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IMPORTANCE Alteration in lung microbes is associated with disease progression in idiopathic
pulmonary fibrosis.

OBJECTIVE To assess the effect of antimicrobial therapy on clinical outcomes.

DESIGN, SETTING, AND PARTICIPANTS Pragmatic, randomized, unblinded clinical trial
conducted across 35 US sites. A total of 513 patients older than 40 years were randomized
from August 2017 to June 2019 (final follow-up was January 2020).

INTERVENTIONS Patients were randomized in a 1:1 allocation ratio to receive antimicrobials
(n = 254) or usual care alone (n = 259). Antimicrobials included co-trimoxazole (trimethoprim
160 mg/sulfamethoxazole 800 mg twice daily plus folic acid 5 mg daily, n = 128) or
doxycycline (100 mg once daily if body weight <50 kg or 100 mg twice daily if �50 kg,
n = 126). No placebo was administered in the usual care alone group.

MAIN OUTCOMES AND MEASURES The primary end point was time to first nonelective
respiratory hospitalization or all-cause mortality.

RESULTS Among the 513 patients who were randomized (mean age, 71 years; 23.6% women),
all (100%) were included in the analysis. The study was terminated for futility on December
18, 2019. After a mean follow-up time of 13.1 months (median, 12.7 months), a total of 108
primary end point events occurred: 52 events (20.4 events per 100 patient-years [95% CI,
14.8-25.9]) in the usual care plus antimicrobial therapy group and 56 events (18.4 events per
100 patient-years [95% CI, 13.2-23.6]) in the usual care group, with no significant difference
between groups (adjusted HR, 1.04 [95% CI, 0.71-1.53; P = .83]. There was no statistically
significant interaction between the effect of the prespecified antimicrobial agent
(co-trimoxazole vs doxycycline) on the primary end point (adjusted HR, 1.15 [95% CI
0.68-1.95] in the co-trimoxazole group vs 0.82 [95% CI, 0.46-1.47] in the doxycycline group;
P = .66). Serious adverse events occurring at 5% or greater among those treated with usual
care plus antimicrobials vs usual care alone included respiratory events (16.5% vs 10.0%) and
infections (2.8% vs 6.6%); adverse events of special interest included diarrhea (10.2% vs
3.1%) and rash (6.7% vs 0%).

CONCLUSIONS AND RELEVANCE Among adults with idiopathic pulmonary fibrosis, the addition
of co-trimoxazole or doxycycline to usual care, compared with usual care alone, did not
significantly improve time to nonelective respiratory hospitalization or death. These findings
do not support treatment with these antibiotics for the underlying disease.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02759120
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L ung dysbiosis, observed as increased bacterial load
and/or loss of diversity, has been reported in patients
with idiopathic pulmonary fibrosis (IPF)1,2 and is asso-

ciated with disease progression and a local and systemic
immune response,3,4 potentially contributing to acute exac-
erbations, hospitalizations, and decreased survival. Although
initial randomized trial data suggested improved outcomes
with co-trimoxazole (trimethoprim-sulfamethoxazole)
therapy in patients with fibrosing interstitial lung diseases,5 a
large placebo-controlled trial failed to document an improve-
ment in clinical outcomes with this agent.6 Preliminary data
suggested that doxycycline can improve outcomes7,8 and
inhibit metalloproteinases in patients with IPF.7 Because anti-
microbial therapy has been suggested to favorably alter the lung
microbial community in other chronic disorders,9,10 this study
was designed to address the hypothesis that an antimicrobial
therapeutic strategy, with either co-trimoxazole or doxycy-
cline, reduces the risk of nonelective respiratory hospitaliza-
tion or death among patients with IPF.

Methods
This randomized clinical trial used an approach of 2 poten-
tially effective antimicrobial therapies to simulate clinical
practice. This trial was designed with knowledge of the
EME-TIPAC (Efficacy and Mechanism Evaluation of Treat-
ing Idiopathic Pulmonary Fibrosis With the Addition of
Co-trimoxazole) study6 with the expectation that this thera-
peutic strategy would better simulate clinical practice, facili-
tate enrollment, and provide robust results in a timely fash-
ion. The study protocol is provided in Supplement 1; the
statistical analysis plan in Supplement 2; and the investiga-
tor’s assessment of the PRECIS-2 criteria11,12 in eFigure 1 in
Supplement 3. The study was approved by institutional
review boards at each institution, and each patient provided
written informed consent.

