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Capsule Summary

Hypogammaglobulinemia (total IgG levels < 7.0 g/L) is present in 1 irpdtients with moderate

to severe COPD and is associated with 50% to 10@%ease in the risk of exacerbations and

hospitalizations.

Abbreviations used

COPD: Chronic Obstructive Pulmonary Disease

Ig: Immunoglobulins

IgG: Immunoglobulin G

MACRO: Macrolide Azithromycin for Prevention of Eserbations of COPD trial
STATCOPE: Simvastatin for the Prevention of Exaa&dns in Moderate-to-Severe COPD tri
FEV;: forced expiratory volume in the first second

FVC: forced vital capacity

BMI: body mass index

ClI: confidence intervals

HR: hazard ratios

ICS: inhaled corticosteroids
LABA: long-acting beta2-agonist

LAMA: long-acting muscarinic antagonist
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To the Editor:

Reduced circulating total 1gG levels have been@asted with recurrent respiratory tract
infections'™ 2 Respiratory infections are the major triggers ofaerbations in Chronic
Obstructive Pulmonary Disease (COPD)o date, the association between total 1gG lexets
COPD exacerbations or hospitalizations is not wellerstood because previous studies have

been limited by small sample sizes and a scar€itgtaust data on hospitalizatioHs

To investigate the relationship between circulatioigl 1gG levels and the risk of COPD
exacerbations and hospitalizations, we used sanfiestwo large COPD trials: 1) Macrolide
Azithromycin for Prevention of Exacerbations of GDBVMACRO)” — Derivation Cohort; and
2) Simvastatin for the Prevention of Exacerbations Moderate-to-Severe COPD
(STATCOPEY — Vvalidation Cohort. This present study receivpgraval from the University

of British Columbia Research Ethics Committee.

IgG deficiency was defined when serum total IgCGelswvere below the lower limit of
normal for adults (< 7.0 g/L§) For analytic purposes, we divided participants igtartiles of
total 1gG levels. Additional details related to Ig@easurements are presented in the Methods

section in this article's Online Repository at wyagionline.org.

Total IgG levels were quantified in 976 MACRO paigiants (468 in the azithromycin
arm; 508 in the placebo arm) and in 653 STATCOPHqgyeants (322 in the simvastatin arm;
331 in the placebo arm), totaling 1,629 sample&rd lwere no significant differences in the total
IgG levels or in the prevalence of IgG deficienogtvieen the two cohottsThe details of

participant characteristics for each cohort (TaBl® and according to quartiles of total 1gG
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(MACRO, Table E2; STATCOPE, Table E3) are presentethis article’s Online Repository

at www.jacionline.org.

For both cohorts, the frequency of COPD exacerhatiand hospitalizations were
significantly higher in the lowest quartile (p foend <0.05 for both outcomes; see Figure E1 in
this article's Online Repository at www.jacionlioy). The rate of COPD exacerbations
significantly increased from the highest to the éstvquartile in both cohorts: MACRO (1.15 +
1.55 vs. 2.17 £ 3.51 exacerbations per person-yefor, trend <0.001; Figure 1A), STATCOPE

(0.94 +£1.30 vs. 1.98 + 2.11 exacerbations pergueygar; p for trend <0.001; Figure 1B).

In MACRO, the median time to first COPD exacerbatwas progressively longer from

the lowest quartile (158 days, 95% CI, 121 to 2@¥%s)l to the highest quartile (304 days, 95%
Cl, 239 to 375 days; log-rank test for trend: p€Q.0Figure 1C). In STATCOPE, the median
time to first COPD exacerbation was 140 days (99%.04 to 205 days) in the lowest quartile,
increasing to 411 days (95% CI, 300 to 525 dayshénhighest quartile (log-rank test for trend:
p<0.001; Figure 1D). Similarly, the participants time lowest quartile in both cohorts also
experienced the greatest risk of hospitalizatidog-(ank test for trend: p<0.001; Figures 1E and
1F, respectively). The iaietion term between total 1gG levels and study drug
(azithromycin in MACRO; simvastatin in STATCOPE) svaot statistically significant in both
cohorts (p=0.88, and p=0.25, respectively). No ifigant differences were observed in the

follow-up period across total IgG quartiles in bathorts.

