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Background: The increasing use of non-specific immunoglobulins (NSIGs) and
their current shortage show a need for NSIGs' use prioritization. Data from a
clinical perspective are necessary, mainly for pediatric patients.

Objectives: The aim of the study was to assess the level of clinical evidence (LoE)
of the indications that NSIGs are used for, the reasons for discontinuation, and the
costs invested.

Methods: A retrospective multicentric study was conducted on NSIG incident
users between September 2019 and December 2021 retrieved from the Registry
of Patients and Treatments (RPT) from Catalonia (Spain). LoE was categorized as
A) authorized indications, B) unauthorized with scientific support, C)
unauthorized without support, and D) unknown (UNK), following local and the
United Kingdom's guidelines as a sensitivity analysis. We also estimated overall
spending and costs per patient visit.
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Results: A total of 400 patients were included (17.3% pediatric), with a mean follow-up
of 122.1/person-years for adults. The most frequent indications were nervous system
and blood diseases. Almost all pediatric patients (56; 81.2%) were treated under A-level
indications, as for 217 (65.6%) adults. In the sensitivity analysis, the A-level usage rate
decreased to one-third and the B-level usage rate increased by 2-3 times.
Furthermore, 37.8% (151) of individuals discontinued. This was predominantly due
to remission or no response. The total costs were 868,462.6€/year, with median
spending per visit amounting to 1,500€ for adults and 700€ for pediatric patients.

Conclusion: NSIGs are used in clinical practice mainly for approved indications;
however, non-approved indications are still an important issue. This could represent
a significant economic burden on the healthcare system, focusing on the pediatric
population and those at risk for discontinuation with alternative therapeutic options.

KEYWORDS

non-specific human immunoglobulins, drug utilization, patient safety, hospital registry,
discontinuation, costs

1 Introduction

Non-specific immunoglobulins (NSIGs) are used for a variety of
indications. Some of the approved indications include primary
immunodeficiency disorders, chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP), and Kawasaki disease.
Immunoglobulins can also be used off-label for other conditions
based on clinical experience and published cases or small studies.
Ruiz-Antoran et al. (2010) showed that 60% of the patients were
prescribed NSIGs for authorized indications in our setting, while 40%
received them for unauthorized (off-label) indications (Ruiz-Antordn
et al., 2010). As the number of both increases, the global demand for
immunoglobulins increases by about 6%-8% per year (European
Medicines Agency, 2016; Farrugia and Poulis, 2001; N’kaoua et al.,
2022; Touraille and Brosch, 2016; So-Osman et al., 2024).

In the past few years, intermittent shortages due to limited
supply of plasma have become increasingly frequent (European
Medicines Agency, 2016; N'kaoua et al., 2022; Touraille and Brosch,
2016; Spanish agency for medicines and health products, 2021;
Immunodeficiency United Kingdom, 2023; So-Osman et al,
2024). Such shortages also affected Catalonia (Spain) due to not
only their broad spectrum of indications or manufacturing
limitations but also recent critical disease outbreaks (Worner
et al, 2021). Moreover, NSIGs have been used to combat
respiratory infections caused by SARS-CoV-2, SARS-CoV, or
MERS-CoV (Ruiz-Antoran et al., 2010; Stanworth et al., 2020;
AminJafari and Ghasemi, 2020; Vallejo Rodriguez et al., 1999).
Adding to the 20% decrease in donations, the price of NSIGs has
increased significantly, and the agencies have had to make a supply
management plan (Spanish agency for medicines and health
products, 2021; Immunodeficiency United Kingdom, 2023).

Some healthcare providers and medical systems have taken steps
to optimize the limited supplies of immunoglobulins for patients
(World Health Organization, 2022; Canadian Blood Service, 2021;
Derman et al., 2021a; Toumi and Urbinati, 2015). Some strategies
have been established for NSIG use, like lowering doses, delaying
treatments, prioritizing based on medical need, and using alternative
therapies where those exist (European Parliament, 2020; Castle and
Robertson, 2019; Albin and Cunningham-Rundles, 2014).
Furthermore, other studies in our setting (Solis-Diez et al., 2022)
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have suggested a rationalization plan describing Catalan spending
but created a set of prioritization categories based on pharmacy and
non-European guidelines (National Blood Authority Australia,
2022; Alberta Ministry of Health Shared Health Manitoba and
Saskatchewan Ministry of Health, 2018) instead of the Public
Catalan Health System (SISCAT) guidelines. However, both adult
and pediatric patients risk not receiving the treatment they need
(Stanworth et al., 2020). Hence, it becomes paramount to shape the
investments intended for indications with or without scientific
evidence, what the cost of each patient means for the healthcare
system, and the reasons for discontinuation of NSIGs to elucidate
whether the investment has been worthwhile. There can be several
reasons for interrupting a treatment with NSIGs, including side
effects, inefficacy, or remission of the underlying disease (Nobile-
Orazio et al, 2012; Angelotti et al, 2020). Therapy with
immunoglobulins is generally considered a safe treatment.
Nonetheless, mild-to-severe adverse effects have been reported in
11%-81% of patients (Wittstock et al., 2003).

In our setting, NSIGs are dispensed by the hospital for out- and
in-patient use. Thus, medical registries play a key role in the
systematic collection of data to obtain valuable information for
decision-making support (Solis-Diez et al., 2022; Condino-Neto
et al, 2014). In 2014, the Registry of Patients and Treatments
(RPT) was implemented in Catalonia by health professionals
from SISCAT to monitor the use of high-cost drugs under
routine clinical practice conditions (Roig Izquierdo et al., 2020).

Thus, in order to promote safe and rational use of
immunoglobulin products, we aim to describe their patterns of
use in adult and pediatric patients, and its related expenses.
Furthermore, we assess the level of evidence of their indications
and the reasons that led to discontinuation of the therapy.

