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Abstract
Background  Chronic inflammatory demyelinating polyneuropathy (CIDP) is a rare, progressive autoimmune disease caus-
ing peripheral nervous system dysfunction. Guidelines recommend immunoglobulin (IG) therapy as an immunomodulatory 
agent in CIDP. Drawbacks and unmet needs with intravenous immunoglobulin (IVIG) include adverse effects and wear-off 
effects, along with the burden of administration based on site of care. Subcutaneous administration of Hizentra, a subcuta-
neous immunoglobulin (SCIG) reduces patient burden by allowing self-administration outside the hospital setting and has 
fewer adverse events (AEs).
Objective  We aimed to compare the expected cost of treatment and the budget impact of Hizentra compared with IVIG for 
maintenance treatment of CIDP in the United States.
Methods  A decision tree model was developed to estimate the expected budget impact of maintenance treatment with 
Hizentra for US stakeholders. The model adopts primarily a US integrated delivery network perspective and, secondarily, 
a commercial perspective over a 1-year time horizon. Pharmacy costs were based on a payment mix of average sales price 
(73%), wholesale acquisition cost (2%), and average wholesale price (25%). Costs in the model reflect 2022 US dollars. In 
accordance with the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) guidelines and recom-
mendations for budget impact modeling, no discounting was performed. The PATH clinical study of Hizentra maintenance 
in CIDP was used to determine clinical inputs for relapse rates at initial assessment (24 weeks) and at 52 weeks for Hizentra. 
The ICE clinical study of Gamunex maintenance in CIDP was the basis of relapse rates for Gamunex (and other IVIGs). 
Literature-based estimates were obtained for infusion costs by site of care, costs of IVIG infusion-related complications, 
and significant IVIG AE rates. Hizentra AE rates from the US Hizentra prescribing information were assessed but were 
not included in the model as the AEs in CIDP were mild, easily treated, and self-limited. Sensitivity analyses and scenario 
analyses were conducted to evaluate variations from the base case.
Results  The model showed that a Hizentra starting dose of 0.2 g/kg is expected to result in annual cost savings of US$32,447 
per patient compared with IVIG. For a hypothetical 25-million-member plan, the budget impact of a 10% market share shift 
from IVIG to Hizentra is expected to result in savings of US$2,296,235.
Conclusion  This analysis projects that Hizentra is likely associated with favorable economic benefit compared with IVIG 
in managing CIDP.

1 � Background

Chronic inflammatory demyelinating polyneuropathy 
(CIDP) is a rare, progressive autoimmune disease caus-
ing peripheral nervous system (PNS) dysfunction [1], with 
an estimated prevalence in an adult population of 8.9 per 
100,000 persons [2]. CIDP is challenging to diagnose accu-
rately and to distinguish from similar neuropathic or mus-
cular conditions due to a heterogeneous patient population 
and varying clinical presentations across patients [3, 4]. 
The delayed recognition of CIDP symptoms and inaccurate 
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Key Points for Decision Makers 

Hizentra is the first subcutaneous immunoglobulin (IG) 
for the treatment of chronic inflammatory demyelinating 
polyneuropathy (CIDP). As a subcutaneous treatment, 
Hizentra reduces patient burden by allowing for flexibly 
timed self-infusion at home compared with the burden of 
hospital or office administration of intravenous immuno-
globulin (IVIG).

The initial dose of Hizentra for the treatment of CIDP 
is expected to enable significant cost savings per patient 
compared with the corresponding higher dose of IVIG, 
even after accounting for upward titration of the initial 
Hizentra dose that may be needed for effective manage-
ment of the minority of patients who relapse.

diagnosis of true CIDP can lead to disease progression, 
resulting in axonal damage, increased loss of physical func-
tion, and permanent disability [5–8]. Furthermore, ineffec-
tive treatment of CIDP patients can result in relapse among 
stable patients, resulting in disability and additional manage-
ment costs [9–12].

