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ORIGINAL ARTICLE

Monocyte Count as a Prognostic Biomarker in Patients with Idiopathic
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Mark Atwood8, Klaus-Uwe Kirchgaessler9, and Toby M. Maher6,7,10*
1Center for InterstitialandRareLungDiseases,Pneumology,Thoraxklinik,UniversityofHeidelberg,Heidelberg,Germany;2GermanCenter for
Lung Research, Heidelberg, Germany; 3Department of Medicine, University of Colorado, Denver, Colorado; 4Department of Respiratory
Medicine, University of Patras, Patras, Greece; 5Division of Pulmonary and Critical CareMedicine, Department of Internal Medicine,
University ofCaliforniaDavis, Sacramento, California; 6Interstitial LungDiseaseUnit, Royal BromptonHospital, London,UnitedKingdom;
7Fibrosis Research Group, National Heart and Lung Institute, Imperial College London, London, United Kingdom; 8Policy Analysis, Inc.,
Brookline,Massachusetts; 9F.Hoffmann-LaRoche, Ltd., Basel, Switzerland; and 10HastingsCenter for PulmonaryResearch andDivision
of Pulmonary, Critical Care, and SleepMedicine, Keck School of Medicine, University of Southern California, Los Angeles, California

ORCID IDs: 0000-0003-4957-8869 (J.M.O.); 0000-0001-7192-9149 (T.M.M.).

Abstract

Rationale: There is an urgent need for simple, cost-effective
prognostic biomarkers for idiopathic pulmonary fibrosis (IPF);
biomarkers that show potential include monocyte count.

Objectives: We used pooled data from pirfenidone and IFNg-1b
trials to explore the association between monocyte count and
prognosis in patients with IPF.

Methods: This retrospective pooled analysis included patients (active
and placebo arms) from the following four phase III, randomized,
placebo-controlled trials: ASCEND (NCT01366209), CAPACITY
(NCT00287729 and NCT00287716), and INSPIRE (NCT00075998).
Outcomes included IPF progression (>10% absolute decline in FVC%
predicted,>50m decline in 6-minute-walk distance, or death), all-cause
hospitalization, and all-cause mortality over 1 year. The relationship
between monocyte count (defined as time-dependent) and outcomes
was assessed using bivariate and multivariable models.

Measurements and Main Results: This analysis included 2,067
patients stratified by monocyte count (at baseline: ,0.603 109 cells/L
[n=1,609], 0.60 to ,0.953 109 cells/L [n=408], and >0.953 109

cells/L [n=50]). In adjusted analyses, a higher proportion of patients
with monocyte counts of 0.60 to ,0.953 109 cells/L or >0.953 109

cells/L versus ,0.603 109 cells/L experienced IPF progression
(P=0.016 and P=0.002, respectively), all-cause hospitalization
(P=0.030 and P=0.003, respectively), and all-cause mortality
(P=0.005 and P, 0.001, respectively) over 1 year. Change inmonocyte
count from baseline was not associated with any of the outcomes over 1
year and did not appear to be affected by study treatment.

Conclusions: In patients with IPF, elevated monocyte count was
associated with increased risks of IPF progression, hospitalization,
and mortality. Monocyte count may provide a simple and
inexpensive prognostic biomarker in IPF.
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Idiopathic pulmonary fibrosis (IPF) is a
chronic, progressive, fibrosing form of
interstitial lung disease (ILD) (1, 2) with an
estimated median survival time of 225 years
after diagnosis in the absence of antifibrotic
treatment(3,4).Twoantifibrotics,pirfenidone
and nintedanib, are approved for the
treatment of IPF and are associated with
reduced lung-function decline (5–7). The
disease course of IPF is highly variable, and
prognosis can be difficult to predict (1, 3),
creating an urgent need for the identification
of simple, clinician-friendly, cost-effective

prognostic biomarkers that can be used to
stratify patients with similar clinical
presentations at diagnosis who are at risk of
more rapid disease progression (8).
Identification of such biomarkers may aid in
the development of more personalized
treatmentplans andhelpguidemore intensive
disease management strategies, such as lung
transplant allocation (8).