2 Materials and methods
2.1 Study population and design
We conducted an observational cohort multicentric study in

three of the biggest third-level hospitals in Catalonia, Spain. We
included all new NSIG users between 1 September 2019 and
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Inclusion: Incidentuse of NSIG
registered in any of the hospitals
Days [0,0]

Exclusion criteria: Previous use of NSIG
Days [-365,-1]

Covariates:

Age, sex, weight, type and dose of NSIG,
diagnosis

Days [0,0]

Discontinuation, Reason of discontinuation
Days (0, Censor)

o

Time
Cohort entry date:
start date of NSIG

use

FIGURE 1

>

End of follow-up

Diagram of the study design. Index date was defined as the date of start of use of non-specific immunoglobulins. End of follow-up (censor) for all
outcomes in patients was the earliest date of outcome, discontinuation, death, or 31 December 2021. NSIG, non-specific immunoglobulin.

31 December 2021. The follow-up ended at the time of treatment
discontinuation, death, loss of follow-up, or end of the study period
(see Figure 1).

2.2 Data source and setting

We used the information from third-level hospitals belonging to
SISCAT: Vall d’Hebron University Hospital (VHUH), Germans
Trias i Pujol University Hospital (GTiPUH), and Bellvitge
University Hospital (BUH). These are three of the biggest
hospitals included in the Catalan public healthcare system. Only
the BUH does not have pediatrics and obstetrics department (Vall
D’Hebron Barcelona Hospital Campus, 2024; Bellvitge Hospital
Universitari, 2024; Hospital Universitari Germans Trias i
Pujol, 2024).

Data were retrieved from the RPT, which is a registry of patients
using high-cost drugs under routine clinical practice conditions.
From 1 September 2019, it was made mandatory to register NSIG
variables, as defined by the Pharmacotherapeutic

Harmonization Program (PHF). The start of use of an NSIG and

users’

subsequent visits for its administration trigger a record in the RPT.
Thus, we can assume that each visit means a dose administration.
The general structure of the registry consists of information on basic
demographic data, the identification of the treatment, indication, the
reason for discontinuation, and other relevant clinical variables at
follow-up (Roig Izquierdo et al., 2020).

2.3 Exposure

The exposures of interest were either intravascular NSIGs
(IVIGs; ATC code J06BA02) or subcutaneous NSIGs (SCIGs;
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ATC code J0O6BA10). New users were defined as those with no
NSIG prescription or dispensation in the year prior to the cohort
entry date (see Figure 1). Thus, a patient might have multiple-
episodes  within  the
discontinuation was defined as NSIG stoppage for a year or

incident study period. Treatment
longer after the last administration date. If a patient changed
from one type of NSIG to another in less than 1 year, he/she was
considered to be a switcher.

2.4 Outcomes

The main outcomes of interest were the level of evidence of the
indications for NSIG use, the reasons for discontinuation of the
therapy, and the costs invested per visit.

The indications of use are reported using the ICD-10 vocabulary
and categorized depending on the level of evidence available for each
following the clinical guidelines. As a reference, we applied the
SISCAT guideline (Public Catalan Health System, 2021), which is in
force in Catalonia. We conducted a sensitivity analysis using the
United Kingdom NSIGs guideline because it also focuses on clinical
evidence, regardless of economic conditions (Department of Health
and Social Care of the Government of United Kingdom, 2011).
Other guidelines outside the European setting actually exist but are
centered on the prioritization of use in situations of shortage, rather
than on evidence of clinical efficacy (Agenzia Italiana del Farmaco,
2022; Agence Nationale de sécurité du médicament et des produits
de santé, 2019). The levels of evidence were described as follows: A)
indications authorized by the European Medicines Agency (EMA),
B) unauthorized indications with substantial scientific support, C)
unauthorized indications without sufficient scientific support, and
D) UNK: indications with unknown evidence or unclassified (see
Supplementary Table S1).
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The reasons for discontinuation were established as the PHF
requires, i.e., death, remission of the underlying disease, no response
to the therapy, drug-drug interaction, toxicity, and patient’s
decision, among others (Public Catalan Health System, 2021).

The costs were calculated using the actual purchase price (in
euros, €) agreed between the hospitals and the manufacturer, per
gram of NSIG, per type (IVIG or SCIG), and year (see
Supplementary Table S2). Thus, we took into account the direct
costs of drug purchase but not other indirect costs. We estimated the
absolute spending and also the costs per patient visit. To calculate
the absolute costs per patient, the costs of all patient visits (NSIG
administrations) were summed, and then, the median and range
were calculated. Note that the result will be time-dependent (the
more visits, the more expenditure). To calculate the costs generated
per visit, the cost of each visit for each patient was taken into
account, and then, the median and range were calculated. Thus, the
result is independent of the treatment length. We incorporated in
our calculation weight and dosage variations (e.g., induction vs.
maintenance dosage) during the follow-up.

2.5 Covariates

We extracted information on age, sex assigned at birth, weight,
induction dosage, and number of visits and NSIG administrations.
Moreover, weight and dosage changes at each follow-up visit were
available (see Figure 1). We report age as a categorical variable to
distinguish pediatric (<18 years) and adult patients (>18 years).

2.6 Statistical analysis

Descriptive characteristics are given as mean (standard
deviation), median (interquartile range or range), or number
(percentage). Time of contribution is calculated in person-years.
Outcome counts and proportions are presented stratified by age
band, sex assigned at birth, the level of evidence, and hospital center.
All analyses were conducted using RStudio version 4.1.2 (RStudio
Team, 2020).