Participants
The detailed inclusion and exclusion criteria are enumerated
in eTable 1 in Supplement 3. Exclusions were limited and
designed to minimize the risk of antimicrobial therapy given
the limited in-person follow-up visits.12 Key exclusions
included allergies to both antimicrobial agents, allergy or
intolerance to tetracycline and features that increase the
risk of co-trimoxazole use, pregnancy, use of an investiga-
tional therapy, or concomitant use of immunosuppressive
therapy. The National Heart, Lung, and Blood Institute
required collection of race, ethnicity, and sex data from par-
ticipating patients with data self-reported based on fixed cat-
egories (American Indian, Asian, Native Hawaiian or other
Pacific Islander, Black or African American, White, or other)
(Table 1).

Randomization
Patients were randomized to the 2 strategies in a 1:1 alloca-
tion ratio using a computer-generated algorithm. Prior to ran-
domization, eligible patients and their physician were of-

fered a preference between the co-trimoxazole or doxycycline
stratum; the protocol advised co-trimoxazole if possible
(Figure 1).12 Once patients were randomized their follow-up
schedule varied based on their assigned treatment group
(Supplement 1).12

Intervention
The antimicrobial therapy strategy consisted of trimethoprim
160 mg–sulfamethoxazole 800 mg twice a day plus folic
acid 5 mg daily or with doxycycline with a weight-based
dosing (100 mg once daily if actual body weight was <50 kg
or 100 mg twice daily if ≥50 kg). The addition of folate to
co-trimoxazole minimized the risk of leukopenia associated
with folic acid metabolism inhibition by trimethoprim.13

After randomization, patients assigned to the antimicrobial
groups were provided prescription drug vouchers to defray
the study drug cost; no placebo agent was provided. Patients
were expected to continue on the assigned therapy until the
end of the study.

End Points
The primary end point of this study was time to first nonelec-
tive, respiratory hospitalization or all-cause mortality.
Although forced vital capacity (FVC) has been used as a pri-
mary end point in several pivotal trials, the use of clinically
relevant parameters has been suggested as a potential
advance that is particularly relevant in the setting that clini-
cal trials have been conducted in the postantifibrotic treat-
ment era.14 Ascertainment of these events included the
impression of the investigative clinician (site investigator)
and central adjudication group (clinical end point committee)
to confirm the clinical cause of a hospitalization or a mortal-
ity event.15 Although the site investigators and participants
were not blinded to treatment allocation, the central adjudi-
cation group was blinded both to treatment allocation and to
the site investigator’s classification of the potential event.
The initial central adjudication was provided by a single
blinded central committee member. If this assessment agreed
with the site investigator’s assessment with respect to elec-
tive vs nonelective and respiratory vs nonrespiratory primary

Key Points
Question Does antimicrobial therapy in addition to usual care
improve clinical outcomes in patients with idiopathic
pulmonary fibrosis?

Findings In this pragmatic randomized clinical trial that included
513 adults with idiopathic pulmonary fibrosis the addition of
co-trimoxazole (trimethoprim-sulfamethoxazole) or doxycycline
to usual care compared with usual care alone resulted in a rate of
first nonelective respiratory hospitalization or death of 20.4 vs
18.4 events per 100 person-years, a difference that was not
statistically significant.

Meaning Among adults with idiopathic pulmonary fibrosis,
addition of co-trimoxazole or doxycycline compared with usual
care did not significantly improve the time to nonrespiratory
hospitalization or death.
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cause, the final event classification was achieved. If not, the
event was reviewed by a phase 2 adjudication committee that
was also blinded to treatment allocation, and a final consen-
sus classification was achieved. The same process was used
to confirm the occurrence of deaths and their dates, based on
review of submitted medical records.

