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Abstract

Background

No medical treatment has proven efficacy for acute exacerbations of idiopathic pulmonary
fibrosis (AE-IPF), and this syndrome has a very high mortality. Based on data indicating
humoral autoimmune processes are involved in IPF pathogenesis, we treated AE-IPF
patients with an autoantibody reduction regimen of therapeutic plasma exchange, rituximab,
and intravenous immunoglobulin. This study aimed to identify clinical and autoantibody
determinants associated with survival after autoantibody reduction in AE-IPF.

Methods

Twenty-four(24) AE-IPF patients received the autoantibody reduction regimen. Plasma anti-
epithelial autoantibody titers were determined by HEp-2 indirect immunofluorescence
assays in 22 patients.

Results

Mean age of the patients was 70 + 7 years old, and 70% were male. Beneficial clinical
responses that occurred early during therapy were a favorable prognostic indicator: supple-
mental O, flows needed to maintain resting S,0,>92% significantly decreased and/or walk dis-
tances increased among all 10 patients who survived for at least one year. Plasma anti-HEp-2
autoantibody titers were ~-three-fold greater in survivors compared to non-survivors (p<0.02).
Anti-HEp-2 titers >1:160 were present in 75% of the evaluable one-year survivors, compared
to 29% of non-survivors, and 10 of 12 patients (83%) with anti-HEP-2 titers <1:160 died during
the observation period (Hazard Ratio = 3.3, 95% Confidence Interval = 1.02-10.6, p = 0.047).

Conclusions

Autoantibody reduction therapy is associated with rapid reduction of supplemental oxygen
requirements and/or improved ability to ambulate in many AE-IPF patients. Facile anti-
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epithelial autoantibody assays may help identify those most likely to benefit from these
treatments.

Introduction

A sizable proportion of patients who have idiopathic pulmonary fibrosis (IPF), estimated as
5-10% annually, develop fulminant exacerbations of their lung disease, not attributable to other
causes, that can result in respiratory failure within days [1]. The etiology of these acute exacerba-
tions of IPF (AE-IPF) has been enigmatic, and no medical therapy yet tried has proven efficacy.
The short-term mortality of AE-IPF may be as great as 90% or more, depending on disease
severity, and these episodes account for ~half of all deaths among IPF patients [1-4].

We, and others, have reported adaptive immune abnormalities that define humoral autoim-
mune diseases are prevalent in IPF patients [5-18]. Many of these abnormalities are especially
prominent among the IPF patients who are having, or will soon have, an acute exacerbation
[8,9, 12, 15, 18]. Moreover, conventional autoantibody syndromes (e.g., connective tissue dis-
eases), can also manifest with sudden lung dysfunction episodes that clinically and histologi-
cally mimic AE-IPF. These acute pulmonary exacerbations of antibody-mediated disorders
are, like AE-IPF, typically resistant to glucocorticoid-based treatments, but they often respond
to modalities that specifically target antibodies [19-24]. We hypothesized similar mechanisti-
cally-based therapies might also benefit AE-IPF patients. Encouraging initial results led to the
empiric development of a regimen that combined three autoantibody reduction modalities
[6]. The present report describes results of our subsequent experiences with these treatments
with a particular focus on analyses of patient features and/or laboratory findings that could be
associated with patient survival after autoantibody reduction.