Table 1 shows the unadjusted and adjusted haztod (&R) for COPD exacerbations
and hospitalizations for both cohorts. In MACROg thnadjusted HRs for both outcomes

increased significantly from the highest to the dstv quartile, and these results remained
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significant after adjustments for several covasatsee Methods in this article’'s Online
Repository at www.jacionline.org). In STATCOPE, thdjusted HRs for these outcomes were
not statistically significant, however we obsenadrend for higher adjusted HRs from the

highest to the lowest quartile.

In both cohorts, we also observed higher seruml&y®@ls among participants who did
not have any exacerbations during follow-up vetbose who had 1 or 2 exacerbations, or those
with 3 or more exacerbations, whereas participaiiiis 3 or more exacerbations had the lowest

levels (see Figure E2 in this article's Online Rs#fooy at www.jacionline.org).

In the present study, we found that total IgG deficy was common, affecting ~1 in 4
participants with COPD who were at a high riskdaacerbations. Most importantly, we showed
that in both cohorts, reduced total 1gG levelsa iose-dependent manner, were significantly and
independently related to COPD exacerbations angitatigations. Since patients with selective
lgG deficiency are at increased risk of respiratofgctions’ 2 and since respiratory infections
are the leading cause of COPD exacerbations angitalizations”, these data raise the
possibility that selective IgG deficiency may be cammon (modifiable) contributor of
exacerbations in COPD. However, in the presentystwe did not determine whether IgG
replacement therapy could mitigate the risk of exations in those with reduced serum IgG
levels. Thus, before we can fully accept this noti® large randomized controlled trial would be

needed to evaluate the risk-benefit of IgG replaadrtherapy in COPD.

Our study had some limitations. Firstly, as both @20 and STATCOPE cohorts
specifically recruited patients at increased rigk éxacerbations, the association between total

IgG levels and exacerbations in milder COPD pasiemtuncertain. Secondly, we only analyzed



105 blood samples collected at baseline and thus we weable to determine whether IgG levels are
106 modified during exacerbations or with systemic icogteroids. Thirdly, we did not evaluate
107 whether patients with reduced total IgG levels Haficient antibody responses to vaccination,
108 which provides a better evaluation of the adapiimenune response. Fourthly, we did not
109 phenotype the exacerbations; thus, the etiologh®fexacerbations was not ascertained (though

110 we presumed most were infectious in origin).

111 In sum, our data demonstrate that total IgG defmyeis relatively common among
112 COPD patients, and that reduced total IgG levels associated with increased risk of
113 exacerbations and hospitalizations, with the gstaisk observed among participants with total
114 19G levels below 7.0 g/L. Future adal trials are warranted in determining whethés Ig
115 replacement in those with reduced total IgG ledelsreases the risk of COPD exacerbations and

116 hospitalizations.
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204 Table 1. Unadjusted and adjusted Hazard Ratios for COPD exacerbations and
205 hospitalizations according to quartiles of serum ttal IgG levels in the derivation (MACRO)
206 and validation (STATCOPE) cohorts

207
208
209
210
211

212
213

Derivation Cohort — MACRO

Outcomes Quartile 1 Quartile 2 Quartile 3 Quartile 4
COPD p for
Exacerbation trend
. 1.65 1.54 1.17
Unadjusted (1.32-208) (122-1.93) (0.92-14g) eference  <0.001
_ 1.39 1.38 1.10
Adjusted (1.09-1.78) (1.09-1.76) (0.86—140) ererence  <0.01
o p for
Hospitalization trend
. 1.94 1.30 1.22
Unadjusted (131-2.87) (0.86—1.98) (0.80_1.87) reference  0.001
o 1.92 1.39 1.30
Adjusted (126-2.93) (0.90-2.15) (0.84—201) reference  <0.01
Validation Cohort — STATCOPE
Outcomes Quartile 1 Quartile 2 Quartile 3 Quartile 4
COPD p for
Exacerbation trend
. 1.69 1.52 1.24
Unadjusted (1.28-222) (L15-201) (0.94-163 ererence  <0.001
o 1.27 1.30 1.08
Adjusted (0.94-173) (0.97-175) (0.80—144) reference  0.08
e p for
Hospitalization trend
. 1.59 0.86 0.80
Unadjusted (1.05-2.39) (055-1.37) (0.51—126) rererence 001
o, 1.57 0.88 0.85
Adjusted (0.09-2.48) (0.54-1.43) (0.53—136) ererence  0.04