Corticosteroids are recommended as short-term induction 
therapy for patients with disabling symptoms of CIDP [13]. 
While short-term use of relatively inexpensive corticoster-
oids is arguably both clinically and financially attractive 
for decision makers, the long-term use of corticosteroids 
is known to be associated with substantial adverse conse-
quences [13, 14]. Furthermore, corticosteroids are con-
traindicated in CIDP patients with pure motor-type CIDP or 
those with diabetes [15, 16]. Other immunosuppressives or 
immunomodulatory drugs are considered as corticosteroid-
sparing agents, especially for patients refractory to first-line 
treatment [17–19]. Some of these treatments include aza-
thioprine, cyclophosphamide, methotrexate, cyclosporine, 
mycophenolate mofetil, and rituximab and immunomodu-
latory agents such as interferon (IFN)-α and IFN-β. Plas-
mapheresis is an additional option for short-term treatment 
but can be associated with significant device-related costs, 
including the need for hospitalization, highly trained staff, 
and uncertain outcomes including possible serious adverse 
effects in long-term use [20, 21]. Key guidelines and con-
sensus statements recommend the use of corticosteroids 
or immunoglobulin (IG) therapy as an immunomodula-
tory agent in CIDP for maintenance treatment [22–25]. In 
patients with CIDP, IG therapy has documented benefits in 
terms of preventing relapse of muscle weakness and numb-
ness of the limbs [12, 26], improved and/or maintained 
functional performance of the arms and legs [26, 27], and 

improved and/or maintained quality of life in both physical 
function and mental health domains [27].

While the efficacy and safety of intravenous immuno-
globulin (IVIG) treatment for CIDP has been established 
[28], originally via the ICE study, there are still drawbacks 
and unmet medical needs associated with this treatment 
option. These include adverse effects such as thromboem-
bolic events [29], hemolysis (although this risk has been 
shown to be reduced recently with improved immunoaffinity 
chromatography production methods in the case of Privigen) 
[26, 30], aseptic meningitis [31], and venous access-related 
complications [32]. Furthermore, due to the relatively stag-
gered dosing frequency, the pharmacodynamic profile of 
IVIGs suggests wear-off effects [33, 34], as measured by 
intra-cycle fluctuations in daily grip strength with IVIG 
treatment in CIDP [35].

In addition to issues germane to IVIGs in general noted 
above, there are others of particular relevance by site of 
IVIG infusions. Overall, patients across various conditions 
where IG therapy is indicated in the United States (US) 
predominantly receive IVIG therapy away from home [36]. 
Administering IVIG at standalone infusion or hospital out-
patient centers is costlier than administering at home [37, 
38]. Furthermore, patients administered IVIG at infusion or 
hospital outpatient centers report lower quality of life than 
those administered IVIG at home [38].

Patients with CIDP, once stabilized on IVIG, should 
be able to transition to subcutaneous Hizentra (immune 
globulin subcutaneous [Human] 20% liquid). In the larg-
est CIDP clinical trial to date (the PATH study), patients, 
once stabilized on IVIG, who transitioned to subcutaneous 
Hizentra (at the eventually approved starting maintenance 
dose of 0.2 g/kg body weight, once weekly) were associ-
ated with maintained freedom from relapse and maintained 
functionality [39]. The PATH study included patients with 
definite and probable CIDP, including motor, sensory, and 
other types of atypical CIDP. Moreover, these CIDP patients 
either improved or maintained health status, in terms of key 
domains of the EQ-5D [40], and maintained daily activi-
ties and participation, as measured by the Inflammatory 
Rasch-Built Overall Disability Scale (I-RODS) [41]. In 
addition, Hizentra self-infusion at home appears to have 
been preferred over continued maintenance with IVIG [42]. 
Separately, studies in conditions such as primary immune 
deficiency reveal that Hizentra reduces the burden of care 
for some patients by enabling them to self-administer their 
treatment outside of the hospital setting [43, 44]. Finally, 
Hizentra is associated with an improved adverse effect pro-
file, and patients with CIDP treated with Hizentra have a 
lower rate of systemic adverse events (AEs) compared with 
treatment with IVIG [39].
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The objective of this analysis was to develop an economic 
and budget impact model (BIM) of the costs and budget 
impact of Hizentra, the only approved subcutaneous immu-
noglobulin (SCIG) for maintenance treatment of CIDP in the 
US, by incorporating its documented clinical benefit [39] in 
comparison with a market share basket of IVIGs in patients 
receiving IG treatment.

2 � Methods

2.1 � Model Structure

A BIM was developed in accordance with the Academy of 
Managed Care Pharmacy (AMCP) and International Society 
for Pharmacoeconomics and Outcomes Research (ISPOR) 
best practices [45, 46] over a 1-year model time horizon to 
estimate the budget impact of adding Hizentra to a health 
plan formulary for the treatment of CIDP. A 1-year time 
horizon was selected to model out the initial starting doses 
in CIDP and to capture any titration in dosing due to patient 
relapse at 24 weeks. The model adopts primarily a US inte-
grated delivery network (IDN) perspective and, secondar-
ily, a commercial perspective. A decision tree approach was 
employed for the model structure (Fig. 1) in Microsoft Excel 
(Microsoft Corporation, Redmond, WA, USA). An unlocked 
version of the model, except for US label-based dosing and 
relapse parameters to be consistent with Hizentra prescribing 
information, has been provided as electronic supplementary 
material (ESM).