Several studies have reported on the
potential of circulating biomarkers, gene
expression signatures, and telomere length as
prognostic biomarkers in patients with IPF
(9–19). Measurement of such biomarkers can
be relatively complex, labor intensive, and
costly, therefore presenting a challenge for
their implementation in clinical practice (8,
20).

In other respiratory diseases, including
asthma, chronic obstructive pulmonary
disease, and lungcancer, therehasbeena focus
on whole blood and peripheral blood cells as
potential sources of prognostic and predictive
biomarkers (21–23). A retrospective pooled
analysis of data from three large health record
databases and a cohort of patients with
systemic sclerosis recently identified
monocyte count elevation as a potential
prognostic biomarker formortality in IPF and
other fibrotic disorders, including systemic
sclerosis, hypertrophic cardiomyopathy, and
myelofibrosis (8). A recent analysis of the
Australian IPF registry data also found an
association between monocyte concentration
andmortality(24).Giventhatmonocytecount
is a component of a standard blood test, this
may represent a simple and inexpensive
biomarker, warranting its further
investigation.

We used data pooled from trials of
pirfenidone (ASCEND, NCT01366209;
CAPACITY Study 004, NCT00287716; and
CAPACITY Study 006, NCT00287729) and
IFNg-1b(INSPIRE;NCT00075998) to further
explore the association between monocyte
count elevation andprognosis in patientswith
a confirmed diagnosis of IPF. Some of the
results of this analysis have been previously
reported in the form of an abstract (25).

Methods

Patient Population
This retrospective, pooled analysis included
datafromfourphaseIII, randomized,placebo-
controlled trials in IPF, as follows: ASCEND,
CAPACITY (two studies), and INSPIRE. The
eligibility criteria have been described

previously (5, 6, 26) (seeAppendix E1 in the
online supplement). Patients who received
2,403mg/dpirfenidone,200mgIFNg-1bthree
times a week, or placebo were included in this
analysis (patients who received 1,197 mg/d
pirfenidone in CAPACITY Study 004 were
excluded) (5, 6, 26).

The trials were conducted in accordance
with International Conference on
Harmonization Guidelines and the
Declaration of Helsinki. All patients provided
written, informed consent before
participation, and study protocols were
approved by the institutional review board/
ethics committee at each center.

Sample Collection and Measurements
Monocyte count was recorded at baseline and
scheduled trial visits (seeAppendix E1) as part
of complete blood counts andwas defined as a
time-dependent variable in analyses described
herein (i.e., monocyte count reflects the most
recently available measurement on or before
the time at which an event occurred). The
thresholds used to stratify patients by
monocyte count were defined initially in
increments of 0.203 109 cells/L for values
,0.803 109 cells/L (i.e.,,0.203 109 cells/L,
0.20 to,0.403 109 cells/L, 0.40 to
,0.603 109 cells/L, and 0.60 to,0.803 109

cells/L), whereas for values>0.803 109 cells/
L, strata were defined as 0.80 to,0.953 109

cells/L and>0.953 109 cells/L on the basis of
the analysis by Scott and colleagues that
reported higher all-cause mortality among
patients with monocyte count>0.953 109

cells/L (8). Strata for values,0.953 109 cells/
L were subsequently modified on the basis of
findings from bivariate analyses, suggesting
that risks of study outcomes were comparable
among patients withinmonocyte count strata
defined as,0.603 109 cells/L (,0.203 109

cells/L, 0.20 to,0.403 109 cells/L, and0.40 to
,0.603 109 cells/L) and those defined as 0.60
to,0.953 109 cells/L (0.60 to,0.803 109

cells/L and 0.80 to,0.953 109 cells/L).
Results from a goodness-of-fit analysis
corroborated the use of the modified
thresholds for theanalysesdescribedherein. In
supplemental analyses, other components of
white blood cells (e.g., lymphocytes and
neutrophils), which were recorded at baseline
and scheduled trial visits (seeAppendix E1),
were also considered and were defined as
continuous time-dependent variables.