"Adjusted for study drug (azithromycin vs. placebatie derivation cohort; simvastatin vs. placebthia validation
cohort), age, gender, ethnicity (Caucasian vs. Naneasian), FEV(% of predicted values), smoking status (current
vs. former smokers), oxygen dependence, inhaledidtase, and treatment with systemic steroidsravipus year as
additional covariates in a Cox Proportional Hazaraslel. Quartile 1 — lowest total 1gG levels; Queartt — highest
total IgG levels.



214  Figure Legend
215

216 Figure 1. Lower serum total IgG levels were associated withrse outcomes among COPD
217 participants in both cohorts (Q1 — lowest total I¢gvels; Q4 — highest total IgG levels).
218 A (MACRO); B (STATCOPE): Rate of COPD exacerbations per person-year acupfidi
219 quartiles of serum total IgG. Error bars = 95% aerice intervalC and E (MACRO); D and
220 F (STATCOPE): Participants with COPD exacerbations and hosp#atns during the study
221 period according to quartiles of serum total IgGdirank test for trend: p<0.001 for all
222 quadrants). Log-rank test used for comparisonsdmt Q1 and Q4.

223

10



Rate of COPD Exacerbations

Patients with
COPD Exacerbations (%)

Patients with
Hospitalizations (%)
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Methods

Derivation Cohort — MACRO trial

The MACRO trial investigated the efficacy of azdhrycin, a macrolide antibiotic
with immunomodulatory and antibacterial effects, tfee prevention of COPD exacerbations.
Eligible participants included COPD patients aged0 years who were former or current
smokers ¥ 10 pack-years) with a post-bronchodilator forcagimtory volume in the first
second (FEY) < 80% of the predicted value. Subjects also neéédeneet at least one of the
following inclusion criteria: use of supplementatygen, receipt of systemic steroids or
antibiotics for a respiratory problem, or a histadyemergency department (ED) visit or

hospitalization for a COPD exacerbation within ginevious year of the trial enroliment.

The primary outcome of interest was the time tet fexacerbation of COPD, defined
as a complex of respiratory symptoms (increasegkewr onset) consisting of two or more of
the following: cough, sputum, wheezing, dyspneahast tightness with a duration of at least
three days and requiring treatment with antibiotims systemic steroids or both in
combination™ Severity of exacerbations was graded using thevatig scale: 1) mild -
home management, with or without contacting a hezdre provider; 2) moderate - requiring
a visit to ED; 3) severe - requiring hospitalizati@and 4) very severe - resulting in intensive

care unit (ICU) admission.
Validation Cohort — STATCOPE trial

The STATCORPE trial was designed to investigate twresimvastatin could reduce
COPD exacerbations. The inclusion criteria and @utes of interest were the similar to those
for the MACRO trial, except that the primary outamvas the effect of simvastatin on the

exacerbation rate.
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IgG Measurements

Blood samples of participants from both cohorts eveollected at their baseline
evaluation when they were free of exacerbationsaafdeast 4 weeks prior to the blood draw
and stored in temperature-monitored —80°C freeZBvsmeasure IgG levels, these samples
were thawed at room temperature for 1 hour, with sybclass levels measured in serum by
immunonephelometry using a Siemens BNIlI nephelom@&hlll; Erlangen, Germany) and
Binding Site IgG subclass (IgG1-4) reagents (Bimghiaam, UK). We acquired serum total
IgG levels by summing the individual four IgG sudsd measurements. We processed all
samples in the clinical chemistry laboratory at Baul's Hospital, Vancouver, British

Columbia, Canada.

