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Abstract. Background and aim: Acute exacerbation (AE) of idiopathic pulmonary fibrosis (IPF) is a fatal condition
with no established treatment. Intravenous immunoglobulin (IVIG) is a unique therapy with both anti-inflammatory
and anti-infective effects. Therefore, we hypothesized that IVIG may have a positive effect on AE of interstitial
pneumonia. This study aimed to determine the effect of IVIG in patients with AE of fibrotic idiopathic interstitial
pneumonias (IIPs), including IPF. Methods: We retrospectively analyzed consecutive patients who were diagnosed
with AE of fibrotic IIPs and treated with pulse corticosteroid therapy (methylprednisolone 500-1000 mg/day for
3 days) between April 2018 and May 2021 at Kagawa Rosai Hospital and KKR Takamatsu Hospital. Resu/zs: This
study included 52 patients with AE of fibrotic IIPs (IPF,41; fibrotic IIPs other than IPF,11). Thirteen patients re-
ceived IVIG (5 g/day for 3-5 days) concurrently with pulse corticosteroid therapy. The remaining 39 patients were
assigned to the control group. The survival rate on day 90 was significantly higher in the IVIG group than that in
the control group (76.9% vs. 38.5%, p = 0.02). IVIG administration (odds ratio [OR], 0.11; 95% confidence inter-
val [CI], 0.02-0.69; p = 0.02) and C- reactive protein (OR, 1.19; 95% CI, 1.06-1.33, p < 0.01) were independently
associated with 90-day mortality. Conclusions: The results indicate that administration of IVIG may improve the
survival of patients with AE of fibrotic IIPs. We are now conducting a prospective study to confirm the effect of

IVIG on AE of IPF since May 2022 (jJRCT1061220010).
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a chronic,
progressive, and fatal lung disease (1). Some patients
with IPF show acute exacerbation (AE), defined as
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an acute, clinically significant respiratory deteriora-
tion characterized by evidence of new, widespread
alveolar abnormality (2). AE is one of the leading
causes of death in patients with IPF (3). However,
AE is not unique to IPF. Previous studies reported
that it also occurs in other types of interstitial pneu-
monia, such as idiopathic nonspecific interstitial
pneumonia, interstitial pneumonia associated with
collagen-vascular disease, and chronic hypersensitiv-
ity pneumonitis (4, 5). The majority of case series re-
port the mortality rate of AE of IPF to be > 50%, and
effective therapies have not yet been established (2).
The efficacy of recombinant thrombomodulin and
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cyclophosphamide for AE of IPF was studied in
a phase III trial, but these studies did not show
an improvement in prognosis (6, 7). However, the
pathophysiology of AE remains unclear. Inflam-
matory processes are believed to be one of the pos-
sible causes because an increased number of white
blood cells and neutrophils and elevated serum lev-
els of C-reactive protein (CRP) and inflammatory
cytokines are observed in patients with AE (8, 9).
Thus, corticosteroids or corticosteroids with immu-
nosuppressive drugs are typically used to treat AEs
(10, 11). In addition, some AEs are believed to be
associated with infection; therefore, broad-spectrum
antibiotics are typically initiated (12).

Intravenous immunoglobulin (IVIG) is a
unique therapy with both anti-inflammatory and
anti-infective effects (13-15). In Japan, IVIG is ap-
proved for the treatment of immune thrombocy-
topenia, Kawasaki disease, chronic inflammatory
demyelinating polyneuropathy, Guillain—Barré syn-
drome, pemphigus, eosinophilic granulomatosis with
polyangiitis, polymyositis/dermatomyositis, myas-
thenia gravis, multifocal motor neuropathy, optic
neuritis, Stevens—Johnson syndrome, toxic epidermal
necrolysis, hypogammaglobulinemia, agammaglob-
ulinemia, and severe infections. Considering the
possible mechanisms of AE as inflammation and
infection, IVIG may provide a positive effect on AE
of interstitial pneumonia. At Kagawa Rosai Hospi-
tal and KKR Takamatsu Hospital, we administered
IVIG to some patients with AE of interstitial pneu-
monia, expecting these effects.

