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sDivision of Clinical Immunology, Department of Pathology, Queen Mary Hospital, Hong Kong,
Hong Kong SAR, China

Background: Adult antibody deficiency remains under-recognised and under-
studied — especially among Asian populations. Patterns of immunoglobulin use
and the feasibility of subcutaneous immunoglobulin (SClg) replacement
among Chinese patients remains unclear.

Objective: To investigate the trends of immunoglobulin use, burden of adult
antibody deficiency and the outcomes of patients on SClg compared to
intravenous immunoglobulin (IVIg) replacement in Hong Kong through a
retrospective observational study.

Methods: Population-wide data of immunoglobulin recipients in Hong Kong
between 2012 and 2021, and longitudinal clinical data of adult
immunodeficiency patients at Queen Mary Hospital were collected and analysed.

Results: Total immunoglobulin consumption and recurrent immunoglobulin
recipients increased continuously from 175,512g to 298,514g (p=0.99,
p<0.001) and 886 to 1,508 (p=0.89, p=0.001) between 2012-21 in Hong
Kong. Among 469 immunoglobulin recipients at Queen Mary Hospital in
2021, 344 (73.3%) were indicated for replacement. Compared to those on
IVIg (n=14), patients on SClg replacement (n=8) had fewer immunodeficiency-
related hospitalisations (IRR=0.11) and shorter duration of hospitalisation stay
(IRR=0.10) per year, as well as better quality of life (SF-36v2 Health Survey and
Life Quality Index). Estimated annual healthcare cost of SClg replacement per
patient was lower than that of IVlg (HKD196,850 [USD25,096] vs HKD222,136
[USD28,319]).
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Conclusion: There was a significantly increasing burden of adult antibody
deficiency and immunoglobulin consumption in Hong Kong. SClg was feasible
and more cost-effective when compared to IVIig, with SClg patients
experiencing better clinical outcomes and quality of life. Future prospective
studies to confirm the long-term efficacy and superiority of SCIg are required.

KEYWORDS

antibody deficiency, chinese, primary immunodeficiency disease, immunoglobulin
therapy, subcutaneous, adult

1 Introduction

Immunodeficiency among adults remains an important but
severely under-recognised entity, with antibody deficiency being
the most common subtype (1, 2). Antibody deficiencies can be
classified as either primary or secondary — with secondary being
much more common than their primary counterparts among
adult patients (3, 4). Moreover, the prevalence of antibody
deficiency continues to increase due to the popularising use of
novel immunosuppressants and B-cell depleting therapies (e.g.
anti-CD20 monoclonal antibodies such as rituximab) (3, 4).
Although primary antibody deficiencies among paediatric
patients have been extensively studied, the burden of adult
antibody deficiency has not been well-characterised -
especially among Asians and Chinese populations (1, 2, 5-10).

Normal human immunoglobulin, a pooled human blood
product consisting of mainly IgG, has been used as a form of
replacement in patients with antibody deficiency or as
immunomodulation for various immune-mediated diseases (such
as chronic inflammatory demyelinating polyradiculoneuropathy,
multifocal motor neuropathy etc.) (11, 12). For replacement,
immunoglobulin is usually administered with a relatively lower
dose at regular intervals; while in immunomodulation, a relatively
high dose is usually administered as single or short-term course
(13-15). As a plasma-derived product from blood donors,
immunoglobulin remains a precious and valuable resource
especially during the Coronavirus disease (COVID-19) era with
substantial declines in blood donations (16-18). Various resource-
saving measures, such as establishment of immunoglobulin
governance committees, have been implemented in many
countries to optimise immunoglobulin use and stewardship (19-
21). However, such measures do not currently exist in Hong Kong
and the trends of immunoglobulin use remains unknown.

