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ABSTRACT

Introduction: Intravenous immunoglobulin
(IVIG) is recommended as first-line therapy for
chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP), an immune-
mediated neuropathy. The clinical profile of
patients with CIDP newly initiating IVIG is
poorly characterized. This claims-based cohort
study describes characteristics of US patients
with CIDP initiating IVIG treatment.

Methods: Adult immunoglobulin (IG)-naı̈ve
patients with CIDP diagnosed between 2008
and 2018 and a subgroup of patients subse-
quently initiating IVIG were identified in the
Merative MarketScan Research Databases.
Demographics, clinical characteristics, and
diagnostic procedures were described for
patients initiating IVIG.
Results: Of 32,090 patients with CIDP identi-
fied, 3975 (mean age 57 years) subsequently
initiated IVIG. In the 6 months prior to IVIG
initiation, diagnoses of comorbidities including
neuropathy (75%), hypertension (62%), and
diabetes (33%) were frequent, as were CIDP
features/symptoms/markers of functional status
including chronic pain (80%), difficulty walking
(30%), and weakness (30%). CIDP-related labo-
ratory/diagnostic procedures were performed in
approximately 20–[ 40% of patients in the
3 months prior to IVIG initiation (63.7%
underwent electrodiagnostic/nerve conduction
testing in the 6 months prior to IVIG initiation).
Patient characteristics by initial IVIG product
differed only in IVIG initiation year, US geo-
graphic region, and insurance type. Comor-
bidities, CIDP severity or functional status
markers, and other clinical variables were gen-
erally well balanced across initial IVIG product
groups.
Conclusion: A heavy burden of symptoms,
comorbidities, and diagnostic testing exists in
patients with CIDP initiating IVIG. Character-
istics of patients with CIDP initiating different
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IVIG products are well balanced, suggesting an
absence of clinical or demographic determi-
nants underlying IVIG selection.

PLAIN LANGUAGE SUMMARY

Intravenous immunoglobulin, also called IVIG,
involves giving antibodies through a drip into a
vein. IVIG is recommended as one of the first
treatments that patients receive if they have
chronic inflammatory demyelinating
polyradiculoneuropathy, also called CIDP,
which is a rare disease that causes the body’s
immune system to attack its nerves. Our study
described the characteristics of patients with
CIDP who received IVIG in the USA. Informa-
tion was collected from a large health insurance
database and included records of patients aged
C 18 years who were diagnosed with CIDP
between 2008 and 2018. Overall, 3975 patients
with CIDP who received IVIG were included in
the study. In the 6 months before starting IVIG,
patients frequently had diagnoses of other dis-
eases in addition to their CIDP; these included
neuropathy (75% of patients), hypertension
(62%), and diabetes (33%). CIDP features and
symptoms that affected patients’ daily lives
were also frequently reported in these
6 months, including long-lasting pain (80%),
difficulty walking (30%), and weakness (30%).
In the 3 months before starting IVIG treatment,
20% to[40% of patients underwent diagnostic
procedures related to their CIDP. Different IVIG
products were used similarly, but the year of
IVIG initiation, geographic region, and insur-
ance type all differed by IVIG product. In con-
clusion, patients with CIDP who receive IVIG
experience a heavy burden caused by their
symptoms, other diseases, and CIDP-related
procedures. Patient characteristics were gener-
ally similar between patients receiving different
IVIG products, suggesting that no specific
characteristics are factored in when doctors
select an IVIG product.

Keywords: Chronic inflammatory demyeli-
nating polyradiculoneuropathy; Intravenous
immunoglobulin; Claims database

Key Summary Points

Why carry out this study?

The clinical profile of patients with
chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP) who
initiate treatment in a real-world setting
with intravenous immunoglobulin (IVIG)
is poorly characterized

This claims-based cohort study aimed to
assess the characteristics of US patients
initiating IVIG treatment for CIDP

What was learned from the study?