Methods
Patients

Information was abstracted from prospectively recorded databases of AE-IPF patients who
had been admitted to medical and intensive care unit wards at the University of Alabama at
Birmingham Hospital (UABH) during the period from May 2016 until August 2018. These
patients received the autoantibody reduction regimen as a compassionate use treatment, based
on our prior experiences [6]. All patients had been informed these were not standard therapies,
and gave verbal consent, in the presence of family members and other medical staff, after
being informed about the potential risks, unproven benefit of these modalities, and alternative
possible treatments for AE-IPF. None of the subjects were minors, and all had been previously
diagnosed with IPF based on contemporary consensus criteria [25]. All fulfilled clinical and
radiographic criteria for AE-IPF that included worsening dyspnea and/or hypoxemia within
the last 30 days, new infiltrates on chest CT scans superimposed on usual interstitial pneumo-
nia patterns, and exclusions of other causes for their pulmonary dysfunction after detailed
evaluations by multiple expert physicians [2]. Studies for respiratory tract bacteria, fungi, and
viruses (e.g., microbiological stains, cultures, and serology assays from sputum, blood, and
urine) were routine in these patients and were negative in all cases. Other diagnostic testing
was based on individual patient assessments by attending physicians. None of these patients
had been maintained on immunosuppressants other than prednisone (<20 mg/day) before
their presentations with AE-IPF, or had recent thoracic procedures, general anesthesia, recog-
nized infections, or other known events that were suspected to have precipitated the
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exacerbation. None of the patients here were intubated at the time their autoantibody reduc-
tion therapies were initiated.

No patient included in this study had clinical or morphological domain features of intersti-
tial pneumonitis with autoimmune features (IPAF) [26] or histories of autoimmune diseases.
All had measures of anti-nuclear autoantibodies (ANA), rheumatoid factor (RF) and/or anti-
bodies to citrullinated cyclic peptides (CCP), and most also had assays for anti-Sjogren’s-syn-
drome-related antigen A (anti-SSA) autoantibodies and myositis panel autoantibodies [27].
Those patients who had positive results on these or other assays of conventional autoantibod-
ies were especially scrutinized for other physical and historical evidence of autoimmune dis-
ease symptoms or signs, and these evaluations were negative in all cases.

Post hoc analyses of these previously collected data and specimens were approved by the
Institutional Review Boards for UABH (#300000944) after the requirement for consent was
waived. These analyses were conducted from January 2020 thru June 2021.

Autoantibody reduction

Patients were treated with a regimen consisting of nine therapeutic plasma exchanges (TPE),
two doses of rituximab, and four intravenous immunoglobulin (IVIG) infusions [6], in addi-
tion to conventional treatment as usual with steroid and antibiotic therapies (Table 1).
Relapses of AE-IPF that occurred after favorable responses to the initial autoantibody reduc-
tion course were treated with a modified regimen consisting of five [5] TPE administered
every other day, followed by IVIG 0.5 gm/kg/day during each of four successive days.

Clinical measures

Flow rates of supplemental O, necessary to maintain resting S,0, >92% immediately prior to
beginning treatment (i.e., on day 1 of the regimen) and at the conclusion of the regimen (on day

Table 1. Triple-modality autoantibody reduction regimen.

Days on Intervention
Prednisone p.o. or i.v. equivalent
Therapeutic Plasma Exchange (TPE)

Rituximab

Acetaminophen (prior to rituximab)

Solumedrol (prior to rituximab)
Diphen-hydramine (prior to rituximab)

Empiric Antibiotics
IVIG

2|3 /4|5 6 7 8,910 |11 | 12 | 13 | 14 15 16 | 17 | 18 | 19
60 mg 20 mg each day none 20 mg each day none 20 mg each day
X | X X X X X X X
l1gm 1gm
v v
650 mg Oral 650 mg Oral
100 mg 100 mg
v v
50 mg 50 mg
Oral Oral
X X X | X X X X

p.o. = per oral; i.v. = intravenous. Prednisone or i.v., equivalent were rapidly tapered after the conclusion of this 19 day regimen. TPE consist of 1x estimated plasma

volume exchanges, replaced with 5% albumin, to maintain a net fluid balance of 95%-100%. The initial three successive TPE are intended to rapidly decrease

autoantibody titers in patients with this rapidly progressive syndrome. The 48-hour interruption (days 7-8) enables the first dose of slow-onset rituximab to be

administered early, rather than later (e.g., after all TPE), while avoiding removal of the anti-B-cell drug by plasma filtration. When fibrinogen was <120 mg/dL, as may

