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Abstract

Introduction/Aims: Randomized controlled trials show that repeat intravenous
immunoglobulin (IVIG) dosing and plasma exchange (PLEX) followed by IVIG (combi-
nation therapy) have no additional therapeutic benefit in Guillain-Barre Syndrome
(GBS) non-responders. Furthermore, the delineation between GBS and Acute Onset
CIDP (A-CIDP) can be particularly challenging and carries therapeutic implications.
We aimed to evaluate the presence of repeat IVIG, combination therapy, and diag-
nostic reclassification from GBS to CIDP.

Methods: We performed a retrospective study of a large healthcare database for
patients with GBS in the US from 2001 to 2018. We identified individuals initially
diagnosed with GBS and later re-classified as CIDP. Multivariable logistic regression
models were developed to determine associations between patient factors and repeat
IVIG dosing, combination therapy, and diagnostic re-classification from GBS to CIDP.
Results: We identified 2325 patients with GBS. A total of 39.7% received repeat IVIG
and 6.1% received combination therapy. The proportion of individuals initially diag-
nosed with GBS and then re-classified as CIDP was 32.0%. Repeat IVIG, combination
therapy, and diagnostic reclassification remained stable over time. Female sex
(OR 0.79, 95% Cl 0.65-0.96) and medium-high net worth (OR 0.64, 95% Cl 0.45-
0.90) associated with repeat IVIG therapy, while Asian ethnicity associated with diag-
nostic re-classification from GBS to CIDP (OR 1.77, 95% Cl 1.09-2.86).

Discussion: Repeat IVIG dosing was quite common in GBS before newer trials sug-
gesting harm in non-responders, and IVIG/PLEX combination therapy continues to
persist despite strong evidence against use in non-responders. Further, nearly one in
three patients initially diagnosed with GBS is subsequently diagnosed with CIDP, but

the reasons are unclear.
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1 | INTRODUCTION

Guillain-Barré Syndrome (GBS) is an autoimmune polyradiculoneuro-
pathy with two proven immunotherapies.® Despite the efficacy of
both intravenous immunoglobulin (IVIG) and therapeutic plasma
exchange (PLEX), up to one in five patients cannot walk at 6 months,
and nearly 5% die.? In 1997, a pivotal randomized controlled clinical
trial conclusively demonstrated not only the therapeutic equivalency
of IVIG and PLEX but also determined that no additive benefit is
obtained when giving PLEX followed by IVIG (combination therapy) in
the initial phase.® In 2021, the Second Intravenous immunoglobulin
Dose in individuals with GBS with poor prognosis (SID-GBS) study
found that there was no therapeutic value to repeat IVIG dosing in
patients with poor prognosis at baseline, as defined by a modified
Erasmus GBS outcome score (NEGOS) of 26 at study entry.*

Repeat IVIG dosing* and combination therapy® both increase the
risk of adverse events for patients with GBS and as a result, current
expert guidelines strongly advocate against the use of repeat IVIG
dosing or combination therapy in non-responders or those with poor

6-8

prognosis at baseline, as most recently codified in the 2023

European Nerve
(EAN/PNS) guidelines.” Of note, PLEX monotherapy may be a cost-

effective option in resource-constrained environments.*°
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Furthermore, in the first 8 weeks of disease onset, it can be prac-
tically impossible to distinguish GBS from Acute Onset CIDP
(A-CIDP).1112 GBS treatment-related fluctuation (TRF), defined as a
worsening of one grade on the GBS disability scale or a decline in the
Medical Research Council (MRC) sum score following initial stabiliza-
tion or improvement, poses a unique dilemma. It occurs within the
first 8 weeks after treatment and affects up to 16% of GBS patients
initially treated with IVIG or PLEX.}2 Current EAN/PNS guidelines
advise consideration for repeat IVIG or PLEX in such GBS-TRF
patients, on the basis that A-CIDP may be indistinguishable from GBS
during the acute phase.'**? Previous studies have shown that 16% of
CIDP patients present acutely in a GBS-like fashion at disease onset'®
and that 2% of GBS patients are ultimately re-classified as CIDP.}* In
addition, according to a separate retrospective study, nearly one in
four patients who have CIDP are initially mischaracterized as GBS.%®
Altogether, limited data exists regarding prescribing patterns of IVIG
and PLEX in GBS and transitions in diagnoses between GBS and CIDP
in the United States.