Patients initiating IVIG for CIDP in a
real-world setting experience a heavy
burden of symptoms and comorbidities

There is a large degree of heterogeneity in
diagnostic testing and degree of
adherence to guideline criteria in
diagnosing patients with CIDP in a
real-world setting

The characteristics of patients initiating
different IVIG products for CIDP are well
balanced, suggesting an absence of
clinical or demographic determinants
underlying IVIG selection

Diagnostic guideline criteria for CIDP may
not be consistently followed in a
real-world setting

INTRODUCTION

Chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP) is a rare
inflammatory disorder in which the myelin
sheath of peripheral nerves is gradually
destroyed, resulting in significant burden on
functional outcomes such as mobility, balance,
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and social functioning [1–4]. Clinical presenta-
tion of CIDP is diverse; symptoms include sev-
ere muscle weakness, numbness, and fatigue,
leading to gait disturbances, impaired balance,
and difficulty completing routine tasks [4].
Patients with CIDP also experience a substantial
comorbidity burden, with the existence of
concomitant conditions potentially influencing
choice of treatment [5]. The disease demon-
strates ‘typical’ and ‘atypical’ or variant sub-
types [6, 7]. Typical CIDP manifests with
relatively symmetrical distal and proximal
weakness as well as impairment of large fiber
sensations and sensory dysfunction across all
extremities [6, 7]. CIDP variants share the main
aspects of demyelination and response to
immunotherapy but may differ either by the
pattern of involvement or the modality pri-
marily affected [5, 6, 8]. Diagnosis of CIDP may
be challenging and represent additional disease
burden for patients [9, 10]. Consensus around
the most suitable diagnostic workup and the
testing to conduct is limited, though diagnosis
of the disease is mainly based on clinical man-
ifestation and electrodiagnostic testing [8, 11].
Additional supportive information may be pro-
vided by imaging, nerve biopsy, immunologic
testing, histologic analysis or investigation of
cerebrospinal fluid, as well as response to treat-
ment [8, 11]. Published data estimate that the
incidence of CIDP is 0.2–0.7 cases per 100,000
person-years and the prevalence is 0.7–10.3
cases per 100,000 people [12, 13].

Joint guidelines from the European Academy
of Neurology and the Peripheral Nerve Society
(EAN/PNS) continue to recommend intra-
venous immunoglobulin (IVIG) or systemic
corticosteroids as first-line treatment for CIDP
with disabling symptoms, for both induction
treatment and maintenance of response. The
usual dosing regimen of IVIG used for CIDP is a
total induction dose of 2 g/kg, divided over 2–-
5 days, followed by maintenance dosing (most
commonly 1 g/kg every 3 weeks) [8]. In the
most recent (2021) update to these CIDP
guidelines from the EAN/PNS, immunoglobulin
(IG) treatment recommendations have been
further extended to allow for use of subcuta-
neous IG (SCIG) as an alternative maintenance
treatment in IVIG-responsive patients with

active disease [8]. Early detection and initiation
of appropriate therapy may prevent loss of
nerve function [14]. However, misdiagnosis of
CIDP is common because many of the early
clinical features mimic other more common
neuropathies [15, 16]. This may result in up to
5-month delays in diagnosis and initiation of
treatment, potentially causing considerable
patient burden [15, 16]. IVIG itself may be
associated with substantial treatment burden,
and supply may be limited in some global
regions [17]. Some patients may experience
issues with the cost of therapy, depending on
their location and medical insurance [18],
which may represent an important source of
patient concerns [19]. Treatment may also place
considerable economic burden on healthcare
systems, with mean annual costs for IVIG ther-
apy in the USA reported at[$136,000 (2018 US
dollars) per patient [20, 21]. Infusion frequency,
access to an infusion center, and the associated
patient time missed from work or school are
other treatment burdens associated with IVIG,
along with the number of needlesticks required
and the potential for local infusion site reac-
tions [18, 19]. In light of this, and the disease
burden of CIDP, real-world analyses of patients
with CIDP are needed to improve understand-
ing of the characteristics of this population,
their diagnostic and treatment journey, and
their experiences of initiating IVIG; to our
knowledge, no such study has been undertaken.

The aims of this study were to (1) describe
the demographics, clinical characteristics, and
diagnostic procedures performed among
patients initiating IVIG in the USA for treat-
ment of CIDP and (2) understand patterns of
IVIG initiation by using existing US healthcare
databases.

METHODS

Data Source and Study Period

In this claims-based cohort study, de-identified
patient data from 2003 to 2018 were collected
from three distinct databases (Commercial
Claims and Encounters Database, Medicare
Supplementary and Coordination of Benefit
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Database, and Multi-State Medicaid Database)
within the Merative MarketScan Research
Databases. These insurance claims databases
contain information on insurance plan enroll-
ment, outpatient pharmacy dispensing infor-
mation, and inpatient and outpatient diagnoses
and procedures recorded on adjudicated, paid
insurance claims. This study did not involve the
collection, use, or transmittal of individually
identifiable data. The databases used contained
fully de-identified data and were compliant
with the Health Insurance Portability and
Accountability Act (HIPAA); this study was,
therefore, exempt from institutional review
board approval.