There were 13 prespecified secondary end points
(eTable 2 in Supplement 3). Due to the COVID-19 pandemic,
not all events were able to be adjudicated because some site
personnel were pulled for clinical duty, limiting their ability
to obtain final clinical data. Due to the timing of the study,
none of the patients were affected by clinically identified
SARS-CoV-2 infection. The best available classification, used
for primary analyses, was the decision of the clinical end

point committee, if available, or the clinical site interpreta-
tion, if not. Targeted adverse events of special interest such
as arrhythmia, diarrhea, hyperkalemia, rash, and vomiting
were assessed. To provide simplicity, patients had minimal
in-person study-specific visits with data collection coinciding
with clinical visits.12

Sample Size
The planned sample size of 500 patients was expected to
provide adequate power to test the primary hypothesis under
a range of event rates. Based on IPFnet data, the primary end
point event rates were anticipated to vary depending on
the gender, age, and lung physiology (GAP) index scores of
the enrolled patients.16 The statistical power for designs

Table 1. Baseline Characteristics of Patients

Parameter

No. (%) of patients
Usual care + antimicrobial therapy
(n = 254)

Usual care
(n = 259)

Sex

Women 60 (23.6) 51 (19.7)

Men 194 (76.4) 208 (80.3)

Age, median (IQR), y 71.0 (66.9-76.3) 72.1 (67.7-76.1)

Race, No.a 251 257

White 231 (89.9) 244 (94.9)

Asian 9 (3.6) 5 (1.9)

African American or Black 7 (2.8) 4 (1.6)

Another race 4 (1.6) 3 (1.2)

American Indian 0 1 (0.3)

Smoking status

Current 1 (0.4) 2 (0.8)

Formerb 150 (59.1) 175 (67.6)

Comorbid conditions, No./total (%)c

Gastroesophageal reflux 156/251 (62.2) 149/256 (58.2)

Hyperlipidemia 144/252 (57.1) 154/257 (59.9)

Hypertension 127/252 (50.4) 129/258 (50.0)

Coronary artery disease 69 (27.2) 79 (30.5)

Diabetes 49 (19.3) 39 (15.1)

Emphysema or chronic bronchitis 25 (9.8) 28 (10.8)

Myocardial infarction 20/251 (8.0) 32 (12.4)

Atrial fibrillation 21/252 (8.3) 31/258 (12.0)

Valvular heart disease 7/252 (2.8) 13/256 (5.1)

Congestive heart failure 8 (3.1) 12/258 (4.7)

Stroke 9 (3.5) 10/258 (3.9)

Moderate or severe kidney disease 9/253 (3.6) 8 (3.1)

Connective tissue disease 2/249 (0.8) 1/258 (0.4)

Prior medications, No.d 253 259

Proton pump inhibitors 158 (62.5) 158 (61.0)

Prednisone (>1 mo) 43 (17.0) 53 (20.5)

Azathioprine 1 (0.4) 39 (1.22)

H2 blocker 49 (19.4) 42 (16.2)

N-acetylcysteine 14 (5.5) 13 (5.0)

IPF-specific medication prior
to randomization, No.

253 259

Pirfenidone 158 (62.5) 160 (61.8)

Nintedanib 101 (39.9) 97 (37.5)

Abbreviations: H2, histamine 2;
IPF, idiopathic pulmonary fibrosis;
IQR, interquartile range
a Self-reported from fixed categories.
b Former smoker was defined as

stopped smoking 1 or more month
prior to screening.

c Self-reported.
d Medication at the time of

enrollment and any prior usage.
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enrolling 500 patients with usual care group events rates
varying from 24% to 36% and 12-month treatment effects
varying from 30% to 35% are shown in eTable 3 in Supple-
ment 3. The proposed design was expected to provide
adequate power under most scenarios. One planned interim
analysis for efficacy was scheduled to occur after 300
patients had 12 months of follow-up.