occur in later TPE treatments, either cryoprecipitated antihaemophilic factor (AHF) (two 5-pooled units) or 50% plasma and 50% albumin were given prior to the

procedure to raise the fibrinogen level. Acetaminophen, solumedrol and diphenhydramine are premedications to obviate reactions to rituximab. Antibiotics are

standard of practice (SOP) at our institutions for empiric therapy of patients with exacerbations of chronic lung diseases, based on recognition that bronchoalveolar

lavage (BAL) have poor diagnostic accuracy and often cannot be safely performed in seriously ill patients. The SOP regimen is: azithromycin (until Legionella DFA is

negative) plus piperacillin/tazobactam + vancomycin. Substitutions for allergies are ciprofloxacin and linezolid, respectively. Antibiotics are administered as specified by

package inserts.

https://doi.org/10.1371/journal.pone.0260345.t001
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19) were recorded prospectively. Survival status was documented for all participants by medical
records, clinical visits, and telephone interviews. All surviving subjects were observed for >365
days since beginning their AE-IPF treatment. Favorable responses to autoantibody reduction
were defined by reductions in the amount of supplemental O, necessary to maintain S,0, >92%
by >50% and/or increases in walk distance by >30 m (the minimal clinically significant difference
[28]) in assessments obtained immediately prior to therapy and on the last day of treatment.

Laboratory measures

Plasma had been collected during the first TPE from 22 of these patients and was aliquoted and
stored frozen (-80°C). These specimens were subsequently used in batched enzyme-linked immu-
noabsorbant assays (ELISA) for anti-heat shock protein 70 (HSP70) IgG autoantibodies, as
previously detailed [8]. These plasma specimens were also used for HEp-2 indirect immunofluo-
rescence assays (IFA), a simple "Gold Standard" for anti-epithelial IgG autoantibody detection
and semi-quantitation, as described elsewhere [6, 8, 27]. In brief, commercial slides with fixed,
permeabilized HEp-2 [epithelial] cells Immuno Concepts, Sacramento, CA) were incubated with
plasma specimens in serial dilutions from 1:20 to 1:1280, along with autoantibody negative and
positive IgG control standards. The plasma was washed off, and replaced with FITC-conjugated
anti-human IgG, followed by fluorescence microscopy and imaging. Images were scored by repli-
cate blinded observers to determine the highest (most dilute) titer wherein specimen fluorescence
was greater than the concurrent negative IgG controls [6]. These plasma specimens were also
used for batched measures of B-cell trophic and chemotactic proteins in a multiplex assay (Milli-
plex Human Cytokine Kit, MilliporeSigma, Burlington, MA), following the manufacturer’s
instructions, i.e., tumor necrosis factor ligand superfamily member 13 (APRIL), chemokine
(C-X-C motif) ligand 13 (CXCL13) [15], and B-cell activating factor (BAFF) [18].

CT measures

In addition to their use in assessments of lung infiltrates [1, 25], chest CT scans were evaluated
for the presence of mediastinal lymphadenopathy. Mediastinal lymph nodes (MLN) with
short-axis diameter >10 mm were classified as enlarged.

Statistical analyses

Two group comparisons of continuous or ordered variables were established by Mann-Whit-
ney tests. Comparisons of paired data (e.g., O, flows before and after treatment in individual
patients) were made by Wilcoxon. Dichotomous variables were compared by chi-square or
Fisher’s exact tests. Survival analyses were performed using product-limit estimation and log-
rank tests. Associations between variables were examined by Spearman rank correlation. Haz-
ard ratios (HR) were calculated by proportional hazards and depicted as HR and 95% confi-
dence intervals (CI). Alpha values <0.05 were considered significant. Unless otherwise
denoted, data are depicted as means + SD.

Results
Patients

Characteristics of the AE-IPF patients who underwent autoantibody reduction are detailed in
Table 2. Overall one, three, six, and twelve-month survival was 67% + 10%, 63% + 10%, 46%
+ 10%, 42% + 10% (means and S.E), respectively (Fig 1A).

