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Idiopathic pulmonary fibrosis (IPF) is a relentlessly
progressive fibrotic lung disease with a median survival of
only 2 to 3 years (1). Approximately half of IPF diagnoses
are established by characteristic features on high resolution
computerized tomographic scan of the chest (HRCT).
When the HRCT is atypical, surgical lung biopsy
(SLB) is recommended (2), but carries significant risk of
perioperative morbidity and mortality (3). Since Food and
Drug Administration (FDA) approval of antifibrotic therapy
(nintedanib and pirfenidone) for IPF, there has been renewed
interest in pursuing confirmatory histologic diagnosis
in patients with suspected IPF (4,5). Transbronchial
cryobiopsy (TBC) is a bronchoscopic technique that yields
large, high-quality samples of lung tissue without crush
artifact in a minimally invasive manner, with a diagnostic
yield of 70-80% (6,7). However, there remain concerns
about safety of this relatively novel biopsy modality, and
there are no existing reports of long-term outcomes of
treated IPF following diagnosis by cryobiopsy compared to
other diagnostic modalities.

We identified consecutive patients diagnosed with IPF
by HRCT, SLB, or TBC in the Vanderbilt University
Medical Center (VUMC) clinical interstitial lung disease
(ILD) registry who were treated with either pirfenidone
or nintedanib between September 19, 2006 and June 1,
2017. This study was approved by the Vanderbilt University
Institutional Review Board (IRB# 151099). Since the
now FDA approved antifibrotic treatments affect disease
progression, we restricted our analysis to subjects treated
with pirfenidone or nintedanib to minimize the potential
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for confounding treatment effect between groups. Subjects
in pirfenidone or nintedanib clinical trials randomized
to the experimental arm were included. Baseline data
including demographics, smoking history, comorbidities,
serial pulmonary function testing and diagnostic modality
were prospectively collected for all subjects according to
the clinical ILD registry protocol and verified by one of the
investigators (JK Pannu, AB Smith, WR Mason). Charlson
Comorbidity Index was calculated for all subjects at the time
of diagnosis. Date of diagnosis was defined as the date of
final diagnostic procedure or test establishing the diagnosis
of IPF based on current ATS/ERS criteria (2). Vital status
was determined at last known date of contact made with
our health system as of November 1, 2017. Subjects were
categorized into three mutually exclusive groups based on
the modality that led to their diagnosis: (I) transbronchial
cryobiopsy, (II) surgical lung biopsy, or (III) high resolution
computerized tomographic scan of the chest. The primary
outcome was adjusted lung-transplant-free survival
following the diagnostic test. Continuous variables are
reported as mean = standard deviation or median with
interquartile range. Categorical variables are reported as
frequencies. Between-group comparisons were conducted
using Wilcoxon rank-sum test or Pearson w2 for continuous
and categorical variables, respectively. A 2-sided P value of
less than 0.05 was considered significant. All analyses were
performed using SPSS Statistics v.23 (IBM Corp., Armonk,
NY, USA). Survival curves were calculated using Kaplan-
Meier method from the time of diagnosis and adjusted for
age and comorbidities. Survival times were censored by date
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Table 1 Descriptive statistics by diagnostic technique

E21

Variable N TBC, N=19 HRCT, N=112 SLB, N=43 Combined, N=174 Test statistic
Age at diagnosis (years) 174 61.5,67.0,70.5 65.0,69.0,75.0 58.0,65.0,67.5 63.0,68.0,72.0  F2 171=12.1, P<0.001'
Sex
Female - 6 (31.6) 18 (16.1) 11 (25.6) 35 (20.1) ¥°=3.49, P=0.174"
Male - 13 (68.4) 94 (83.9) 32 (74.4) 139 (79.9)
Charlson Comorbidity 174 2.0,3.0,3.0 3.0,3.5,5.0 2.0,3.0,4.0 2.0,3.0,5.0 F2,171=7.2, P<0.001’
Index
Mortality 174 17 (89.5) 79 (70.5) 35 (81.4) 11 (75.3) x*=4.28, P=0.118?
Survival time (years) 172 1.40,2.13,3.62 1.24,2.06,3.76  1.73, 3.76, 6.11 1.28, 2.54, 4.05 F2,169=3.6, P=0.03'
DLCO-actual 78 10.4,12.7,15.6 9.9, 12.6, 15.0 12.4,14.1,16.4 10.1,12.6, 15.4 Fp,75=0.42, P=0.66'
DLCO % of predicted 56 43.1,48.1,58.5 39.8,51.1,59.9 52.9,54.4,60.5 41.6,51.4,59.5 Fo,53=0.49, P=0.613
FEV1-actual 78 1.79,2.37,2.52 1.93,2.37,2.72 2.12,2.38, 2.47 1.85, 2.37, 2.67 Fo 75=0.17, P=0.845'
FEV1 % of predicted 56 70.1,76.9,849 67.9,75.9,86.0 68.0,68.3, 69.1 68.0, 75.0, 85.5 F2,53=0.93, P=0.4'
FVC-actual 78 2.23,2.75,3.19  2.29,2.90,3.24  2.47,2.97,3.20 2.25,2.86, 3.23 Fo,75=0.06, P=0.94'
FVC % of predicted 56 65.6,71.2,86.9 59.6,66.6,76.2 61.2,65.2,66.0 59.6, 68.4, 76.4 F2,53=0.88, P=0.42'
TLCO-actual 63 0.00, 3.62,4.94  0.00, 3.05,4.25 1.68, 3.37, 4.21 0.00, 3.32, 4.33 F2 60=0.44, P=0.644'