A sensitivity analysis was performed replicating our calculations
of main outcomes using the United Kingdom guidelines reporting
NSIG evidence of clinical efficacy. These guidelines also differentiate
the level of evidence by the duration of the treatment per indication.
As SISCAT guidelines do not differentiate between chronic- and
acute-duration usage, we chose the highest piece of evidence in order
to compare them (Public Catalan Health System, 2021; Department of
Health and Social Care of the Government of United Kingdom, 2011).

2.7 Data management and quality control

The de-identification process was performed locally using
scripts hosted in a private GitHub repository. Afterward,
anonymized data were shared for a
in the VHUH.

We performed quality checking procedures on the de-identified

centralized analysis

data. This included information on missingness, duplicates,

inconsistencies, and counts and distributions of variables to
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screen for outliers. Referees from each participant center
reviewed and corrected the issues flagged in the quality report.
No imputation was needed due to the absence of missing data.

2.8 Ethical approval

This study was approved by the Comité de Etica de la
Investigacion con medicamentos (CEIm) of VHUH on
14 February 2022 [protocol reference: VDH-IGG-2021-03; review
code: EOM(AG)017/2021(5812)]. Although the centralized
approval applies, the CEIm from the BUH and GTiPUH
validated the protocol approval (review codes EOMNAO01/
22 and PI-22-046, respectively). This study was registered under
reference EUPAS48635.

The study has been carried out in accordance with the principles
from the Declaration of Helsinki and according to current legal
regulations (Real Decreto 957/2020). All information obtained in the
study has been treated confidentially, in compliance with the Ley
Organica de Proteccion de Datos de Caracter Personal (LOPD) 3/2018.

3 Results
3.1 General characteristics

This study comprised a total of 400 patients [80 (20.0%) from
the GTiPUH, 95 (23.8%) from the BUH, and 225 (56.3%) from the
VHUH], 201 (50.3%) of which were female individuals. Pediatric
patients (<18 years of age) represented 17.3% (n = 69) (see Figure 2).
Across hospital centers, the mean-time contribution to the cohort
was similar for adults (mean of 122.1 person-years) and varied
substantially for pediatric patients, ranging from 1.44 in GTiPUH to
45.1 person-years in VHUH. In addition, 95.7% (66) of pediatric
patients was detected in VHUH. For adult patients in GTiPUH, the
use of SCIGs at the start of treatment was approximately 3.5-fold
higher than that in the other centers. However, the median dose at
baseline was similar between the three hospitals (see Table 1).
Overall, we detected a total of two patients with multiple
incident episodes during the study period and four switchers.
These were counted only once based on the initial treatment.

The most frequent indications of the use of NSIGs per hospital
were diseases of the nervous system in the BUH (53/95; 55.8%) and
immunodeficiency replenishment therapy, blood and blood-
forming organ diseases in the GTiPUH [32/77 (41.6%) adults
and 3/3 (100%) pediatrics] and VHUH [77/159 (48.4%) adults
and 19/66 (28.8%) pediatrics] (see Table 2; Supplementary Table
S3 for the counts segregated by indication). Discrete differences were
detected when stratifying by sex assigned at birth, i.e., slightly more
women were being treated for B-level indications than men and the
opposite for A-level (see Supplementary Table S4).

3.2 Level of evidence
Stratification by the level of evidence according to SISCAT

guidelines showed that most patients, regardless of the age were
treated because of an A-level indication (273; 68.3%), followed by
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Patients who initiated treatment with non-specificimmunoglobulins registered in RPT

BUH
n=185

No information in the look-back
period

Treatment with NSIG after september

2018 i
Prevalentcases. Treated during ; .n->20- T
look-back period (Sept 1st, 2018 — o
Aug31st, 2019)
4
Incident cases. Period of treatment
(Sept1ist, 2019 —Dec 31st, 2021)
>18 ./ «s8
years years

n=95 n=0

FIGURE 2

GTiPUH VHUH
n=115 n=502
I n=0 |« n=214 | <
v v
———
n=185 n=185 |
n=35 | < n=63 | <
v v

>18 <18 218 <18

years years years years
n=77 n=3

n=159 n=66

Flowchart of the selection of patients by hospital. BUH, Bellvitge University Hospital; GTiPUH, Germans Trias i Pujol University Hospital; NSIG, Non-
specific immunoglobulins; RPT, Registry of Patients and Treatments; VHUH, Vall d'Hebron University Hospital.

B-level (91; 22.7%) and UNK-level (32; 8.0%) indications, and least
for a C-level indication (4; 1.0%). Note that almost all pediatric
patients (56; 81.2%) were treated under an A-level indication, 7
(10.1%) for a B-level indication, none for a C-level indication, and 6
(8.7%) for UNK-level indications. The proportion of the incident use
of an NSIG due to an A-level or C-level evidence indication was
higher in the BUH, while in the VHUH, B-level or UNK-level
indications were mostly detected (see Table 2). Supplementary Table
S4 shows that in VHUH, the percentages of treatment by the level of
evidence are quite balanced across sexes. However, in BUH and
GTiPUH, we found 15.9%-23.3% fewer women were treated in the
A-level category and 11.5%-22.5% more women were treated in the
B-level category than men.

When conducting the sensitivity analysis using the classification
of levels of evidence of the guideline from the United Kingdom, we
perceived a clear shift toward the lower evidence indication
categories. Compared to NSIG use based on SISCAT
classification, for adults, the A-level usage rate was reduced to
one-third. In contrast, the B-level rate increased by 2-3 times
UNK-level. C-level
indications increased up to 10.4% of adult patients in GTiPUH.
In pediatric patients, in GTiPUH, they remained in the A-level. Note
that for the VHUH, the proportion of use in the A-level decreased by

and also increased markedly for the
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one-fourth compared to the SISCAT classification, while the B- and
UNK-levels significantly increased 5-fold and 2.5-fold, respectively.
Additionally, three pediatric patients were now classified into the
C-level evidence category (see Supplementary Table S5).