Outcomes
Outcomes over 1 year were IPF progression
(>10% absolute decline in FVC% predicted,

At a Glance Commentary

Scientific Knowledge on the
Subject: The disease course of
idiopathic pulmonary fibrosis (IPF) is
highly variable, and prognosis can be
difficult to predict, creating an urgent
need for simple, cost-effective
prognostic biomarkers to identify
patients at risk of more rapid disease
progression. Several potential
prognostic biomarkers have been
identified, but measurement of these
biomarkers has been relatively
complex, labor intensive, and costly.
A recent retrospective analysis
identified monocyte count as a
potential prognostic biomarker for
IPF, finding that high monocyte
counts (>0.953 109 cells/L) were
associated with an increased risk of
mortality (vs. ,0.953 109 cells/L).

What This Study Adds to the Field:
In this retrospective pooled analysis of
the ASCEND, CAPACITY, and
INSPIRE trials of patients with IPF,
elevated monocyte count was associated
with significantly increased risks of IPF
progression, hospitalization, and
mortality over 1 year. In addition to a
monocyte count of>0.953 109 cells/L,
which was investigated in the previous
study, our analysis also demonstrated
that a monocyte count of 0.60 to
,0.953 109 cells/L was associated with
worse 1-year outcomes (vs.,0.603 109

cells/L).Our findings provide a rationale
for prospective clinical studies
investigating monocyte count as a
simple and inexpensive prognostic
biomarker for IPF.
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>50 m decline in 6-min-walk distance
[6MWD], or death), all-cause hospitalization,
andall-causemortality.Meanmonocytecount
by chronic immunosuppressant use, mean
change from baseline in monocyte count by
treatment (placebo, pirfenidone, or IFNg-1b),
andmean change from baseline in FVC%
predicted by monocyte count and treatment,
all over 1 year, were also assessed.

Statistical Analysis
Patients inthe intent-to-treatpopulationswith
baseline monocyte count data were included
in analyses; there was no imputation for
missing values.

Shared frailtymodels (anextensionof the
Cox proportional hazards model that adjusts
for intracluster correlation [i.e., clustering by
trial]) were employed to examine the
relationship betweenmonocyte count
(defined as time-dependent), longitudinal
change from baseline inmonocyte count, and
study outcomes over 1 year. Bivariate models
were used without adjustment, and
multivariable models were used with
adjustment for patient demographics,
physiologic function (time-dependent),
comorbidity profile, and chronic
immunosuppressant use (time-dependent).
The monocyte stratification variable, change

frombaseline inmonocyte count variable, and
dummy variables for pirfenidone and IFNg-
1bwere forced intomodels as regressors; other
predictors of outcomes were selected for
inclusion in the multivariable models via a
backward selection method (P, 0.10).
Supplemental analysesofmonocyte countand
counts of other components of white blood
cells were similarly conducted.

Survival analyses were performed using
Kaplan-Meier techniques, and monocyte
count comparisonswereundertakenusing the
log-rank test. For time-to-event analyses,
patients were censored at the time of loss to
follow-up or lung transplantation (or

Table 1. Summary of Patient Baseline Characteristics in the Pooled ASCEND, CAPACITY, and INSPIRE Population by
Monocyte Count

All Patients
(n=2,067)

Patients, by Monocyte Count

<0.603 109 cells/L
(n=1,609)

0.60 to <0.953 109

cells/L (n=408)
>0.953 109 cells/L

(n=50)

Age, mean (SD), yr 66.7 (7.6) 66.4 (7.7) 67.8 (7.3) 67.7 (8.1)
Sex, n (%)
M 1,508 (73.0) 1,136 (70.6) 328 (80.4) 44 (88.0)

Monocytes, 3 109 cells/L
Mean* (SD) 0.49 (0.18) 0.41 (0.10) 0.71 (0.09) 1.14 (0.29)

Quintile, minimum–maximum
First 0.1020.34 0.1020.32 0.6020.62 0.9520.96
Second 0.3520.42 0.3320.38 0.6320.66 0.9721.01
Third 0.4320.50 0.3920.44 0.6720.71 1.0221.09
Fourth 0.5120.61 0.4520.51 0.7220.77 1.1121.21
Fifth 0.6222.81 0.5220.59 0.7820.94 1.2422.81