2.2 � Model Inputs

The data inputs for this model were taken from various 
literature-based sources. These included key clinical stud-
ies in CIDP for Hizentra and Gamunex, the two approved 
maintenance products with evidence on relapse rates in sta-
ble CIDP patients, product-specific US labels, published 
papers describing AEs associated with intravenous infusions 

(including those related to the use of infusion ports), and 
various studies providing cost estimates for the management 
of the AEs. Disease prevalence was based on US epidemio-
logic data, with a prevalence of 8.9 per 100,000 [2]. Drug 
costs were obtained from January 2022 Centers for Medicare 
and Medicaid Services (CMS) average sales price (ASP) and 
average wholesale price (AWP)/wholesale acquisition cost 
(WAC) list price sources (Red Book) [47] for both Hizentra 
and IVIG products (Table 1). A payment mix of ASP (73%), 
AWP (25%), and WAC (2%) was used in the base case [48].

The dosing of Hizentra and IVIGs was based on an aver-
age US adult patient weight of 85.9 kg [49]. The average 
patient weight was calculated based on the average adult 
female weight of 77.5 kg and the average adult male weight 
of 90.6 kg [49]. The average male and female weights were 
weighted by a gender distribution of 64.7% male and 35.3% 
female from the ICE and PATH studies [28, 39]. For Hizen-
tra, the initial maintenance weekly dose was 0.2 g/kg body 
weight, based on US prescribing information (label) and the 
PATH study [39]. At 24 weeks, patients were evaluated for 
relapse in the PATH study [39]; those who did not relapse 
were assumed to continue on the stable 0.2 g/kg body weight 
dose. For those who did relapse, subsequent dose manage-
ment was assumed to entail dose up-titration to 0.4 g/kg 
body weight for an additional 24 weeks, consistent with US 
prescribing information, and subsequent relapse rates were 
taken from the PATH extension study [42]. Observed initial 
and subsequent relapse rates from the placebo-controlled 
PATH study [39] and PATH extension study [42], respec-
tively, were adjusted in this indirect comparison with IVIGs, 
as below.

Underlying populations in the PATH and ICE studies were 
evaluated in terms of their respective relapse rates. In the 
PATH study, the observed relapse rate for the Hizentra main-
tenance dose of 0.2 g/kg body weight was 33% and the corre-
sponding placebo relapse rate was 56% [39]. In the ICE study, 
the observed relapse rate for the Gamunex (immune globulin 
injection [human] 10% caprylate/chromatography purified) 
maintenance dose of 1 g/kg body weight was 13% [28, 50] and 

Fig. 1   Decision tree model of maintenance treatment of CIDP with Hizentra versus IVIGs. CIDP chronic inflammatory demyelinating polyneu-
ropathy, IVIG intravenous immunoglobulin
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the placebo relapse rate was 42%. Since the placebo relapse 
rates were unequal across the two studies, indicative of popu-
lation heterogeneity, the relapse rate for the Hizentra 0.2 g/kg 
body weight dose was adjusted as follows:

•	 observed relative risk of Hizentra 0.2 g/kg dose versus 
IVIG (Gamunex) relapse rate = 0.33/0.13 = 2.53

•	 adjusted relative risk of Hizentra 0.2 g/kg dose versus 
IVIG (Gamunex) relapse rate = (0.33/0.56)/(0.13/0.42) 
= 1.90

•	 adjusted relapse rate for Hizentra 0.2 g/kg body weight 
= (13%) × (1.90) = 24.8%.

The subsequent relapse rate was similarly adjusted for 
the 24.8% of Hizentra 0.2 g/kg body weight-dosed patients 
who were projected to relapse at 24 weeks and were upti-
trated to the higher 0.4 g/kg body weight dosing, from the 
observed 8% in the PATH extension study [38] to 6%, as 
above. Finally, for the 75.2% of patients who did not relapse 
in the initial 24 weeks and remained on the same stable dose 
of 0.2 g/kg body weight, the observed relapse rate of 30% in 
the following 6 months was adjusted to 22.5%.

Maintenance dosing for IVIGs was calculated at 1.0 g/
kg body weight, with a post-relapse induction dose of 2.0 
g/kg [28, 50]. As noted, the ICE study was the basis of 
incorporated relapse rates at the initial assessment period 
(24 weeks) and post-relapse subsequent management [28]. 
IG maintenance was assumed to involve 15 yearly admin-
istrations, based on analysis of US patients from a global 
Guillain–Barré Syndrome (GBS)/CIDP Foundation patient 

survey [51]. The market shares of different IVIG products 
were taken from US data from the aforementioned GBS/
CIDP global patient survey (Table 1) [51].