Study Population

Adult IG-naı̈ve patients with one or more
recorded diagnosis codes for CIDP (Interna-
tional Classification of Diseases, 9th edition,
clinical modification [ICD-9-CM] code 357.81;
International Classification of Diseases, 10th
edition, clinical modification [ICD-10-CM] code
G61.81; diagnosis codes could be included in
any coding position) from January 1, 2008 to
September 30, 2018 were identified and are
designated in this study as the ‘‘Full CIDP
Cohort.’’ All patients from the commercial,
Medicare, and Medicaid databases were com-
bined into one analytic cohort. Patients were
included if they were C 18 years of age on the
CIDP diagnosis date and had no recorded use of
IG therapy in the 6 months before diagnosis
(patients could receive other non-IG therapy for
CIDP during this period). No minimum enroll-
ment time was required before CIDP diagnosis.
The first CIDP diagnosis meeting these eligibil-
ity criteria in the study period was assigned as
the CIDP eligibility date (Fig. 1).

Compliance with Ethics Guidelines

This study did not involve the collection, use, or
transmittal of individually identifiable data. The
databases used contained fully de-identified/
anonymized data and were compliant with the
Health Insurance Portability and Accountability
Act (HIPAA); this study was, therefore, exempt

from institutional review board approval and
administrative permission from individuals was
not required.

IVIG Initiation

Within the Full CIDP Cohort, a sub-cohort of
patients (the ‘‘IVIG Cohort’’) who initiated IVIG
after the CIDP eligibility date was identified.
Initiation was defined as the first claim for an
IVIG product preceded by at least 6 months of
continuous enrollment with no IG therapy. The
first IVIG administration date after the CIDP
eligibility date was identified and assigned as
the IVIG index date (Fig. 1). The IVIG product
initiated for each patient was defined as the
index IVIG, and the first dose was defined as the
index IVIG dose. Patients with a diagnosis of a
primary immunodeficiency disease occurring
up to 5 years before the IVIG index date were
excluded.

IVIG use was determined from outpatient or
inpatient Healthcare Common Procedure Cod-
ing System (HCPCS) codes for the administra-
tion of an IVIG or from pharmacy dispensing
codes (National Drug Codes) of an IVIG prod-
uct. IVIG products were grouped by brand
(Gammagard Liquid [Baxalta US Inc., Lexing-
ton, MA, USA], Gamunex-C [Grifols Therapeu-
tics LLC, Research Triangle Park, NC, USA],
Gammaked [Grifols Therapeutics LLC], and
Privigen [CSL Behring AG, Bern, Switzerland];
all human intravenous immunoglobulin 10%
infusions) and were assumed to be administered
on the date of the outpatient procedure claim or
the pharmacy dispensing claim. Gamunex-C
and Gammaked have the same HCPCS code and
were considered a composite IVIG product
because they could not be differentiated in
outpatient procedure coding.

Evaluation of IVIG dosing in the 14 days
after the IVIG index date (14-day loading per-
iod) to account for variability in dosing (e.g.,
loading dosing, titration to tolerance) immedi-
ately after initiation was also conducted. The
steady-state dose was defined as the first
administration of the index IVIG after the
14-day loading period. Patients were presumed
to have discontinued the IVIG if they had not
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received a subsequent dose of IVIG by 12 weeks
after the previous dose.

Patient and Treatment Characteristics

Patient and treatment characteristics were
ascertained from enrollment information and
from recorded diagnosis, procedure, or phar-
macy-dispensing claims. Demographic charac-
teristics, including age, sex, US geographic
region, and insurance type, were determined at
the CIDP eligibility date for the Full CIDP
Cohort and at the IVIG index date for the IVIG
Cohort. Comorbidities were identified up to
5 years before the CIDP eligibility date for the
Full CIDP Cohort and up to 5 years before the

IVIG index date for the IVIG Cohort, except
when noted. Other characteristics, including
markers of CIDP severity or functional status,
prior CIDP treatments, and imaging or labora-
tory tests ordered, were assessed in the
6 months before the CIDP eligibility date for the
Full CIDP Cohort and in the 6 months before
the IVIG index date for the IVIG Cohort. High-
dose steroids were defined as[10 mg/day
prednisolone or equivalent (oral or injectable).
The immunosuppressant or immunomodula-
tory medications assessed were mycophenolate
mofetil, interferon (2-a), etanercept,
methotrexate, cyclophosphamide, cyclosporine
A, rituximab, alemtuzumab, natalizumab, and
eculizumab.