FVC% predicted, mean (SD) 69.0 (15.0) 69.7 (15.1) 67.4 (14.3) 63.1 (14.3)
DLCO% predicted, mean (SD) 43.6 (11.4) 44.1 (11.4) 41.9 (11.2) 41.4 (9.4)
6MWD, mean (SD), m 382.0 (120.6) 385.3 (120.5) 374.7 (119.6) 336.3 (122.8)
UCSD-SOBQ total score, mean (SD) 39.1 (24.6) 38.6 (24.4) 39.7 (24.9) 47.0 (26.8)
Comorbidities,† n (%)
GERD 645 (31.2) 473 (29.4) 154 (37.7) 18 (36.0)
CAD 444 (21.5) 310 (19.3) 111 (27.2) 23 (46.0)
COPD 114 (5.5) 83 (5.2) 30 (7.4) 1 (2.0)
MI 111 (5.4) 73 (4.5) 34 (8.3) 4 (8.0)
Pulmonary hypertension 50 (2.4) 27 (1.7) 22 (5.4) 1 (2.0)
DVT 48 (2.3) 39 (2.4) 8 (2.0) 1 (2.0)

CV risk factors, n (%)
Smoker‡ 1,372 (66.4) 1,064 (66.1) 276 (67.6) 32 (64.0)
Hypertension 1,068 (51.7) 815 (50.7) 230 (56.4) 23 (46.0)
Obesity§ 897 (43.4) 686 (42.6) 187 (45.8) 24 (48.0)
Hypercholesterolemia 864 (41.8) 650 (40.4) 190 (46.6) 24 (48.0)
Diabetes 454 (22.0) 348 (21.6) 95 (23.3) 11 (22.0)

Chronic immunosuppressant use,k n (%)
Steroid (systemic) 135 (6.5) 102 (6.3) 24 (5.9) 9 (18.0)
Nonsteroid 33 (1.6) 25 (1.6) 7 (1.7) 1 (2.0)
Neither 1,918 (92.8) 1,496 (93.0) 382 (93.6) 40 (80.0)

Definition of abbreviations: 6MWD=6-minute-walk distance; CAD=coronary artery disease; COPD=chronic obstructive pulmonary disease;
CV=cardiovascular; DVT=deep vein thrombosis; GERD=gastroesophageal reflux disease; MI =myocardial infarction; UCSD-SOBQ=University of
California, San Diego, Shortness of Breath Questionnaire.
*At time of event (idiopathic pulmonary fibrosis progression, defined as >10% absolute decline in FVC% predicted, >50 m decline in 6MWD, or
death) or censor.
†Includes comorbidities reported in .2% of the total patient population.
‡Current/former.
§Body mass index .30 kg/m2.
jjAt any time from baseline through to end of 1-year follow-up period; values may sum more than 100%.
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mortality for all-cause hospitalization only) or
at the end of 1-year follow-up, whichever
occurred first.

Results

Patient Baseline Characteristics
Overall, 2,067 patients (ASCEND, n=555;
CAPACITY, n=692; INSPIRE, n=820) were
included in this analysis. The patient
demographics anddisease characteristics have
been previously described for the individual
study populations (5, 6, 26) and are
summarized for the pooled population in
Table 1. The mean age (SD) for the pooled
population was 66.7 (7.6) years, and 73.0% of
patients were male (Table 1).

Themean (SD)monocyte count (at time
of event [IPF progression] or censor) for the
pooled populationwas 0.49 (0.18)3 109 cells/
L (ASCEND, 0.52 [0.21]3 109 cells/L;
CAPACITY, 0.48 [0.16]3 109 cells/L;
INSPIRE, 0.47 [0.18]3 109 cells/L; Table E1).
Othermean white blood cell counts at time of
eventor censorwere also found tobe relatively
consistentacross theincludedtrials(TableE1).
A total of 77.8% (n=1,609), 19.7% (n=408),
and 2.4% (n = 50) of patients had baseline
monocyte counts of,0.603 109 cells/L, 0.60
to,0.953 109 cells/L, and>0.953 109 cells/
L, respectively. Physiologic characteristics at
baseline were generally balanced between
monocyte count groups, although patients in
the>0.953 109 cells/L group had a
numerically lower 6MWD and a numerically
higher University of California, San Diego,
Shortness of Breath Questionnaire score
versus the,0.603 109 cells/L and 0.60 to
,0.953 109 cells/L groups (Table 1).