In this study we aimed to retrospectively analyze
the effect of IVIG on patients with AE of fibrotic

idiopathic interstitial pneumonias (IIPs).
MATERIALS AND METHODS
Study design and patients

This retrospective, observational study was con-
ducted at Kagawa Rosai Hospital and KKR Taka-
matsu Hospital. We enrolled consecutive patients
who were diagnosed with AE of fibrotic IIPs and
treated with pulse corticosteroid therapy (methyl-
prednisolone 500-1000 mg/day for 3 days) between
April 2018 and May 2021. Fibrotic IIPs included
IPF, idiopathic nonspecific interstitial pneumonia
(iNSIP), and unclassifiable fibrotic IIPs. iNSIP and
unclassifiable fibrotic IIPs were clinically diagnosed
based on medical interviews regarding clinical data,

physical examination, and computed tomography
images due to inadequate pathological data. The fol-
lowing patients were excluded from the analysis to
avoid bias caused by treatment and disease condi-
tions: those who did not receive pulse dose of cor-
ticosteroid therapy for the treatment of AE, those
with known causes of interstitial pneumonia such as
collagen-vascular disease, and those with a history of
AE. One patient who died of cardiovascular disease
within 90 days of admission was also excluded. We
collected the clinical data of the patients from their
medical records. The diagnosis of IPF and IIPs other
than IPF was based on established criteria (1, 16, 17).
We diagnosed AE of interstitial pneumonia based on
the International Working Group Report of Acute
Exacerbation of Idiopathic Pulmonary Fibrosis (2).
This study was approved by the institutional review
boards of Kagawa Rosai Hospital (R3-25) and KKR
Takamatsu Hospital (E222). The requirement for
written informed consent was waived because this
study was based on a retrospective analysis.

Statistical analysis

Statistical analyses were performed using the
EZR software (Saitama Medical Center, Jichi Medi-
cal University, Saitama, Japan) (18). Patient charac-
teristics were compared using the Fisher’s exact test
for binary variables and Mann—Whitney U test for
continuous variables. The survival rate on day 90 post
admission was compared between the IVIG and con-
trol groups using Fisher’s exact test. Survival curves
were plotted using the Kaplan—Meier method. Uni-
variate and multivariate analyses with logistic regres-
sion models were performed to identify risk factors
for mortality at 90 days post admission. We selected
variables (Krebs-von-Lungen-6 [KL-6], CRP levels,
and IVIG administration) for multivariate analysis
based on previous reports (8, 19). The PaO,/FiO,
ratio was excluded from the variables owing to the
large number of missing values (data were available
for 42 of 52 patients). Differences were considered
statistically significant at p < 0.05.

REsuLTs
Study population
This study included 52 patients with AE of fi-

brotic IIPs. Of the 52 patients, 41 had IPF and 11 had
IIPs other than IPF (iNSIP,8; unclassifiable fibrotic



SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2022; 39 (4); €2022038 3

IIPs,3). The median patient age was 79 years (inter-
quartile range [IQR], 73-83 years), and 39 patients
(75.0%) were men. Seven patients (13.5%) received
antifibrotic drugs (pirfenidone or nintedanib) at the
time of AE diagnosis. The median PaO,/FiO, ratio
was 192 (IQR, 108-263). Median KL.-6 and CRP
values were 1146 U/mL (IQR, 663-1625 U/mL)
and 9.1 mg/dL (IQR, 4.5-14.3 mg/dL), respectively.
Bronchoscopy was performed in only four patients
because of severe respiratory failure. Microbiologic
tests of bronchoalveolar lavage samples obtained from
these patients were all negative. Sputum culture iden-
tified specific pathogen in only four cases (Klebsiella
pneumoniae: two cases, methicillin-resistant Staphylo-
coccus aureus: one case, Enterococcus faecalis: one case).
There were no cases of acute exacerbation associated
with severe acute respiratory syndrome coronavirus 2.
Thirteen patients received IVIG (5 g/day for 3-5 days)
concurrently with pulse corticosteroid therapy imme-
diately after admission. The remaining 39 patients
were assigned to the control group. A comparison of
the baseline clinical characteristics between the IVIG
and control groups is presented in Table 1.

The baseline characteristics, including age, sex,
body mass index, smoking history, clinical diagno-
sis, use of antifibrotic drugs, PaO,/FiO, ratio, and
laboratory data, were similar between the IVIG and
control groups. Table 2 shows the therapeutic inter-
ventions for AE of fibrotic IIPs. All patients were
treated with pulse corticosteroid therapy. Empiric
antibiotic therapy was administered to all patients in
the IVIG group and to 37 of 39 patients (94.9%) in
the control group. The percentages of patients who
used immunosuppressants, high-flow nasal cannulas,
non-invasive ventilation, and invasive mechanical
ventilation were similar between the two groups.

Effect of IVIG and predictors of survival

Figure 1 shows the survival curve for each group
until day 90 post admission. The survival rate on day
90 was significantly higher in the IVIG group than
that in the control group (76.9% vs. 38.5%, p = 0.02;
Table 3). We performed univariate and multivariate
analyses with logistic regression models to identify
the risk factors for death up to 90 days post admission

Table 1. Patient characteristics of IVIg group and control group on admission.