Fig. 1 Patient inclusion and treatment timeline. CIDP
chronic inflammatory demyelinating polyradiculoneuropa-
thy, IG immunoglobulin, IVIG intravenous immunoglob-
ulin, PIDD primary immunodeficiency disease, SCIG
subcutaneous immunoglobulin. aPatients were C 18 years
of age on the CIDP eligibility date. bEligible patients could
not have received any immunoglobulin therapy (IVIG or

SCIG) for 6 months prior to diagnosis of CIDP to be
included. To confirm, patients could have received other
non-immunoglobulin therapies during this period. cIVIG
treatments were identified through procedural (inpatient
and outpatient Healthcare Common Procedure Coding
System) and pharmacy dispensing (National Drug Code)
codes
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Statistical Analysis

For reporting distributions of patient and
treatment characteristics of the Full CIDP
Cohort and the IVIG Cohort, continuous vari-
ables were described in terms of means and
standard deviations (SDs) and categorical and
binary variables were described as counts
(n) and percentages (%). Distributions of char-
acteristics in the IVIG Cohort were stratified by
IVIG product.

The cumulative proportions of patients in
the IVIG Cohort with claims for laboratory tests
and diagnostic procedures occurring before and
after the IVIG index date were described using a
population profile summary plot [22]. The aim
of this evaluation was to inform whether
patients initiating IVIG treatment were receiv-
ing the expected diagnostic workup at the time
of treatment initiation. Additionally, popula-
tion profile summary plots of the 30 most fre-
quent ICD-9-CM diagnoses, ICD-10-CM
diagnoses, and Current Procedural Terminology
(CPT) procedure codes occurring in the 30-day
periods before and after the IVIG index date
were constructed for the IVIG Cohort.

To evaluate whether there were differences
in the users of the three IVIG product cate-
gories, propensity scores (i.e., the predicted
probability of receiving one treatment versus
comparator, based on patient demographic and
clinical characteristics) were estimated for each
patient using logistic regression, with patient
characteristics identified as predictor variables a
priori. The distribution of the propensity scores
by treatment group was plotted to visualize the
extent of overlap [23]. Distributions were com-
pared as follows.

• Gammagard Liquid versus other IVIGs
(Gamunex-C ? Gammaked, Privigen).

• Gamunex-C ? Gammaked versus other
IVIGs (Gammagard Liquid, Privigen).

• Privigen versus other IVIGs (Gammagard
Liquid, Gamunex-C ? Gammaked).

All statistical analyses were performed using
SAS, version 9.4 (SAS Institute Inc., Cary, NC,
USA).

A glossary of the study terms defined in the
methods is shown in Table S1 in the electronic
Supplementary Material.

RESULTS

Study Population

A total of 32,090 eligible adults from the USA
from January 2008 to September 2018 were
identified from the Merative MarketScan
Research Databases and included in the Full
CIDP Cohort (Table S2 in the electronic Sup-
plementary Material). In total, 357 patients
were excluded owing to a diagnosis of primary
immunodeficiency disease. Overall, 3975
patients subsequently initiated treatment with
IVIG and were included in the IVIG Cohort.

IVIG Initiation

The mean age of the IVIG Cohort was 57.1 (SD
14.1) years, and 59.3% were men (Table 1).
Almost all new IVIG use was started in an
ambulatory setting (88.1% of index IVIG doses
were identified in outpatient procedure coding;
11.2% from pharmacy dispensing for IVIG
products). Diagnosis of comorbidities and dis-
ease features and markers of CIDP severity or
functional status were reported frequently in
the 6 months before the IVIG index date in the
IVIG Cohort; comorbidities included neuropa-
thy (75.4%), hypertension (62.1%), diabetes
(33.1%), and disease features and markers of
CIDP severity or functional status including
neuropathic or chronic pain (80.2%), difficulty
walking (30.2%), and weakness (30.9%). Few
patients had previous non-IG CIDP therapy
(e.g., plasma exchange, immunomodulation
therapy), except for high-dose systemic corti-
costeroids (34.8%).