The normal range for total IgG levels in adultscusethis analysis were derived from

a healthy population and included mean levels ta@dard deviations (7.0 - 16.0 g/&)*
Clinical and Exacerbation Data

Demographic variables (age, gender, body mass i(@&N) and ethnicity), active
smoking, medication use, lung function measuremgiuiced vital capacity (FVC) and
FEV;) and pneumococcal vaccination status were recoededaseline. The number and
severity of exacerbations during follow-up, timefirst COPD exacerbation, and time to first
hospitalization (due to severe or very severe COefacerbations) were assessed

prospectively throughout the duration of both #ial
Statistical Analysis

We used the Mann-Whitney U-test to examine whetibiat IgG levels were similar
in both the derivation and validation cohorts. each cohort, we divided participants into

guartiles of total IgG levels for analysis. The dkmeere-Terpstra and Cochrane-Armitage
3
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tests were employed for continuous variables angesical variables, respectivefy.

We calculated the rates of COPD exacerbations isopeyears by dividing the number of
acute exacerbations by the duration of follow-upy@&ars for each participant (i.e., person-
year of follow-up). To compare these rates acrosal igG quartiles in both cohorts, we

applied the Kruskal-Wallis test.

We obtained a Kaplan-Meier estimate of survivalction for the time to first COPD
exacerbation or hospitalization according to tdtgb quartiles, and compared the curves
using log-rank test. We applied bootstrap methodgenerate confidence intervals (CI) for
the estimates of the median times-to-event. Weopadd multivariate Cox proportional-
hazards regression models to obtain the adjustearthaatios (HR) for these outcomes across
the quartiles of total IgG (using the highest qgimds the reference). The multivariate models
included all variables with biological plausibilitgr that showed an association with the
outcome of interest (exacerbations or hospitalires) to the level of p<0.2 in the univariate
analysis. The HRs related to total IgG levels wadpisted for the following variables: study
drug (azithromycin or simvastatin), age, sex, ddityi(Caucasian vs. Non-Caucasian),
smoking status, FEM% of predicted value), long-term oxygen therapyaled steroid use,
and history of treatment with systemic steroidshia year prior to enrollment. To investigate
any possible differential effect of total IgG lesddy study drug assignment, we included an
interaction term in our multivariate models usigglas a continuous variable. We tested for
trend across quartiles of total IgG in the Cox esgron models by using orthogonal contrasts

for IgG quatrtiles as an ordinal factor.

We also classified the participants from both cthamto three groups according to

their exacerbation status (no exacerbation vs. @ngvo exacerbations vs. three or more
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exacerbations during study period) and comparedr ttal 1gG levels using the

Kruskal-Wallis test.

We performed all statistical analyses using SPSSiae 21.0 (IBM Corp., Armonk,
NY, USA) and R version 3.2.2 (available from hthpww.R-project.org). The level of

statistical significance was set at p<0.05 fotesls.
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Baseline characteristics of participantan the derivation (MACRO) and
validation (STATCOPE) cohorts

Variable MACRO STATCOPE P
N=976 N=653

Total 1gG, g/L 9.2+3.2 9.3+3.0 0.64
Total IgG deficiency (< 7.0 g/L) 239 (24.5) 158 (24.2) 0.91
Age, years 65.5+8.6 62.8+8.4 <0.001
Female Sex 392 (40.2) 272 (41.7) 0.55
Caucasian 806 (82.6) 509 (77.9) 0.02
BMI, kg/m? 27.7£6.2 27.1+6.8 0.062
Current Smokers 207 (21.2) 188 (28.8) <0.001
FVC, % predicted 70.2+18.1 71.1+19.1 0.29
FEV,, % predicted 39.8+15.7 41.5+17.8 0.049
Long-term oxygen therapy 587 (60.1) 318 (48.7) <0.001
Steroid use in previous year 822 (84.2) 550 (84.2) 0.99
ICS use — any formulation 764 (78.3) 484 (74.1) 0.06
LABA use — any formulation 732 (75.0) 507 (77.6) 0.22
ICS + LABA use 524 (53.7) 366 (56.0) 0.35
LAMA use 621 (63.6) 416 (63.7) 0.97

