plasma exchange.” Results were
filtered by analysis of the abstract to remove studies that were in a
non-English language, non-RCTs, studies not focused on CIDP, studies
with no clear placebo arm, studies without blinding, and non-original
studies (eg, reviews, study protocols, secondary publications, and

letters).

23 |
analysis

Literature search: data extraction and meta-

Data on the placebo group compared with active treatment were
extracted from the relevant articles. A meta-analysis was performed
to investigate the placebo response and the placebo effect. Estimates
of both the percentage of subjects with improvement and stability or

deterioration were calculated, and results from the different studies
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combined to give a single estimate for each outcome. The analyses
were performed using the DerSimonian-Laird random-effects method
regardless of the amount of heterogeneity between studies.® In order
to stabilize variances when the proportions were close to zero and
one, and a normal approximation to the binomial distribution did not
hold, the Freeman-Tukey double arcsine transformation was per-
formed before analysis. Additionally, the amount of heterogeneity
between studies was assessed based on the significance of the
between-study heterogeneity, and on the size of the I? value. Sub-
stantial heterogeneity was assumed if the I? value was above 50%.” A
final analysis compared the difference in outcome between studies
reporting an improvement endpoint and those with a stability or dete-
rioration endpoint. The percentage from each meta-analysis was
extracted, along with the SE of the estimate, and using these values a

z-test was used to compare the two sets of studies.

3 | RESULTS
3.1 | PATH placebo group: retrospective statistical
analyses

Of the 51 subjects randomized to placebo, 19 (37%) subjects did not
relapse (21 point increase in total adjusted inflammatory neuropathy
cause and treatment [INCAT]) in the subsequent 24 weeks. Thirty-
two (63%) did relapse in the same period. We investigated whether
the placebo effect was specific to INCAT and found that similar non-
relapse with placebo was seen with all other outcome measures. The
placebo effect was lower in the inflammatory Rasch-built overall dis-
ability score (I-RODS) (27%), Medical Research Council (MRC) sum

TABLE 1

CIDP relapse based on
adjusted INCAT (n = 32)

Age, years (mean [SD]) 51.0 (12.2)
Weight, kg (mean [SD]) 84.1(18.2)
Sex, (% male/female) 56/44
Years since initial CIDP diagnosis (mean [SD]) 3.7 (3.4)
Definite EFNS/PNS CIDP diagnosis criteria (%) 90.6
Baseline INCAT total score (mean [SD]) 1.6 (1.3)
Baseline I-RODS centile score (mean [SD]) 76.2 (17.2)¢
Baseline MRC sum score (mean [SD]) 75.4 (4.3)
Baseline mean grip strength (dominant hand), 73.1(28.4)

kPa (mean [SD])

sore (30%), and grip strength (30%) compared with INCAT, but the
non-relapse rate was also lower for these measures in the treatment
groups.

Baseline demographics of subjects who relapsed compared with
non-relapsers revealed that non-relapsers were older with more
severe disease based on their baseline INCAT and I-RODS (Table 1).
Non-relapsers were more likely to be males, but this difference did
not reach significance. Other characteristics were similar.

Correlation of time to show deterioration during the IgG depen-
dency test period with CIDP relapse status in the SCIG-treatment period
revealed that those who relapsed tended to have a shorter time to a clin-
ically meaningful deterioration in the IgG dependency test period
(Figure 1). Twenty-two of the 26 subjects (85%) who deteriorated within
the first 5 weeks of the dependency test relapsed on placebo. However,
only four of 12 subjects (25%) who took >8 weeks to deteriorate in the
dependency test relapsed on placebo. Time to deterioration in the IgG
dependency test period was much shorter for relapsers (mean 4.9 weeks)
compared with non-relapsers (mean of 7.6 weeks).

4 | RESULTS OF THE LITERATURE SEARCH
Our PubMed search yielded 27 RCTs, and, of these only 15 were pri-
mary manuscripts using active treatment vs placebo (see Appendix
1).4821 Of these, 13 papers had useable endpoints that could be
pooled for meta-analysis (Table 2). Nine studies, encompassing
180 placebo subjects, measured improvement as the primary endpoint
(Figure 2). The outcome measures in these studies were INCAT, MRC,
averaged muscle score (AMS), Guillain-Barré syndrome (GBS) disabil-

ity score, neurological disability score (NDS), Rankin scale, and grip

Placebo subject (N = 51%) baseline demographics by CIDP relapse status based on adjusted INCAT score

No CIDP relapse based on a Unadjusted
djusted INCAT (n = 19) P-value®
61.6 (10.9) .0064
88.7 (14.4) 2667
84/16 .0647¢
5.9 (6.5) 8761
90.6 1¢
3.0(2.0) .0094
58.3(21.5)¢ .0081
71.7 (8.5) 1924
63.4 (32.5) .3701

Abbreviations: CIDP, chronic inflammatory demyelinating polyneuropathy; EFNS/PNS, European Federation of Neurological Societies/Peripheral Nerve
Society; INCAT, inflammatory neuropathy cause and treatment; I-RODS, inflammatory Rasch-built overall disability score; MRC, Medical Research Council,

SCIG, subcutaneous immunoglobulin.