Patient characteristics on the IVIG index
date generally were similar when grouped by
IVIG product, except in terms of US geographic
region, insurance type (Table 1), and index year
(Table S2 in the electronic Supplementary
Material). Other clinical variables, including
comorbidities, use of other CIDP treatments,
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Table 1 Characteristics of patients with a diagnosis of CIDP who initiated treatment with IVIG

Characteristic IVIG cohort
(n = 3975)

Individual IVIG products

Gammagard Liquid
(n = 1507)

Gamunex-C 1
Gammakeda

(n = 1780)

Privigen
(n = 688)

Mean age,b years (SD) 57.1 (14.1) 57.3 (14.1) 57.1 (14.0) 56.5 (14.5)

Sex,b n (%)

Male 2356 (59.3) 882 (58.5) 1078 (60.6) 396 (57.6)

Female 1619 (40.7) 625 (41.5) 702 (39.4) 292 (42.4)

US geographic region,b n(%)

North central 677 (17.0) 352 (23.4) 192 (10.8) 133 (19.3)

Northeast 797 (20.1) 297 (19.7) 389 (21.9) 111 (16.1)

South 1574 (39.6) 517 (34.3) 814 (45.7) 243 (35.3)

Unknown 410 (10.3) 120 (8.0) 158 (8.9) 132 (19.2)

West 517 (13.0) 221 (14.7) 227 (12.8) 69 (10.0)

Insurance type,b n (%)

Commercial 2634 (66.3) 1014 (67.3) 1224 (68.8) 396 (57.6)

Medicaid 372 (9.4) 106 (7.0) 140 (7.9) 126 (18.3)

Medicare supplementary 969 (24.4) 387 (25.7) 416 (23.4) 166 (24.1)

Comorbidities,c,d n (%)

Asthma 484 (12.2) 190 (12.6) 202 (11.3) 92 (13.4)

Arrythmia 988 (24.9) 375 (24.9) 447 (25.1) 166 (24.1)

COPD 991 (24.9) 367 (24.4) 434 (24.4) 190 (27.6)

CHF 405 (10.2) 146 (9.7) 188 (10.6) 71 (10.3)

Diabetes, types 1 or 2 1314 (33.1) 492 (32.6) 584 (32.8) 238 (34.6)

Diabetic neuropathy 632 (15.9) 223 (14.8) 289 (16.2) 120 (17.4)

Hepatitis 100 (2.5) 37 (2.5) 49 (2.8) 14 (2.0)

Hypertension 2468 (62.1) 901 (59.8) 1114 (62.6) 453 (65.8)

Leukemia/lymphoma 189 (4.8) 72 (4.8) 88 (4.9) 29 (4.2)

Lyme diseasee 115 (2.9) 31 (2.1) 66 (3.7) 18 (2.6)

Neuropathyf 2996 (75.4) 1116 (74.1) 1352 (76.0) 528 (76.7)

Other immunologic disorder 260 (6.5) 102 (6.8) 113 (6.3) 45 (6.5)

Renal disorder 354 (8.9) 132 (8.8) 169 (9.5) 53 (7.7)

RA/collagen vascular disease 737 (18.5) 292 (19.4) 327 (18.4) 118 (17.2)

Strokeg 871 (21.9) 329 (21.8) 387 (21.7) 155 (22.5)
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Table 1 continued

Characteristic IVIG cohort
(n = 3975)

Individual IVIG products

Gammagard
Liquid
(n = 1507)

Gamunex-C 1
Gammakeda

(n = 1780)

Privigen
(n = 688)

Prior CIDP treatment other than IG therapy,e n (%)

High-dose corticosteroid 1382 (34.8) 496 (32.9) 655 (36.8) 231 (33.6)

Plasma exchange and/or plasmapheresis 74 (1.9) 22 (1.5) 32 (1.8) 20 (2.9)

Immunosuppressants and immunomodulating agents 265 (6.7) 112 (7.4) 112 (6.3) 41 (6.0)

Laboratory tests and procedures ordered,d,e n (%)

Serum IG 1276 (32.1) 463 (30.7) 603 (33.9) 210 (30.5)

Electrodiagnostic/nerve conduction testing 2531 (63.7) 938 (62.2) 1187 (66.7) 406 (59.0)

HbA1c 1284 (32.3) 458 (30.4) 605 (34.0) 221 (32.1)

CBC 2406 (60.5) 889 (59.0) 1087 (61.1) 430 (62.5)

Comprehensive blood panel 2042 (51.4) 746 (49.5) 941 (52.9) 355 (51.6)

Urine protein 537 (13.5) 202 (13.4) 255 (14.3) 80 (11.6)

CT 472 (11.9) 146 (9.7) 216 (12.1) 110 (16.0)

MRI 971 (24.4) 325 (21.6) 461 (25.9) 185 (26.9)

CIDP features, markers of disease severity or functional status,d,e n (%)

Neuropathic or chronic pain 3188 (80.2) 1182 (78.4) 1465 (82.3) 541 (78.6)