We could not identify clinical features present at the initiation of therapy that significantly
differed between the one-year survivors and non-survivors, although there was a trend for

PLOS ONE | https://doi.org/10.1371/journal.pone.0260345 November 23, 2021 4/13


https://doi.org/10.1371/journal.pone.0260345

PLOS ONE Autoantibody reduction in AE-IPF

Table 2. Patient demographic characteristics.

Survivors Non-survivors P

Number 10 14
Age (years) 70 +8 71+7 0.64
Gender (%male) 70 64 0.99
Clinical Laboratory Autoantibodies (%) 50 29 0.40
Chest CT Characteristics

GGO>50% (%) 40 71 0.21

Honeycombing (%) 90 86 0.99

Lymphadenopathy (%) 80 57 0.39
Any Antifibrotic? (%) 70 57 0.68

Pirfenidone (%) 50 21 0.31

Nintedanib (%) 20 36 0.66
O, Requirement (L/min) 13+16 23+ 14 0.064

Characteristics of patients who survived >1 year after initiation of autoantibody reduction (Survivors) vs. those who succumbed within 1 year (non-survivors). Clinical
Laboratory Autoantibodies = any patient with any positive test for anti-nuclear autoantibodies (ANA), rheumatoid factor (RF), antibodies to citrullinated cyclic peptides
(CCP), anti-Sjogren’s-syndrome-related antigen A (anti-SSA) autoantibodies or myositis panel autoantibodies (S1 Table in S1 File). GGO>50% = ground glass opacities
on chest CT involving more than half of the lung fields. All patients had new GGO to some extent.' Lymphadenopathy = >10 mm in short axis.

https://doi.org/10.1371/journal.pone.0260345.t1002

C 100+
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g 2 35 (>U 70
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0 5 SE (?)
) co & W HR =18.5
2= 40 10) £ > 95%Cl = 3.6-100.0
© q)-: 20 _E_B, 40 -
= =l = |
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10- . - Non-Re;sponders
n=6
0 ——— 0 o — .
0 60 120 180 240 300 360 Start Finish 0 60 120 180 240 300 360
Days Autoantibody Reduction Days

Fig 1. Overall survival and responses to autoantibody reduction therapy. A) Cumulative survival of the 24 IPF patients with acute exacerbations. Most of the
mortality occurred during the first month after their presentation. Number in parentheses denotes subjects censored at the end of the observation period. B)
Supplemental oxygen requirements necessary to maintain resting S,0, >92% were reduced in 15 AE-IPF patients. Three others (requiring only room air while at rest)
increased their six minute walk distances by >30 meter during therapy, and are not shown here. C) Survival was prolonged among the 18 AE-IPF who responded to
autoantibody reduction therapy with lessened oxygen requirements and/or increased walk distances, in comparison to those patients who had no evident beneficial
response to the treatments. HR = hazard ratio; 95%CI = 95% confidence interval. Number in parentheses denotes subjects censored at the end of the observation period.

https://doi.org/10.1371/journal.pone.0260345.9001
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greater initial oxygen requirements among the latter (Table 2). One-year survival was 57%
among the 10 patients who required <25 L/min supplemental O, at the start of therapy vs.
20% among those with O, prescriptions of >25L/min (p = 0.07). Only one of five patients with
an O, requirement of >40L/min at presentation survived one-year (p = 0.36).

O, flow requirements at the start of therapy were significantly less among the 15 patients
prescribed an antifibrotic medication (pirfenidone or nintedanib) compared to the nine not
taking either of these agents (14L + 14L/min vs. 27L + 15L, p = 0.03).

Clinical laboratory assays detected conventional autoantibody abnormalities in near identi-
cal proportions of survivors and non-survivors (Table 2) that were, in most cases, barely out-
side the ranges of normal values (S1 Table in S1 File). There was no predominance of any
particular autoantibody specificity in either group (S1 Table in S1 File).