Statistical Analysis
Baseline characteristics were summarized using mean (SDs)
or median (interquartile range [IQR]) for continuous variables
and frequency in each category for nominal variables. The
primary analysis of the primary end point was based on the
as-randomized populations. Patients receiving lung trans-
plants during the course of follow-up were censored for all
end points at the time of the transplant. The primary com-
parison between the 2 randomized groups was based on a
time-to-event analysis using a multivariable adjusted Cox
proportional hazards regression model. The Cox model
included treatment group, age, sex, baseline diffusing capac-
ity of lung for carbon monoxide (DLCO), baseline FVC, use of

N-acetylcysteine at enrollment, use of nintedanib or pirfeni-
done at enrollment, and preference of antimicrobial agent
prior to randomization. Multiple imputation was performed
on age, sex, baseline DLCO, baseline FVC, N-acetylcysteine
use at enrollment, use of standard of care medications at
enrollment, and preference of antimicrobial agent prior to
randomization, using PROC MI, assuming that the data are
missing at random with an arbitrary missing pattern; that is,
the full conditional specification method was used to gener-
ate the 20 imputed data sets. The final inferential results,
including the interaction P values, were generated by averag-
ing, using PROC MIANALYZE, the inferential results across
the 20 imputed data sets. Hazard ratios (HRs) and 95% CIs
were used to summarize the differences between treatment
groups. Kaplan-Meier estimates were used to display event
rates by treatment group. Participants who were event-free
(ie, patients without any respiratory hospitalization or death
event at the time of analysis) were censored at their last visit
or lung transplant. To assess the interaction of randomized
treatment and prespecified antimicrobial agent a variable
was added to the model. Departures from the Cox model

Figure 1. Recruitment, Randomization, and Patient Flow

522 Adults with idiopathic pulmonary
fibrosis were assessed for eligibility

513 Eligible
272 Chose co-trimoxazole
241 Chose doxycycline

9 Screen failures

272 Randomized 241 Randomized

128 Randomized to receive
co-trimoxazole + usual care
119 Received treatment

as assigned

126 Randomized to receive
doxycycline + folic acid
99 Received treatment

as assigned

115 Randomized to usual care alone
(no placebo was administered)

144 Randomized to usual care alone
(no placebo was administered)

18 Crossed over to doxycycline 1 Crossed over to co-trimoxazole

254 Included in the primary analysis 259 Included in the primary analysis

20 Did not complete the trial
15 Withdrew
1 Lost to follow-up
1 Lung transplant
1 Moved out of the area
1 PI decision
1 Unable to return to the sitea

14 Did not complete the trial
8 Withdrew
3 Lost to follow-up
5 Lung transplant
2 Moved out of the area
3 Unable to return to the sitea

25 Did not complete the trial
10 Withdrew
5 Lost to follow-up
5 Lung transplant
2 Moved out of the area
3 Unable to return to the sitea

29 Did not complete the trial
20 Withdrew
3 Lost to follow-up
2 Lung transplant
2 Moved out of the area
2 PI decision

Recruitment of 513 patients with idiopathic pulmonary fibrosis who were
randomized to 2 therapeutic strategies in a 1:1 allocation ratio. Prior to
randomization eligible patients and their physician were offered a preference
for the co-trimoxazole (trimethoprim-sulfamethoxazole) or doxycycline
stratum; the protocol specified co-trimoxazole in the absence of a selection.12

a Unable to return to the treatment site in a timely fashion because of either the
COVID-19 shutdown or scheduling difficulties.
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assumptions were assessed by the examination of the mar-
tingale residuals. A post hoc analysis was applied using
robust standard errors to account for a possible clustering
effect at the enrolling site level. Because of the potential for
type I error due to multiple comparisons, findings for analy-
ses of secondary end points should be interpreted as explor-
atory. The significance threshold was 2-sided at .05. All
analyses were performed using SAS version 9.4 software (SAS
Institute Inc).

