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Background: Observational studies suggest that immunoglobulin treatment may reduce the 
frequency of acute exacerbations of COPD (AECOPD).
Objective: To inform the design of a future randomised control trial (RCT) of intravenous 
immunoglobulin (IVIG) treatment efficacy for AECOPD prevention.
Methods: A pilot RCT was conducted. We recruited patients with COPD hospitalized for 
AECOPD, or from ambulatory clinics with one severe, or two moderate AECOPD in the 
previous year regardless of their serum IgG level. Patients were allocated in a 1:1 ratio with 
balanced randomisation to monthly IVIG or normal saline for 1 year. The primary outcome was 
feasibility defined as pre-specified accrual, adherence, and follow-up rates. Secondary outcomes 
included safety, tolerance, AECOPD rates, time to first AECOPD, quality of life, and healthcare 
costs.
Results: Seventy patients were randomized (37 female; mean age 67.7; mean FEV1 35.1%). 
Recruitment averaged 4.5±0.9 patients per month (range 0–8), 34 (49%) adhered to at least 
80% of planned treatments, and four (5.7%) were lost to follow-up. There were 35 serious 
adverse events including seven deaths and one thromboembolism. None was related to IVIG. 
There were 56 and 48 moderate and severe AECOPD in the IVIG vs control groups. In 
patients with at least 80% treatment adherence, median time to first moderate or severe 
AECOPD was 275 vs 114 days, favoring the IVIG group (HR 0.76, 95% CI 0.3–1.92).
Conclusion: The study met feasibility criteria for recruitment and retention, but adherence 
was low. A trend toward more robust treatment efficacy in adherent patients supports further 
study, but future trials must address treatment adherence.
Trial registration number: NCT0290038, registered 24 February 2016, https://clinical 
trials.gov/ct2/show/NCT02690038 and NCT03018652, registered January 12, 2017, https:// 
clinicaltrials.gov/ct2/show/NCT03018652.
Keywords: recurrent AECOPD, pilot RCT, immunoglobulin treatment, IVIG

Plain Language Summary
COPD patients experience acute “flare-ups” as their disease worsens, characterized by 
periods of increased shortness of breath, cough and phlegm production. Current treatments 
to prevent COPD flare-ups are only modestly effective. New therapies are needed to improve 
the quality of life and clinical outcomes for COPD patients.

We observed a favorable effect of an antibody (immunoglobulin) treatment on the frequency 
of flare-ups, doctor visits, medications, and hospitalizations for COPD patients in a non- 
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controlled setting. Here, we conducted a pilot-controlled trial to 
evaluate immunoglobulin treatment in patients with frequent 
COPD flare-ups to determine if this treatment is safe, tolerable, 
and potentially effective in reducing the frequency of flare-ups. We 
found that the clinical trial was feasible in that we were able to 
recruit and retain participants throughout the study period. 
Treatment was safe and tolerable. There was a trend toward extend
ing the period of flare-up free period. This supports further study. 
However, treatment adherence was an issue affecting data analysis. 
We must find an alternative study design to improve treatment 
adherence to definitively study the efficacy of immunoglobulin 
treatment.

Introduction
Acute exacerbations of COPD (AECOPD) are asso
ciated with poor quality of life, worsening lung func
tion, greater healthcare services use, and mortality.1,2 

AECOPD severity may be mild (not requiring antibio
tics and/or systemic corticosteroids), moderate (requir
ing outpatient treatment with antibiotics and/or 
systemic corticosteroids) or severe (requiring 
hospitalization).2 Patients with COPD identify 
AECOPD as a very important health outcome.3 

Despite optimal medical management, patients experi
ence 1–1.5 AECOPD per person-year on average, high
lighting the need for more effective therapies.4–6

In patients with humoral immunodeficiency, immuno
globulin (Ig) therapy effectively prevents recurrent 
infections.7 In patients with COPD, hypogammaglobuli
nemia (serum IgG level <7.0 g/L) is associated with 
increased risks of AECOPD8,9 and hospitalizations.10 

While there is no established IgG threshold level that 
predicts recurrent AECOPD, the relationship between 
serum IgG level and AECOPD appears to be linear and 
extends into the “normal” range.9 In a retrospective, 
longitudinal, within-subject risk interval analysis, Ig treat
ment was associated with a reduction in AECOPD rates 
from 4.7±3.1 to 0.6±1.0 per patient-year.11 The overall 
rate of AECOPD decreased consistently across the sever
ity of COPD or baseline serum IgG level. This observa
tion and others12 suggest that Ig treatment may reduce 
the frequency of recurrent AECOPD. Well-designed, ade
quately powered clinical trials are needed to test this 
hypothesis. To inform the design of a future study of 
intravenous immunoglobulin (IVIG) treatment efficacy 
for AECOPD prevention, we conducted a pilot placebo- 
control RCT to determine feasibility, estimate outcome 
rates and effect size.