In this study, we explore the frequency of repeat IVIG dosing and
combination therapy in the United States. We also evaluate the fre-

guency of initial GBS diagnosis transitioning to CIDP diagnosis.

2 | METHODS

21 | Population
We conducted a retrospective cohort study using a large de-identified
database that contains demographic information and detailed medical

and pharmaceutical claims for over 80 million privately insured
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individuals from January 1, 2001 to December 31, 2018 (Optum's de-
identified Data Mart Database [Clinformatics®]). The demographic
characteristics of this population closely match those of privately
insured individuals in the United States. We identified individuals who
were diagnosed with GBS or CIDP and received at least one IVIG or
PLEX treatment. For our retrospective analysis, approval was obtained
from the University of Michigan Medical Campus Institutional Review

Board. Participant consent was waived.

2.2 | Disease groups and treatments
We used International Classification of Diseases (ICD) 9 and 10 code
definitions, to define GBS (357.0, G610, G650) and CIDP (357.81,
G6181). To be eligible for study inclusion, all patients in our analyses
were required to have received at least one treatment (IVIG or PLEX)
in addition to their diagnoses of GBS and/or CIDP.

Demographic information included age, sex, race/ethnicity, geo-
graphic region, education level, net worth, insurance plan type, and
presence of a customer-driven health plan (a high-deductible health
insurance plans that allow for individuals to set aside pre-tax salary to
be used for health-related costs).

We identified individuals who received IVIG using treatment
brand and generic names from pharmaceutical claims and Current
Procedural Terminology (CPT) codes (J1459, J1554, J1556, J1557,
J1561, J1566, J1568, J1569, J1572, 11599, 36514). We identified
individuals who received PLEX therapy using CPT codes (36514), and
ICD-9/ICD-10 codes (99.71, 6A550Z3, 6A55173).1° We defined sep-
arate IVIG treatments as those with at least 14 days between proce-
dures. To identify separate PLEX treatments, individuals were
required to have received at least five PLEX procedures at a fre-
quency of one every other day with at least 14 days separating unique
procedures. We selected a 14-day cutoff on the basis that many cen-
ters in the United States institute seven PLEX procedures given every
other day (over 14 days), despite EAN/PNS guidelines strongly recom-
mending no more than four to five exchanges given over 1-2 weeks.”
The choice of time cutoff for IVIG was less certain, as data is conflict-
ing regarding time to benefit, with estimates ranging from days to
weeks, and it is uncertain how soon many clinicians would ascertain
treatment failure and decide to re-administer IVIG (although a 7- to
9-day window was used for the SID-GBS study). Furthermore, data
regarding baseline disease severity, response to initial treatment, TRF,
and time to repeat IVIG dosing was not available from the database.
Thus, to standardize our assessment, a 14-day cutoff was used to

ascertain separate treatments for both modalities.

23 | Outcomes

The outcomes of interest were: (1) the proportion of individuals with
GBS receiving repeat IVIG treatments (two or more) within a 3-month
period; (2) the proportion of individuals with GBS receiving combina-

tion therapy within a 3-month period; and (3) the proportion of
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individuals initially diagnosed with GBS who were later re-classified as
CIDP. We identified the number receiving repeat IVIG treatment and
combination therapy amongst individuals with only a diagnosis of
GBS. We also assessed the proportion of individuals initially diag-
nosed with GBS who were later re-classified as CIDP amongst those
with GBS only and those with GBS and then CIDP. The 3-month win-
dow was used as a cutoff for ascertaining re-treatment with IVIG or
combination therapy based on median hospitalization duration data,
in addition to the 8-week cutoff traditionally used for GBS treatment-
related fluctuation.>” Furthermore, we sought to analyze trends in

practice over the last two decades from 2001 to 2018.