The most frequently reported
comorbidities in the overall population were
gastroesophageal reflux disease (31.2%) and
coronaryarterydisease(CAD;21.5%;Table1).
CADwas more common in patients in the
>0.953 109 cells/L monocyte group (46.0%)
versus the,0.603 109 cells/L and 0.60 to
,0.953 109 cells/L groups (19.3%and27.2%,
respectively). A higher percentage of patients
in the>0.953 109 cells/L monocyte group
(18.0%) had reported chronic systemic steroid
immunosuppressant use versus the,0.60
3 109 cells/L and 0.60 to,0.953 109 cells/L
groups (6.3% and 5.9%, respectively; Table 1).

One-Year Risk of Study Outcomes by
Monocyte Count
Findings based on the initial stratification
scheme for monocyte count are presented in

Table E2. In bivariate analyses, after
modification of the stratification scheme,
times to first evidence of IPF progression, all-
cause hospitalization, and all-cause mortality
wereshorter inpatientswithamonocytecount
of>0.953 109 cells/L and 0.60 to
,0.953 109 cells/L versus those with a count
of,0.603 109 cells/L (Figure 1).

In adjusted analyses, a significantly
higher percentage of patientswith amonocyte
count of either 0.60 to,0.953 109 cells/L or
>0.953 109 cells/L versus those with a count
of,0.603 109 cells/L experienced IPF
progression (hazard ratio [HR], 1.25; 95%
confidence interval [CI], 1.04–1.50; P=0.016
and HR, 1.80; 95% CI, 1.23–2.63; P=0.002,
respectively), all-cause hospitalization (HR,
1.29; 95% CI, 1.03–1.63; P=0.030 and HR,
2.14; 95% CI, 1.30–3.51; P=0.003,
respectively), and all-cause mortality (HR,
1.78; 95% CI, 1.19–2.66; P=0.005 and HR,
4.05; 95% CI, 2.00–8.19; P, 0.001,
respectively) over 1 year (Figure 2 and Table
E3). This pattern was maintained when the
models were adjusted only for age, sex, FVC%
predicted, DLCO% predicted, and 6MWD
(Table E4) and when nonchronic
immunosuppressant use was considered
(Table E5).

When otherwhite blood cell countswere
added to the adjusted multivariable analyses
that included all model covariates, significant
associations were observed between
neutrophil count (positive association) and
lymphocyte count (negative association) and
study outcomes (Table E6). However,
associations between elevated monocyte
counts and increased risk of study outcomes
were still observedwhenotherwhitebloodcell
counts were accounted for in the adjusted
model, which were significant for increased
risk of IPF progression (for monocyte counts
of 0.60 to,0.953 109 cells/L and>0.95
3 109 cells/Lvs.,0.603 109 cells/L:HR,1.22;
95% CI, 1.01–1.48; P=0.039 and HR, 1.61;
95%CI, 1.08–2.39;P=0.019, respectively) and
all-causehospitalization (formonocyte counts
of>0.953 109 cells/L vs.,0.603 109 cells/L:
HR, 1.75; 95%CI, 1.05–2.93; P=0.031) over 1
year (Table E6).

One-Year Risk of Study Outcomes by
Change in Monocyte Count
from Baseline
Themeanmonocyte count ranged from0.47 to
0.533 109 cells/L over the 1-year follow-up
period (Figure E1), and large changes in
monocytecountfrombaselinewererare(n=18
or 19 for change of>0.503 109 cells/L). In the

unadjustedmodel, changes inmonocyte count
of 0.10 to,0.503 109 cells/L (HR, 1.26; 95%
CI,1.01–1.58;P=0.042)or>0.503 109 cells/L
(HR, 2.46; 95% CI, 1.36–4.43; P=0.003) from
baseline were significantly associated with IPF
progression versus a change of,20.103 109

cells/L over 1 year (Table E7). Change in
monocyte count of>0.503 109 cells/L from
baseline was significantly associated with all-
cause hospitalization versus a change of
,20.103 109 cells/L (HR, 2.31; 95% CI,
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Monocyte count, GI/L