Methods
Study Design
This was a pilot, single centre, double-blind, placebo- 
control RCT of IVIG vs normal saline (NS) for the pre
vention of AECOPD conducted at The Ottawa Hospital. 
The trial was registered (ClinicalTrials.gov Identifier: 
NCT02690038, and NCT03018652), and its protocol was 
published.13 The study received regulatory approval from 
Health Canada and ethics approval (Protocol 20150925– 
01H, 20160077–01H and 2017005–01H). All patients pro
vided informed written consent prior to study participation 
in accordance with the Declaration of Helsinki.

Study Population
Eligible patients had a prior diagnosis of COPD supported by 
a FEV1/FVC ratio <0.70. To be considered for enrollment, 
patients (a) had to be hospitalized for a diagnosis of 
AECOPD; or (b) had received care for COPD in an ambulatory 
clinic and had ≥1 severe AECOPD (requiring hospitalization) 
or ≥2 moderate AECOPD (requiring outpatient or emergency 
department treatment) within the previous 12 months 
(Supporting Table S1). Our target sample size, based on hos
pital patient-volume, consisted of 48 inpatient subjects, 16 with 
and 32 without hypogammaglobulinemia, and 22 outpatient 
subjects. We excluded patients with active cancers, transplan
tation, and immunotherapy treatment. Patient recruitment 
commenced in September 2016 for inpatients, March 2018 
for outpatients, and concluded in November 2018.

Intervention
Patients were randomized in a 1:1 ratio to receive 10% 
IVIG or NS monthly. We used 0.8 g/kg for hospitalized 
patients with hypogammaglobulinemia, and 0.5 g/kg for 
all others.14 The first treatment was administered during 
hospitalization for inpatients, or in the Clinical 
Investigation Unit (CIU) for outpatients, and then every 
4±1 weeks in the CIU for 48 weeks (ie, 13 infusions in 
one year). Patients continued to receive standard treatment 
for COPD as directed by their treating physician.

Allocation of Study Treatment and Blinding
We used computer-generated randomization in blocks of 
four. Randomised allocation was balanced by stratification 
for IgG level above or below 7 g/L in inpatients. The CIU 
nurses were unblinded to patient allocation. The study 
infusion treatments were concealed with a cardboard box 
to patients, investigators, and other research staff.
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Study Visits and Procedures
At each treatment visit, medical history, physical examina
tion, intercurrent and concomitant adverse events (AEs) 
and medications were reviewed, and the COPD 
Assessment Test (CAT) was administered.15 At weeks 0, 
4, 12, 24, 36 and 48, the St. George’s Respiratory 
Questionnaire (SGRQ),16 5-level EQ-5D (EQ-5D-5L),17 

and the COST questionnaire were administered, and spiro
metry was performed.

Outcomes
The primary outcome of feasibility was defined as the 
recruitment of an average of four patients per month; 
with ≥80% of patients adhering to 80% of allocated treat
ment; and ≥80% of individuals retained at twelve-month 
follow-up regardless of treatment adherence. Secondary 
outcomes included safety, tolerance, AECOPD annual 
rate, time to first AECOPD, quality of life (QoL), and 
healthcare costs. AECOPD was defined as deterioration 
in at least two of three cardinal symptoms (breathlessness, 
cough, and/or sputum production) that exceeded normal 
variation, led to a new prescription (antibiotics and/or 
prednisone), use of healthcare services,18 and occurred 
>30 days after previous AECOPD. Interval AECOPD 
and other AEs were identified at regular visits, and con
firmed via health records, primary care providers and 
pharmacies. AECOPD outcomes and AEs were reviewed 
and adjudicated by DH and LB who were not involved in 
data collection or analysis.