Difficulty walking 1199 (30.2) 408 (27.1) 560 (31.5) 231 (33.6)

Weakness 1229 (30.9) 445 (29.5) 549 (30.8) 235 (34.2)

Setting of IVIG administration on IVIG index date,b n (%)

Inpatient 27 (0.7) 10 (0.7) 5 (0.3) 12 (1.7)

Outpatient 3503 (88.1) 1314 (87.2) 1540 (86.5) 649 (94.3)

Pharmacy dispensing 445 (11.2) 183 (12.1) 235 (13.2) 27 (3.9)

CBC complete blood count, CHF chronic health failure, CIDP chronic inflammatory demyelinating polyradiculoneu-
ropathy, COPD chronic obstructive pulmonary disease, CT computed tomography, HbA1c hemoglobin A1c, IG
immunoglobulin, IVIG intravenous immunoglobulin, MRI magnetic resonance imaging, RA rheumatoid arthritis, SD
standard deviation
aGamunex-C and Gammaked share a billing procedure code and therefore could not be differentiated in claims data. They
are presented together as one group
bAssessed on the IVIG index date
cAssessed in the 5 years before the IVIG index date, except when noted
dSelected based on clinical input
eAssessed in the 6 months before the IVIG index date
fNeuropathies include hereditary motor and sensory neuropathy, hereditary and idiopathic neuropathy, systemic lupus
erythematosus, multifocal motor neuropathy, and drug-induced polyneuropathy
gStroke category includes ischemic strokes, intracranial hemorrhages, and transient attacks. Stroke category does not include
long-term sequelae of events
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markers of CIDP severity or functional status,
and healthcare utilization, were all generally
balanced between treatment groups. Compared
with patients in the Full CIDP Cohort, patients
in the IVIG Cohort tended to have higher
prevalence of comorbidities, more disease fea-
tures, markers of CIDP severity or functional
status, more imaging or laboratory testing, and
more prior high-dose corticosteroid treatment
(Table 1, Fig. 2, Table S2).

IVIG Initiation Patterns

During the 14-day loading period, 44.3% of
patients received at least one additional dose of
the index IVIG, and 44.7% of patients received
at least one additional dose of any IVIG. Most
patients received only one dose of index IVIG
during the 14-day loading period (median
[quartile 1, quartile 3] = 1 [1, 3]).

Thirty-two percent of patients did not
receive a steady-state dosage after the 14-day
loading period; 6% of patients were lost to fol-
low-up (e.g., patient disenrolled from insurance
or follow-up ended) during the loading period,

Fig. 2 Comorbidity, CIDP features, and markers of
disease severity or functional status in patients with
CIDPa. CIDP chronic inflammatory demyelinating
polyradiculoneuropathy, IVIG intravenous immunoglobu-
lin. aThe evaluated comorbidities, CIDP features, and
markers of disease severity or functional status were
selected based on clinical input and include CIDP signs
and symptoms, disease features, markers of symptom
severity and closely related conditions that may have
resulted in misclassification of disease status. Items were
assessed in the 5 years before the CIDP eligibility date for

the Full CIDP Cohort and in the 5 years before the IVIG
index date for the IVIG Cohort, except where noted.
bNeuropathies include hereditary motor and sensory
neuropathy, hereditary and idiopathic neuropathy, sys-
temic lupus erythematosus, multifocal motor neuropathy,
and drug-induced polyneuropathy. cStroke category
includes ischemic, traumatic, and sequelae of strokes.
dAssessed in the 6 months before the CIDP eligibility date
for the Full CIDP Cohort and in the 6 months before the
IVIG index date for the IVIG Cohort
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4% switched to another IG product (3% to
another IVIG, 1% to a non-IV IG product)
before the loading period elapsed, and 22%
never received a subsequent IVIG dose after the
loading period.