Traditionally, immunoglobulin has been administered
intravenously (IVIg) or, uncommonly, intramuscularly.
Subcutaneous immunoglobulin (SCIg) is a newer route of
immunoglobulin replacement which was only introduced to
Hong Kong since recently. In contrast to the IVIg which requires
recurrent venous access and is administered during monthly
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hospital/day centre admissions, SCIg can be self-administrated by
patients (or their carers) once every 1 to 2 weeks in the comfort of
their own homes (22). SCIg has been shown to achieve at least
comparable clinical outcomes compared with IVIg replacement, but
with fewer systemic side effects and better health-related quality of
life (HRQoL) (23-30). However, these findings have mostly been
reported from Western cohorts, and the effectiveness and feasibility
of SCIg replacement in Asia and among Chinese are unknown.

In view of these shortcomings, we took advantage of the
availability of population-wide data and conducted this study to
investigate the ten-year trends of immunoglobulin use and burden
of adult antibody deficiency in Hong Kong. We also studied the
feasibility of SCIg replacement by comparing the clinical outcomes
and HRQoL of patients on SCIg and IVIg replacement in the real-
world setting among Hong Kong Chinese.

2 Materials and methods

2.1 Study participants

In this retrospective observational cohort study, anonymised
data were systematically retrieved from the Hong Kong Hospital
Authority Clinical Data Analysis and Reporting System to identify
patients of Hong Kong who received normal immunoglobulin
between 2012 and 2021. The Hospital Authority is the sole
publicly funded health care system in Hong Kong that serves a
population of more than 7 million patients through 43 hospitals,
49 specialist outpatient clinics, and 73 general outpatient clinics.
These facilities are organised into 7 clusters (Hong Kong East,
Hong Kong West, Kowloon Central, Kowloon East, Kowloon
West, New Territories East, and New Territories West) on the
basis of geographical locations and provide approximately 90% of
inpatient care in Hong Kong (31).

For subgroup analysis, longitudinal clinical data from all adult
patients who received normal immunoglobulin and
immunodeficiency patients who have attended the Immunology
Clinic of Queen Mary Hospital (belonging to the Hong Kong West
Cluster) were retrieved. Queen Mary Hospital remains the only
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centre with a Specialist in Immunology & Allergy and is responsible
for the clinical care of immunodeficiency patients in Hong Kong.
Therefore, this cohort likely represents the entire burden of adult
immunodeficiency patients of the territory during the study period.
Paediatric immunodeficiency patients and patients receiving
immunoglobulin for non-immunodeficiency disorders (such as
dermatological, haematological, neurological, rheumatological,
etc.) would be seen throughout other geographical clusters of
Hong Kong. As a tertiary referral centre and the only centre with
a Specialist in Immunology & Allergy, Queen Mary Hospital also
manages patients from other geographical clusters throughout the
territory. However, not all patients receive immunoglobulin
replacement in Queen Mary Hospital and may be referred to
their nearest regional hospital (according to geographical
location) for IVIg to facilitate patient convenience.

The study protocol was approved by the institutional review
board of the University of Hong Kong and Hospital Authority
Hong Kong West Cluster.

2.2 Whole-population trends of
immunoglobulin use in Hong Kong

The total number of patients who received normal human
immunoglobulin, as well as the number of courses per patient,
amount and cost of normal immunoglobulin used in each year
were recorded. Recurrent recipients were defined as patients who
received at least two courses of normal immunoglobulin within
one year (i.e. patients recurrently prescribed immunoglobulin as
replacement therapy), while single-time recipients were
defined as patients who received only one course of normal
immunoglobulin within one year (i.e. patients prescribed ‘on-
demand’ immunoglobulin as immunomodulatory therapy).

2.3 Burden of adult antibody deficiency
in Hong Kong

Patients’ diagnoses and medication history were recorded.
For patients who had received normal human immunoglobulin,
their treatment indications were reviewed and categorised as
either ‘replacement’ or ‘immunomodulation’) by a Specialist in
Immunology & Allergy (11, 12).