Responses to autoantibody reduction

Supplemental O, requirements at rest decreased during the 19-day autoantibody reduction
therapy in 15 (63%) of these patients, from 15L/min + 15L/min to 3L/min + 3L/min,

p = 0.0007) (Fig 1B). Three others (13%) presented with increased requirements for supple-
mental O, during minimal exertion but were able to maintain their resting S,0, >92% on
room ajr. On day 19, after completion of their autoantibody reduction therapy, these three
patients had substantial reductions of resting dyspnea and requirements for supplemental O,
during ambulation, and all increased their walk distances by >30 m.

Beneficial responses to autoantibody reduction (e.g., lessened supplemental O, require-
ments and/or increased walk distances, immediately after completion of the therapy) occurred
in 13 (87%) of the patients taking an antifibrotic medication, compared to five of those patients
not prescribed either of these agents (p = 0.15). There were no significant differences of
12-month survival among those taking or not taking an antifibrotic medication (47% + 13%
[SE] vs. 33% + 16% [SE], respectively, p = 0.32).

Opverall survival was significantly greatest among the 18 patients who evidenced one or both
of these favorable responses to the therapy (e.g., better gas exchange and/or increased walk dis-
tances) (Fig 1C). Early deaths among at least two of the patients who responded to the therapy
with >50% decreases in their O, requirement were due to non-pulmonary atherosclerotic
causes (i.e., myocardial infarct, stroke).

The six AE-IPF patients (25%) who did not evidence any beneficial response to autoanti-
body reduction, but had increasing O, requirements throughout their hospitalizations, (often
to unquantifiable flow rates with maximal combined O, delivery systems and/or noninvasive
positive pressure ventilation), all suffered early deaths from respiratory failure (12 + 8 days
from the start of treatment) (Fig 1C).

Two of the patients who had >50% reductions in supplemental O, requirements during
autoantibody reduction again developed features of AE-IPF, without other evident causation
or triggers, within three weeks after the conclusion of their first treatment. One of these relaps-
ing patients elected to have an abbreviated treatment regimen for recurrences (five TPE
+ IVIG). He again had favorable clinical responses per O, requirements and increases in walk
distances, and subsequently survived for four more months before dying from recurrent respi-
ratory failure. The other patient declined retreatment and died from progressive respiratory
failure within one week.

HEp-2 and HSP70 autoantibodies, and B-cell mediators

Plasma aliquots from the first TPE were available from 22 of these patients. HEp-2 immunoflu-
orescence staining revealed varied patterns, indicating the presence of autoantibodies with
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-
-
Fig 2. HEp-2 indirect Inmunofluorescence (IFA) of IPF Plasma. A-C) Illustrate IFA patterns present among AE-IPF patients. All three AE-IPF

patients whose plasma HEp-2 images are shown here (A-C) had negative assays for conventional clinical laboratory autoantibodies (see Online S1
Table in S1 File). Titrations here are 1:320 (A), 1:160 (B), and 1:80 (C). D) Negative IgG control.

https://doi.org/10.1371/journal.pone.0260345.9002

specificities against multiple different epithelial antigens (Fig 2A-2C), in contrast to negative
IgG controls (Fig 2D).

Plasma HEp-2 autoantibody titers were higher among the survivors, compared to
those who died during the next 12 months (Fig 3A and 3B). Those patients with the highest
Hep-2 titers (1:160 and greater) tended to be slightly older, but there were no significant asso-
ciations of autoantibody titers with gender, antifibrotic use, or initial O, requirement
(Table 3).

In all but two cases there were complete concordances between replicate HEp-2 titer evalua-
tions by two blinded observers. The discrepant results in these two exceptions were resolved
with a tie-breaking assessment by a third blinded referee.