Results

The data and safety monitoring board (DSMB) met on Decem-
ber 18, 2019, to review the first planned efficacy analysis for
CleanUP-IPF and unanimously voted to terminate the study
early for futility. The determination was based on the low
likelihood of the study demonstrating a statistically signifi-
cant positive effect of the intervention. Neither the protocol

Table 2. Baseline Patient History and Quality of Life

Parameters

No. (%) of patients
Usual care + antimicrobial therapy
(n = 254)

Usual care
(n = 259)

FVC, No. 247 255

Median (IQR), L 2.68 (2.14-3.23) 2.73 (2.20-3.32)

Percent predicted, No. 237 254

Median (IQR) 68.9 (56.7-81.8) 71.17 (57.4-83.8)

FEV1, L, No. 247 255

Median (IQR) 2.15 (1.76-2.64) 2.23 (1.76-2.67)

Percent predicted, No. 237 254

Median (IQR) 78.0 (64.1-92.2) 77.2 (65.7-88.8)

FEV1:FVC, No. 242 258

Median (IQR) 73.8 (72.3-75.1) 73.5 (72.2-74.9)

FEV1:FVC <70%, No./total (%) 13/242 (5.0) 12/258 (5.0)

DLCO, No.a 240 252

Median (IQR), mL·min−1·mm Hg−1 10.74 (8.27-14.42) 11.56 (8.74-14.73)

% Predicted, No. 233 251

Median (IQR) 39.50 (29.32-48.61) 38.37 (30.97-49.01)

GAP stage, No.b 233 251

I 60 (25.8) 54 (21.5)

II 124 (53.2) 133 (53.0)

III 49 (21.0) 64 (25.5)

Patient-reported parameters

Shortness of breath, No.c 251 257

Median (IQR) 28.0 (11.0-51.0) 30.0 (14.0-48.0)

EQ-5D-5Ld

Index, No. 250 255

Median (IQR) 0.81 (0.73-1.00) 0.81 (0.71-1.00)

Visual analog scale, No.e 218 212

Median (IQR) 70.5 (54.0-88.0) 75.00 (60.0-85.0)

ICECAP-O, No.f 253 258

Median (IQR) 0.38 (0.18-0.52) 0.40 (0.19-0.54)

Short Form Health Survey

12-Item mental component, No.g 252 258

Median (IQR) 54.8 (46.3-60.2) 54.8 (48.9-59.9)

12-item physical component, No.g 251 258

Median (IQR) 40.4 (35.5-48.0) 39.3 (34.2-46.5)

6-item descriptive system, No.h 249 258

Median (IQR) 0.72 (0.63-0.82) 0.72 (0.66-0.80)

Fatigue severity scale, No.i 252 253

Median (IQR) 3.89 (2.67-4.89) 4.00 (2.67-5.22)

Leicester cough scale, No.j 249 257

Median (IQR) 17.8 (14.4-19.8) 18.3 (15.2-20.1)

Abbreviations: DLCO, diffusing
capacity of lung for carbon monoxide;
FEV1, forced expiratory volume in the
first second of expiration; FVC, forced
vital capacity; IQR, interquartile
range.
a Corrected for hemoglobin by the

coordinating center using the Cotes
equation.17

b The gender, age, physiology (GAP)
index is a multidimensional scoring
system that is associated with
mortality in patients with IPF
(higher scores indicate poorer
prognosis).18

c Score based on the University of
California, San Diego, shortness of
breath questionnaire (range, 0-120;
higher values indicate worse
shortness of breath).19

d The 5-level EuroQol 5-dimension
questionnaire (EQ-5D) quality-of-life
score (range, −0.59 to 1; higher
score indicates better health
utility).20

e Range, 0 to 100 (<70 are associated
with frailty; higher scores indicate
better health).20

f ICEpop CAPability measure for
Older people (ICECAP-O) summary
score (range, 0-1; higher score
indicates better well-being).21

g Higher scoresindicate a better
quality of life (range, 0-100).22

h The 6-item descriptive system
(SF6D) uses 6 of the SF-36
dimensions in economic evaluation
studies (range, 0.29-1; higher score
indicates better health).22

i A 9-item scale with each item
scored from 1 to 7 (higher score is
worse).23

j A cough-related quality-of-life score
(range, 3-2; higher values represent
better quality of life.)24
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nor the DSMB statistical analysis plan contained a formal
strategy for a futility analysis. Although no clear harm signal
was seen, the DSMB noted a higher rate of the primary out-
come, mortality, and serious adverse events in the interven-
tion group that did not reach statistical significance (eAppen-
dix Supplement 4).