Characteristics IVIG group Control group
(n=13) (n=39)

Age, yr — median (IQR) 78 (72-82) 79 (74-84)

Male sex — no. (%) 8 (61.5) 31 (79.5)

Body-mass index — median (IQR)

23.3(19.7-25.2)

22.7 (21.5-25.1)

Smoking history

Never — no. (%) 6 (46.2) 7 (17.9)*

Former or current — no. (%) 7 (53.8) 31 (79.5)*
Clinical diagnosis

IPF — no. (%) 12 (92.3) 29 (74.4)

Other than IPF — no. (%) 1(7.7) 10 (25.6)
Use of antifibrotic drugs

Pirfenidone — no. (%) 1(7.7) 1(2.5)

Nintedanib — no. (%) 2 (15.4) 3(7.7)

PaO,/FiO, ratio™ — median (IQR)

205 (114-298)

189 (109-248)

Leukocytes, x10°/ul — median (IQR)

11.7 (10.6-18.1)

10.4 (7.6-14.0)

KIL-6, U/ml — median (IQR)

1380 (579-1734)

1010 (664-1580)

LDH, U/l — median (IQR)

332 (282-453)

354 (279-385)

CRP, mg/dl — median (IQR)

8.7 (6.2-15.7)

9.4 (4.0-14.2)

* Smoking history of one patient was not available.
** Data were available for 11 patients in the IVIG group and 31 in the control group.

Abbreviations: IVIG, Intravenous immunoglobulin; IPF, idiopathic pulmonary fibrosis; KL-6, Krebs-von-Lungen-6; LDH, lactate

dehydrogenase; CRP, C-reactive protein
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Table 2. Therapeutic interventions for AE-IIPs.

Table 4. Risk factors of 90-days mortality.

Characteristics IVIG group | Control group
(n=13) (n=39)

Methylprednisolone pulse 13 (100) 39 (100)

therapy — no. (%)

Empiric antibiotic therapy 13 (100) 37 (94.9)

— no. (%)

Immunosuppressant — no. 5(38.5) 7(17.9)

(%)

HFNC — no. (%) 6 (46.2) 12 (30.8)

NIV — no. (%) 2(15.4) 13 (33.3)

IMV — no. (%) 0 (0) 2(5.1)

Abbreviations: IVIG, Intravenous immunoglobulin; HFNC,
high-flow nasal cannulas; NIV, noninvasive ventilation; IMV,
invasive mechanical ventilation
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Figure 1. Survival curve for each group until day 90 post admission
Abbreviations: IVIG, Intravenous immunoglobulin.

Table 3. Survival rate on day 90 post admission.

Survival rate on day 90 p value
IVIG group 76.9% (10/13)
0.02
Control group 38.5% (15/39)

Abbreviations: IVIG, Intravenous immunoglobulin

(Table 4). Univariate analysis revealed that IVIG
administration (Odds ratio [OR], 0.19; 95% confi-
dence interval [CI], 0.04-0.79; p = 0.02) and CRP
(OR, 1.14; 95% CI, 1.03-1.25; p = 0.01) were as-
sociated with 90-days mortality. Multivariate analy-
sis confirmed the independent association between

Variables | OR | 95% CI p value

Univariate analysis
Age, yr 1.05 0.98-1.12 0.20
Male sex 0.90 0.26-3.18 0.87
Body-mass index 0.92 0.81-1.06 0.25
Clinical diagnosis IPF 0.54 0.14-2.15 0.39
Use of antifibrotic drugs | 1.28 0.26-6.36 0.77
Leukocytes, x10%/pl 1.00 1.00-1.00 0.44
KL-6, U/ml 1.00 1.00-1.00 0.26
LDH, U/ 1.00 1.00-1.00 0.70
CRP, mg/dl 1.14 1.03-1.25 0.01
IVIG administration 0.19 0.04-0.79 0.02

Multivariate analysis
KL-6, U/ml 1.00 1.00-1.00 0.89
CRP, mg/dl 1.19 1.06-1.33 <0.01
IVIG administration 0.11 0.02-0.69 0.02

Abbreviations: KL-6, Krebs-von-Lungen-6; LDH, lactate de-
hydrogenase; CRP, C-reactive protein; IVIG, Intravenous
immunoglobulin

IVIG administration (OR 0.11, 95% CI 0.02-0.69,
p =0.02) and CRP (OR 1.19,95% CI 1.06-1.33, p <
0.01) and 90-days mortality.