2.4 | Statistical analysis
Descriptive statistics were used to characterize demographic, socio-
economic, and insurance plan information for individuals with GBS.
We also calculated the proportion of individuals that received repeat
IVIG treatment and combination therapy, and that were initially diag-
nosed with GBS and later reclassified as CIDP, stratified by year. To
investigate whether demographic, socioeconomic, and insurance plan
characteristics are associated with each outcome, we fit a series of
multivariable logistic regression models. Specifically, for each outcome
of interest (repeat IVIG, combination therapy, GBS to CIDP diagnosis),
we fit a logistic model as a function of the year of GBS diagnosis and
adjusted for demographic/socioeconomic information (race, sex, age,
region, education, net worth) and insurance plan type. Available case
analysis was used to handle missing demographic/socioeconomic and
insurance plan information.

Statistical significance was determined using a p-value threshold
of .05. We did not correct for multiple statistical comparisons.

3 | RESULTS

3.1 | Patient characteristics

We identified 2325 patients with only a diagnosis of GBS and who
received at least one immunotherapy. The mean age was 49.9 with a
slight male predominance (Table 1). We also identified 1092 individ-
uals with an initial diagnosis of GBS and a later diagnosis of CIDP.

3.2 | Prescribing trends (amongst patients with
only a GBS diagnosis)

Amongst individuals with only a GBS diagnosis, 66.0% received IVIG
only, 28.0% received PLEX only, and 141 (6.1%) received combination
therapy. Repeat IVIG dosing was observed in 923 patients with GBS
(39.7%), and of these, 345 (37.4%) received two IVIG doses and
578 (62.6%) received three or more IVIG doses. Of patients receiving
combination therapy, 103/141 (73.1%) received IVIG before PLEX.
Proportions of both combination therapy and repeat IVIG therapy
remained stable from 2001 to 2018 (Figure 1A).

3.3 | Predictors of repeat IVIG dosing or
combination therapy (amongst patients with only a
GBS diagnosis)

Amongst individuals with only a GBS diagnosis, adjusted logistic
regression models found that female patients had reduced odds of
repeat IVIG dosing (OR 0.79, 95% Cl 0.65-0.96). In addition, patients
with a high-medium net worth ($250,000-$499,000) (OR 0.64, 95%
Cl 0.45-0.90) had reduced odds of repeat IVIG compared with
patients with a low net worth (<$25,000) (Table 2). Race, age, year of
diagnosis, insurance plan information, and education level did not
affect the odds of receiving repeat IVIG dosing.

Adjusted logistic regression models revealed that no demo-
graphic, socioeconomic, or insurance plan characteristics were signifi-

cantly associated with the odds of combination therapy.

3.4 | Reclassification from GBS to CIDP (amongst
patients with only a GBS diagnosis or with an initial
GBS diagnoses and eventual CIDP diagnosis)

There were 1092 (32.0%) patients that were initially classified as GBS
and later re-classified as CIDP (Figure 1B). This proportion remained
relatively stable over time. Adjusted logistic regression revealed that
older age (OR 1.01, 95% Cl 1.01-1.02) and Asian ethnicity resulted in
increased odds of being re-classified as CIDP (reference
group = White, OR 1.77, 95% Cl 1.09-2.86). No other demographic,
socioeconomic, or insurance plan characteristics factored into the

odds of diagnostic re-classification into CIDP.

4 | DISCUSSION

We found that repeat IVIG dosing was much more prevalent than
combination therapy, but that both practices persisted without
change over the last two decades. Furthermore, there was a much
higher than expected diagnostic re-classification of cases from GBS
to CIDP.