Participants
A total of 513 patients (mean age, 71 years; 21.6% women) at
35 US clinical centers were randomized from August 2017 to
June 2019 to receive usual care plus antimicrobials (128, co-
trimoxazole; 126 doxycycline) or to usual care alone (259)
and were followed up through January 2020 (Figure 1). Of
the participants, 336 (65.5%) were older men with moderate
to severe IPF with a high frequency of comorbid conditions,
particularly cardiovascular diseases, diabetes, and gastro-
esophageal reflux disease (Table 1 and Table 2). The 2 treat-
ment groups were well matched. Of the 512 study patients
with available data, 466 (91%) were taking concurrent antifi-

brotic medications. Missing information for key baseline vari-
ables was no more than 6% and was more than 2% in only 2
baseline variables. Twelve patients were lost to follow-up.

Study Conduct
The study recruited ahead-of-scheduled projections (eFig-
ure 2 in Supplement 3), with a median follow-up of 12.7
months. Fifty-three patients (10%) withdrew consent
(Figure 1); 49.5% of study patients were followed up for more
than 12 months. One patient crossed over from usual care to
usual care plus antimicrobial therapy. Within the antimicro-
bial therapy group, 18 patients switched from co-trimoxazole
to doxycycline and 1 from doxycycline to co-trimoxazole
therapy during the course of the study.

Adherence to study medication during the course of the
study for the 7 days prior to assessment was 78.3% among
the 201 patients who reported ) at 1 month, 66.2% at 6 months
among 163 patients who reported, and 47.2% at 12 months
among 163 patients who reported). There was a statistically

Figure 2. Time to the Primary Composite End Point and Its Components
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There were no statistically significant differences between the antimicrobial therapy plus usual care group and usual care–only group based on the log-rank test for
this end point nor for the components.
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significant difference in the withdrawal rates, with more pa-
tients withdrawing from the usual care plus antimicrobial
therapy: 49 of 254 (19.3%) vs 39 of 259 (15.1%; P = .05) (eFig-
ure 3 in Supplement 3).

Primary End Point
The time to event end point data, as defined by the clinical
end point committee or clinical site, is presented in eFigure 4
and eTable 4 in Supplement 3, and its components, are enu-
merated in eTable 5 in Supplement 3. The total number of
events were quantitatively similar by the committee, the
clinical site, or the best available data. For adjudication of
respiratory related nonelective hospitalizations the site
determination result vs the clinical end point committee
result were found to strongly agree with a κ of 0.78 (95% CI,
0.68-0.88) and a low and balanced disagreement rates of
10.3% when the site said yes and the clinical end point com-
mittee said no and 11.4% when the clinical end point commit-
tee said no and the site said yes.

When the database locked, a total of 108 primary end point
events occurred: 52 events (20.4 events per 100 patient-years
[95% CI, 14.8-25.9]) in the usual care plus antimicrobial therapy
group and 56 events (18.4 events per 100 patient-years [95%
CI, 13.2-23.6]) in the usual care group. The mean follow-up time
was 13.1 months. There was no significant effect of antimicro-
bial therapy after multivariable adjustment (HR, 1.04 [95% CI,
0.71-1.53]; Figure 2, Table 3; and eTable 6 in Supplement 3) for
time to the composite primary end point. A post hoc analysis
accounting for the clustering of patients within the enrolling
clinical site yielded a similar result (eTable 6 in Supple-
ment 3). An examination of the martingale residuals did not
reveal any departures from the assumed model. There was no
significant interaction between the effect of the prespecified
antimicrobial agent on the primary end point (adjusted HR for
co-trimoxazole, 1.15 [95% CI, 0.68-1.95] vs doxycycline, 0.82
[95% CI, 0.46-1.47]; P = .66) (eFigure 5 in Supplement 3). The
overall number of events rose by each GAP stage (eTable 7 in
Supplement 3).