2.4 Comparison between SClg and 1VIg

There were no local guidelines or recommendations regarding
the choice between IVIg vs. SCIg during the study period. All
adult immunodeficiency patients requiring immunoglobulin
replacement during the study period were freely offered either
route of administration. The final choice on route of
administration was a jointly agreed decision between patients
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and Specialist in Immunology & Allergy. For the comparison
between SCIg and IVIg, demographics and clinical data including
immunodeficiency diagnosis, age of onset of immunodeficiency,
age of diagnosis of immunodeficiency, clinical manifestations,
serum immunoglobulin levels and treatment details were
obtained. Serum immunoglobulin levels measured at the time of
diagnosis were taken as baseline. Trough serum immunoglobulin
levels were measured right before the latest immunoglobulin
infusion. Clinical outcomes within one year before the study
end date, including number of infection episodes, number of
immunodeficiency-related and infection hospitalisation episodes,
total duration of immunodeficiency-related and infection
hospitalisations, as well as adverse events were recorded.
Immunodeficiency-related hospitalisation was defined as
hospitalisation due to infection or immunoglobulin replacement.
HRQoL was assessed using the SF-36v2 Health Survey (SF-36v2)
and Life Quality Index (LQI) during patients” latest clinic visit
(32-34). Validated English and Traditional Chinese (Hong Kong)
SF-36v2 questionnaires were used (35-38). For LQI, the validated
English questionnaire was translated into Traditional Chinese
using forward-backward translation (Table S1).

An exploratory comparison of the annual healthcare cost of
regular SCIg and IVIg replacement per patient was performed. The
healthcare cost was the combined annual costs of normal
immunoglobulin and immunodeficiency-related hospitalisation,
using the immunoglobulin cost per gram, mean dose per body
weight per month, mean body weight, median annual duration of
immunodeficiency-related hospitalisation and mean daily cost of
hospitalisation. All costs were expressed in Hong Kong Dollars
(HKD) and United States Dollars (USD). Cost of SCIg per gram at
Queen Mary Hospital (Hong Kong) was HKD530 (USD68), while
that of IVIg per gram was HKD316 (USD40) during the study period.
Mean daily cost of hospitalisation in Hong Kong was HKD6,020
(USD767) (39). In Hong Kong, all SCIg infusion equipment and
consumables are provided by the suppliers without additional charge,
and thus considered to be included as part of the SCIg drug cost.

2.5 Statistical analysis

All data were analysed using IBM SPSS Statistics 27.0. For
continuous variables, normality of data was checked using the
Shapiro-Wilk test. Data were presented as number, number
(percentage), mean * standard deviation or median (25t
percentile to 75" percentile), as appropriate. Spearman’s
correlation was used in the analysis of whole-population
trends of immunoglobulin use. In the comparison of SCIg and
IVIg, the distribution of demographics was examined using the
chi-square test, Fisher exact test (if >5% of the cells have
expected count <5), student’s T-test or Mann-Whitney U test,
as appropriate. Multiple imputation with 20 imputed data sets
was performed for the missing data of baseline laboratory values
using the bar procedure (40). For these variables, multiple
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imputation was used for the main analyses and complete-case
analysis was used for the sensitivity analyses. In all statistical
tests, two-sided p-values <0.05 were considered significant.

3 Results

3.1 Continuous increase in
immunoglobulin consumption over the
past decade in Hong Kong, with majority
being recurrent recipients

Total amount of immunoglobulin consumption in Hong
Kong from 2012 to 2021, sorted by Hospital Authority clusters,
are shown in Figure 1. The total amount of immunoglobulin
consumption significantly increased from 175,512g to 298,514g
(Spearman’s correlation coefficient [p]=0.99, p<0.001). The
average immunoglobulin consumption increased from 128g to
159g per patient (p=0.86, p=0.003). The total number of
immunoglobulin recipients and expenditure also increased
continuously from 1,367 to 1,873 (p=0.71, p=0.022) (Figure
S1) and from HKD55,541,992 (USD7,080,829) to
HKD97,523,880 (USD12,432,939) from 2012 to 2021 (p=0.99,
p<0.001) (Figure S2), respectively.