3.3 Discontinuation and reasons for
discontinuation

From the total population, 37.8% (151) of individuals, 50.7% of
pediatrics, and 35.1% of adults discontinued the NSIG treatment.
Most pediatric patients who discontinued received NSIGs as
replenishment therapy related to a hematopoietic stem-cell
transplantation (11; 31.4% of all pediatric discontinuers). For all
the hospitals, most discontinuers were treated under the indication
of myasthenia gravis, which is classified as an A-level indication by
SISCAT guidelines and as a B-level indication by the
United Kingdom guidelines: 6 (17.7%), 10 (66.7%), and 9
(13.4%) for the BUH, GTiPUH, and VHUH adult discontinuers,
respectively. The majority of patients with authorized or evidence-
based indications did not discontinue the therapy. For the other
levels of evidence, counts might be insufficient to draw fair
inferences (see Supplementary Table S6).
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GTiPUH
Adults (=18 years of age)
Population All, n (%) 95 (28.7) 77 (23.3) 159 (48.0)
Woman, n (%) 51 (53.7) 37 (48.1) 88 (55.4)
Age, median [IQR] years 56.5 [45.8-72.0] 59 [45.0-70.0] 54 [40.0-64.0]
Weight, median [IQR] kg 69.5 [60.0-78.5] 70 [64.0-80.0] 67 [60.0-75.0]
Time of follow-up, person-years 106.3 105.4 149.7
Number of visits, median [range] 2 [1-6] 2 [1-6] 2 [1-7]
Exposure® Intravenous immunoglobulin, n (%) 87 (91.6) 54 (70.1) 147 (92.5)
Subcutaneous immunoglobulin, n (%) 8 (8.4) 23 (29.9) 12 (7.6)
Dose at start, median [IQR] g/kg 0.6 [0.4-2.0] 0.8 [0.4-2.0] 0.5 [0.4-2.0]
Pediatrics (<18 years of age)
Population All, n (%) 0 3(4.3) 66 (95.7)
Woman, n (%) — 1(33.3) 24 (36.4)
Age, median [IQR] years — 7 (5.5-8.5) 9.5 [5.0-13.0]
Weight, median [IQR] kg — 21 (20.5-21.0) 29.5 [17.8-42.8]
Time of follow-up, person-years — 1.44 45.1
Number of visits, median [range] — 1[1-1] 1[1-7]
Exposure® Intravenous immunoglobulin, n (%) — 2 (66.7) 63 (95.5)
Subcutaneous immunoglobulin, n (%) — 1(33.3) 3 (4.5)
Dose at start, median [IQR] g/kg — 0.8 [0.6-0.9] 0.4 [0.4-1.0]

BUH, Bellvitge University Hospital; GTiPUH, Germans Trias i Pujol University Hospital; IQR, interquartile range; NA, not applicable; VHUH, Vall d’Hebron University Hospital.

“At the start of follow-up.
"BUH only has an adult population.

The reasons for such discontinuations included remission of
the underlying disease or no response to the NSIG therapy,
either in adult or pediatric patients. Note that death was the
third most common reason for discontinuation, even for A-level
and B-level indications of use. There seemed to be no
remarkable differences between hospitals (see Figure 3;
Supplementary Table S7). In the sensitivity analysis, most
discontinuers shifted from the A-level toward the B-level
category (see Supplementary Table S8).

3.4 Costs

Absolute and patient-visit costs for the main and the sensitivity
analyses, and their calculations are provided in Table 3, in euros (€).
The included population accumulates a total amount of 2,026,412.8€
in 2.3 years (4.4% for pediatric patients), which means 868,462.6€
per year. Most of the investments are dedicated to A-level
indications in the main analysis. Furthermore, it can be seen that
costs per patient-visit for the indications with less clinical evidence
(C-level and UNK-level) were not negligible at all, especially in
GTiPUH and BUH. Nonetheless, spending for UNK-level
indications was found in the VHUH as well. In the sensitivity
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analysis, there is a remarkable shift in spending on A-level
indications to levels of lower clinical evidence.

4 Discussion

Our study includes 400 patients from three third-level hospitals
in Catalonia, who were mostly treated because of A-level indications.
However, non-approved indications are still an issue.
Immunodeficiencies, hematopoietic stem cell transplantation, and
neurologic diseases were the most frequent diagnoses. The level of
evidence classification clearly switched toward lower evidence
categories when using United Kingdom clinical guidelines
instead. This illustrates that the perspective might vary
depending on the reference guideline. The main reasons for
discontinuing NSIGs either for pediatric and adult patients were
remission of the underlying disease, absence of response, and death.
The whole cohort spent 868,462.6€ per year. Most of the investments
were in authorized indications, but costs per visit were often higher
for unauthorized indications, meaning a significant economic
burden on the healthcare system.

Our results on the indications where NSIGs are used are in line
with those of other studies (Ruiz-Antordn et al., 2010; Vallejo
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TABLE 2 Indications of use of non-specific immunoglobulins by hospital, age band, and the level of clinical evidence according to SISCAT guidelines.