Nearly one in three patients with GBS in our study received
repeat IVIG dosing. These results are important in light of findings
from the landmark 2021 SID-GBS randomized controlled trial that
conclusively found no added benefit to repeat IVIG dosing
(as compared with one-time dosing) in those with poor prognosis at
presentation.* A previous non-randomized trial also showed no added
benefit to repeat dosing in poor responders.’® Before the SID-GBS
study, it was thought that repeat IVIG dosing could potentially help a
subset of refractory cases, but current data strongly suggests other-
wise. Internationally, a 2019 International GBS Outcome Study (IGOS)
study found that a quarter of patients with GBS who do not clinically
improve get re-dosed with IVIG.2? Of note, our study did not specifi-
cally separate non-responders from TRF patients, for whom the cur-
rent EAN/PNS guidelines advocate consideration for re-treatment.
Nevertheless, it must be noted that consideration for re-treatment of

TRF patients is based only on observational data.?®?!
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TABLE 1

Age (years), mean (SD)
Sex, N (%)
Male
Race, N (%)
Asian
Black
Hispanic
White
Missing
Division, N (%)
East North Central
East South Central
Middle Atlantic
Mountain
New England
Pacific
South Atlantic
West North Central
West South Central
Missing
Education level (%)
<12th Grade
High School Diploma
Less than bachelor's degree
Bachelor's degree Plus
Missing
Net worth (%)
<$25 K
$25 K-$149 K
$150 K-$249 K
$250 K-$499 K
$500 K+
Missing
Insurance type (%)
Exclusive Provider Organization
Health Maintenance Organization
Indemnity
Point of Service
Preferred Provider Organization
Other
Customer driven health plan type (%)
Health Reimbursement Arrangement (HRA)
Health Savings Account (HSA)
No HRA/HSA
Missing

Sociodemographic, insurance, and treatment
information for patients with GBS (N = 2325).

49.9 (19.4)
1304 (56.1%)

52 (2.6%)
200 (10.0%)
208 (10.4%)

1548 (77.1%)
317

294 (12.7%)
8 (4.2%)
190 (8.2%)
220 (9.5%)
4 (4.0%)
203 (8.7%)
643 (27.7%)
253 (10.9%)
328 (14.1%)
2(0.1%)
21 (1.0%)
527 (25.6%)
1093 (53.1%)
418 (20.3%)
266

358 (19.6%)
401 (22.0%)
223 (12.2%)
346 (19.0%)
496 (27.2%)
501

199 (8.6%)
599 (25.8%)
27 (1.2%)
994 (42.8%)
223 (9.6%)
283 (12.2%)

86 (5.4%)

161 (10.2%)

1336 (84.4%)
742

(Continues)
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TABLE 1 (Continued)

Treatment administered, N (%)

IVIG only 1534 (66.0%)
PLEX only 650 (28.0%)
IVIG and PLEX 141 (6.1%)

Abbreviations: HAS, health savings account; HRA, health reimbursement
arrangement; IVIG, intravenous immunoglobulin; PLEX, plasma exchange.

The lack of significant patient-level factors may indicate that pro-
vider and/or healthcare system-level factors may be the primary
drivers of high repeat IVIG therapy use in this privately insured popu-
lation. In short, it is unclear why female patients and those of high
socioeconomic status were less likely to receive repeat IVIG, as shown
in our study. Future studies should attempt to replicate these results
and determine the underlying pathways to inform potential interven-
tions. It is also quite probable that patients with TRF were more likely
to receive repeat IVIG dosing. Our study database did not include
detailed provider or healthcare system level information, nor data
regarding baseline disease severity, initial IVIG responder status, nor
the presence or absence of TRF, thus precluding a more detailed anal-
ysis of prescribing practices for GBS patients with poor baseline prog-
nosis and GBS patients with TRF. Nevertheless, future studies are
needed to determine the factors driving the non-evidence-based prac-
tice of repeat IVIG dosing in non-responders (or those with poor base-
line prognosis) who do not have TRFs, with the goal of informing
provider and/or healthcare system-level interventions and curbing
this potentially harmful practice.