Anti-HSP70 IgG autoantibodies are associated with clinical manifestations and outcome of
IPF patients [8], and there was a correlation between plasma concentrations of anti-HSP70
IgG and Hep-2 titers (r; = 0.49, p = 0.028). Nonetheless, there were no apparent associations of
anti-HSP70 concentrations and survival (S1A Fig in S1 File). Similarly, levels of B-cell media-
tors APRIL, CXCL13, and BAFF did not associate with survival (S1B-S1D Fig in S1 File).
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Fig 3. HEp-2 titers and outcomes. A) Anti-HEp-2 titers (denoted here as 1:x) were greater among AE-IPF patients who survived for 12 months, compared to those
who succumbed. Horizontal lines denote means. B) Cumulative survival of subjects with anti-HEp-2 titers >1:160 vs. survivals of those with lesser titers. HR = hazard
ratio; 95%CI = 95% confidence interval. Number in parentheses denotes subjects censored at the end of the observation period.

https://doi.org/10.1371/journal.pone.0260345.9003

Discussion

These data show that a triple-modality autoantibody reduction regimen consisting of TPE,
rituximab, and IVIG is well-tolerated by AE-IPF patients and seemed to be associated with
improved gas exchange in the majority of cases. Although this study does not have a control

Table 3. Associations with anti-Hep-2 titers at initiation of therapy.

High Titer anti-Hep-2 Low Titer anti-HEP-2 P
(>1:160) (<1:160)
n 10 12 N/A
Age (years) 73+ 6 68 +7 0.057
%Male 70 58 0.67
Antifibrotic Use 60 58 0.99
Supplemental O, need >20L/min at therapy 10 33 0.32
initiation
https://doi.org/10.1371/journal.pone.0260345.t1003
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cohort, the rapid response to these therapies, and cumulative one-year survival (42%) appears
to be an improvement compared to published series of responses and outcomes for conven-
tionally-treated AE-IPF patients [1, 3, 4], including our previous compilation of comparable
AE-IPF historical controls, in whom one-year survival was zero [6].

We believe these data are consistent with and support findings of several studies that indi-
cate autoimmune mechanisms are involved in the pathogenesis and/or progression of IPF [5-
18, 29-31]. Lymphocytes that have been repetitively stimulated by engagements with specific
antigens [or autoantigens] undergo pathognomonic differentiation, and abnormally increased
proportions of these highly differentiated (and highly injurious) T-cells and B-cells are present
in IPF patients [7, 18, 29-31]. Abnormal B-cell infiltrations are often found in lungs of IPF
patients, especially among those with more severe and/or acute disease [31-33]. BAFF (aka
BLyS) is an obligate trophic factor for B-cell survival, maturation, and autoantibody produc-
tion that is increased in patients with conventional autoantibody disorders [34, 35] and IPF
[18] and levels of this mediator are inversely correlated with lung function and survival of the
latter. CXCL13 mediates B-cell homing to inflammatory foci and is important in the genesis of
immunological diseases [36]. CXCL13 is also over-expressed in AE-IPF patients and, again,
levels are inversely correlated with their survival [15]. Many abnormal autoantibodies with
diverse avidities have been detected by specialized testing in IPF patients, particularly among
those who are having, or soon will have, acute exacerbations, including anti-HSP70 [5, 7-14,
16, 30]. The varied HEp-2 immunofluorescence patterns seen in the present study indicate
autoantibodies that bind to several different epithelial cell epitopes were present in the AE-IPF
patients, and often in high titers.

IgG autoantibodies can exert pathogenic effects by several mechanisms. Autoantibody-
autoantigen aggregates (immune complexes) activate NK cells and complement cascades,
which have multiple downstream damaging effects, including neutrophil recruitment, and
direct and indirect cytotoxicities [37]. Abnormal immune complexes are present in the circula-
tion [5, 38], bronchoalveolar lavage (BAL) [39], and lung parenchyma of IPF patients [8, 15].
In addition, autoantibodies can also deleteriously affect cell functions by binding to and cross-
linking surface receptors that transduce signals. Among other consequences, various target
cells that bind unusual autoantibodies found in IPF patients increase their productions of sev-
eral inflammatory and pro-fibrotic mediators [8, 11-14, 16].

