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mortality trends. Data from the Ofﬁce of National Statistics
suggest that the number of deaths assigned to the respiratory
chapter as a whole decreased by 22% as a result of the
introduction of ICD-10 codes, largely driven by the decrease in
number of deaths assigned to pneumonia (10). It is possible that
this may have resulted in further underestimating the actual
number of IPF-CS–related deaths.
These ﬁndings are consistent with our work demonstrating a
progressive increase in IPF mortality in the United Kingdom (1, 2,
11). Increased case ascertainment could be a contributing factor to
the trends seen, but it is also possible that the true incidence of IPF
has continued to increase. If the marked increase in number of
deaths is purely due to increased disease recognition, there is no
evidence that ascertainment is complete, and continued upward
trends in mortality are likely to be seen.
In summary, IPF-CS now accounts for almost 7% of all respiratory
deaths in the United Kingdom (4) and carries the same mortality
burden as liver, bladder, and intracranial malignancies. Despite
increasing research investment, it remains an important cause of
respiratory mortality and a growing public health problem. n
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Excessive collagen deposition is a hallmark of idiopathic pulmonary
ﬁbrosis (IPF). Although conventional imaging modalities, such
as computed tomography (CT), can visualize the end results of
collagen deposition, including reticular opacities and honeycombing,
direct collagen visualization currently requires histopathology. We
developed a positron emission tomography (PET) radiotracer, termed
68
Ga-CBP8, that binds speciﬁcally to type I collagen (1). In a mouse
model of bleomycin-induced lung injury, we showed that 68Ga-CBP8
can detect and quantify the degree of pulmonary ﬁbrosis, and in a
second mouse model, we showed that 68Ga-CBP8 PET can measure
treatment response with an anti-avb6 antibody. Additionally, 68GaCBP8 signal was highly correlated with the amount of collagen in
explanted human IPF lungs as determined by the percentage of Sirius
Red staining. Here, we present the results of the ﬁrst-in-human studies
using 68Ga-CBP8 to assess safety and tracer distribution in healthy
volunteers, and the ability to noninvasively measure increased lung
collagen in subjects with IPF. Some of the results of these studies have
been previously reported in the form of an abstract (2).
Methods

This study was approved by the Partners Institutional Review Board
and registered at clinicaltrials.gov (identiﬁer: NCT03535545). All of
the subjects provided informed consent. Healthy volunteers were
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without pulmonary disease, and all but one were nonsmokers (after
completion of the study, one subject was found to have a history
of tobacco use). Subjects with IPF had not used tobacco within the
past 6 months. All subjects were excluded for contraindications to
undergoing magnetic resonance imaging, respiratory infection within
the prior 6 weeks, and prior radiation therapy to the thorax.
68
Ga-CBP8 PET and magnetic resonance imaging were performed
simultaneously using the Siemens Biograph mMR scanner (Siemens
Healthineers). Healthy volunteers underwent whole-body scanning, and
subjects with IPF underwent scanning of the thorax. The subjects were
monitored continuously during the imaging study and contacted the
following day to assess for any adverse effects. Approximately 250 MBq
(range 156–433 MBq) of 68Ga-CBP8 was administered. Emission data
were acquired for up to 2 hours in listmode format. Attenuation
correction was performed using the manufacturer’s MR-based
method. Images corresponding to dynamic frames were reconstructed
using the standard reconstruction algorithm (OSEM, 21 subsets, three
iterations, 256 3 256 matrix size, 127 slices) and smoothed with a
4-mm full width at half maximum Gaussian ﬁlter. Standardized uptake
values (SUVs) were obtained from regions of interest deﬁned by
segmenting each lung into three equal parts in the axial direction and
dividing each part into subpleural (the outer 1.8 cm of the lung) and
central regions. We averaged SUVs from the left and right lungs at
each measurement. Statistical analysis was performed using the MannWhitney U test (Prism 6.0, GraphPad Software), with P value , 0.05
considered signiﬁcant. Data are reported as mean 6 SD or median
(range) as appropriate. PET images were constructed for visualization
of collagen tracer signal intensity and compared with CT of the chest
performed for clinical indications in the subjects with IPF.
Results