Statistical Analyses
For descriptive data, we used mean (standard deviation), 
median (interquartile range), or frequency (%), as appro
priate. The intention-to-treat (ITT) analysis included all 
patients randomized to receive IVIG or placebo, while 
a per-protocol (PP) analysis, performed for secondary out
comes, included only “adherent” patients who received 
80% of allocated treatments. Study treatment adherence 
was defined as the percentage of planned study treatments 
received. The adherence rate was the proportion of 
patients adhering to ≥80% of planned study treatments. 
The study retention rate was the proportion of patients 
available for follow-up regardless of adherence until 
death or 12 months from randomization.

AEs and tolerability were summarized using point esti
mates with 95% CI. The time to first moderate or severe 
AECOPD was calculated by survivorship analysis and pre
sented using a Kaplan–Meier curve. The hazard ratio (HR) 

was calculated using Cox-proportional hazards regression, 
adjusting for pre-defined variables (age, sex, baseline IgG, 
% predicted FEV1 value, and baseline AECOPD rate). 
Changes in CAT, SGRQ, 5D-5Q-5L19 values were assessed 
using a repeated measures linear regression analysis with an 
adjustment for the baseline values. Statistical analysis was 
performed using SAS 9.3 (SAS Institute Inc., Cary, NC, 
USA). Figures were generated using GraphPad Prism 7.0d.

The Data Safety Monitoring Board (DSMB) consisted 
of three members experienced in clinical trials appointed 
to ensure that all patients were not exposed to unnecessary 
or unreasonable risks and that the study was conducted 
with the highest scientific and ethical standards. DSMB 
meeting occurred five times during the study period.

Results
Study Population
Seventy of 444 screened patients (15.91%) were rando
mised to either IVIG (n = 35) or control (n = 35) 
(Figure 1). Baseline clinical characteristics are presented 
in Table 1 and Supporting Table S2. Pulmonary function, 
baseline IgG and rate of AECOPD in the year before 
randomization were clinically comparable between groups.

Recruitment
Combined recruitment rate from all recruitment settings 
was 4.5±0.9 patients per month (range 0–8, Figure 2A). 
The highest rate was from the outpatient setting (2.4±0.6). 
Treatment visit frequency was the most common reason 
for participation refusal (n = 32; 27.8%).

Study Treatment Adherence
Overall mean study treatment adherence was 68.8±5.7% 
(median: 85%) for IVIG, and 59.4±6.3% (median: 57%) 
for control (Figure 2B). Eighteen patients (51.4%) rando
mized to IVIG adhered to 80% of their allocated treatment, 
compared to 16 (45.7%) in the control group.

Study Retention
One patient randomized to IVIG and two to NS withdrew 
consent. One patient in the IVIG group was lost to follow- 
up. Therefore, 66 patients were retained. Retention rate 
was 97.1% (n = 34) and 91.4% (n = 32) in IVIG and 
control groups, respectively (Figure 2C). Seven died dur
ing the study period (IVIG: n = 3, control: n = 4).
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Safety and Tolerability
ITT analysis. There were 137 AEs in 33 patients and 126 
AEs in 27 patients in the IVIG and control, respectively 
(p = 0.55). Median number (interquartile range) of AEs 
per patient was 2 (1–5) for IVIG and 3 (1–5) for control. 
The five most commonly reported AEs in the IVIG and 
control groups were upper respiratory tract symptoms (17 
vs 11), musculoskeletal pain (8 vs 11), pneumonia (7 vs 7), 
increased shortness of breath (4 vs 9) and chest discomfort 
(7 vs 5). There were 18 and 10 all-cause hospitalizations in 
the IVIG and control groups, respectively. PP analysis. 
There were 70 AEs in 18 patients and 78 AEs in 13 
patients in the IVIG and control, respectively (p = 0.61). 
There were no significant differences in the number of 
patients that experienced serious AEs or AE ≥ grade 3. 
One patient developed an infusion reaction (cold sensation 
at the infusion site, hand swelling, throat itchiness, throat 
thickness without airway compromise) that led to treat
ment discontinuation. Symptoms were resolved within 
hours of infusion discontinuation and IV diphenhydra
mine. Subsegmental pulmonary embolism occurred in 
one patient in the IVIG group, which was not determined 
to be related to IVIG. A full list of AEs can be found in the 
Supporting Tables S3–S4.

A higher number of patients continued to receive study 
treatment at week 48 in the IVIG group (58%) vs the 
control group (46%), indicating tolerability to IVIG.