A

0.0

0.2

0.4

0.6

0.8

1.0

0 100 200 300

Time to IPF progression (days)

S
ur

vi
va

l p
ro

ba
bi

lit
y

Log-rank test: P < 0.001

B

0.0

0.2

0.4

0.6

0.8

1.0

0 100 200 300

Time to all-cause hospitalization (days)

S
ur

vi
va

l p
ro

ba
bi

lit
y

Log-rank test: P < 0.001

C

0
0.0

0.2

0.4

0.6

0.8

1.0

100 200 300

Time to all-cause mortality (days)

S
ur

vi
va

l p
ro

ba
bi

lit
y

Log-rank test: P < 0.001

0.95

Figure 1. Kaplan-Meier curves for time to first
(A) IPF progression (>10% absolute decline in
FVC% predicted, >50 m decline in 6-minute-
walk distance, or death), (B) all-cause
hospitalization, and (C) all-cause mortality over
1 year by monocyte count, in which monocyte
count was defined as a time-dependent
variable. IPF= idiopathic pulmonary fibrosis.
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1.07–5.00;P=0.033)over1year.Nosignificant
association was found between amounts of
change inmonocyte count from baseline and
all-cause mortality (Table E7).

In adjusted analyses, no significant
association was found between change in
monocyte count from baseline and any of the
study outcomes over 1 year (Table E3).

Effect of Treatments on
Monocyte Count
In descriptive analyses,meanmonocyte count
over1yearwassimilar forpatients receivingor
not receiving chronic (systemic steroid or
nonsteroid) immunosuppressants (Figure
E2). Although some small differences inmean
changes inmonocytecount frombaselineover
1 year were observed across treatment groups
(placebo, pirfenidone, or IFNg-1b [presented
for all patients, those receiving chronic steroid
treatment, those receiving nonchronic steroid
treatment, and those who did not receive
steroid treatment]), thesewere not considered
clinically meaningful (Figure E3). Moreover,
meanchange inFVC%predicteddidnotdiffer
considerably between patients withmonocyte
counts of,0.603 109 cells/L, 0.60 to,0.95
3 109 cells/L, and>0.953 109 cells/L
throughout the 1-year treatment period; this
was generally the case regardless of treatment
group, although conclusions regarding the
>0.953 109 cells/L subgroup are limited
because of low patient numbers (Figure E4).

Discussion

This retrospective, pooled analysis found that
patientswithaconfirmeddiagnosisofIPFwho
had amonocyte count of 0.60 to,0.953 109

cells/L or>0.953 109 cells/L had a higher
1-year risk of IPF progression, all-cause
hospitalization, and all-causemortality versus
patients with a monocyte count of,0.60
3 109 cells/L after adjustment for
demographics, physiologic function,
comorbidity profile, and chronic
immunosuppressant use.

These findings are consistent with
those of a previous study evaluating a
possible link between monocyte count and
prognosis in patients with IPF (8). In the
previous retrospective, pooled analysis, a
monocyte count of>0.953 109 cells/L was
significantly associated with all-cause
mortality versus amonocyte countof,0.95
3 109 cells/L after adjustment forFVC(HR,
2.47; P = 0.0063) and gender, age, and
physiology index (HR, 2.06; P = 0.0068) in a
subset of patients with confirmed IPF. In
the same study, a higher monocyte count
was also associated with shortened survival
in patients with other fibrotic diseases,
including systemic sclerosis, myelofibrosis,
and hypertrophic cardiomyopathy (8).
Further data supporting these findings
come from an analysis of 231 patients from
threeAustralian states in theAustralian IPF
registry (24). Analysis of these registry data

found an association between monocyte
counts of>0.953 109 cells/L and increased
mortality after adjustment for age, sex, and
baseline FVC% predicted (HR, 2.36;
P = 0.02) (24).