Indication

BUH?, n (%)

>18 year

A—Authorized

>18 year

GTiPUH, n (%)

<18 year

VHUH, n (%)

>18 year

<18 year

Total

n (%)

Immunodeficiency replenishment therapy, and blood and blood- 18 (19.0) 27 (35.1) 3 (100) 50 (31.3) 15 (22.6) 113 (41.4)

forming organs
Common variable immunodeficiency 7 (7.4) 15 (19.5) — 22 (13.8) 3 (4.5) 47 (17.2)
Primary antibody immunodeficiency syndrome (SIP) 5 (5.3) 3 (3.9) — 9 (5.6) 2 (3.0) 19 (7.0)
Purpura and other hemorrhagic conditions, including idiopathic = 2 (2.1) — 2 (66.7) 6 (3.8) 7 (10.6) 17 (6.2)

and immune thrombocytopenia
Chronic lymphatic leukemia with severe secondary 2 (2.1) 2 (2.6) — 5(3.1) — 9 (3.3)
hypogammaglobulinemia and recurrent infections
IgG subclass deficiency with recurrent infections — 5 (6.5) — 4 (2.5) — 9 (3.3)
Congenital hypogammaglobulinemias 2(2.1) - 1(33.3) 2 (1.3) 1 (1.5) 6 (2.2)
Combined severe immunodeficiency — 1(1.3) — — 2 (3.0) 3(1.1)
Multiple myeloma with severe secondary — 1(1.3) — 1 (0.6) — 2 (0.7)
hypogammaglobulinemia
Nonfamilial hypogammaglobulinemia — — — 1 (0.6) — 1 (0.4)

Nervous system 43 (45.3) 12 (15.6) 0 (0) 28 (17.5) 1(1.5) 84 (30.8)
Myasthenia gravis 19 (20.0) 7 (9.1) — 12 (7.5) — 38 (13.9)
Chronic inflammatory demyelinating polyneuropathy 8 (8.4) 5 (6.5) — 12 (7.5) 1 (1.5) 26 (9.5)
Multifocal motor neuropathy 14 (14.7) — — 3(1.9) — 17 (6.2)
Guillain Barré syndrome 1(1.1) — — — — 1(0.4)
Other inflammatory polyneuropathies 1(1.1) — — — — 1 (0.4)
Myasthenia gravis without (acute) exacerbation — — — 1 (0.6) — 1 (0.4)

Transplantation 7 (7.4) 11 (14.3) 0 (0) 21 (13.2) 37 (56.0) 76 (27.9)
Antibody-mediated rejection treatment in solid organ transplant = 7 (7.4) 9 (11.7) — 4 (2.5) 8 (12.1) 28 (10.3)
Replenishment therapy for allogeneic hematopoietic stem cell — 1(1.3) — 5(3.1) 19 (28.8) 25 (9.2)

transplantation with hypogammaglobulinemia
Kidney transplant — 1(1.3) — 7 (4.4) 4 (6.1) 12 (4.4)
Desensitizer treatment before a high-risk immunological solid — — — 2 (1.3) 2 (3.0) 4 (1.5)

organ transplant
Bone marrow transplant — — — 1 (0.6) 2 (3.0) 3(1.1)
Desensitizer treatment before an ABO-incompatible or HLA- — — — 2 (1.3) — 2 (0.7)
incompatible transplant
Liver transplant — — — — 2 (3.0 2 (0.7)
Total A 68 (71.6) 50 (64.9) 3 (100) 99 (62.3) 53 (80.3) 273 (68.3)
B—Not authorized with evidence

Immunodeficiency replenishment therapy, and blood and blood- 7 (7.4) 5(6.5) 0 (0) 24 (15.1) 4 (6.1) 40 (44.0)

forming organs
Replenishment therapy for secondary antibody deficiency 4 (4.2) 4 (5.2) — 16 (10.1) 3 (4.6) 27 (29.7)

syndrome
Secondary immunodeficiency replacement therapy with severe or = 3 (3.2) 1(1.3) — 8 (5.0) 1 (1.5) 13 (14.3)
recurrent infections, ineffective antimicrobial or specific antibody

treatment (PSAF)

Musculoskeletal system and connective tissue 4 (4.3) 6 (7.8) 0 (0) 10 (6.2) 1(1.5) 21 (23.1)
Dermatomyositis and polymyositis 3(3.2) 6 (7.8) — 6 (3.7) — 15 (16.5)
Systemic lupus erythematosus (SLE) — — — 3(1.9) — 3(3.3)
Stiff person syndrome 1(L1) — — 1 (0.6) — 2(22)
Juvenile dermatomyositis with myopathy — — — — 1(1.5) 1(1.1)

Nervous system 8 (8.5) 8 (10.4) 0 (0) 8 (5.1) 2 (3.0) 26 (28.6)
Autoimmune or paraneoplastic encephalitis — 6 (7.8) — 4 (2.5) 1 (1.5) 11 (12.1)
Lambert-Eaton myasthemic syndrome 6 (6.4) 1(1.3) — — — 7(7.7)
Unspecified myopathy 2 (2.1) — — 2 (1.3) — 4 (4.4)
Severe and refractory epilepsy — 1(1.3) — — 1 (1.5) 2 (2.2)
Other inflammatory and immune myopathies — — — 2 (13) — 2(2.2)
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TABLE 2 (Continued) Indications of use of non-specific immunoglobulins by hospital, age band, and the level of clinical evidence according to SISCAT