AECOPD Outcomes
Overall, there were 56 (40 moderate, 16 severe) 
AECOPD events in the IVIG vs 48 (28 moderate, 20 
severe) in the placebo groups. Among “adherent” 
patients (n = 18 vs n = 16), there were 24 AECOPD 
events (20 moderate, 4 severe) in IVIG and 24 (20 
moderate, 4 severe) in placebo. The severe AECOPD 
rates appeared to be reduced in the IVIG group in the 
ITT (RR 0.78, 95% CI 0.37 to 1.65) and PP analyses 
(RR 0.43, 95% CI 0.07–2.49) (Table 2). The median 
time to first moderate or severe AECOPD was not 
different between groups in ITT (HR 0.91, 95% CI 
0.59–1.41) and PP (HR 0.98, 95% CI 0.50–1.93). 
However, in the PP analysis, there was a trend toward 
longer median time to first AECOPD by 161 days in the 
IVIG group (Figure 3B and Supporting Table S5). In 
addition, the median time to first moderate or severe 
AECOPD appeared to be greater in the adherent than 
non-adherent IVIG groups. This readout was not differ
ent between adherent and non-adherent controls.

Figure 1 Consort diagram of the study population. Eligible patients were recruited from in- and out-patient settings. Seventy patients were randomized to IVIG or control 
group in a 1:1 ratio. Number of deaths, all-cause hospitalization, severe and moderate AECOPD were reported in the flow-chart for both ITT and PP analysis. 
Abbreviations: IVIG, intravenous immunoglobulin; ITT, intention-to-treat; PP, per-protocol.
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Pulmonary Function and HRQoL 
Outcomes
Pulmonary function (FEV1) and measures of HRQoL (CAT, 
SGRQ and EQ-5D-L) were not significantly different 
between groups at baseline, or during the study period in 
PP analyses (Supporting Figure S1 and Table S6). Notably, 
in contrast to controls, the mean change in the CAT and 

SGRQ scores of the IVIG group between weeks 0 and 4 
exceeded their respective MCIDs by 2 points and 4 units.

Healthcare Costs Associated with 
AECOPD
The mean total healthcare costs related to AECOPD- 
emergency department visits and hospitalizations over 

Table 1 Baseline Characteristics

Parameter IVIG Control

Male:Female, n 20:15 13:22

Age, yrs 66.7 ± 7.4 68.7 ± 8.7

Body mass index, kg・m−2 28.1 ± 6.7 27.6 ± 7.4

Smoking history, pack years 56.8 ± 27.5 51.3 ± 29.8

COPD Gold stage, I:II:III:IV 0:7:10:18 0:4:8:13

COPD Grade, A:B:C:D 0:3:0:32 0:1:0:34

Absolute eosinophils, 109・L−1 0.16 ± 0.20 0.15 ± 0.21

Creatinine, µmol・L−1 71.1 ± 19.8 68.4 ± 25.0

Total protein, g・L−1 72.2 ± 5.9 69.7 ± 4.8

Pulmonary function

FEV1, L (%) 0.90 ± 0.39 (34±13) 0.87 ± 0.4 (35±14)

FEV1/FVC, % 42 ± 12 43 ± 16

Rate of AECOPD

Total number of AECOPD, number・year−1 2.7 ± 1.3 2.5 ± 1.3

Moderate AECOPD (managed as outpatient), number・year−1 1.37 ± 1.44 0.86 ± 1.04

Moderate AECOPD (ED visit), number・year−1 0.34 ± 0.68 0.26 ± 0.56
Severe AECOPD (hospitalization), number・year−1 1.1 ± 0.8 1.4 ± 0.81

Health status and quality of life
SGRQ score, out of 100 65.8 ± 15.0 68.4 ± 15.6

CAT score, out of 40 22.4 ± 8.8 26.2 ± 7.1

EQ-5D-5L UI 0.56 ± 0.26 0.51 ± 0.27
EG-5D-5L VAS, out of 100 57 ± 23 49 ± 16

Immunoglobulins
IgG total, g・L−1 8.94 ± 2.83 7.34 ± 1.64

IgM, g・L−1 0.85 ± 0.76 0.79 ± 0.56

IgE, mg・L−1 0.96 ± 1.52 0.35 ± 0.57
IgA, g・L−1 2.69 ± 1.15 2.17 ± 1.27

Comorbidities
Hypertension, % 57 51

Coronary artery disease, % 26 43

Congestive heart failure, % 11 3
Cardiomyopathy, % 8 8

Abbreviations: FEV1, forced expiratory volume in one second; FVC, forced vital capacity; AECOPD, acute exacerbation of COPD; SGRQ, St. George’s respiratory 
questionnaire; CAT, COPD assessment test; UI, utility index; VAS, visual analogue scale.
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the 12-month study period were not significantly different 
between IVIG (Can$4,226.58 ± $11,428.53) and placebo 
(Can$4,263.47 ± $8,927.10).

