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Table 1 Characteristics for patients with iUIP who had at least two CT scans (n=32), at the point of initial CT when iUIP was
identified

Non-progressive iUIP Progressive iUIP P value or OR 95% CI

n 9 23

Male 6 (66%) 18 (78%) 1.8 0.37 t0 8.34
Female 3 (33%) 5 (22%) 0.6 0.12 to 2.64
Age at first CT showing iUIP (+SD) 76.7 (x6.2) 72.3 (+8.6) p=0.277 -

Never smoker 3 (33%) 3 (14%) 0.3 0.06 to 1.70
Ex-smoker 6 (67%) 19 (86%) 3.2 0.59to 15.9
Respiratory comorbidity 1 (11%) 8 (40%) 513 0.61 to 65.6
Cardiac comorbidity 6 (66%) 17 (85%) 1.3 0.27 t0 7.52
Diabetes mellitus 4 (44%) 3 (15%) 0.2 0.05t0 1.17
TL,, (mmol/min/kPa) 5.0 (x0.9) 5.3 (x1.7) p=0.983 -

Dol 77.8 (£18.1) 64.2 (+16.0) p=0.077 -

FVC () 2.90 (x0.7) 3.24 (+1.1) p=0.728 -

%FVC 102.00 (+21.6) 92.6 (+26.9) p=0.285 -

FEV, () 2.33 (x0.7) 2.36 (x0.7) p=0.853 -

%FEV, 98.4 (+18.8) 85.9 (x19.4) p=0.362 -

CPlI score 67.7 (£18.3) 69.5 (+10.4) p=0.327 -

Data are divided into progressor and non-progressor groups. % in parenthesis is proportion of specified group.

Statistical analysis expressed at p value or OR with 95% CI. Lung function parameters refer to those measured within 3 months of first CT
scan. CPl as calculated by Wells et al."®

CPI, Composite Physiological Index ; FEV,, forced expiratory volume in one second; FVC, forced vital capacity; iUIP, indeterminate for UIP;
TL,, carbon monoxide transfer factor; UIP, usual interstitial pneumonia.

status did violate the proportional hazards assumption of  the follow-up period— monocytes (continuous) =3.10;
a Cox regression (table 2). Output from smoking status HR (95% CI)=23 (1.6-340), p=0.03; neutrophils (contin-
in setting A and lymphocytes in setting B were therefore ~ uous) =0.57; HR (95% CI=1.8 (1.3-2.3), p<0.001

not used. (table 2; and figure 3A,B). Apart from blood leukocytes,
In both settings A and B, we found that increased  no other variables showed significant difference. Histo-
neutrophils and monocytes (both binary and contin-  grams for the distribution of monocyte, neutrophil and

uous variables) were associated with progression within

Figure 2 Lung function progression from baseline (within 3 months of initial CT scan) for non-progressors, those who
progressed in amount of disease and to 'definite' and 'probable’ UIP (‘progressors (all)'), and those who progressed to definite
and probable UIP only (‘progressors (to probable/definite UIP)'). Mean (SD) values are displayed; no statistical analyses were
performed. Survival curve for all patients divided into those with iUIP, definite and probable UIP on thoracic CT scan at their
first CT scan in the study. FVC, forced vital capacity; iUIP, indeterminate for UIP; TL.., carbon monoxide transfer factor; UIP,
usual interstitial pneumonia.
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Table 2 Univariate COX proportional hazard analysis of cohort