We imaged ﬁve healthy volunteers (three males and two females, age
62.2 6 7.8 yr) and nine subjects with IPF (six males and three females,
age 72.7 6 6.1 yr). Eight of the nine subjects with IPF were on
antiﬁbrotic therapy (pirfenidone or nintedanib). All of the subjects

tolerated 68Ga-CBP8 without difﬁculty and with no unexpected
adverse effects. One healthy volunteer (intravenous extravasation) and
one subject with IPF (MR-based attenuation correction map failed)
were excluded from SUV analyses. 68Ga-CBP8 displayed rapid renal
clearance with low background uptake in the lungs of healthy
volunteers. Whole-lung SUVs were increased in subjects with IPF
compared with healthy volunteers when measured 1 hour after
injection (0.65 [0.51–0.72] vs. 0.48 [0.33–0.56], P = 0.048). Assessment
for regional differences showed that SUVs for subjects with IPF were
signiﬁcantly increased in the middle subpleural and lower lung regions
(Figure 1). In contrast to healthy volunteers, there was a trend toward
the collagen tracer signal being more heterogeneous in subjects with
IPF (coefﬁcient of variation 15.4% [12.6–20.4] vs. 11.2% [9.3–17.3],
P = 0.1). High collagen tracer signal was seen in ﬁbrotic lung regions
determined by chest CT and also in regions where the lung appeared
to be normal on CT (Figure 2).
Discussion

We successfully performed the ﬁrst noninvasive direct visualization of
type I collagen in humans using 68Ga-CBP8 PET. 68Ga-CBP8 is safe
and well tolerated, with favorable tracer characteristics. 68Ga-CBP8
signal was increased in the lungs of subjects with IPF compared with
healthy volunteers. The increased collagen tracer signal in IPF
displayed a lower lung and subpleural predominance consistent
with the anatomic distribution of IPF. Our ﬁndings add to a
growing literature on the use of molecular imaging for noninvasive
characterization and anatomic localization of ﬁbrosis-related processes
(3–6) and the use of PET for pulmonary ﬁbrosis imaging (7–10).
Type I collagen is a key structural protein of the extracellular
matrix. Excessive extracellular matrix accumulation is a pathogenic
feature of ﬁbrosis (11). 68Ga-CBP8 binds type I human collagen with
a Kd of 2.1 mM (1). Preclinical data suggest that 68Ga-CBP8 may be
more sensitive to recently synthesized collagen than to established
collagen. Although the 68Ga-CBP8 signal linearly correlated with
lung collagen in pulmonary ﬁbrosis models, it was much lower in
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Figure 1. 68Ga-CBP8 standardized uptake values (SUVs). Data are reported as box-and-whisker plots. *P , 0.05 and **P , 0.01 for subjects with
idiopathic pulmonary fibrosis (IPF) compared with healthy volunteers.
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Figure 2. Collagen-targeted molecular imaging using 68Ga-CBP8 positron emission tomography (PET). (A) Coronal PET image of a healthy volunteer,
demonstrating low collagen tracer signal in the lungs. (B) PET image of a subject with idiopathic pulmonary fibrosis rendered on the same scale as in A,
demonstrating areas of high collagen tracer signal predominantly in subpleural and basilar regions in the lungs. (C) High-resolution computed tomography
(CT) of the same subject with idiopathic pulmonary fibrosis obtained within 8 weeks of PET–magnetic resonance imaging. Compared with the PET imaging
(B), increased collagen tracer signal is not confined to areas of fibrosis visualized on CT. White arrows highlight regions of high tracer signal within areas of
lung without apparent fibrosis on CT. Red arrows highlight regions of high tracer signal within areas of established fibrosis on CT.