10.3389/fimmu.2022.984110

The number of recurrent and single-time immunoglobulin
recipients per year from 2012 to 2021 are shown in Figure 2. The
number of recurrent recipients increased from 886 to 1,508 (p=0.89,
p=0.001), while the number of single-time immunoglobulin
recipients remained relatively stable (p=-0.03, p=0.946). The
proportion of recurrent immunoglobulin recipients also increased
from 65% in 2012 to 77% in 2021 (p=0.94, p<0.001).

3.2 Majority of immunoglobulin
recipients were indicated for
replacement, and most commonly
for haematology patients

In subgroup analysis, 469 patients received immunoglobulin at
Queen Mary Hospital (Hong Kong) in 2021; 344 (73.3%) received
immunoglobulin for replacement, while the remaining 125 (26.7%)
for immunomodulation. Among those receiving immunoglobulin
replacement therapy, the most common were haematology patients
(285, 82.8%), followed by solid organ transplant recipients (21,
6.1%) and primary immunodeficiencies (15, 4.4%). Among
haematology patients, patients with history of lymphoma and
post-haematopoietic stem-cell transplantation accounted for the
majority with 36.1% and 33.7%, respectively (Figure S3).
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FIGURE 1

Longitudinal normal immunoglobulin consumption over the past decade in Hong Kong. HKE, Hong Kong East Cluster; HKW, Hong Kong West
Cluster; KC, Kowloon Central Cluster; KE, Kowloon East Cluster; KW, Kowloon West Cluster; NTE, New Territories East Cluster; NTW, New
Territories West Cluster. *Outbreak of COVID-19 in Hong Kong since January 2020, some of the healthcare services had been temporarily

suspended upon waves of outbreak.
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3.3 Significant burden of antibody
deficiency among adult
immunodeficiency patients

A total of 108 patients with confirmed immunodeficiencies
attended the Immunology Clinic at Queen Mary Hospital (Hong
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Longitudinal recurrent and single-time normal immunoglobulin recipients over the past decade in Hong Kong. *Outbreak of COVID-19 in Hong
Kong since January 2020, some of the healthcare services had been temporarily suspended upon waves of outbreak.
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Kong). Breakdown of their diagnoses is shown in Figure 3.
Forty-four (40.7%) of the patients had antibody deficiency;
among them, 29 (65.9%) had primary antibody deficiency and
15 (34.1%) had secondary antibody deficiency. Common
variable immunodeficiency was the most common diagnosis
among primary antibody deficiency (6, 20.7%).

Other immunodeficiency
59%

Secondary antibody deficiency
34%

Idiopathic CD4 lymphopenia

y

41%

Common variable immunodeficiency F
14%

FIGURE 3

Selective IgA deficiency
5%
Other antibody deficiencies*
14%

Hyper-IgM syndrome
4%
X-linked agammaglobulinaemia
9%

Breakdown of adult immunodeficiency patients in Hong Kong. *Other antibody deficiencies include specific antibody deficiency (2.3%), late-
onset combined immunodeficiency (2.3%), ADA deficiency (2.3%), Wiskott-Aldrich syndrome (2.3%), chromosome 22qg11.2 deletion syndrome
(2.3%) and X-linked immunodeficiency with magnesium defect, Epstein-Barr virus (EBV) infection, and neoplasia (2.3%).
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3.4 Better clinical outcomes and HRQoL
among SClg compared to IVIg patients

A total of 22 antibody deficiency patients treated continuously
with immunoglobulin replacement were included in the comparison
of SCIg and IVIg replacement; 8 (36.4%) were on SCIg and 14
(63.6%) on IVIg. Their diagnoses are shown in Table S2. In this
cohort, 16 (72.7%) and 6 (27.3%) of the patients had primary and
secondary antibody deficiencies, respectively. Table 1 summarises
the clinical characteristics and treatment details of patients on SCIg
and IVIg replacement. Demographics, aetiologies, manifestations,
laboratory values, duration of immunoglobulin replacement and use
of antimicrobial prophylaxis were similar between the two groups.
Patients on SClg required a significantly lower dose of
immunoglobulin per body weight per month compared with
patients on IVIg (0.52 + 0.07 vs 0.66 + 0.23 g/kg/month, p=0.046).
Sensitivity analyses yielded similar results (Table S3).