Laboratory Tests and Procedures Before
and After IVIG Index Date

For approximately 20–[40% of patients in the
IVIG Cohort, laboratory tests and diagnostic
procedures typically used for CIDP diagnosis
were performed before the IVIG index date,
with 63.7% of patients undergoing electrodiag-
nostic/nerve conduction testing within the
6 months prior to IVIG initiation (Fig. 3). The
tests and procedures conducted were consistent
with the diagnostic workup for CIDP. For
example, analyses of cerebrospinal fluid and
nerve biopsies were performed in 45.4% and
20.5% of patients, respectively, in the 6 months
before the IVIG index date. Electrodiagnostic/
nerve conduction tests and complete blood

counts were performed in a high proportion of
patients ([40%) in the 60–84 days before the
IVIG index date. Far fewer electrodiagnostic/
nerve conduction tests were performed in
patients in the 84 days after the IVIG index date
(10.4%), compared with the 84 days before the
IVIG index date (46.6%). Magnetic resonance
imaging (13.8% vs. 3.8%), hemoglobin A1c

assays (20.4% vs. 12.2%), and serum IG tests
(24.2% vs. 6.4%) also were more common in the
84 days before the IVIG index date than after,
consistent with a diagnostic workup for CIDP
before IVIG treatment initiation. Complete
blood count laboratory tests occurred fre-
quently in the 84 days both before (41.7%) and
after (41.0%) the IVIG index date. Approxi-
mately 85% of patients had either an ICD-9-CM
or ICD-10-CM diagnosis code for inflammatory
and toxic neuropathies on the IVIG index date
(Fig S1 in the electronic Supplementary
Material).

Fig. 3 IVIG cohort claims for laboratory tests and
diagnostic procedures occurring relative to index date.
ALT alanine aminotransferase, BUN blood urea nitrogen,
CBC complete blood count, CMP comprehensive meta-
bolic panel, CT computed tomography, electro electrodi-
agnostic/nerve conduction, HbA1c hemoglobin A1c, IG
immunoglobulin, IVIG intravenous immunoglobulin,MRI

magnetic resonance imaging. The cumulative percentage of
claims for each test as days deviated away from index date
was compared, while keeping the denominator (i.e.,
number of patients with index) constant. Patient drop-
out may affect or offset the percentage after the index date,
but not before
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IVIG Product User Differences

On visual inspection, there was substantial
overlap in propensity score distributions
between individual IVIG products (Fig. 4) with
only minor differences in the modes and mini-
mal nonoverlapping regions at the extremes.
Overall, the distributions suggested reasonably
high exchangeability between users of specific
IVIG products.

DISCUSSION

The findings of this US claims-based cohort
study provide insight into the clinical and
demographic characteristics of patients with
CIDP who initiate IVIG products as well as the
patterns of IVIG initiation in real-world prac-
tice. Patients with CIDP initiating IVIG were
found to have a heavy burden of disease. Diag-
noses of comorbidities and CIDP features and
symptoms occurred frequently among patients
with CIDP who initiated IVIG. In particular,
neuropathies and neuropathic or chronic pain
were recorded in the claims data of [ 75% of
patients initiating IVIG, representing significant
disability and loss of functional status. The
disease burden was compounded by a complex
diagnostic pathway for some patients, with
frequent laboratory tests and procedures
ordered around the time of IVIG treatment
initiation and diagnoses of other neuropathies
and related disorders. Up to 40% of patients had
European Federation of Neurological Societies
(EFNS)/Peripheral Nerve Society (PNS) criteria
procedures performed to aid in CIDP diagnosis
[24], which is lower than might be expected
given that the guidelines at the time of the
study described electrodiagnostic testing as
‘‘mandatory’’ for CIDP diagnosis, with addi-
tional supportive tests if electrodiagnostic cri-
teria are not met. This raises considerations
around the feasibility and potential associated
burden of consistent adherence to diagnostic
guidelines in clinical practice across a range of
real-world settings, as these findings reflect
previous studies showing that adherence to
such diagnostic criteria is not often followed in
real-world settings [25, 26].

In this study, the disease burden observed in
patients with CIDP initiating IVIG is consistent
with other data on patients with CIDP. A sys-
tematic literature review by Querol et al. [10]
assessed a range of functional outcome scales
and health-related quality of life measures (e.g.,
Rankin Scale, physician assessment, Numeric
Pain Rating Scale, Fatigue Severity Scale) in
CIDP patient populations from the UK,
Netherlands, Germany, and multinational
studies and concluded that CIDP has a sub-
stantial physical effect on patients [10]. Simi-
larly, the present study shows the prevalence
and burdens of a wide range of systemic
comorbidities, markers of CIDP severity or
functional status, and long diagnostic pathways
in a large US patient population. In the EAN/
PNS guidelines for CIDP, initiation of IVIG
treatment in patients with high disease burden
is recommended; thus, the IVIG initiation pat-
terns observed herein recommend initial treat-
ment with IVIG, evaluating for response at
3-week intervals or based on clinical experience,
then discontinuing as necessary if ineffective
[8]. Patient characteristics appeared similar
when stratified by IVIG product initiated in this
study, indicating that IVIG product selection is
not based on patient demographics and that
IVIG products are used interchangeably in
patients with CIDP; this was further illustrated
in the analysis of propensity score distributions.
Although product differences were found by
year and US geographic region, these probably
reflect fluctuations in IG product availability or
evolving practice patterns rather than underly-
ing clinical disparities.