guidelines.
Indication BUH?, n (%) GTiPUH, n (%) VHUH, n (%) Total
>18 year  >18 year <18 year >18 year <18 year n (%)
Transplantation 1(1.1) 0 (0) 0 (0) 0 (0) 0 (0) 1(1.1)
Need for immunization against single bacterial diseases in the 1(1.1) — — — — 1(1.1)
context of liver transplantation
Other diseases 1(1.1) 1(1.3) 0 (0) 1 (0.6) 0 (0) 3 (3.3)
Replacement therapy in anti-neutrophil cytoplasmic autoantibody = 1 (1.1) 1(1.3) — 1 (0.6) — 3(3.3)
(ANCA) vasculitis
Total B 21 (22.1) 20 (26.0) 0 (0) 43 (27.0) 7 (10.1) 91 (22.7)
C—Not authorized without evidence
Immunodeficiency replenishment therapy, and blood and blood- 1(1.1) 0 (0) 0 (0) 1 (0.6) 0 (0) 2 (50.0)
forming organs
Acquired hemolytic anemia 1(1.1) — — — — 1 (25.0)
Unspecified immunodeficiency — — — 1 (0.6) — 1 (25.0)
Nervous system 1(1.1) 1(1.3) 0 (0) 1 (0.6) 0 (0) 2 (50.0)
Demyelinating neuropathy associated with paraproteins (IgM) 1(1.1) 1(1.3) — — — 2 (50.0)
Total C 2 (2.1) 1(1.3) 0 (0) 1(0.6) 0 (0) 4 (1.0)
UNK—Unknown/not classified
Total unknown 4 (4.2) 6 (7.8) 0 (0) 16 (10.1) 6 (9.1) 32 (8.0)
Total study cohort (n = 400) 95 (23.8) 77 (19.3) 3(0.7) 159 (39.7) 66 (16.5) 400 (100)

BUH, Bellvitge University Hospital; GTiPUH, Germans Trias i Pujol University Hospital; SISCAT, Public Health Catalan System; VHUH, Vall d’Hebron University Hospital.

“BUH only has an adult population.

Rodriguez et al, 1999; Derman et al, 2021b; Albin and
Cunningham-Rundles, 2014; Nobile-Orazio et al, 2012;
Constantine et al.,, 2007; So-Osman et al., 2024). The differences
we found between the hospitals, such as more neurologic indications
in the BUH, more hematologic indications in the VHUH and
GTiPUH, and a higher use of SCIGs in the GTiPUH, might be
explained by intrinsic characteristics of each, such as the specialties
in which one excels or the population in their area of influence. The
GTiPUH demonstrated remarkably higher SCIG usage, thanks to an
internal protocol supporting SCIG prescriptions and its monitoring,
promoting drug safety and savings. Enhancing the use of SCIGs
elsewhere could be especially beneficial for patients requiring long-
term NSIG replacement, such as immunodeficiencies, as this may
allow them reducing the need for hospital visits, increasing
compliance, and diminishing the risk of certain adverse drug
reactions (ADRs). Even though the prices of SCIGs and IVIGs
are similar (see Supplementary Table S2), SCIG use encouragement
may reduce costs of healthcare visits (Vultaggio et al, 2015).
Protocols and patient training programs should be put in place,
and the one from the GTiPUH might be taken as an example.
However, when classifying by the level of evidence, we observed
greater heterogenicity. In line with our study, a similar study
conducted in 13 tertiary Spanish hospitals over 3 months found
that 40% of patients used NSIGs for unauthorized indications.
Further investigation into unauthorized use revealed that 39.2%
had scientific evidence, while 60.7% lacked evidence (Ruiz-Antordn
et al., 2010), which is in contrast to our 71.7% B-level and 28.4% C-
and UNK-level indications. However, proportions described in
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other studies using non-European guidelines ranged from 20% to
62.9% (Constantine et al., 2007; Pendergrast et al., 2005; Chen et al.,
2000). These differences might be due to the change in use patterns
across time, new evidence, and consequent hospital
recommendation trends. Interestingly, sex differences by the level
of evidence seem to be explained by the higher prevalence of
inflammatory polyneuropathies in men (A-level), particularly
CIDP, in agreement with the previous literature (Broers et al.,
2019), but targeted studies should be conducted in this regard.
Of note, pediatric

immunodeficiencies and transplantation-related diseases, which

patients were treated mostly for

may require long-lasting replacement therapies. Primary
immunodeficiencies and immune thrombocytopenic purpura
(ITP) affecting children are among the indications with a high
level of evidence and prioritized use according to the
United Kingdom and SISCAT guidelines (Public Catalan Health
System, 2021; Department of Health and Social Care of the
Government of United Kingdom, 2011). On the other hand, ITP
in children is usually a benign disorder that requires no active
management other than careful explanation and counseling. This is
because serious bleeding is rare, and about 80% of children with ITP
will recover spontaneously within 6-8 weeks. The ability of IVIGs to
increase platelet counts in ITP adults is well-supported (Department
of Health and Social Care of the Government of United Kingdom,
2011; Tarantino, 2000).

It is important to recognize that a lower level of evidence does
not necessarily mean that NSIGs are an inferior option. For example,
and  C-level indications include

our B- secondary
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FIGURE 3
Heatmap showing reasons for discontinuation by hospital, age band, and

level of clinical evidence according to SISCAT guidelines. BUH, Bellvitge

University Hospital; GTiPUH, Germans Trias i Pujol University Hospital; SISCAT, Public Health Catalan System; VHUH, Vall d'Hebron University Hospital.

immunodeficiencies and myopathies. Secondary immunodeficiencies
often arise in patients with hematologic cancers, post-organ
transplants, or after certain treatments like chemotherapy. NSIGs
are commonly used to reduce infection rates in these cases, especially
when standard treatments like antibiotics or preventive vaccines are

Frontiers in Pharmacology

less effective. For conditions like dermatomyositis and polymyositis,
NSIGs are sometimes used when standard treatments (e.g.,
corticosteroids and immunosuppressive drugs) are inadequate or
not well-tolerated. Although NSIGs may have lower levels of
evidence, they can be crucial when other treatments fail or are
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TABLE 3 Absolute and patient-visit spending (€) on non-specific immunoglobulins by hospital, age band, and the level of clinical evidence according to SISCAT and United Kingdom guidelines.