The current treatment regimen (Table 1) is a modification of therapies that have been suc-
cessfully employed in other autoantibody-mediated diseases and represents the latest iteration
in our attempts to develop an efficacious approach to AE-IPF. The foremost component of
this regimen is TPE, which rapidly reduces circulating autoantibodies [23, 40]; a necessary
treatment effect in these patients whose conditions can deteriorate within days. However, any
single plasmapheresis only removes a minor proportion of total body autoantibodies, since
concentrations of these immunoglobulins are greatest in extravascular tissues, where they are
inaccessible to extracorporeal filtration. Hence, clinically-significant depletion of pathogenic
autoantibodies may require multiple TPE over several days, in order to allow interval re-equili-
bration of the tissue IgG down concentration gradients into the [accessible] plasma compart-
ment [23]. Our initial treatments of AE-IPF with fewer TPE over shorter periods resulted in
rapid beneficial responses in several patients, but most of these suffered relapses within days
that tended to be quite fulminant and usually lethal [6]. Because TPE effects are short-lived in
the absence of additional therapies, rituximab was also added to the regimen to reduce B-cells,
the sources for subsequent autoantibody production. However, clinical benefits of rituximab
accumulate slowly over weeks to months [41], which precludes its sole use, without prior TPE,
in rapidly progressive AE-IPF patients. IVIG has many effects on autoantibody production
that include feedback inhibition of residual B-cells by Fc receptor occupancy, and it is often
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added to TPE and/or rituximab to treat autoimmune diseases [22, 40]. Since adoption of this
multi-modality regimen (Table 1) we now observe clinical improvements in more than half of
the AE-IPF patients.

The present report has several limitations. The number of available specimens is relatively
small so far, which limits the power of assays to identify biomarkers that might distinguish
patients who will benefit from autoantibody reduction. The present data are anecdotal results
of compassionate-use treatments for an uncommon syndrome with a very high mortality, con-
ducted in a relatively small number of patients, and were not controlled by concurrent com-
parisons to randomized, conventionally-treated patients. Furthermore, it cannot be
ascertained from these data if the early responses seen here in 18 of these patients (75%) were
attributable to the TPE or concurrently administered steroids, although the latter seems
unlikely given the oft-reported ineffectiveness of those agents in AE-IPF [1, 3, 4, 6]. Nonethe-
less, these data cannot unequivocally prove that autoantibody reduction is helpful in AE-IPF.
A causal relationship between these therapies and improved outcomes is suggested by findings
that the beneficial responses were invariably evident very early (i.e., within ~four-to-five days)
after starting highly mechanistic treatments, these responses were often of considerable magni-
tude and durable, clinical improvements were most strongly associated with anti-epithelial
autoantibody levels, similar results have now been obtained in several patients treated at differ-
ent medical centers [6], and an identical beneficial response were seen again among a patient
who relapsed and received a second course of autoantibody reduction.

Nonetheless, for the present, autoantibody reduction remains an unconventional and argu-
ably controversial approach in AE-IPF, and unequivocal proof of its efficacy will await results
of randomized clinical trials (RCT) with concurrent controls. At least one RCT that could pro-
vide more compelling evidence of autoantibody reduction efficacy is now ongoing
(NCT03286556).

Conclusions

If treatments that target autoantibodies are shown to be beneficial in AE-IPF, these findings
could also conceivably have broader implications in other subpopulations of IPF patients.
Incremental trials could further refine and optimize autoantibody reduction regimens, validate
measures to facilitate the personalized applications of these treatments, and potentially illumi-
nate other important upstream disease mechanisms aside from or in addition to humoral auto-
immunity. Despite the recent introduction of two anti-fibrotic medications, IPF remains a
highly morbid and almost invariably fatal disorder [1, 3, 4, 42]. Accordingly, the exploration of
novel pathogenic paradigms and potential treatments for this disease seem especially
warranted.
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