Likelihood P value PH
Likelihood ratio test P assumption (<0.05
Beta HR (95% CI for HR) ratio test value indicates violation)
Univariate Cox PH analysis on all patients (n=32): setting A
Gender male vs female 1.20 3.3(0.71 to 15) 3.00 0.08 0.52
Monocytes (x10%L) 3.10 23 (1.6 to 340) 4.80 0.03* 0.26
Monocytes (>0.9x10%L) 1.40 3.9(1.3t012) 4.90 0.03* 0.40
Monocytes (median) 1.30 3.8 (1.2t0 13) 5.70 0.02* 0.70
Lymphocytes (x10%/L) 0.47 1.6 (0.64 to 4) 0.98 0.32 0.05
Lymphocytes (<1.0x10%L) 0.80 2.2 (0.28 to 18) 0.47 0.49 0.24
Lymphocyte (median) 0.39 1.5(0.51t04.2) 0.52 0.47 0.002
Neutrophil (x10%L) 0.57 1.8 (1.3 t0 2.3) 18.00 2.0x107% 0.29
Neutrophil (>7.5x10%L) 3.80 43 (4.2 to 430) 12.00 0.00065* 0.06
Neutrophil (median) 1.40 41 (1.3t012) 6.60 0.01* 0.85
FVC (%predicted) at initial CT -0.02 0.98 (0.95to 1) 3.40 0.07 0.60
Smoking (never vs ex) -0.43 0.65 (0.17 to 2.5) 0.37 0.54 0.03
Age at initial CT -0.02 0.98 (0.92to 1) 0.32 0.57 0.57
Univariate Cox PH models on patients who progressed to IPF in analysis period (n=17): setting B
Gender male vs female 0.85 2.3(0.52t0 10) 1.50 0.22 0.84
Monocytes (x10%L) 3.50 33 (1.8 to 600) 5.50 0.02* 0.73
Monocytes (>0.9x10%L) 1.10 3(0.95t09.7) 3.20 0.07 0.67
Monocytes (median) 1.40 3.9(1.2t0 13) 5.60 0.02* 0.88
Lymphocytes (x10%L) 0.32 1.4 (0.49 to0 3.8) 0.37 0.55 0.002
Lymphocytes (<1.0x10%L) 2.70 15 (0.97 to 250) 3.00 0.09 0.16
Lymphocyte (median) -0.05 0.95 (0.33t0 2.7) 0.01 0.93 0.003
Neutrophil (x10%L) 0.43 1.5(1.2t02) 9.70 0.002* 0.44
Neutrophil (>7.5x10%L) 3.00 20 (2 to 200) 7.80 0.005* 0.06
Neutrophil (median) 1.10 3.1 (1109.7) 4.30 0.04* 0.89
FVC (% predicted) at initial CT -0.003 1(0.97to 1) 0.06 0.81 0.61
Smoking (never vs ex) -0.42 0.65 (0.17 to 2.5) 0.36 0.55 0.08
Age at initial CT 0.03 1(0.96 to 1.1) 0.66 0.42 0.60

FVC, forced vital capacity; IPF, idiopathic pulmonary fibrosis.

lymphocyte values are shown in supplementary data
(online supplemental figure S1).

Due to the low numbers and some high monocyte,
lymphocyte and neutrophil counts, we also checked the
sensitivity of HR and their significance using a more
balanced design by splitting the full blood cell counts
by their median values. The statistical significance and
direction of effect in both settings A and B were main-
tained (table 2).

We also modelled the binary monocyte, lymphocytes
and neutrophil levels to account for the covariates of
gender, age and FVC in the Cox PH multivariate mode.
This multivariate analysis also preserved the signifi-
cance of monocyte and neutrophil count in settings A
and B (table 3). Significance of individual covariates
was reported using Wald test and overall significance of
the model (compared with the alternative of no effect

of any covariate) was tested using likelihood ratio test as
reported by the coxph function in R.

The adjusted HR and CIs were large but for all signif-
icant values, the lower limit range of the CI was above
1, providing confidence that the HR were above 1 for
monocytes and neutrophils. We do not think the absolute
values of the adjusted HR and upper Cls are an accurate
reflection of patient risk, and are likely inflated due to
the small number of patients.

Lymphocyte levels (binary or continuous) were not
significantly associated with time to IPF diagnosis in any
of the models.

Finally, we examined survival after categorising all
cases, regardless of whether they had a follow-on CT
(n=48), according to baseline monocyte count of > or
<0.90x10°/L and neutrophils of > or <7.5x10°/L. We
observed a trend towards shorter survival time for higher
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Figure 3 iUIP-free months in all patients (n=32) with (A) Monocytes levels>and < 0.9x10%L and (B) neutrophils > and

<7.5x10%L at the point of initial CT with iUIP (univariate COX proportional hazard analysis of all patients with iUIP on initial CT

scan; P value analysed by likelihood ratio test). (C) Survival curve for all patients with iUIP at initial scan (n=48) divided with

(A) monocytes > and <0.9x10%L and (D) neutrophils > and <7.5x10%L, regardless of progression, and including those without

second CT scan. iUIP, indeterminate for UIP; UIP, usual interstitial pneumonia.