Although the previous analyses only
looked at>0.953 109 cells/L versus,0.95
3 109 cells/L (8, 24), we also demonstrated
that a monocyte count of 0.60 to,0.95
3 109 cells/L was significantly associated
with a higher 1-year risk of IPF
progression, hospitalization, and
mortality versus patients with a monocyte
count of,0.603 109 cells/L. Moreover,
this association was found after
adjustment for age, sex, FVC% predicted,
DLCO% predicted, and 6MWD, suggesting
that monocyte count may provide added
predictive value to these clinical variables.
In contrast, we found that change from
baseline inmonocyte count over 1 yearwas
not associated with study outcomes. This
suggests thatmonocyte count has potential
as a prognostic biomarker rather than as a
predictive biomarker for treatment
response, although this has not been
confirmed yet in prospective cohorts.
Looking at real-world applications of our
findings, a monocyte count of>0.603 109

cells/L could potentially be used to enrich
the population of clinical trials for patients
at greater risk of IPF progression.
Furthermore, in clinical practice, a
monocyte count of>0.603 109 cells/L

0

Study outcome n % with event Hazard ratios (95% CI) P value

IPF progression
Monocyte count, × 109 cells/L

<0.60
0.60–<0.95

1,609

50
408

31.8

62.0
40.0

0.002
0.016

All-cause mortality
Monocyte count, × 109 cells/L

<0.60
0.60–<0.95

1,615

47
405

4.8

21.3
8.9

0.001
0.005

All-cause hospitalization
Monocyte count, × 109 cells/L

<0.60
0.60–<0.95

1,614

43
410

18.3

39.5
24.1

0.003
0.030

1 2 3 4 5 6 7 8 9

Lower risk Higher risk

0.95

0.95

0.95

—

—
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Figure 2. Adjusted hazard ratios for IPF progression, all-cause hospitalization, and all-cause mortality by monocyte count. Monocyte count and
other model covariates were defined as time-dependent variables, as appropriate. CI =confidence interval; IPF= idiopathic pulmonary fibrosis.
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could be used to alert healthcare
professionals to a patient’s risk of IPF
progression and worse prognosis, which
may help to guide the decision to initiate
treatment and the choice of therapeutic
interventions. In addition, a monocyte
count of>0.603 109 cells/L could be used
to identifywhich patients to assess for their
suitability for a lung transplant.

Preliminary analyses assessing the
relationship between other white blood cell
counts and study outcomes found
significant associations for neutrophil
count (positive association) and
lymphocyte count (negative association) in
multivariable analyses. However, elevated
monocyte countswere still associatedwitha
higher risk of study outcomes when the
multivariable model was adjusted for other
white blood cell counts, indicating that the
relationship betweenmonocyte counts and
study outcomes is distinct from that of the
other white blood cell counts. Additional
analyses would be needed to further assess
whether otherwhite bloodcell counts, apart
from monocytes, have a relationship with
the outcomes observed.

These results indicate an association
between monocyte (and potentially other
white blood cell) concentrations and IPF
prognosis, which is in line with what is
known about the possible roles of
monocytes and other immune cells in the
development of IPF and may help shed
some light on the pathogenesis of IPF.
Although the pathophysiology of IPF has
not yet been fully elucidated, various
immune cells have previously been linked
with pathogenesis, including monocytes,
neutrophils, and lymphocytes (27–33).
The model of IPF pathogenesis currently
favored is based on repeated epithelial
injury leading, in genetically susceptible
individuals, to aberrant repair and the
formation of fibrotic tissue (34, 35). Fitting
with this model, immune cells (including
monocytes) migrate to the site of injury to
aid repair, where they differentiate.
Recruitment and differentiation of
monocytes is driven by the surrounding
microenvironment, with circulating
monocytes having the potential to become
interstitial or airway macrophages or
dendritic cells (35–38). Disease
progression in IPF has been linked to
changes in the phenotype and function of
alveolar macrophages. It follows that
altered alveolar macrophage phenotype
may be driven, in part, by changes in the

populations of differentiated monocyte
subsets, especially as monocyte-driven
changes in airway macrophages are
observed in healthy human aging (32, 39,
40). Single-cell RNA sequencing of lung
collected from individuals with IPF has
confirmed marked alveolar macrophage
heterogeneity, something that has been
linked to the evolutionoffibrosis inmurine
models (41, 42). Accumulation of
distinct populations of alveolar
macrophages has been linked to disease
progression and shortened survival in
patients with IPF (43, 44).