Discussion
Our study determined the feasibility of a randomized, 
double-blind, placebo-control, hospital-based trial of 
monthly IVIG treatment to reduce the frequency of 
AECOPD. We demonstrated that two of the three pre- 
specified study feasibility goals were met: recruitment 
and retention, although treatment adherence was low. 
There was a trend toward reduced severe AECOPD rates 
and time to first moderate or severe AECOPD in the 
adherent IVIG group.

While the combined recruitment rate was 4.5±0.9 
patients per month, we observed higher recruitment in 
the ambulatory care setting. Treatment adherence presents 
a significant barrier to feasibility. Low adherence was 
likely due to frailty in our targeted patient population. 
The frequency of monthly visits was another barrier to 
both recruitment and adherence. Despite the equivalent 
number of “treatment adherent” individuals between the 
two groups, the median adherence rate was higher in the 
IVIG group (85% vs 57%). The reason for this is 
unknown. It is notable that health status at week 4 was 
better in the IVIG group; therefore, patient perception of 
a benefit could be contributing to better adherence in this 
group. To improve treatment adherence, home-based IVIG 
infusions, or self-administered subcutaneous Ig should be 
considered. These alternative infusion strategies are more 
cost-effective than hospital-based infusions,20 and have 
proven benefit in chronic disease.21 However, a suitable 
sham therapy or placebo must be identified.

IVIG was safe and well tolerated as more participants 
allocated to IVIG stayed on study treatment (58% vs 48%) 
at week 48. This is expected as IVIG has been used with 
acceptable safety profiles in many diseases for decades. 
Our study did not demonstrate any significant change in 
FEV1, but a better HRQoL at week 4 was observed in the 
IVIG group. A rapid improvement of HRQoL is surprising 
since Ig has a half-life of 25–35 days and reaches a steady 
state after 3–5 doses. We speculate that there may be an 
immediate effect of Ig, such as decreased inflammatory 
state or reduced autoantibodies in the acute phase of 
AECOPD. A prospective measurement of inflammatory 
markers following Ig administration, such as erythrocyte 
sedimentation rate and C-reactive protein or sputum auto
antibodies, would be informative.22,23

The study was not powered to determine the efficacy of 
IVIG on AECOPD outcomes. Although there were no dif
ferences in rate or time to the first event, there was a trend 
toward lower AECOPD rate and a longer time to the first 

Figure 2 Study recruitment, adherence and retention. Number of patients recruited 
each month by recruitment settings from September 2016 to November 2018 is shown 
(A). Recruitment from ambulatory care clinics started in March 2018 while prespecified 
number of patients with hypogammaglobulinemia recruited from inpatient units was 
reached by March 2018. The horizontal dashed lines represent mean recruitment rate 
over the actual recruitment period. The combined recruitment rate was 4.5±0.9 
patients/month. Proportion of allocated treatments received in patients by assigned 
treatment group (B). Arrows indicate numbers of patients who were adherent greater 
(↑) or less (↓) than 80%. Adherence was low, and more so in the control group. Retention 
rate by treatment group over 48 weeks was high despite low adherence (C).
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event.4 Based on the calculated HR obtained from this study, 
if one were to conduct a definitive study with the same 
inclusion/exclusion criteria, a 1-year accrual and 1-year 
follow-up time, 1500 participants per arm will be required. 
This sample size is large and may not be feasible. Hence, 
patients who may be most responsive to Ig treatment should 
be identified prior to conducting a large definitive trial.