Secondary End Points
In covariate adjusted analyses, there was no statistically sig-
nificant difference in the time to death between the antimi-
crobial treatment and usual care (13.5 vs 11.5 events per 100
patient-years; HR, 1.11 [95% CI; 0.70-1.78]) or to the time to
the first nonelective respiratory hospitalization (14.1 vs 10.2
hospitalizations per 100 patient-years; HR, 1.34 [95% CI,
0.82-2.17]) (Figure 2, Table 3, and eTable 6 in Supplement 3).
Similarly, neither antimicrobial treatment added to usual care
had a significant effect on the time to death (interaction
P value = .28). Co-trimoxazole had an HR of 1.48 (95% CI,
0.78-2.81) and doxycycline, HR of 0.74 (95% CI, 0.37-1.49) on
the time to the first nonelective respiratory hospitalization
with an HR of 1.40 (95% CI, 0.72-2.75) for co-trimoxazole and
an HR of 1.10 (95% CI, 0.53-2.26) for doxycycline (interaction
P value = .79).

The time to the first nonelective all-cause hospitalization
did not differ in statistical significance between antimicrobial
therapy (22.6 hospitalizations per 100-patient years) andTa
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usual care (15.8 hospitalizations per 100 patient-years; HR,
1.36 [95% CI, 0.91- 2.01]) nor in the total number of nonelec-
tive all-cause hospitalizations (Table 3).

The total number of nonelective all-cause hospitaliza-
tions showed slightly higher rates in the usual care plus anti-
microbial groups than in usual care alone group (26.4 vs 17.5
hospitalizations per 100 patient-years; rate ratio; 1.44 [95% CI,
1.00-2.07]). There were no statistically significant differ-
ences between usual care plus antimicrobial therapy vs usual
care alone in the change between randomization and 12 months
in FVC, DLCO, or patient-reported outcome parameters (Table 3,
eTable 8, and eFigure 6 in Supplement 3).

Adverse Events
Numerically more respiratory serious adverse events in pa-
tients treated with usual care plus antimicrobial therapy were
observed, whereas fewer infections were observed (Table 4).
There were expected differences in prespecified adverse events
of special interest. These included more episodes of diarrhea,
vomiting, rash, arrhythmias, and hyperkalemia in the antimi-
crobial therapy group. Similar patterns of serious adverse
events and prespecified events of special interest were ob-
served for the co-trimoxazole and doxycycline cohorts
(eTable 9 in Supplement 3).

Discussion
Among adults with IPF, adding co-trimoxazole or doxycy-
cline to usual care did not significantly improve time to non-
elective respiratory hospitalization or death compared with
usual care alone. These findings do not support treatment with
these antibiotics for the underlying disease.

Neither EME-TIPAC nor this study supported a signifi-
cant effect of either co-trimoxazole on the primary end
point or on numerous secondary end points. Although both
studies used different designs, they had a very similar com-
posite of clinical outcomes that was thought to be clinically
relevant14 and more reflective of the anticipated mechanism
of action of antimicrobial therapy25 in contrast to the more
traditional longitudinal change in FVC.26 As expected this
study’s patient population was rapidly enrolled, was physi-
ologically less severe, experienced greater comorbidity, and
exhibited lower adherence to the study therapy. Despite
these differences, the withdrawal rate was identical and the
primary end point for co-trimoxazole therapy was similar
between the 2 studies.

Increased gastrointestinal adverse events, particularly
those treated with doxycycline, were identified. Rash and
hyperkalemia were more frequently seen with co-trimoxazole
therapy. These adverse events are reflective of those reported
in other settings,27 were not serious in nature, and were simi-
lar to reactions to co-trimoxazole, noted in the EME-TIPAC
study.6 Nevertheless, there was a numerical imbalance in
respiratory serious adverse events but not infections with
antimicrobial therapy. The latter observation suggests a pos-
sible disconnect between IPF progression and pneumonia,
with the former potentially being less likely to be associated
with bacterial infection.