" Student't t-test, Mann—Whitney U-test (for comparis of total IgG levels), or Chi-square test, @rapriate.
Values expressed as means + SD or number (%). iDefirof abbreviationsBMI - body mass index, FVC -
forced vital capacity, FEV- forced expiratory volume in one second, ICShaled corticosteroids; LABA -
long-acting beta2-agonist; LAMA - long-acting musni& antagonist; IgG - immunoglobulin G.



151 Table E2. Baseline characteristics of participantaccording to quartiles of serum total
152 IgG in the derivation cohort (MACRO)

153
154
155
156
157

158

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for

(34 -70) (7.0-87) (8.7-107) (10.7-372) trend

N = 244 N = 244 N = 244 N = 244

Allocation to azithromycin 106 (43.4) 122 (50.0) 110 (45.1) 130 (53.3) 0.09
Age, years 66.6 +7.9 65.1+8.4 65.9 + 8.7 64.1+9.2 <0.01
Female Sex 117 (48.0) 115 (47.1) 84 (34.4) 76 (31.1) <0.001
Caucasian 224 (91.8) 216 (88.5) 207 (84.8) 159 (65.2)<0.001
BMI, kg/m? 26.8+5.9 27.3+6.1 28.6 +5.9 28.4 +6.9 <0.01
Current Smokers 42 (17.3) 54 (22.1) 48 (19.7) 63 (25.8) 0.048
FVC, % predicted 69.4 +18.9 70.1+£17.2 70.2+19.5 709+17.0 50.3
FEV1, % predicted 37.5+154 39.8+15.0 39.6 +15.3 42.1 +16.6<0.01
Long-term oxygen therapy 166 (68.0) 140 (57.4) 142 (58.4) 139 (57.0) 0.02
Steroid use in previous year 225 (92.2) 207 (84.8) 195 (79.9) 195 (79.9)<0.001
ICS use — any formulation 193 (79.1) 193 (79.1) 198 (81.1) 180 (73.8) 0.24
LABA use — any formulation 180 (73.8) 183 (75.0) 190 (77.9) 179 (73.4) 0.89
ICS + LABA use 124 (50.8) 139 (57.0) 142 (58.2) 119 (48.8) 0.73
LAMA use 161 (66.0) 151 (61.9) 166 (68.0) 143 (58.6) 0.25
Pneumococcal Vaccination 167 (68.4) 165 (67.6) 161 (66.0) 156 (66.5) 0.26

Values expressed as means = SD or number (%). argerof total IgG levels (in g/L) is displayed feach
quartile. Definition of abbreviationMI - body mass index, FVC - forced vital capaciBEV; - forced
expiratory volume in one second, ICS - inhaledicosteroids; LABA - long-acting beta2-agonist, drAMA

- long-acting muscarinic antagonisAdministered at the baseline evaluation.



159 Table E3. Baseline characteristics of participantsaccording to quartiles of serum total

160 1gG in the validation cohort (STATCOPE)