Some recurrent AECOPDs may be precipitated by recur
rent respiratory tract infections, which are common in 

individuals with functional antibody deficiency. Ig treatment 
prevents recurrent infections and improves quality of life in 
immunodeficient patients. Hence, it is possible that a subset 
of patients with COPD could have functional antibody defi
ciency and would receive the most benefit from Ig treatment. 
This subgroup is more difficult to identify because low 
serum IgG alone is not a direct indication of functional 
antibody deficiency. Dynamic testing of a specific immune 
response to a polysaccharide vaccine antigen, which induces 

Table 2 Rates of Acute Exacerbation of COPD (AECOPD) by Treatment Allocation

Analysis AECOPD Outcome Events IVIG Control Ratio Ratea (95% CI)

ITT Analysis Total number of AECOPD 56 (25) 48 (21) 0.91

N = 35 per group (number of patients with events) (0.59 to 1.41)

AECOPD requiring 16 (13) 20 (12) 0.78

Hospitalization (0.37 to 1.65)

(number of patients with events)

AECOPD requiring ED visit 12 (9) 2 (2) 3.16

(number of patients with events) (0.64 to 15.60)

AECOPD managed as outpatients 28 (15) 26 (12) 0.69

(number of patients with events) (0.37 to 1.30)

PP Analysis Total number of AECOPD 24 (12) 24 (11) 0.98

N = 16 for control, 
N = 18 for IVIG

(number of patients with events) (0.50 to 1.93)

AECOPD requiring hospitalization 4 (4) 4 (3) 0.43

(number of patients with events) (0.07 to 2.49)

AECOPD requiring ED visit 5 (4) 1 (1) 2.52

(number of patients with events) (0.23 to 27.7)

AECOPD managed as outpatient 15 (9) 19 (9) 0.88

(number of patients with events) (0.39 to 1.97)

Note: aAdjusted for age, sex, baseline IgG, FEV1 predicted value, and AECOPD rates. 
Abbreviations: CI, confidence interval; ITT, intention-to-treat; PP, per-protocol.

Figure 3 Kaplan–Meier curve of cases remaining without moderate or severe AECOPD, (A) regardless of non-adherence (ITT), (B) in cases with >80% adherence (PP) to 
study treatments.
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an antibody response without the help of T-cells, can be used 
to identify functional antibody deficiency.24

The study has several limitations. First, we recruited 
both hospitalized and non-hospitalized COPD patients. 
This resulted in heterogeneity in our sample, including 
lower FEV1 values and higher burden of respiratory dis
ease in the hospitalized patients. Future trials should focus 
more on non-hospitalized patients for recruitment feasibil
ity. Second, a different IVIG dose was administered to the 
inpatients with hypogammaglobulinemia vs the inpatients 
without hypogammaglobulinemia and outpatients. 
However, the reported effect size in the study was ana
lyzed for all adherent patients regardless of their recruit
ment setting, or baseline IgG. This should be considered if 
the effect size of this study is used for a future trial. Third, 
the low adherence rate limits the interpretation of the 
secondary outcomes. Lastly, AECOPD outcome may not 
be appropriate measures of treatment efficacy because 
exacerbations are heterogenous with different phenotypes. 
Many patients independently sought medical treatments or 
started antibiotics and/or prednisone for respiratory symp
toms that may not have reflected true AECOPDs, such as 
anxiety-related breathlessness. Recently, an international 
multidisciplinary clinical research network (DECODE- 
NET) identified challenges in the design and conduct of 
clinical trials on AECOPD.25,26 The group proposed that 
a core outcome set should be developed to homogenise 
outcome measures in COPD trials.

Conclusion
In conclusion, a trial of IVIG treatment for patients with 
recurrent exacerbations of COPD is not feasible with the 
current study design. Monthly treatment visits were 
a barrier to adherence. Study design modifications, includ
ing home-based Ig administration, and recruitment of non- 
hospitalized patients who are less frail may improve both 
recruitment and adherence. Further, identifying a targeted 
subgroup of COPD patients for Ig treatment, such as those 
with evident functional antibody deficiency, is warranted.

Abbreviations
AECOPD, acute exacerbation of chronic obstructive pul
monary disease; CAT, COPD assessment test; CI, confi
dence interval; CIU, clinical investigation unit; COPD, 
chronic obstructive pulmonary disease; EQ-5D-5L, 
EuroQol-5-dimension-5-level; FEV1, forced expiratory 
volume in 1 second; FVC, forced vital capacity; HR, 
hazard ratio; HRQoL, health-related quality of life; Ig, 

immunoglobulin; IgG, immunoglobulin G; ITT, intention 
to treat; IVIG, intravenous immunoglobulin; PP, per pro
tocol; SGRQ, St. George’s respiratory questionnaire.
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