Adverse Events

No adverse events were considered to be related

to IVIG therapy during the study period.
Discussion

This study showed that the survival rate on day
90 post admission in the IVIG group was superior
to that in the control group. Although this is the
first study on the effect of IVIG on AE-IIPs or
fibrotic IIPs, several studies have been conducted
in other conditions for interstitial pneumonia.
Enomoto et al. reported the eflicacy of IVIG for
IPF in its non-AE phase (20). They showed that
the monthly administration of IVIG reduced the
decline in vital capacity. Huapaya et al. suggested
that IVIG is a potential salvage therapy in patients
with active progressive interstitial lung disease as-
sociated with antisynthetase syndrome, who do
not respond to the combination of steroids and
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immunosuppressant drugs (21). The study showed
that IVIG increased forced vital capacity by more
than 10% in approximately 40% of the patients. In
addition, a preclinical study showed the efficacy of
IVIG for bleomycin-induced pulmonary fibrosis
(22). Although these studies were preliminary with
small sample sizes, IVIG is considered to be an at-
tractive candidate for lung fibrosis.

Respiratory infection is considered as one of the
possible causes of AE of IPF (2, 8). In a previous
study analyzing 52 autopsy cases with AE of IPF, 15
(28.8%) patients had respiratory infections, includ-
ing fungal, cytomegalovirus, and bacterial infections
(23). Another study showed that 14 of 43 patients
(33%) with AE of IPF were positive for some viruses
in the bronchoalveolar lavage fluid (24). As IVIG is
a product prepared from pooled plasma of healthy
individuals, it is enriched with a certain amount of
immune antibodies against various bacteria, bacterial
toxins, and viruses. The anti-infective effect of IVIG
on AE of IIPs is one possible mechanism of action
of the therapy.

The anti-inflammatory effect of IVIG is an-
other possible mechanism of action of the therapy
because excessive inflammation occurs in patients
with AE. Increased numbers of white blood cells
and neutrophils and elevated serum levels of CRP
and inflammatory cytokines have been observed
in patients with AE-IPF (8, 9). IVIG is believed
to exert its anti-inflammatory effects through the
following actions: suppression or neutralization of
autoantibodies or cytokines, neutralization of ac-
tivated complement components, restoration of
idiotypic-anti-idiotypic networks, blockade of leu-
kocyte-adhesion-molecule binding, modulation of
maturation and function of dendritic cells, blockade
of neonatal crystallizable fragment (Fc) receptor,
blockade of activating receptor for the Fc portion
of IgG (FeyR), upregulation of inhibitory FeyRIIB,
and immunomodulation by sialylated immuno-
globulin G (13). With regards to neutralization of
autoantibodies, Donahoe et al. proposed a regimen
of plasma exchange + rituximab + IVIG for AE of
IPF, and they reported that improvements in pul-
monary gas exchange after treatment were observed
in 9 of 11 patients (25). Based on these promising
results, a phase II study is currently underway in the
United States to confirm the eflicacy of this treat-
ment strategy (STRIVE-IPF; NCT03286556). The
anti-inflammatory effects of IVIG may improve the

prognosis of AE-fibrotic IIPs in our study; how-
ever, it should be noted that all our patients received
5 g/day of IVIG in accordance with the approved
dose for severe infections, whereas high-dose IVIG
(more than 400 mg/kg/day) is usually administered
for autoimmune disorders for their anti-inflamma-
tory effects. Therefore, dose escalation may be nec-
essary to maximize the anti-inflammatory effect of
AE on fibrotic IIPs.

Regarding the safety of IVIG for IPF, Enomoto
et al. reported that adverse events occurred in two
of 10 patients with IPF (20). A mild rash and in-
fectious pneumonia developed in one patient, and a
mild, non-progressive retinal break was found in an-
other. Although we administered relatively low-dose
IVIG (5 g/day) compared to their study (400 mg/kg/
day), no adverse events were considered to be related
to IVIG during the study period. Considering these
results, IVIG is safe and tolerable even in patients
with interstitial pneumonia.

Our study has several limitations. First, it was
retrospective, non-randomized and had a small sam-
ple size, particularly in the IVIG group. Second, the
dose of IVIG in this study may not have been opti-
mal because we used a relatively low dose of IVIG
(5 g/day) in accordance with the approved dose for
severe infections. Third, we do not routinely perform
bronchoalveolar lavage at the time of AE diagnosis
to exclude infection because of severe respiratory
failure; hence, the possibility of infection could not
be completely ruled out. Although our study has
several limitations, we believe that it is significant in
terms of proposing a new promising treatment for
AE of fibrotic IIPs, for which there is no effective

treatment.
CoNcLUSION

Our study results indicate that the administra-
tion of IVIG may improve the survival of patients
with AE of fibrotic IIPs. Based on these results, we
are now conducting a prospective study to confirm
the effect of IVIG on AE of IPF since May 2022
(jRCT1061220010).
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