This study extends the EME-TIPAC findings by suggest-
ing that a broader antimicrobial therapy strategy was not
effective in improving clinical outcomes. Several inves-
tigations have demonstrated an altered lung microbial com-
munity in patients with IPF that correlates closely with clini-
cal outcomes1,2 and is associated with augmented local and
systemic immune responses.3,4 Robust murine data support

Table 4. Patients With Serious Adverse Events and Adverse Events of Special Interest

Event

No. (%) of patients
Usual care + antimicrobial therapy
(n = 254)

Usual care
(n = 259)

Serious adverse events

Patients with ≥ 1 eventsa 71 (28.0) 65 (25.1)

Respiratory, thoracic and mediastinal 42 (16.5) 26 (10.0)

Idiopathic pulmonary fibrosis 16 (6.3) 5 (1.9)

Respiratory failure 5 (2.0) 4 (1.5)

Dyspnea 5 (2.0) 2 (0.8)

Cardiovascular 11 (4.3) 11 (4.2)

Infections 7 (2.8) 17 (6.6)

Pneumonia 5 (2.0) 7 (2.7)

Nervous system 8 (3.1) 3 (1.2)

Gastrointestinal 3 (1.2) 4 (1.5)

Metabolism and nutrition 2 (0.8) 4 (1.5)

Adverse events of special interestb

Diarrhea 26 (10.2) 8 (3.1)

Rash 17 (6.7) 0

Vomiting 12 (4.7) 2 (0.8)

Hyperkalemia 10 (3.9) 2 (0.8)

Arrhythmia 2 (0.8) 5 (1.9)

a A serious adverse event was one
that resulted in death or was
life-threatening, required
hospitalization or prolonged
hospitalization, resulted in
significant disability, or resulted in
congenital anomaly.

b An adverse event of special interest
reflects one thought to be a
potentially antibiotic-associated
adverse event. The list of 5 adverse
events of special interest was
prepopulated.
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the association of the lung microbial community on in-
creased fibroproliferative response28,29; however, antimicro-
bial therapy or lack of microbial populations in germ-free
mice has ameliorated this association.28,29 The findings may
reflect the complex nature of the lung microbial community
in chronic lung disease and the approach to define causality
by altering dysbiosis with antimicrobial therapy,30 including
significant interpatient and intrapatient heterogeneity in the
microbiome31 and its associated host response.3 The immu-
nomodulatory effect of antimicrobial therapy may be more
relevant than direct effect on the microbes,32 particularly as
there appears to be a core resistome in chronic lung dis-
eases.33 The results of this study, in conjunction with those
of EME-TIPAC investigators, do not support the use of
co-trimoxazole to modify disease progression in patients
with IPF but do not negate the potential effects of other
agents whose preclinical34 or preliminary clinical work sug-
gest an antifibrotic34 and/or clinical effect.35

Because this study did not measure the number and type
of lung microbes nor the direct effect of antibiotics on these
microbes, this study could not exclude that antimicrobials may
work in select subsets of patients with IPF experiencing in-
creased dysbiosis. Other approaches for manipulation of the
microbiome from fecal transplant, phage therapy, or selec-
tive immunization, among others, may prove successful. This
study collected blood for DNA and RNA, along with buccal and
fecal swabs for future analyses, including candidate genetic

association studies and exploratory genome and transcrip-
tome-wide studies.

Limitations
This study has several limitations. First, there was lack of pla-
cebo control and less intrusive adherence monitoring that
may have limited the ability to robustly define treatment
effect as was suggested in a preliminary study.5 Second, there
was not a bronchoalveolar lavage or other identification of
lung dysbiosis for patient selection. Third, the IPF diagnosis
was established by the site investigator rather than by inves-
tigators in a centralized location, so it is possible that enrolled
patients did not strictly meet current diagnostic criteria.
Fourth, it is possible that the differential in smoking rates
observed between treatment groups influenced levels of lung
dysbiosis potentially influencing the lack of observed treat-
ment effect.

Conclusions
Among adults with idiopathic pulmonary fibrosis, the addi-
tion of co-trimoxazole or doxycycline to usual care, com-
pared with usual care alone, did not significantly improve time
to nonelective respiratory hospitalization or death. These find-
ings do not support treatment with these antibiotics for the un-
derlying disease.
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