Data represent the lower quartile, the median, and upper quartile for continuous variables. N is the number of non-missing values.
Numbers before percent are frequencies. ', Kruskal-Wallis test; *, Pearson test. TBC, transbronchial cryobiopsy; HRCT, high resolution
computerized tomography; SLB, surgical lung biopsy; DLCO, diffusion capacity of lungs for carbon monoxide; FEV1, forced expiratory

volume in first second; TLCO, transfer factor for carbon monoxide.

of death or lung transplant. Cox regression hazards model
was used to assess association between diagnostic techniques
and overall survival outcome with the adjustment of age and
Charlson Comorbidity Index.

A total of 174 consecutive patients diagnosed with
IPF between September 19, 2006 and June 1, 2017 with
subsequent antifibrotic treatment were analyzed. IPF
was diagnosed by TBC in 19 (10.9%) subjects, SLB in
43 (24.7%), and HRCT in 112 (64.4%). Subjects who
underwent biopsy for a diagnosis were significantly
younger [HRCT =69 years (65.0-75.0), TBC =67 years
(61.5-70.5), SLB =65 years (58-67.5), P<0.001] and had
fewer comorbidities (Charlson Comorbidity Index HRCT
3.5 versus 3.0 in SLB and TBC group, P<0.001). Pulmonary
function at time of diagnosis did not significantly differ
between groups (Table 1). Cox regression analysis adjusted
for age and Charlson Comorbidity Index found that
diagnosis by SLB was associated with significant longer
transplant-free survival than those diagnosed by HRCT
[Figure 1; median years survival 3.76 (95% CI, 1.73-6.11)
vs. 2.06 (95% CI, 1.24-3.76), P=0.003]. A similar pattern
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was observed for TBC in comparison to HRCT, however in
this small sample, this did not reach statistical significance.
These data suggest clinically important differences
between IPF patients based on HRCT pattern. While
most subjects in this analysis had a usual interstitial
pneumonia (UIP)-pattern, biopsy was required to diagnose
approximately one third of the cohort, consistent with
recent trial data (4,5,8). Despite similar disease severity
at the time of diagnosis according to pulmonary function
testing, treated patients without UIP-pattern on HRCT
who thus required biopsy demonstrated significantly better
survival after diagnosis (adjusted for age and comorbidities).
These results suggest that typical UIP pattern on HRCT
may represent a more severe or advanced phenotype of
disease (9). Interestingly, contrary to prior report, TBC was
not significantly associated with improved survival compared
to SLB (7), which may be due in part to the heterogeneity
of diagnoses in the previous study; in our cohort, there
was no significant difference in survival between TBC
and SLB-based diagnoses, although our study had limited

power to reveal significant differences. While the number

7 Thorac Dis 2019;11(2):E20-E23



E22

Overall survival probability
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HRCT of chest —— 10 59
Transbronchial cryobiopsy — 19 10
Surgical lung biopsy — 43 31

Figure 1 Kaplan-Meier survival curve by diagnostic technique.

of cases diagnosed by TBC is relatively small in this report,
it remains one of the largest studies including IPF patients
treated with antifibrotic agents diagnosed with TBC, and to
our knowledge the only study directly comparing the long-
term outcomes of treated IPF patients using prospectively
collected data. This hypothesis-generating result suggests a
possible benefit of earlier diagnosis through biopsy before
typical radiological findings of IPF become evident and
that TBC might be a possible, less invasive alternative
to SLB. Most published data on TBC in IPF have been
retrospective in nature and limited to immediate procedural
and post-procedural morbidity and mortality. Our study
suggests that other clinically relevant outcome measures (i.e.,
transplant-free survival) may be important in determining
the utility of this diagnostic modality. Future prospective
multicenter studies are needed to better clarify the role of
TBC in the diagnosis of IPF and other diffuse parenchymal
lung diseases.
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