Approximately one-third of patients discon-
tinued IVIG treatment before receiving steady-
state dosage. Misclassification of CIDP status
may have led to inclusion of short-term IVIG
use for some purpose other than chronic CIDP
treatment; however, these data indicate that
initiation of IVIG treatment in patients with
CIDP may be challenging and that further
education around CIDP diagnosis and IVIG
initiation should be made available to clini-
cians. Contraindications, tolerance to treat-
ment, lack of drug availability, and limited
resources and insurance coverage factors prob-
ably play a role in treatment discontinuation.
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Approaches for improving treatment persis-
tence or tolerance should be investigated,
including administering IG treatment subcuta-
neously, because SCIG is reported to be prefer-
able to IVIG in patients with CIDP [27, 28].
Further evaluation is needed of real-world
characteristics of patients with CIDP receiving
SCIG treatment to understand differences
between IVIG and SCIG treatment utilization.

Limitations

This study describes a population of patients
presumed to have CIDP in a real-world setting
and involved claims data from commercial,
Medicare, and Medicaid databases, though most
of the patients had commercial insurance.
Although the findings in this study represent a
large and diverse population of patients with
CIDP in the USA, they may not be generalizable
to patients without insurance or with insurance
types with restrictive formularies or reimburse-
ment requirements.

As with any claims-based database analysis,
the current study was limited by data availabil-
ity and granularity. For example, insurance
claims data indicate that a laboratory or diag-
nostic test was performed but do not include
test results. These databases do not allow access
to original patient charts or physician notes
and, therefore, have less granularity than
patient electronic health records. Records of

diagnoses and tests prior to patient enrollment
in the database are not available. These results
also may be affected by misclassification of
disease status or variations in coding of different
events in claims data; CIDP symptoms may be
similar to those of other diseases, and patients
frequently receive diagnoses of multiple neu-
ropathy types. Therefore, both the presence of
at least one diagnosis code for CIDP and evi-
dence of IVIG use were required when identi-
fying patients eligible for analysis for the IVIG
initiator cohort. However, it should be noted
that while patients had one or more recorded
diagnosis codes for CIDP, not all received labo-
ratory or electrodiagnostic/nerve conduction
testing to provide a definitive diagnosis, mean-
ing some patients may have received IVIG
ahead of certain diagnostic tests being per-
formed. Finally, Gamunex-C and Gammaked
share a billing code and therefore could not be
investigated separately.

CONCLUSION

In this claims-based US cohort study, patients
with CIDP initiating treatment with IVIG were
found to have a heavy burden of CIDP symp-
toms and diagnostic testing. These findings
suggest that IVIG treatment initiation is con-
sistent with clinical guidelines; moreover,
characteristics of patients initiating different
IVIG products are well balanced, suggesting an
absence of clinical or demographic determi-
nants underlying IVIG selection. In addition,
some patients received IVIG therapy in the
absence of electrodiagnostic or nerve conduc-
tion tests. The feasibility and associated burden
of consistent adherence to guideline criteria in
real-world clinical practice should be consid-
ered. Additionally, this finding indicates an
unmet need for provision of further clinician
education around the diagnostic and therapeu-
tic algorithms supporting diagnosis of CIDP to
ensure optimal disease management and
appropriate use of IVIG. More work is needed to
elucidate the validity of CIDP diagnoses and the
patterns and effectiveness of IVIG treatment
regimens further.

Fig. 4 Distribution of propensity scores by treatment
group among patients in the IVIG cohort. a Gammagard
Liquid n = 1507) versus other IVIGs (Gamunex-
C ? Gammaked, Privigen, n = 2468). b Gamunex-
C ? Gammaked n = 1780) versus other IVIGs (Gamma-
gard Liquid, Privigen; n = 2195). c Privigen n = 688)
versus other IVIGs (Gammagard Liquid, Gamunex-
C ? Gammaked; n = 3287). Comp composite IVIG
comparator, IVIG intravenous immunoglobulin. Propen-
sity scores, or the predicted probability of receiving 1
treatment versus comparator, were estimated for each
patient and plotted by treatment groups to visualize the
degree of overlap between the groups. Overlap between
groups suggests that the probabilities of receiving the
treatments were similar

b
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