Comparisons of the infection and hospitalisation outcomes are
shown in Table 2. Patients on SCIg had less frequent
immunodeficiency-related hospitalisations compared to patients
on IVIg (0.50 [0.00-1.75] vs 13.0 [12.0-14.3] episodes, incidence
rate ratio [IRR]: 0.11). Patients on SCIg also had shorter annual

10.3389/fimmu.2022.984110

duration of stay of immunodeficiency-related hospitalisation (0.50
[0.00-4.25] vs 13.0 [12.0-27.8] days, IRR: 0.10). The rate of reported
adverse events were similar between the two groups (Table 54).
Comparison of the patients HRQoL is shown in Table 3.
Patients on SCIg had better HRQoL in the Physical Component
Summary of SF-36v2 compared with patients on IVIg replacement
(54.5 £ 566 vs 45.8 = 8.35). Patients on SCIg also had better
immunoglobulin replacement-specific quality of life in the
“Treatment Interference’ (88.9 + 9.03 vs 64.3 + 20.1) and ‘Therapy
Setting’ (94.4 [90.3-98.6] vs 63.9 [54.2-94.4]) domains of LQIL.

3.5 Lower healthcare cost per patient for
SClg replacement

Using the mean weight of all patients on immunoglobulin
replacement (62.2kg), the estimated annual healthcare costs of
regular SCIg and IVIg replacement per patient were HKD196,850
(USD25,096) and HKD222,136 (USD28,319) respectively.
Projecting from the costs saved from immunodeficiency-related
hospitalisation costs alone, HKD25,286 (USD3,221) could be
potentially saved per patient per year on SCIg compared to IVIg.

TABLE 1 Demographics and clinical features of patients on regular IVig and SCIg replacement.

Variables All

N, % 22
Clinical characteristics

Male, n (%) 13 (59.1)
Age, years 482 £ 158

Age of onset, years

Age of diagnosis, years 38.9 +23.0
Aetiology, n (%)

Primary 16 (72.7)

Secondary 6 (27.3)
Manifestations

Infection, n (%) 22 (100)

Autoimmune and/or autoinflammatory disease, n (%) 8 (36.4)

Malignancy, n (%) 9 (40.9)

Laboratory values
Baseline IgG, mg/dL*
Baseline IgA, mg/dL*
Baseline IgM, mg/dL*
Trough IgG, mg/dL
Trough IgA, mg/dL
Trough IgM, mg/dL

1081 + 202

Treatment details
Duration of Ig replacement, years
Duration of current modality of Ig replacement, years
Stable dose of Ig replacement, g/kg/month

Antimicrobial prophylaxis, n (%) 15 (68.2)

33.5 (4.50-57.8)

360 (67.5-653)
36.4 (7.50-68.9)
32.0 (4.50-240)

19.0 (0.00-68.3)
0.00 (0.00-69.5)

3.10 (1.27-15.4)
1.4 (1.02-1.83)
0.56 (0.46-0.79)

IVIg SCIg p-value

14 (63.6) 8 (36.4)

7 (50.0) 6 (75.0) 0.380
43.8 (38.8-58.8) 38.8 (29.9-71.9) 0.815
39.5 (4.50-53.8) 11.5 (4.00-66.0) 1.000
41.5 (27.4-56.8) 17.9 (14.5-67.4) 0.714

0.624

11 (78.6) 5 (62.5)

3 (21.4) 3 (37.5)

14 (100) 8 (100) N/A

6 (42.9) 2 (25.0) 0.649

6 (42.9) 3 (37.5) 1.000

309 + 264 490 + 251 0.132
14.5 (0.00-63.5) 50.0 (32.2-94.8) 0.165
32.0 (0.00-337) 29.5 (7.50-224) 0.868