€ per patient, median [range]”

5,062.5 [620.4-31070.7]

GTiPUH

5,086.8 [289.5-37727.1]

3,515.6 [455.0-24827.2]

€ per patient-visit, median [range]®

1,656.1 [620.4-8,487.1]

1,627.78 [289.5-9,431.8]

1,272.97 [293.7-12738.9]

€ per patient, median [range]”

GTiPUH

694.9 [322.2-868.6]

827.2 [132.4-7,815.1]

Spending by the level of evidence (€) | A 3,682.2 523,856.7 2,788.4 223,404.5 2,955.6 268,076.6 2,580.3 202,093.9 2,682.8 402,557.5 2,862.1 149,302.8
B 2,910.3 63,270.3 4,037.7 326,890.5 3,659.3 234,179.4 3,541.5 234,040.1 2,456.0 233,388.3 2,154.8 349,536.6
C 3,614.9 21,614.5 3,4159 20,495.4 5,873.1 8,003.3 4,131.2 56,402.4 1,271.7 7,206.3 4,591.0 31,226.8
Unknown 3,849.6 24,054.8 2,468.6 62,005.9 3,905.1 73,939.3 3,295.6 91,662.1 2,553.6 77,698.9 2,144.0 190,784.7
Overall spending, median € 3,517.2 632,796.2 3,517.2 632,796.2 3,328.2 584,198.6 3,328.2 584,198.6 2,730.4 720,851.0 2,730.4 720,851.0

€ per patient-visit, median [range]

694.9 [322.2-868.6]

620.4 [82.7-4,136.0]

Spending by the level of evidence (€) | A - - - - 628.5 1,885.6 628.5 1,885.6 891.9 72,224.5 1,319.4 34,146.8
B - - - - - - - - 853.9 9,659.20 779.3 38,174.4
C - - - - - - - - - - 992.6 2,316.2
Unknown - - - - - - - - 546.0 4,797.8 5722 12,044.0
Overall spending, median € 0 0 0 0 628.5 1,885.6 628.5 1,885.6 856.4 86,681.4 856.4 86,681.4

BUH, Bellvitge University Hospital; GTiPUH, Germans Trias i Pujol University Hospital; NA, Not applicable; SISCAT, Public Catalan Health System; VHUH, Vall d'Hebron University Hospital.

“BUH only has an adult population.

"To calculate the absolute costs per patient, the costs of all patient visits (NSIG administrations) were summed, and then, the median and range were calculated. These figures are also stratified by the level of evidence and age. Note that the result is time-dependent (the

more the visit, the more the expenditure).

“To calculate the costs generated per visit, the cost of each visit for each patient was taken into account, and then, the median and range were calculated. These figures are also stratified by the level of evidence and age. It should be noted that the result does not depend on

the length of time the patient was treated.
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ineffective as they offer broader immune protection, or when severe
cases are present and rapid intervention is needed (Touraille and
Brosch, 2016; Nobile-Orazio et al., 2012). Although the evidence for
NSIGs in these conditions might be weaker than that for other
therapies, they often fill a crucial gap, especially in cases where
standard treatments fail, are contraindicated, or need to be
augmented. Clinicians’ decisions for treatment have to take into
account the alternative treatments for a specific indication, even
having less definitive evidence when they offer the best chance of
improving patient outcomes. This may illustrate the lack of studies for
certain conditions.

Even so, the most striking differences regarding evidence
classification are explained by the intentions the guidelines on
NSIG use are thought for. The majority of guidelines are
production-spending-focused when a shortage context happens
(Spanish agency for medicines and health products, 2021;
Agenzia Italiana del Farmaco, 2022; Agence Nationale de sécurité
du médicament et des produits de santé, 2019), while in our study,
the clinical evidence on efficacy and effectiveness is core. Note that
none of the previous studies focused specifically on pediatric
patients; however, some recommendations have been established
(Spanish agency for medicines and health products, 2021;
Immunodeficiency United Kingdom, 2023; National Blood
Authority Australia, 2022; Alberta Ministry of Health Shared
Health Manitoba and Saskatchewan Ministry of Health, 2018).

Reasons for discontinuation of NSIGs have been scarcely studied
yet only reported as due to adverse effects or indirectly as clinical
response (European Medicines Agency, 2016; Wittstock et al., 2003;
Guo et al.,, 2018). However, Ruiz-Antordn et al. (2010) reported
21.4% of 554 patients withdrawing NSIGs due to adverse drug
reactions and 9 (1.6%) for lack of response. In comparison, we
identified 31 (7.8%) patients from the whole cohort withdrawing due
to no response and 7 (1.8%) because of toxicity. Regarding pediatric
patients, the most frequent reasons were either remission or non-
response, in the A-level indication category. Given that the reasons
for discontinuation do not necessarily imply causality, such a lower
proportion might be related to recent rationalization policies
because of NSIG production shortage as diseases most likely to
benefit from the treatment were prioritized. Moreover, non-
response might be due to cases where NSIGs were used as an
alternative when other alternatives were exhausted, as mentioned
previously. Additionally, the rate of use of SCIGs over IVIGs and the
use of premedication might have played a role as well (Guo et al,,
2018). To the best of our knowledge, the tendency of discontinuation
rates for NSIGs and its reasons have not been thoroughly studied, so
we did not find further literature reports for comparison.