161

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for

(35-70) (7.0 - 88) (88-110) (110-229) trend

N =163 N =163 N = 164 N =163
Allocation to simvastatin 72 (44.2) 81 (49.7) 85 (51.8) 84 (51.5) 0.17
Age, years 64.2+7.8 65.0£8.3 61.5+85 60.6 + 8.3 <0.001
Female Sex 87 (53.4) 67 (41.1) 62 (37.8) 56 (34.4) <0.001
Caucasian 148 (90.8) 142 (87.1) 132 (80.5) 87 (53.4) <0.001
BMI, kg/m? 25.6 £5.8 25.9+6.3 28.3+7.6 28.7 £ 6.9 <0.001
Current Smokers 38 (23.3) 43 (26.4) 50 (30.5) 57 (35.0) 0.01
FVC, % predicted 65.6+19.0 71.8+19.1 729+18.3 74.3+19.0<0.001
FEV, % predicted 355+17.2 40.6+16.3 43.4+17.8 46.3+18.0<0.001
Long-term oxygen therapy 93 (57.1) 83 (50.9) 68 (41.5) 74 (45.4) 0.01
Steroid use in previous year 139 (85.3) 141 (86.5) 141 (86.0) 129 (79.1) 0.14
ICS use — any formulation 127 (77.9) 124 (76.1) 123 (75.0) 110 (67.5) 0.03
LABA use — any formulation 133 (81.6) 128 (78.5) 133 (81.1) 113 (69.3) 0.02
ICS + LABA use 99 (60.7) 86 (52.8) 97 (59.1) 84 (51.5) 0.22
LAMA use 114 (69.9) 106 (65.0) 104 (63.4) 92 (56.4) 0.01
Pneumococcal Vaccination 111 (68.1) 96 (58.9) 88 (53.7) 90 (59.0) 0.01

Values expressed as means + SD or number (%). argerof total 1gG levels (in g/L) is displayed fach
quartile. Definition of abbreviation8MI - body mass index, FVC - forced vital capaciffV, - forced
expiratory volume in one second, ICS - inhaledicosteroids; LABA - long-acting beta2-agonist, drMA -

long-acting muscarinic antagonisAdministered at the baseline evaluation.
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Figure Legends

Figure E1. Frequency of participants with COPD exacerbatioasiirrent exacerbations (two
or more exacerbations), and hospitalizations duttiegstudy period across quartiles of serum
total IgG levels in the derivation (MACRO) and whltion (STATCOPE) cohorts (Q1 —
lowest quartile of total IgG levels; Q4 — higheatgile of total IgG levels).

Figure E2. Serum total IgG levels according to the numbeexdcerbations during study
period in the derivation (MACRO) and validation (STCOPE) cohorts. MACRO: 9.7 + 3.2
g/L for non-exacerbators vs. 9.0 £ 3.0 g/L for &xacerbations/yr vs. 8.6 £ 3.4 g/L for 3 or
more exacerbations/yr; p for trend <0.001. STATCOBB + 3.1 g/L for those with no
exacerbations; 9.3 £ 3.1 g/L for those with 1 @xAcerbations/yr; and 8.6 + 2.7 g/L for those
with 3 or more exacerbations/yr (p for trend<0.00"B<0.05 for comparisons between
groups (Kruskal-Wallis test with adjustments forltiple comparisons). Error bars represent

95% confidence interval for the mean.

10



Derivation cohort: MACRO

N =976 participants

Validation cohort: STATCOPE

N = 653 participants

614 participants (62.9%) experienced at least one
COPD exacerbation:

* Q1: 172/244 (70.5%)
* Q2: 166/244 (68.0%)
* Q3: 146/244 (59.8%)
 Q4: 130/244 (53.3%)

434 participants (66.5%) experienced at least one
COPD exacerbation:

* Q1: 119/163 (73.0%)
© Q2: 113/163 (69.3%)
© Q3: 113/164 (68.9%)
*Q4: 89/163 (54.6%)

337 participants (34.5%) experienced two or more
COPD exacerbations:

* Q1:105/244 (43.0%)
°Q2: 86/244(352%)
©Q3: 811244 (332%)
©Q4: 651244 (26.6%)

308 participants (47.2%) experienced two or more
exacerbations:

* Q1:88/163 (53.9%)
© Q2: 82/163 (50.6%)
* Q3:83/164 (50.3%)
© Q4:55/163 (33.7%)

208 participants (21.3%) required hospitalizations:

© Ql: 71/244 (29.1%)
 Q2: 50/244 (20.5%)
* Q3:48/244 (19.7%)
* Q4:39/244 (16.0%)

167 participants (25.6%) required hospitalizations:

*Q1:58/163 (35.8%)
© Q2:35/163 (21.6%)
© Q3:36/164 (21.5%)
 Q4:38/163 (23.3%)
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