1086 + 236 1073 + 135 0.890
5.50 (0.00-59.0) 40.5 (0.00-99.5) 0.441
19.5 (0.00-182) 0.00 (0.00-39.0) 0.188
1.59 (1.12-6.90) 15.4 (3.67-19.0) 0.059
1.38 (1.00-3.60) 1.57 (1.04-1.72) 0.920

0.66 + 0.23 0.52 + 0.07 0.046

11 (78.6) 4 (50.0) 0.343

Continuous data were presented as mean * standard deviation or median (25th to 75th percentile). Categorical data were presented as number (percentage). IVIg, intravenous
immunoglobulin; SCIg, subcutaneous immunoglobulin; Ig, immunoglobulin; N/A, not applicable. *Multiple imputation performed. Bold denotes statistical significance (p<0.05).
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TABLE 2 Infection and hospitalisation outcomes of patients on regular IVlg and SClg replacement.

Variables Values

Infection in 1 year, episodes#
Treatment modality
IVig 4.86 + 4.37
SCIg 3.13 + 3.09
Immunodeficiency-related hospitalisation in 1 year, episodes*
Treatment modality
1VIg 13.0 (12.0-14.3)
SClIg 0.50 (0.00-1.75)
Infection hospitalisation in 1 year, episodes#
Treatment modality
IVIg 0.00 (0.00-1.75)
SClIg 0.00 (0.00-0.75)

Total duration of stay of immunodeficiency-related hospitalisations in 1 year, days#

Treatment modality
IVIg 13.0 (12.0-27.8)
SClIg 0.50 (0.00-4.25)
Total duration of stay of infection hospitalisations in 1 year, days#
Treatment modality
IVig 0.00 (0.00-9.75)
SCIg 0.00 (0.00-1.50)

Incidence rate ratio (95% CI)

Referent

0.64 (0.28-1.46)

Referent

0.11 (0.06-0.20)

Referent

0.09 (0.02-1.29)

Referent

0.10 (0.04-0.22)

Referent

0.10 (0.01-1.10)

Data were presented as mean + standard deviation or median (25th to 75th percentile). IVIg, intravenous immunoglobulin; SCIg, subcutaneous immunoglobulin. *Poisson regression.

#Negative binomial regression.

4 Discussion

To our knowledge, this is the first study to characterise the
burden of adult antibody deficiency as well as comparing the
outcomes of SCIg and IVIg replacement in the East and

among Chinese patients. As the only dedicated unit
responsible for managing adult immunodeficiency patients
in Hong Kong, our cohort is highly representative of the
entire immunodeficiency burden of the entire territory. In
this retrospective observational study, we observed a

TABLE 3 Health-related quality of life of patients on regular IVIg and SClg replacement.

Variables All
N, % 22
Quality of Life

SE-36v2 - Physical Functioning (PF)
SF-36v2 - Role-Physical (RP)
SF-36v2 - Bodily Pain (BP)

SF-36v2 - General Health (GH)
SF-36v2 - Vitality (VT)

SF-36v2 - Social Functioning (SF)
SF-36v2 - Role-Emotional (RE)
SF-36v2 - Mental Health (MH)

SE-36v2 - Physical Component Summary (PCS)
SF-36v2 - Mental Component Summary (MCS)

LQI - Treatment Interference
LQI - Therapy-related Problems
LQI - Therapy Setting

LQI - Treatment Cost

95.0 (75.0-100)
78.1 (56.3-100)
62.0 (51.0-100)
36.0 (25.0-63.0)
563 + 194
75.0 (59.4-100)
75.0 (50.0-100)
71.8 +22.9
49.0 + 8.52
464 + 133
732 %206
75.0 (69.8-88.5)
833 (59.7-94.4)
95.8 (50.0-100)

IVIg SCIg

14 (63.6) 8 (36.4)

90.0 (67.5-100)

75.0 (56.3-89.1)
(

100 (95.0-100)
100 (62.5-100)
57.0 (48.5-66.5) 92.0 (57.5-100)
31.0 (25.0-53.3) 52.5 (25.8-80.8)
549 + 16.1 58.6 + 252
68.8 (59.4-100) 87.5 (53.1-100)
75.0 (50.0-100) 87.5 (35.4-100)