For IVIGs, literature-based estimates were used for costs 
of IVIG infusions by site of care [37], IVIG site of care dis-
tribution [51], costs of IVIG complications (venous access, 
need for implanted infusion port, implanted infusion port 
complications), and types of infection and corresponding 
rates and costs [52–54] (Table 2). Hizentra AE rates from 
the Hizentra prescribing information were assessed for inclu-
sion in the model. The most frequent AEs for patients treated 
with 0.2g/kg Hizentra were local reactions (19.3%), fatigue 
(8.8%), headache (7%), and nasopharyngitis (7%) [55]. The 
vast majority of Hizentra AEs were mild, easily treated, and 
self-limiting and thus were not included in the model. Similar 
rates of common minor AEs were seen with Gamunex-C, such 
as headache (8%), pharyngitis (5%), injection site reaction 
(5%), and cough increased (7%) [50]. As the rates of minor 
AEs were similar between Hizentra and IVIG, and costs to 
treat these AEs were minimal, the model only considered 
serious AEs. Costs in the model reflect 2022 US dollars. In 
accordance with ISPOR guidelines and recommendations for 
budget impact modeling, no discounting was performed [46].

The distribution of site of care (IG administration) was 
based on the aforementioned GBS/CIDP Foundation survey. 
Finally, indirect costs for infusion time and caregiver time 
were included for the IDN perspective (base case). For the 
model base case from the IDN perspective, the percentage 
of patients requiring a caregiver was derived from evidence 
from two studies in a similar neuromuscular condition, 
myasthenia gravis [67, 68]. As the percentage of patients 
requiring a caregiver varied by underlying age and gender 
(higher age and males being associated with greater caregiv-
ing) in these studies, this relationship was applied to the age 
and gender distribution in the CIDP population from the 
ICE and PATH studies to arrive at an expected caregiver 
rate of 84% for the model base case [28, 39]. Travel cost 
per infusion, including fuel cost and parking/tolls, were also 
included from the IDN perspective.

A one-way sensitivity analysis was conducted by varying 
the key model input parameters one at a time while holding 
all other inputs constant to determine the sensitivity and 
robustness of the model. The base-case variance percentage 
was set to ±10%. An alternative sensitivity scenario with 
variance set to ±20% was also evaluated.

Various scenario analyses were also conducted. These 
consisted of (1) comparing Hizentra with Gamunex-C; (2) 
Hizentra compared with Panzyga; (3) Hizentra compared 
with hospital-based IVIG alone; (4) Hizentra compared with 
home-based IVIG alone; (5) Hizentra compared with IVIG, 
with all IVIG patients requiring infusion ports; (6) Hizentra 
compared with IVIG from a commercial perspective, exclud-
ing indirect costs; (7) Hizentra compared with IVIG using 

Table 1   Model comparator market shares and pricing

Bold font represents the weighted average for IVIG
ASP average sales price, AWP average wholesale price, CMS Centers 
for Medicare and Medicaid Services, IVIG intravenous immunoglob-
ulin, WAC​ wholesale acquisition cost
a ASP reported by the CMS is ASP + 6%; ASP is reported per 100 mg 
for Hizentra and per 500 mg for other IVIG products. WAC and AWP 
are reported per gram

IVIG mar-
ket share 
(%)

ASPa (US$) WAC​a 
(US$)

AWPa 
(US$)

Hizentra 11.785 200.20 240.24
Gamunex-C 28.9 46.509 130.12 156.14
Gammagard 

liquid
38.6 46.667 155.24 186.29

Privigen 13.3 45.008 159.40 191.28
Octagam 6.0 41.613 179.60 215.52
Panzyga 7.2 55.360 190.16 228.19
Flebogamma 6.0 35.893 104.98 125.98
IVIG aver-

age
100.00 46.077 149.49 179.39
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Table 2   IG site of care (administration) and infusion-related costs: Hizentra and IVIGs

Input Value Costs (US$) Source

Hizentra home (self-administered) percentage 100% – Assumption
IVIG home (nurse-administered) percentage 39% – GBS/CIDP Foundation 2018 [51]
IVIG hospital outpatient percentage 31% – GBS/CIDP Foundation 2018 [51]
IVIG office/other percentage 30% – GBS/CIDP Foundation 2018 [51]
Hizentra home (self-administered) patient/caregiver training 

hours
4 – GBS/CIDP Foundation 2018 [51]