In contrast to repeat IVIG therapy, we found that the prevalence
of combination therapy was much less common and remained stable
at around 6% over the preceding two decades. The 1997 randomized
trial of plasma exchange, intravenous immunoglobulin, and combined
treatments in GBS (Plasma Exchange/Sandoglobulin Guillain-Barré
Syndrome Trial)®> showed that combination therapy did not confer a
therapeutic advantage. Since this trial, numerous position statements
have advocated against combination therapy.®™® In the United States,
a 2000-2005 study of 1657 patients with GBS found that 2.9% of
individuals received combination therapy.® In that study, individuals
receiving combination therapy had higher mortality rates as compared
with those receiving IVIG monotherapy or PLEX monotherapy as well
as higher hospital costs. Globally, a retrospective multicenter nation-
wide study of 1300 patients using the IGOS dataset found an overall
combination therapy prevalence of 10%-15%, mainly directed at
patients who did not improve with initial treatment or those who
experienced treatment-related fluctuation.’” Other global estimates
range from 3% to 25%.2272% Despite 26 years of clear evidence that
this practice does not benefit GBS patients with poor baseline prog-
nosis, a small unchanging proportion of patients continues to receive
both IVIG and PLEX without change over nearly two decades,
although our study could not definitively separate this subset from
those with TRF.
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(A) Treatments for Individuals with GBS
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FIGURE 1 (A) Proportion of
individuals with GBS who are treated with
repeat IVIG treatments within 90 days
(blue) or both IVIG and PLEX treatments
(combination therapy) (red) within

90 days, over year of GBS diagnosis.

(B) Proportion of individuals with GBS
who are later diagnosed with CIDP over
year of GBS diagnosis. Numerator (1092)
= # individuals with CIDP after GBS in
each year; denominator (3417) = #
individuals with GBS who do not have a
CIDP diagnosis or do not have a CIDP
diagnosis before GBS diagnosis.

Finally, our study found that nearly a third of patients initially It is almost certain that a subset of those patients had A-CIDP,*?

diagnosed with GBS were ultimately re-classified as CIDP. Despite which, in its relapsing phase, can present like GBS. A-CIDP clinically
year-to-year fluctuations, there was no consistent trend in our study. resembles GBS, especially GBS with TRF,2> and a relapsing-remitting
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TABLE 2 Association between patient characteristics and odds of receiving IVIG + PLEX, multiple IVIG, or transition from GBS and CIDP.

Amongst GBS patients: IVIG
+ PLEX (within 90 days)
(n = 1764)

Variable Odds ratio (95% Cl)

Amongst GBS patients: Multiple = Amongst GBS and GBS + CIDP patients:
IVIG (within 90 days) (n = 1764)  Transition from GBS to CIDP (n = 2616)
Odds ratio (95% Cl)

Odds ratio (95% Cl)

Year of GBS diagnosis
Race (reference = White)
Asian
Black
Hispanic

Sex = Female
(reference = Male)

Age

Commercial Plan
(reference = Medicare plan)

Insurance Plan Type
(reference = Preferred provider
organization)

Exclusive provider
organization

Health maintenance
organization

Indemnity
Other
Point of service
Net worth (reference = <$25 K)
$25 K-$149 K
$150 K-$249 K
$250 K-$499 K
$500 K+

Education (reference = Less
than 12th Grade)

High School Diploma
Less than Bachelor Degree

Bachelor Degree Plus

0.98(0.93, 1.02)

0.35(0.05, 2.62)
1.36 (0.69, 2.65)
1.83(0.96, 3.48)
1.05(0.70, 1.56)

1.00 (0.99, 1.02)
1.53(0.64, 3.68)

1.91(0.68, 5.34)

1.08 (0.44, 2.68)

Not estimable
2.72(0.89, 8.28)
1.59 (0.67, 3.79)

1.30(0.69, 2.46)
1.95(0.97, 3.90)
0.89(0.43, 1.88)
1.23(0.60, 2.51)

0.53(0.11, 2.58)
0.54 (0.11, 2.68)
0.67 (0.13, 3.55)

1.00 (0.97, 1.02)

1.12 (0.60, 2.09)
1.32(0.93, 1.86)
1.28(0.91, 1.81)
0.79 (0.65, 0.96)*

1.00 (0.99, 1.00)
1.14(0.77, 1.69)