729 £19.1 70.0 £29.2
458 +8.35 54.5 + 5.66
47.7 £ 11.2 443 +17.1
64.3 £ 20.1 88.9 +9.03

75.0 (67.7-81.3)
63.9 (54.2-94.4)
87.5 (50.0-100)

85.4 (67.7-91.7)
94.4 (90.3-98.6)
100 (56.3-100)

Data were presented as mean + standard deviation or median (25th to 75th percentile). IVIg, intravenous immunoglobulin; SCIg, subcutaneous immunoglobulin; SF-36v2, SE-36v2 Health

Survey; LQI, Life Quality index.
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substantial burden of adult antibody deficiency in Hong Kong
Chinese, as well as better clinical outcomes and HRQoL
among patients receiving SCIg replacement compared to
those on IVIg.

It has been estimated that the global immunoglobulin
consumption has been increasing at an average annual rate of
8% since 2010 (41). Studies in other populations reported
increasing trends of immunoglobulin use before the era of
COVID-19 (42-45). Similarly, our findings (including data
during and following various COVID-19 outbreaks in Hong
Kong in 2020) demonstrated significant increase in population-
wide immunoglobulin consumption and expenditure over the
past decade. This continuous rising trend persisted throughout
the COVID-19 pandemic and was mainly among recurrent
immunoglobulin recipients (for replacement), while the
number of single-time immunoglobulin recipients (for
immunomodulation) remained relatively stable (14, 15).
Together with the overall increasing immunoglobulin usage
and demand in Hong Kong, our findings suggest that there is
a steadily growing burden of antibody deficiency in our
population. Interestingly, trends in increase immunoglobulin
consumption were consistent throughout the 7 geographical
clusters of Hong Kong, but most marked in Kowloon Central
(2.5x increase) and Kowloon East (2.3x increase). Reasons for
disparate increases between geographical regions are likely
multifactorial, including disproportionate changes in
population densities and demographics, service expansion of
immunological/haematological-based specialties or socio-
economic variations between different clusters over the past
decade. Dedicated studies regarding potential inequalities in
prescription and their causes would be of great interest.

In subgroup analysis, we identified that around three quarters
of adult immunoglobulin recipients were given immunoglobulin as
replacement therapy, which was comparable to findings of our
population-wide analysis. Among those indicated for
immunoglobulin replacement, the overwhelming majority (96%)
had secondary antibody deficiency (most patients being
haematology patients), while only 4% had primary
immunodeficiency. This supports the observation that there is a
much higher prevalence of secondary antibody deficiencies
compared to primary antibody deficiencies (4). Furthermore, the
indications for immunoglobulin replacement varied across different
studies and time. More recent studies tend to report that secondary
antibody deficiency are more common than primary antibody
deficiency (19, 45), whereas older studies reported the opposite
(46, 47). We postulate that this reflects the progressive shift of the
burden from primary to secondary antibody deficiencies in
recent years.

When comparing between different routes of immunoglobulin
replacement in this pragmatic study of real-worldpractice, we
observed reduced immunodeficiency-related hospitalisations and
duration of stay, as well as better HRQoL among adult patients on

Frontiers in Immunology

08

10.3389/fimmu.2022.984110

SCIg replacement than IVIg. The main difference in hospitalisation
rates arose from fewer hospital stays for IVIg administration. These
findings are similar to the experience reported by previous studies in
other populations (23-30). In addition, we also identified that
patients on SCIg required lower average dose of immunoglobulin
compared to those on IVIg, while achieving similar infection
outcomes. This is contrary to earlier recommendations in the
United States, which suggested the use of higher doses (IVIg :
SCIg = 1:1.37 or 1:1.53) when calculating the dose of SCIg
replacement; while European recommendations suggest the use of
equivalent doses (IVIg : SCIg = 1:1) (48-51). Further studies will be
required to investigate whether his phenomenon is ethnic- or
region-specific. Nonetheless, we propose that in Hong Kong
Chinese, SCIg can be considered as a more eftective route of
immunoglobulin replacement and that we could potentially save
on our precious plasma-derived resources by optimising more
SCIg use.