2Subjects with documented INCAT score at the end of the study only, the four subjects receiving placebo who withdrew from the study and the two erro-

neously entered the restabilization phase are not included.

PAll P-values two-sided and unadjusted for difference using the Wilcoxon test unless otherwise stated.

“Unadjusted P-value for difference calculated using the Fisher exact test.
9Based on 28 subjects only.
®Based on 14 subjects.
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Time to show dependency (weeks)
Mean weeks (95% Cl)

Median weeks (IQR)

<5 weeks

> 5 weeks

Unadjusted 2-sided Fisher exact test

relapse

Relapse (n=32)

4.9 (3.9-5.8)
4.1(3.1,5.9)

22 (69%; 51.4 — 82.1%)*
10 (31%; 18.0 — 48.6%)*

= = === N0 relapse

Non-relapser (n=19)

7.6(6.1-9.1)

6.1 (5.4, 10.6)

4 (21%; 8.5 — 43.3%)*

15 (79%; 56.7 — 91.5%)*
0.0014

FIGURE 1 Time to show deterioration in the immunoglobulin G (IgG) dependency test period stratified by relapse status in the subcutaneous
immunoglobulin (SCIG)-treatment period for placebo group subjects (n = 51; non-relapsers = 19; relapsers = 32). Each line represents an
individual placebo group subject from the subcutaneous immunoglobulin (SCIG) randomized phase, where line colour refers to a subjects' relapse
status during this phase (blue solid line, relapsed; red dashed line, did not relapse). Line height indicates time (in weeks) for that individual to show
dependency (ie, deterioration) during the IgG dependency test period. *95% Wilson score Cl. Cl, unadjusted confidence interval

strength. The results suggested an observed improvement occurred in
11% (95% confidence interval [Cl]: 4, 21) of subjects randomized to
placebo (placebo response) (Table 3). Five studies, encompassing
176 placebo subjects, measured maintained stability or deterioration
as the primary endpoint (Figure 2). The outcome measures in these
studies were INCAT, change in isokinetic strength (IKS) of four mus-
cles, MRC, and IVIG/steroid dose requirement. The meta-analysis
results found deterioration was observed in 57% of these subjects
randomized to placebo, but 43% (95% Cl: 35, 50) did not relapse (pla-
cebo effect) (Table 3). The percentage response for stability or deteri-
oration studies was significantly higher than that for the improvement
studies (P < .001).

5 | DISCUSSION

In the PATH study, every randomized subject was taken off IVIg, proven
to deteriorate and then restabilized with IVIG. Yet, 19 of 51 (37%) sub-
jects who were then randomized to placebo remained stable for the
24-week study period. This is a strong indication of a true placebo effect.

Disease variability is unlikely to cause this as the remission period lasted

6 months when just months before these same subjects were shown to
be IVIG dependent. Long-term remissions have been noted from one or
two courses of IVIG at high dose (2 g/kg), but these are almost always in
newly-diagnosed subjects, not those on long-term treatment.?2

We found that the placebo effect in our study correlated with older
age, more severe disease, and a longer time to deterioration in the IgG
dependency test period. The mean age of subjects who did not relapse on
placebo was 10 years greater than relapsers. The mean INCAT of non-
relapsers was almost twice that of relapsers, and the I-RODS was 18 points
lower. It may be older subjects with more severe disease who are more
prone to placebo effect. The longer time to deterioration in the initial
dependency phase suggests their disease was more stable at study start.

The placebo effect was not restricted to INCAT. While the pla-
cebo effect was greatest with INCAT, non-relapse with placebo was
seen with all other outcome measures. The differences between the
outcome measures was also seen in the treatment arms with non-
relapse being most evident with INCAT.