Cost per training hour $55.82 – CPT 98960 [56]
Home (nurse-administered) cost per infusion $310 – Slen, 2014 [36]; Luthra, 2014 [37]
IVIG administration, hospital outpatient $2299 – Slen 2014 [36]; Luthra 2014 [37]
Co-pay infusion $25.00 – Assumption
Home (nurse-administered) infusion time, hours 3.75 31.31/h GBS/CIDP Patient Survey [51]; US Bureau of Labor 

Statistics [57]
Hospital outpatient infusion time, hours 8.25 31.31/h GBS/CIDP Patient Survey [51]; US Bureau of Labor 

Statistics [57]
Hospital outpatient caregiver time, hours 8.25 31.31/h GBS/CIDP Patient Survey [51]; US Bureau of Labor 

Statistics [57]
IVIG administration, office $826.00 – Slen 2014 [32]
Office, infusion time, hours 7.75 31.31/h GBS/CIDP Patient Survey [51]; US Bureau of Labor 

Statistics [57]
Office, caregiver hours 7.75 31.31/h GBS/CIDP Patient Survey [51]; US Bureau of Labor 

Statistics [57]
Patients requiring permanent PICC, surgically implanted 

CVC or infusion port
20% 46.00 GBS/CIDP Patient Survey [51]; Pierce 2004 [58]

Catheter-related infections 0.93% 12,842 GBS/CIDP Patient Survey [51]; AHRQ HCUP [59]
Catheter-related blood stream infections 1.5% 56,167 Maki 2006 [60]; Dimick 2001 [54]
Thrombophlebitis (clotting excluding infection) 2.2% 5136 GBS/CIDP Patient Survey [51]; AHRQ HCUP [59]
Infiltration and extravasation 0.6% 7401 Hadaway 2007 [61]; AHRQ HCUP [59]
Thromboembolic events 0.38% 13,200 Ramirez 2014 [29]; Grosse 2016 [62]
Aseptic meningitis 0.07% 12,013 Bharath 2014 [63]; AHRQ HCUP [59]
Acute hemolysis 0.04% 10,050 Daw 2008 [64]; AHRQ HCUP [59]
Travel cost – fuel cost per infusion 8.70 Weiss 2021 [65]
Travel cost – parking/tolls per infusion 13.00 Premnath 2020 [66]
Hizentra home (self-administered) percentage 100% – Assumption
IVIG home (nurse-administered) percentage 39% – GBS/CIDP Foundation 2018 [51]
IVIG hospital outpatient percentage 31% – GBS/CIDP Foundation 2018 [51]
IVIG office/other percentage 30% – GBS/CIDP Foundation 2018 [51]
Hizentra home (self-administered) patient/caregiver training 

hours
4 – GBS/CIDP Foundation 2018 [51]

Cost per training hour $55.82 – CPT 98960 [56]
Home (nurse-administered) cost per infusion $310 – Slen 2014 [36]; Luthra 2014[37]
IVIG administration, hospital outpatient $2299 – Slen 2014 [36]; Luthra 2014 [37]
Co-pay infusion $25.00 – Assumption
Home (nurse-administered) infusion time, hours 3.75 31.31/h GBS/CIDP Patient Survey [51]; US Bureau of Labor 

Statistics [57]
Hospital outpatient infusion time hours 8.25 31.31/h GBS/CIDP Patient Survey [51]; US Bureau of Labor 

Statistics [57]
Hospital outpatient caregiver time, hours 8.25 31.31/h GBS/CIDP Patient Survey [51]; US Bureau of Labor 

Statistics [57]
IVIG administration, office $826.00 – Slen 2014 [31]
Office, infusion time, hours 7.75 31.31/h GBS/CIDP Patient Survey [51]; US Bureau of Labor 

Statistics [57]
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unadjusted relapse rates; (8) Hizentra compared with IVIG, 
with AEs excluded; (9) Hizentra versus IVIG using only the 
ASP; and (10) Hizentra versus IVIG using mean average 
weights for males and females.