Furthermore, we also demonstrated that SCIg is more cost-
effective than IVIg as a form of immunoglobulin replacement for
adult patients in Hong Kong. Our finding is similar to that of
other cost-effective analysis studies in Australia, Canada, Iran,
Spain, France, Japan and Switzerland (52-58). Projecting from
the costs saved from immunodeficiency-related hospitalisation
costs alone, we could potentially save HKD25,286 (USD3,221)
per patient per year on SCIg compared to IVIg. This figure is
likely an under-estimate, as we did not include indirect costs
such as time-off work and productivity lost used for admissions
for IVIg, need for healthcare staff during IVIg administration
and difference in quality of life. Therefore, we believe that SCIg
may be a superior alternative to IVIg replacement among adult
patients in Hong Kong, in terms of clinical outcomes, HRQoL
and overall healthcare costs. Unfortunately, as of the study
period, SCIg remains unsubsidised in Hong Kong and
inaccessible by most patients due to financial concerns.
Furthermore, unlike in some countries, home administration
of IVIg is not recommended in Hong Kong. We therefore
strongly advocate for wider adoption and subsidisation of SCIg
in Hong Kong.

This study has several limitations. First, immunoglobin use only
indirectly reflected the burden of antibody deficiency and milder
forms of antibody deficiency which did not warrant
immunoglobulin replacement may have been missed. Hence, the
actual burden of antibody deficiency may be even larger.
Furthermore, there were also numerically a higher proportion of
IVIg-treated patients with autoimmune/autoinflammatory
disorders (which require higher dosing of immunoglobulin) and
SClIg patients had longer duration of overall immunoglobulin
replacement (which may have led to better tailoring of dosing
regimen), although both variables did not reach statistical
significance. Second, the small number of patients in the
immunoglobulin replacement cohort did not allow for
multivariable statistical analysis. Third, in this descriptive,
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pragmatic study we aimed to compare SCIg and IVIg replacement
among adult antibody deficiency patients; in this pragmatic study,
and the drug efficacy was not directly studied. It is possible that
differences in real-world clinical practice also contributed to our
results, rather than purely differences between the two
administration routes alone. Fourth, clinical outcomes were
assessed over one year and HRQoL was assessed at one time-
point only. Long-term outcomes could not be studied, and HRQoL
might vary over time. Fifth, the comparison of annual healthcare
cost of SCIg and IVIg replacement per patient was only exploratory.
Future formal cost-effectiveness analysis of SCIg replacement in
Hong Kong is therefore warranted. Sixth, this was a retrospective
observational study and firm conclusions on drug efficacy can not
drawn. This highlights the urgent need for dedicated prospective
studies in the future. Lastly, subgroup analysis and the comparative
analysis between SCIg and IVIg were only performed on adult
patients and do not pertain to paediatric immunodeficiency patients
and their immunoglobulin use.

In conclusion, there has been significantly increasing
immunoglobulin demand in Hong Kong over the past decade.
The burden of adult antibody deficiency in Hong Kong is
substantial but under-recognised, characterised by the dominance
of secondary antibody deficiency with haematological diseases as
the most common cause. Around 40% of adult immunodeficiency
patients have antibody deficiency, but most patients, especially
those with secondary antibody deficiency, did not receive
immunologist care. In this retrospective observational study, adult
antibody deficiency patients on SCIg replacement had better clinical
outcomes and HRQoL compared to those on IVIg. Despite higher
drug costs, we demonstrate that SCIg was overall more cost-effective
than IVIg among adult patients with antibody deficiency. Although
future studies will be required to draw conclusive evidence on the
long-term efficacy of SClg, we strongly advocate for wider adoption
and subsidisation of SCIg in Hong Kong.
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