Table 3 Multivariate COX proportional hazard analysis of cohort

HR (95% CI for HR) Wald test p value

P value PH
assumption (<0.05
indicates violation)

1.90 (0.35 to 10) 0.46
0.93 (0.85 to 1) 0.15
0.10 (0.015 to 0.72) 0.02*
0.96 (0.92 to 1) 0.05*

27 (2 to 370) 0.01*

0.37 (0.013 to 10) 0.56

Beta
Multivariate Cox PH analysis on all patients (n=32) (setting A)
Gender male vs female 0.64
Age at initial CT -0.07
Smoking (never vs ex) -2.30
FVC (% predicted) at initial CT —-0.04
Monocytes (>0.9x10° /L) 3.30
Lymphocytes (<1.0x10° /L) -1.00
Neutrophil (>7.5x10° /L) 3.50

35 (1.7 to 680) 0.02*

GLOBAL significance=likelihood ratio test 21 (p=0.004), PH assumption p=0.18
Multivariate Cox PH models on patients who progressed to IPF in analysis period (n=17) (setting B)

Gender male vs female 1.30
Age at initial CT -0.14
Smoking (never vs ex) -3.40
FVC (% predicted) at initial CT -0.05
Monocytes (>0.9x10%L) 8.80
Lymphocytes (<1.0x10%L) -5.00
Neutrophil (>7.5x10%L) 5.20

3.50 (0.52 to 24) 0.20
0.87 (0.78 to 0.97) 0.02*
0.03 (0.0028 t0 0.42)  0.008"
0.95 (0.89 to 1) 0.07
6700 (19 to 2400000) 0.003*

0.01 @.7%to 1) 0.05
180 (2.3 to 14000) 0.02*

GLOBAL significance=likelihood ratio test 21 (p=0.004), PH assumption p=0.69.

0.92
0.84
0.09
0.71
0.09
0.85
0.06

0.43
0.20
0.37
0.23
0.87
0.34
0.24

GLOBAL significance=likelihood ratio test 21 (p=0.004), PH assumption p=0.69.

FVC, forced vital capacity.
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monocyte levels (HR: 2.9, 95% CI: 0.59 to 14.51, p=0.06
log-rank test, censoring event as death or August 2019 for
survival group); and higher neutrophils (HR: 6.95, 95%
CI: 0.72 to 66.7, p=0.0002 log-rank test) (figure 3C,D).

DISCUSSION

In this single-centre retrospective analysis of iUIP progres-
sion, we observed that among an unselected group of 230
patients followed up for lung fibrosis, the prevalence of
those with iUIP CT pattern was 21%. A minimum of 35%
(if we included those who did not have a second thoracic
CT scan due to lack of need), progressed to IPF within
4 years, with 25% death in the follow-up period. These
data suggest that iUIP CT pattern is an important entity,
a precursor to IPF in some patients within a few years,
and for these patients, there could only be a short period
to intervene to prevent progression. Further analyses
suggest that increased neutrophils and monocytes levels
might identify this group of patients with higher risk of
progression to IPF.

The prevalence of iUIP among patients seen in our IPF
clinic is similar to the analysis from only one other study
on prevalence. Diridollou et alrecategorised 89 cases with
‘possible UIP' CT pattern and found 17% of these were
iUIP."' In a large birth cohort study (AGES-Reykjavik,
N=5320), Putman et al observed a 2.52% prevalence of
patients with iUIP, and demonstrated that patients with
iUIP CT pattern had a greater risk of mortality compared
with those without any interstitial lung abnormality
(p<0.0001 (HR: 1.6, 95% CI: 1.3 to 2.0))."* Neither study
examined how patients with iUIP progress in the ensuing
years from initial diagnosis.