Regarding spending on NSIGs, we observed relevant
investments in medical conditions across all the levels of clinical
evidence, which shifted toward lower evidence levels in the
sensitivity analysis. The median amount per patient was lower in
the VHUH but diminishes when calculating the costs per patient
visit. This could be because of a longer person-time follow-up due to
more spaced administrations or the use of lower maintenance doses
relating to patients’ disease profiles. Such patient-visit costs related
to clinical evidence seem consistent with the previous literature
(Ruiz-Antordn et al., 2010); however, absolute numbers could not be
compared due to different timeframes. Even when considering the
costs over the whole study period, ours were higher in the group of
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authorized indications than in the group of unauthorized
indications, unlike the findings obtained by Ruiz-Antordn et al.
(2010). It should be taken into consideration that some indications
may have been authorized in recent years, hence the relevance of
using updated classifications and follow-up over time. Other studies
in our setting have evaluated the evolution of NSIG consumption
and observed an increase in the patient’s mean costs from 10,930€ in
2010 to 15,595€ in 2021 (Solis-Diez et al., 2022). This contrasts with
our calculated costs per patient, which turned out to be half
(approximately 5,000€ median €/patient). This difference might
be explained by the effect of extreme values skewing the mean
upward as we found that spending ranged from a few hundred to
approximately 30,000€ per patient. However, this comparison
should be taken cautiously, and theirs are costs from estimated
annual consumptions, while ours are the actual spending of the
centers included. Additionally, as they cover the entire SISCAT,
costs are diluted because less severe conditions are treated in smaller
hospitals. In contrast, our hospitals serve as reference centers for
more severe and less common pathologies, which could imply a
higher cost per patient.

Dose reduction strategies for immunoglobulin therapies have
shown that reducing doses by 20%-50% can still maintain clinical
efficacy in some patients, depending on their condition and severity
(Albin and Cunningham-Rundles, 2014). For instance, in the
treatment of CIDP, studies suggest that a reduction in IVIG
dosing from 2 g/kg to 1 g/kg every 3 weeks can be effective while
significantly decreasing overall costs (Derman et al., 2021b). This
dose adjustment could result in up to 30%-50% cost savings per
patient. Furthermore, when considering alternative therapies,
NSIGs have higher priority for the short-term treatment of CIDP
than for long-term treatments, particularly during times of shortage
(Department of Health and Social Care of the Government of
United Kingdom, 2011). Similarly, in primary immunodeficiency
diseases, some patients might benefit from reduced doses, with
estimated cost savings ranging from 15% to 40%, especially when
NSIGs are combined with other alternative therapies (Castle and
Robertson, 2019). These examples indicate that substantial cost
savings can be achieved while maintaining meaningful clinical
benefits by
certain scenarios.

carefully lowering immunoglobulin doses in

4.1 Strengths and limitations

Non-specific immunoglobulins represent a therapeutic option
with a high economic cost and limited availability. Not only are
associated expenses important but also the potential effectiveness
and safety means for the patient. Therefore, one of the strengths of
this study is that it provides insights into the clinical practice of
immunoglobulins in some of the most representative hospital
centers due to the significant influx of treated patients, including
specialists in complex diseases. Additionally, we verified the
reliability of our data through the review of electronic medical
records. Furthermore, replicating our outcomes using another
European guideline in our sensitivity analysis helps contextualize
the interpretability and enhance comparability against other
European countries. Furthermore, NSIG consumption seems to
have increased homogenously over time in Europe, but Northern
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and Western countries have the higher numbers (Marketing
2023). the healthcare
structure should be considered when extrapolating our results to

Research Bureau, However, system
other settings. In decentralized systems, such as Spain, protocols can
vary by region, leading to differences in how NSIG therapy is
prescribed and funded across different areas, as well as between
countries. For this reason, we performed a sensitivity analysis
including guidelines from the United Kingdom to increase the
comparability and generalizability of our results. Regarding data
quality, we performed a structured automated check for data
completeness, uniqueness, and consistency. There are scarce
studies focusing on the reasons for discontinuation. This is of
special concern to pediatric patients, which we handle separately.
Moreover, the RPT is a validated source, with 85% correctness and
traceable to medical charts (Roig Izquierdo et al., 2020). This makes
the registry a reliable source for secondary purposes.

There are some limitations to acknowledge as well. First, the
RPT’s accuracy depends on the clinicians who fill it. However, we
attempted to address this caveat with the quality-checking process
and by accessing medical records. Second, we selected only incident
users to remove potential possible memory bias. Third, such a
population choice may lead to a reduced ability to evaluate long-
term outcomes (Johnson et al., 2012). However, this is offset by the
fact that we achieve a lower selection bias in exposure effect
estimation than in a prevalent-user design (Luijken et al., 2021).
In addition, there is less prevalence bias which normally could lead
to a distortion because the association could be the result of the
duration of the disease, as opposed to the incident outcome itself
(Nour and Plourde, 2019). We encourage follow-up studies
combining hospital electronic healthcare information to monitor
long-term outcomes and consumption and savings. Finally, the
plausibility of the dates of visit was very questionable. In some
cases, we were not able to find accurate dates of the follow-up in the
medical charts matching the RPT. To tackle this, we amended
inexact dates in the RPT with those in the medical charts and
calculated the cost estimates using the number of visits instead of
date variables, given that they relate to a dose administration.
Furthermore, costs per patient visit may ease the comparison
with other studies because of not being influenced by the sample
size and time. Although we report costs granularly, fair comparisons
with the existing literature were difficult as cost calculations are not
reported in detail sometimes. Additionally, the prices per gram we
used are those agreed between the hospital and the manufacturer,
which might limit generalization. Currently, regular meetings are in
place for close case-by-case monitoring.

In conclusion, immunoglobulins represent a therapeutic option
with high economic costs and limited availability. They are mainly
used for approved indications like nervous system and hematologic
diseases in clinical practice; however, there is still a proportion used
in non-approved indications. This could still represent a significant
economic burden on the healthcare system. Hopefully, our efforts
could, in turn, lead to the optimization of the use of
immunoglobulins with a particular focus on the unique needs of
the pediatric population and those at risk for discontinuation with
alternative therapeutic options. Furthermore, our results show that
the perspective might vary depending on the guideline used as
reference, so the harmonization of the clinical evidence assessment
at a European level could lead to a deeper understanding for
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regulatory entities and guideline makers to optimize the use of
immunoglobulins.
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