3 � Results

3.1 � Budget Impact

Based on the US-labeled starting dose of 0.2 g/kg for 
maintenance treatment of CIDP, the output of the model 
revealed that Hizentra is expected to result in annual cost 
savings of about US$32,000 per patient compared with 
a market basket of IVIGs (Fig. 2). As seen, slightly over 
US$10,000 of the per-patient expected savings are attrib-
utable to drug costs and the remaining approximately 
US$22,000 are attributable to non-drug (infusion and 
AE) costs. For a hypothetical 25-million-member IDN, 
the budget impact of a 10% market share shift from IVIG 
to Hizentra results in annual expected savings of about 
US$2.29 million (Fig. 3). Assuming a 5% market share 
shift from IVIG to Hizentra results in an annual expected 
savings of US$1.15 million, while assuming a 20% mar-
ket share shift from IVIG to Hizentra results in an annual 
expected savings of US$4.59 million. When evaluated in 
relation to Gamunex, the originally approved IVIG that 
is the basis for the efficacy outcomes (relapse rates) used 
in this model, the annual expected savings per patient are 
US$26,488, with a budget savings of about US$1.87 mil-
lion. By contrast, savings in relation to the most costly 
IVIG, Panzyga (immune globulin intravenous [human]-ifas 

10% liquid preparation), are an expected US$63,733 per 
patient and a favorable budget impact of US$4.51 million 
for the healthcare plan (Table 3).

The savings and budget impact savings seen in the model 
are expected to be more favorable for a shift from IVIGs to 
Hizentra under certain conditions or for specific subgroups. 
The first scenario is a greater share of hospital-based and 
infusion center-based IVIG infusions, as opposed to home 
administration of IVIG. This is especially so for hospital-
based IVIG infusions. Thus, for patients transitioning from 
hospital-based IVIG infusion to Hizentra self-infusion, the 
expected annual savings for each such patient is US$53,773 
and US$3.81 million if all IVIG patients were receiving 
hospital infusions. Nevertheless, even for patients who may 
choose self-infusion over home-based IVIG infusion with a 
healthcare professional, our model projected annual savings 
of about US$16,881 per patient and US$1.19 million at the 
organization level.

A second group for whom expected savings are likely 
to be greater is patients who require implantable ports for 
IVIG infusions. For them, because of the excess incidence 
of AEs and associated costs for patients on implantable infu-
sion ports, the expected savings from a transition to Hizentra 
subcutaneous infusion would be US$46,552 and US$3.29 
million for the organization if all patients receiving IVIG 
required implantable ports.

In addition to variability in patient-level costs, the model 
predicts additional opportunity for an IDN to increase pro-
jected cost savings with a larger shift of the IVIG population 
to Hizentra. Thus, a shift of 15% (from an assumed current 
Hizentra share of 10% to 25% in 1 year) would yield a pro-
jected cost savings of about US$3.44 million.

Table 2   (continued)

Input Value Costs (US$) Source

Office, caregiver hours 7.75 31.31/h GBS/CIDP Patient Survey [51]; US Bureau of Labor 
Statistics [57]

Patients requiring permanent PICC, surgically implanted 
CVC or infusion port

20% 46.00 GBS/CIDP Patient Survey [51]; Pierce 2004 [58]

Catheter-related infections 0.93% 12,842 GBS/CIDP Patient Survey [51]; AHRQ HCUP [59]
Catheter-related blood stream infections 1.5% 56,167 Maki 2006 [60]; Dimick 2001 [54]
Thrombophlebitis (clotting, excluding infection) 2.2% 5136 GBS/CIDP Patient Survey [51]; AHRQ HCUP [59]
Infiltration and extravasation 0.6% 7401 Hadaway 2007 [61]; AHRQ HCUP [59]
Thromboembolic events 0.38% 13,200 Ramirez 2014 [29]; Grosse 2016 [62]
Aseptic meningitis 0.07% 12,013 Bharath 2014 [63]; AHRQ HCUP [59]
Acute hemolysis 0.04% 10,050 Daw 2008 [64]; AHRQ HCUP [59]
Travel cost – fuel cost per infusion 8.70 Weiss 2021 [65]
Travel cost – parking/tolls per infusion 13.00 Premnath 2020 [66]

AHRQ HCUP Agency for Healthcare Research and Quality Healthcare Cost and Utilization Project, CIDP chronic inflammatory demyelinat-
ing polyneuropathy, CPT Common Procedural Terminology, GBS Guillain–Barré Syndrome, CVC central venous catheter, IG immunoglobulin, 
IVIG intravenous immunoglobulin, PICC peripherally inserted central catheter
a Based on an average distance traveled of 8.7 miles each way (17.4 miles round trip) at a cost of $0.50/mile
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Fig. 2   Average cost per patient 
in the treatment of CIDP. CIDP 
chronic inflammatory demyeli-
nating polyneuropathy, IVIG 
intravenous immunoglobulin

Fig. 3   Budget impact of Hizen-
tra in the treatment of CIDP. 
The budget impact is calculated 
as the difference between the 
total cost of the current scenario 
(without Hizentra) and the 
total cost of the new scenario 
(with Hizentra) in year 1. CIDP 
chronic inflammatory demyeli-
nating polyneuropathy