It is noteworthy from our analysis that there is no statis-
tical difference between the starting FVC and TL_, for
the progressor and non-progressor groups of patients
with iUIP; though there is a trend towards lower %
predicted TL,, (table 1). The calculated CPI score which
adjusts for presence of emphysema is, not unexpect-
edly, also similar between the two groups. However, with
univariate (but not multivariate) analysis (table 3), lower
FVC at initial CT did (just) correlate with greater like-
lihood to progression for the individual patient, which
is clinically cogent. These data suggest that factors other
than severity of disease may be driving the progression of
iUIP to IPF.

We chose to examine monocyte, neutrophils and
lymphocyte levels, in part, because of the potential utility
in clinic due to these being routine performed blood
tests but primarily because of the possible link between
monocytes and mechanism of disease, as shown in Scott
et al'® and our own work."” We used monocyte counts
of >0.9x10% /L. as Scott et al had identified this as the level
of monocyte, above which was associated with higher
mortality risk in patients with IPF. In Fraser et al,"”’ we
observed that monocytes in patients with IPF showed type
1 interferon primed phenotype which could account for
more robust and potentially injurious response to the

alveolar epithelium when triggered, during for example,
a viral infection. This study provides impetus to inves-
tigate the possibility that neutrophils (which were not
investigated in Scott or Fraser studies) could also be
involved.

There are several limitations to our study. The mono-
cyte, neutrophil and lymphocyte levels were measured at
one point (nearest to the CT scan). This is in keeping
with work from other much larger studies'’ but there is
arisk that the values are not representative of the steady-
state values, particularly in a necessarily small cohort as
ours. In further studies, it will be useful to have repeated
samples over 6-12 months to determine if the neutro-
phil, lymphocyte and monocyte values are representative
for the patient, and reduce bias towards the possibility of
levels linked to an infective episode, for example.

The most obvious limitation is the small number
of patients. This probably reflects the relatively small
proportion of iUIP scans that are referred for clinical
assessment without delay. These patients are often asymp-
tomatic in the early stages of their ILD." However, it is
becoming increasingly recognised that a proportion of
ILAs will progress to clinically significant ILD." Further-
more, identification of ILAs is predicted to increase with
implementation of lung cancer screening and increased
use of CT for other diagnostic purposes.”” This may
increase reporting of iUIP in the future, making the need
for biomarkers that can risk-stratify for progression even
more pertinent.

In our retrospective study, not all follow-on CT scans
included in analysis were undertaken in a uniform time-
frame across the cohort. With exception of the lungnodule
surveillance imaging most serial CTs were performed
according to clinical indication and where there was
concern for objective deterioration. A greater proportion
of repeat CT scans were performed to investigate symp-
tomatic change in the ‘progressor’ group, and this may
have introduced bias towards detection of progression.
We also acknowledge that length of follow-up is shorter
in the non-progressor group, although not significant
(p=0.06). However, it has been well documented that
initial progression particularly during first 6—-12 months is
predictive of progression of fibrotic ILDs." '7 Therefore
a follow-up for 2 years or more, as seen in the majority of
our cohort, may be sufficient to identify patients with a
progressive phenotype.

The small sample size limits the power of this study
and has contributed to some of the large HRs and Cls
observed. Therefore, our findings are primarily indica-
tive rather than definitive signals. The values of the HR
cannot be interpreted as an absolute numerical risk but
rather an indication that the risk exist and that it is statis-
tically significant since the lower limit of the 95% CI is
above 1. Consistent findings in proportional hazards
modelling by both univariate and multivariate analyses
also lend support to the contribution of monocytes and
neutrophil levels to progression to IPF. As the numbers
of patients with iUIP CT pattern disease are small, a
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multisite cohort will be required to confirm these find-
ings. Nevertheless, our findings suggest that at least some
patients with iUIP CT pattern could be patients with
early IPF and their disease progression could be linked
to higher levels of monocytes and neutrophils. Further
studies could validate the use of blood monocytes and
neutrophils as biomarkers for patients with iUIP and
were at higher risks of progression to IPF and all-cause
mortality.
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