1.04 (0.64, 1.69)
0.80(0.54, 1.17)

2.37(0.91, 6.17)
0.76 (0.47, 1.26)
1.25(0.85, 1.84)

0.85(0.63, 1.15)
0.75(0.52, 1.08)
0.64 (0.45, 0.90)*
0.91(0.65, 1.28)

2.67(0.82, 8.69)
2.31(0.71,7.52)
2.86(0.86, 9.55)

0.98 (0.97, 1.00)

1.77 (1.09, 2.86)*
0.80(0.59, 1.09)
0.74 (0.54, 1.02)
1.11(0.94, 1.32)

1.01(1.01, 1.02)*
0.87 (0.63, 1.20)

1.26 (0.83, 1.92)

0.94 (0.68, 1.31)

1.48(0.72, 3.06)
0.91(0.61, 1.36)
1.10(0.79, 1.53)

0.91(0.69, 1.18)
0.78 (0.56, 1.08)
1.19 (0.90, 1.58)
0.94 (0.70, 1.26)

0.97 (0.35, 2.66)
1.14 (0.84, 1.55)
1.13(0.88, 1.44)

Note: Models also adjusted for geographical division. * indicates statistical significance.

course occurs in up to one-third of patients with CIDP.X® Our study
contrasts with a 2003 Japanese study that found a much lower fre-
quency of diagnostic reclassification of only 2%.2* Underlying the
unexpectedly high proportion of diagnostic re-classification in our
study could be several factors, including, for one, lack of accurate
ascertainment of time to nadir, which is fundamental in discriminating
GBS from CIDP. It is quite possible that many of these patients were
misdiagnosed with CIDP because of persistent GBS symptoms or mis-
diagnosed initially with GBS because of a lack of familiarity with CIDP
on the part of the evaluating clinician. It is uncertain why Asian ethnic-
ity conferred an increased likelihood of diagnostic reclassification
from GBS to CIDP. It is worth noting that young age appears to be
associated with A-CIDP, although there was no age association in our
study with diagnostic re-classification.'® Future prospective studies

are needed to determine why such a large proportion of patients

initially diagnosed with GBS are eventually diagnosed with CIDP,
including whether these are appropriate diagnostic changes.

Our study faced certain limitations, namely its claims-based
nature, which precluded our ability to establish diagnostic certainty
for GBS or CIDP, using the Brighton criteria or EAN/PNS guidelines,
respectively. A 2019 Danish study found that primary GBS diagnostic
codes, using the Danish National Patient Registry, were highly accu-
rate, however, with a positive predictive value of 83.8%, with Brigh-
ton level 1-3 certainty established in 99% of cases.?’ In addition, we
did not evaluate uninsured patients, thus limiting study generalizabil-
ity. Separately, our study did not include data after the SID-GBS study
of 2021, which may have impacted subsequent GBS treatment pre-
scribing patterns. Also, detailed clinical information regarding baseline
disease severity, disease outcome at discharge (including mortality),

electrodiagnostic testing, and cerebrospinal fluid (CSF) protein level
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were not available as part of the dataset and thus could not be ana-
lyzed. Finally, and most importantly, we could not distinguish between
GBS patients with and without TRF who received repeat IVIG treat-
ment, although it is worth noting that the rate of repeat IVIG dosing
in our study (40%) far exceeded the published rate of TRF in GBS
(16%), suggesting that the majority of repeat IVIG dosing in our study
was administered for poor prognosis/non-responder patients, and
thus non-evidence based.

In conclusion, we found that the prevalence of repeat IVIG dosing
was substantial at 39.7%, whereas combination therapy was less com-
mon at 6.1%. The prevalence of these treatment patterns remained
largely stable over the course of the study. Patient characteristics
were not consistently associated with these outcomes; therefore, pro-
vider and/or healthcare system-facing interventions are likely needed
to reduce unnecessary treatment of GBS non-responders. Further-
more, initial GBS diagnoses were frequently transitioned to CIDP
diagnoses, but the accuracy of these transitions is unclear and war-
rants further study.
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