$116,031,978 $113,735,743

$0

$20,000,000

$40,000,000

$60,000,000

$80,000,000

$100,000,000

$120,000,000

$140,000,000
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 Total Impact = -$2,229,235 

Table 3   Model results by scenario

ASP average sales price, IVIG intravenous immunoglobulin

Scenario Per patient cost savings (Hizentra vs. 
IVIG) [US$]

Budget impact 
(US$, million)

Hizentra vs. IVIG market basket (base case) 32,447 2.29
Hizentra vs. Gamunex 26,488 1.87
Hizentra vs. Panzyga 63,733 4.51
Hizentra vs. hospital-based IVIG 53,773 3.81
Hizentra vs. home-based IVIG 16,881 1.19
Hizentra vs. IVIG with all patients requiring infusion ports 46,552 3.29
Hizentra vs. IVIG (commercial perspective) [excludes indirect costs] 30,896 2.19
Hizentra vs. IVIG, unadjusted relapse rates 27,400 1.94
Hizentra vs. IVIG, IVIG adverse events excluded 28,113 1.99
Hizentra vs. IVIG, using ASP 32,949 2.33
Hizentra vs. IVIG, using average male weight (90.6 kg) 32,999 2.34
Hizentra vs. IVIG, using average female weight (77.5 kg) 31,460 2.23
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Under other scenarios, overall expected savings and 
budget impact from an IVIG to Hizentra switch may be 
more modest. First, if indirect costs such as patient and car-
egiver time were not valued as in the commercial perspec-
tive, the annual cost savings per patient would be smaller, 
at US$30,896 per patient compared with the market basket 
of IVIGs, and US$2.19 million for a commercial health 
plan that is not responsible for patient and caregiver time 
costs.

Second, if we did not adjust for severity differences in 
the underlying populations of the Hizentra clinical study 
(PATH) [more severe as reflected in a higher placebo relapse 
rate] and the Gamunex clinical study (ICE) [less severe with 
a lower placebo relapse rate], the expected annual cost sav-
ings per patient would be US$27,400 and the organizational 
annual budget savings would be around US$1.94 million.

Third, if the IVIG AEs were not included (i.e., were 
assumed to be negligible), then the expected annual cost 
savings per patient would be about US$28,113 and the 
annual budget savings would be limited to US$1.99 mil-
lion. Finally, we included a scenario using only the ASP; 
the expected savings per patient would be about US$32,949 
and the budget impact savings would be US$2.33 million, a 
slight increase from the model base case.

3.2 � Sensitivity Analysis

The output for the one-way sensitivity analysis is the budget 
impact with a base-case value of US$2,296,235. The results 
of the sensitivity analysis suggest that the model param-
eters with the largest impact on the budget impact results 
were, in order of decreasing impact, the number of yearly 
IVIG administrations, the IVIG maintenance dose (g/kg), 
the number of yearly Hizentra administrations, and the 
Hizentra price (ASP). The sensitivity analysis showed a 
maximum expected annual budget impact of US$3,458,586 
when the number of yearly IVIG administrations was 
increased by 10%, and a minimum expected budget impact 
of US$1,133,884 when the number of yearly IVIG admin-
istrations was reduced by 10% (Fig. 4). When adjusting the 
input variables by ±20%, the key drivers of the model did 
not vary, but the budget impact ranged from US$4,620,936 
to US$28,466.

4 � Discussion

Due to its progressive neuromuscular pathophysiology, the 
journey of a patient with CIDP is typically characterized by 
decreasing physical function and quality of life [69] and high 
disability levels [70, 71]. Going beyond diagnosis and early 
treatments with immunosuppressives, including corticoster-
oids, IGs have been demonstrated to be variously associ-
ated with improvement from acutely dysfunctional to stable 

physical function and subsequent maintained relapse-free 
state for most patients [27, 28, 39]. In addition, maintenance 
treatment with IGs, specifically Hizentra, has been shown 
to be associated with maintenance of patient-reported health 
status and quality of life [40].

Within the class of IG treatments, additional benefit in 
terms of patient-reported treatment satisfaction has been 
shown to occur with a switch from healthcare professional 
administration of IVIGs to self-infusion with SCIGs in a 
number of clinical studies [38, 72, 73] in another indication 
for IG treatment: primary immune deficiency. Furthermore, 
a clinical study of patients with CIDP also demonstrated a 
clear patient preference for SCIG administration over IVIGs 
[42].

In addition to improvement in patient health status and 
treatment satisfaction, an improvement in infusion process-
related AEs [29–32] may result from a switch from IVIGs 
to an SCIG such as Hizentra [74]. This switch has the poten-
tial for both a clinical and an economic benefit for CIDP 
patients.