The fibrocyte, a specialized cell derived
from the monocyte cell lineage, has been
postulated to be a precursor of the
myofibroblast and has been implicated in the
pathogenesis of IPF (45, 46). In patients with
IPF, higher concentrations of circulating
fibrocytes may be predictive of a worse
prognosis in terms of disease progression and
have shown to be markedly elevated in acute
exacerbations of IPF (46, 47). C-Cmotif
chemokine ligand 18, produced by fibrocytes
and, to a greater extent, by alveolar
macrophages, has shown potential as a serum
biomarker of disease progression and
mortality in IPF (45, 48, 49).

The emergence of readily measurable
serumbiomarkers that are reflective of IPF-
related pathophysiology may help to better
inform treatment approaches in IPF. In
addition to the prediction of poorer
prognosis, monocyte count has been linked
with the occurrence of acute exacerbations
of fibrosing ILDs, and regular monitoring
may help to guide clinical decision-making
with respect to the initiation of antifibrotic
medications (8, 24, 50). The ease and speed
with which biomarkers can be measured
will govern their applicability within a
clinical setting. Monitoring of circulating
monocyte concentrations is easily
incorporated into the routine assessment of
patientswith IPF as part of a standard blood
count in clinical practice, and it represents a
technically reproducible biomarker that is
simpler, less labor intensive, andmore cost-
effective than measurement of other
prognostic biomarkers identified for IPF,
such as gene signatures (8, 15). Further
prospective cohort studies are required to
fully explore the relationships between
monocyte count and change in monocytes
from baseline on outcomes in IPF and
response to treatment. These studies could
also be designed to evaluate whether the
findings in patients with IPF can be more

broadly applied topatientswithother forms
of ILD.

There are a number of limitations that
should be considered when interpreting the
results of this analysis, including the relatively
small number of patients included in the
>0.953 109 cells/L monocyte count group
versus the 0.60 to,0.953 109 cells/L and
,0.603 109 cells/L groups. The low
mortality rate across subgroups defined by
change in monocyte count (and
corresponding low statistical power) is
another limitation. Furthermore, the effect of
comorbidities (such as CAD, which may also
result in high monocyte concentrations) (51)
on the observed association between
monocyte count and study outcomes is not
known. In addition, steroid use can lead to
reducedmonocyte counts and possible shifts
in monocyte phenotype (52), and although
chronic steroid use was not found to
considerably affect monocyte counts in this
analysis, no data were available on the
duration or timing of nonchronic steroid use,
and, as such, their effect on monocyte counts
could not be fully determined. We also
considered that treatment group (placebo,
pirfenidone, or IFNg-1b) may also have
affectedmonocyte count; this possible effect
could not be adequately assessed because
classification and identification of patients
who were responders to therapy was not
possible in a robust manner with the current
data set. In a descriptive analysis, although
some differences in mean change from
baseline in monocyte count over 1 year were
observed for pirfenidone and IFNg-1b
compared with placebo, these changes were
not clinically meaningful. This was a
retrospective, pooled analysis restricted to
patients with IPF from clinical trials;
therefore, the analysis population included
morepatientswithgreatershort-termsurvival
than real-world cohorts because patientswith
severe disease were excluded. This analysis
may also underestimate the longer-term
prognostic value of monocyte counts because
relatively limited outcomedatawere available
beyond the end of the trials. It should also be
noted that the relationshipbetweenmonocyte
count and study outcomes did not appear to
be linear, and thus a categorical (rather than
continuous)measure formonocytecountwas
employed in most of these analyses.

Conclusions
In this retrospective analysis of pooled data
from ASCEND, CAPACITY, and INSPIRE,
elevated monocyte count was associated with
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increased risks of IPF progression,
hospitalization, andmortality. Monocyte
count may provide a novel, simple, and
inexpensive prognostic biomarker in patients

with IPF and should be investigated further in
future prospective clinical studies.�
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