Of 180 subjects across nine CIDP trials measuring improvement as
the primary outcome measure, there was an 11% placebo response com-
pared with a 43% placebo effect in 176 subjects across the five CIDP
studies where relapse was the primary outcome measure. The placebo
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%
ES (95 % Cl) Weight
Stability vs deterioration
Hughes, RA et al (FORCIDP) — 42.3(28.7,56.8) 24.40
van Schaik, IN et al (PATH) —_— 37.3(24.1,51.9) 24.24
Markvardsen, LH et al - 33.3 (11.8, 61.6) 13.22
Hughes, RA et al (RMC group) - 43.8 (26.4, 62.3) 20.03
Hughes, RA et al (ICE phase 2) - 57.7 (36.9, 76.6) 18.11
Subtotal = 42.5 (35.1, 50.1) 100.00
Improvement
Hughes, RA et al (ICE phase 1) —— 20.7 (11.2, 33.4) 20.50
Mendell, JR et al —_—— 9.5(1.2,30.4) 1281
Hadden, RD et al -+ 20.0(2.5,55.6) 7.90
Hahn, AF et al —_— 16.7 (5.6,34.7) 15.53
Hahn, AF et al — 0.0(0.0, 21.8) 11.68
Vermeulen, M et al + 23.1(5.0,53.8) 9.48
van Doorn, PA et al L 0.0 (0.0,41.0) .08
Dyck, PJ et al -— 0.0(0.0,23.2) 9.96
Dyck, PJ et al * > 42.9(9.9,81.6) 6.08
Subtotal = - 11.2 (4.1,20.5) 100.00
T T T T T T T T
0 10 20 30 50 60 70 80
Percent
FIGURE 2 Forest plots from the meta-analysis showing improvement in placebo subjects in the improvement endpoint studies (n = 9) and

non-deterioration in placebo subjects in the stability vs deterioration endpoint studies (n = 5). Cl, confidence interval; ES, effect size

TABLE 3 Meta-analysis results of placebo response when improvement was the primary endpoint and placebo effect in studies where
stability vs deterioration was the primary endpoint; heterogeneity was assessed based on the significance of the between-study heterogeneity,

and on the size of the I value

Heterogeneity Percent of placebo
Number of Total number of subjects meeting primary
Primary endpoint studies included subjects included P-value 12 endpoint (95% Cl)
Improvement (placebo response) 9 180 <.01 51% 11 (4, 21)
Stability vs deterioration (placebo effect) 5 176 .50 0% 43 (35, 50)

Abbreviation: Cl, confidence interval.

effect in the PATH study (37%) was slightly lower than in other stability
or deterioration trials (see Table 2) and could be the result of having an
IgG dependency test period. One possible conclusion, at least in CIDP, is
clinical trials that require an improvement less prone to placebo
responses compared with those, which require a relapse, or worsening.

The meta-analysis suggested that there was a moderate to sub-
stantial degree of heterogeneity between the results for studies
where improvement was the primary outcome (I? = 51%). A relatively
large degree of heterogeneity does not invalidate the analysis but
reflects that there is some variation across different studies. This
could be attributable to variations in the included patient population,
the active treatment, outcome measure, and particularly the primary
endpoints of the studies. Another potential variable is whether
patients were naive to the active treatment prior to study entry.

Two previous studies are particularly relevant. In the ICE trial,

phase | required improvement and phase Il required a relapse. The

placebo response in phase | was 21%, but the placebo effect in phase
Il was 58%. The Mendell and colleagues trial included only treatment-
naive subjects, and the primary endpoint was improvement.” The 9%
placebo response was particularly low in this trial and likely due to all
subjects being treatment naive, thus having no experience with the
effects of the therapy and therefore no conditioning.

There are many reasons for a placebo response or effect.t Two of
the most recognised are subject expectation and conditioning. The
expectation has to do with the fact that subjects may respond to a
treatment based on what they expect to happen. Past experience,
belief, and desire all play a role. Most subjects believe injections and
invasive treatments are more likely to be effective than pills. Placebo
injections are thought to have a particularly high placebo effect.!
However, this cannot be concluded in our review of CIDP trials. The
oral methotrexate and oral fingolimod trials had a similar placebo

effect to the intravenous and subcutaneous treatment trials.*®
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Expectation may have played a large role in the cross-over phase of
the ICE study.'® Five of 23 (22%) subjects who did not respond to
IVIG initially, responded to placebo after being crossed over, as sub-
jects were more likely to expect the second medication to be “the real
thing” if they did not respond to the first. Conditioning is related to a
learned response to a medication after prolonged use. Treatment-
naive subjects have no experience with the therapy and are not condi-
tioned to have a response, thus leading to low placebo rates.

Our findings demonstrate the consistency of the placebo effect
across CIDP studies irrespective of treatment, outcome measures,
subject demographics, and study size. These findings may have
important implications in the design of future clinical trials in CIDP.
The difference between placebo response and placebo effect is an
important distinction for power calculations and number of subjects
required to demonstrate the effect of a therapy. Trials looking for
improvement will need to consider lower placebo rates and there-
fore fewer subjects than trials in which the primary endpoint is
relapsed. Studies of treatment-naive subjects are likely to have the
lowest placebo response but will be more difficult to enrol.
Recognising the potential effect of age, disease severity, and stabil-
ity may also be important variables to consider. Thus, although
there are psychologic factors that determine placebo response and
effect, there are also aspects of the disease state that influence
these responses.
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