For this study, we utilized literature-based inputs to 
develop a BIM of the introduction of Hizentra for main-
tenance treatment of CIDP to a formulary to inform cor-
responding economic and financial implications. This BIM 
suggests that the introduction of Hizentra administration 
in CIDP maintenance is expected to produce cost savings. 
Specifically, a switch from Hizentra was projected to save 
over US$30,000 per patient switched from IVIG and about 
US$2.3 million for a 25-million-member IDN that valued 
its members’ time and out-of-pocket infusion costs. For 
health plans that do not reimburse patients and caregivers 
for time and out-of-pocket expenses related to travel for any 
infusion (including IVIG) [65, 66], savings are expected 
to nevertheless be as much as US$31,000 per patient and 
about US$2.2 million at the plan level, in addition to the 
intangible benefit of reducing patient and caregiver bur-
den. Organizational-level savings were projected based on 
an assumption of a 10% shift (increase) in Hizentra market 
share, offset by a corresponding reduction in IVIG market 
share. Of note, a larger increase in Hizentra market share 
was expected to result in a proportionate increase in organ-
ization-level savings and may help offset any training and 
structural costs associated with a shift from IVIG infusions 
to SCIG infusions.

Our projected savings from a switch from IVIG to SCIG 
infusions, especially when the former are administered in a 
hospital setting [75], are consistent with similar conclusions 
with regard to use of self-injected biologics in other condi-
tions, such as rheumatoid arthritis [76, 77]. Although some 
savings are admittedly possible with a shift from the hos-
pital to home setting for IVIG infusions, our study showed 
optimal cost savings with self-administered subcutaneous 
infusions.
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Our budget impact findings are supported by those of an 
Australian cost-utility analysis of IVIG versus SCIG, which 
found that SCIG is cost effective in 93.2% of simulations, 
given a willingness-to-pay threshold of A$50,000 per qual-
ity-adjusted life-year [78]. Additionally, from a cost-minimi-
zation perspective, the analysis found that IVIG and SCIG 
were associated with average cost values of A$297,547 and 
A$251,713, respectively [78]. Although based on a related 
indication of primary immune deficiency, other economic 
evidence is consistent with the findings of our novel analysis 

in CIDP. According to economic analyses performed in Swe-
den, Germany, the UK, Canada, and France, home-based 
SCIG was found to be 25–75% less costly to the healthcare 
system than hospital-based IVIG [79–83]. While findings 
on economic analyses on other approved indications and 
other countries are not directly comparable with our esti-
mated expected BIM from a US plan perspective, especially 
when considering regional healthcare differences and prod-
uct prices, the directionality and similarity of magnitude of 
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cost benefit in each suggest that SCIG is more financially 
appealing than IVIG.

The recent coronavirus disease 2019 (COVID-19) pan-
demic has prompted fundamental shifts in drug infusions 
from real or perceived high-risk encounters in healthcare 
settings to the home environment [84]. It is expected that 
these trends may continue with greater patient independ-
ence and caution, even after the pandemic has subsided, thus 
providing continued impetus to health plans for encouraging 
such shifts in care.

4.1 � Limitations

As with any economic model, the validity of the results 
is dependent on the inputs and assumptions made within 
the model. Model inputs are based on a variety of assump-
tions, including the size of the target population, pharmacy 
costs, medical costs, and market shares. While we employed 
methodologically sound modeling techniques and tested 
our assumptions with sensitivity analyses, the inputs and 
assumptions used in this model may not be appropriate for 
all healthcare plans.

Additionally, we assumed that all patients administered 
Hizentra within the home setting would be self-administer-
ing therapy. In real-world settings, Hizentra administration 
may be facilitated via an infusion nurse for select patients.

5 � Conclusion

This budget impact analysis strongly suggests that Hizentra 
is expected to be associated with favorable economic ben-
efits compared with IVIG in the management of CIDP. As 
such, there may be economic value in switching patients 
from IVIG to an SCIG, in addition to intangible benefits 
in terms of greater treatment satisfaction for appropriate 
patients. Clearly, such a transition must be supported by 
adequate self-infusion training for patients. Other neces-
sary training may revolve around alleviating any modifiable 
patient-level factors that could decrease the chance of suc-
cessful and sustained uptake to SCIG. Furthermore, choice 
of IVIG versus SCIG and corresponding choice of site of 
administration are predicated upon a variety of patient-level 
and patient-influencing factors, including but not limited to 
those revolving around the COVID-19 pandemic, which may 
have influenced greater and perhaps enduring patient inde-
pendence worldwide.
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