skin and bone even though both tissues had an abundance of type I
collagen. Furthermore, within explanted IPF lung tissue, there
was less 68Ga-CBP8 uptake in end-stage honeycomb cysts than in
less advanced ﬁbrotic areas. As collagen becomes more organized
into ﬁbers, it provides fewer binding sites for 68Ga-CBP8 than
freshly synthesized and disorganized collagen.
We detected increased collagen tracer signal within areas of
known ﬁbrosis and regions where ﬁbrosis was not apparent by CT.
These preliminary results suggest that areas of high collagen
tracer signal represent active or recent collagen synthesis and that
68
Ga-CBP8 PET may detect active collagen deposition that is not
yet visible, thus serving as a viable disease activity measure.
Although we did not validate our results histologically or conﬁrm
68
Ga-CBP8’s speciﬁcity for collagen in this study, we have strong
data from two mouse models of pulmonary ﬁbrosis and explanted
IPF lungs demonstrating that 68Ga-CBP8 accurately and
speciﬁcally detects the presence of collagen (1). Additional studies
are needed to determine whether 68Ga-CBP8 can predict IPF
disease progression and detect early response to antiﬁbrotic
therapies, and how 68Ga-CBP8 compares to other PET tracers,
such as 18F-ﬂuorodeoxyglucose, when applied to pulmonary
ﬁbrosis. Given that type I collagen is a hallmark of ﬁbrosis across
organ systems, 68Ga-CBP8 may have wide-ranging clinical
applicability for ﬁbrosis imaging. n
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Digital Lung Auscultation: Will Early Diagnosis of
Fibrotic Interstitial Lung Disease Become a Reality?
To the Editor:
Interstitial lung diseases (ILDs) are a heterogeneous group of lung
disorders that are often associated with substantial morbidity and
early mortality. Pulmonary ﬁbrosis is characteristic of most ILDs,
and preliminary data suggest that early diagnosis and prompt
intervention can improve clinical outcomes (1).
Idiopathic pulmonary ﬁbrosis (IPF), one of the most common
and best-studied forms of ILD, has a median estimated survival of
2–5 years from diagnosis (2). Delayed referral to a tertiary care
center may be associated with higher mortality, irrespective of
disease severity (3).
Early detection is essential to establish an accurate diagnosis
and ensure timely intervention with appropriate treatment, as there
are antiﬁbrotics that have been approved for IPF (pirfenidone and
nintedanib) and are effective in slowing disease progression (4) but
do not reverse ﬁbrosis. In addition, the decline in lung function for
patients with IPF and preserved lung volume seems to be similar to
that observed in those with more impaired lung volume
(z200 ml/yr), and both groups appear to beneﬁt equally from
antiﬁbrotic treatment (5).
Furthermore, patients with advanced IPF are more likely
to discontinue treatment (6), adding to the rationale for earlier
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intervention. Here we discuss the potential role of digital lung
auscultation as an aid to support the early identiﬁcation of patients
with suspected ﬁbrotic ILD.
Early Diagnosis of IPF Is Challenging

Most patients experience signiﬁcant challenges in their pursuit of a
correct diagnosis of IPF (7). The nonspeciﬁc symptoms of IPF,
including cough and insidiously progressive dyspnea, usually lead
to repeated physician visits and multiple diagnostic tests, with
misdiagnoses being commonplace (7).
Speciﬁc diagnostic procedures, such as chest high-resolution
computed tomography (HRCT) to detect the patterns of usual
interstitial pneumonia, lung biopsy, and multidisciplinary
discussions, are recommended for an accurate diagnosis of IPF.
Consideration of demographic and clinical data also improves
diagnostic conﬁdence (8).
Identiﬁcation of interstitial lung abnormalities (ILAs), deﬁned
as the presence of speciﬁc patterns on chest computed tomography,
may offer a strategy for early detection of IPF (9). The feasibility of
this approach is dependent on an improved understanding of ILA
subgroups and the nature of disease progression (9).
Rationale for the Use of Digital Lung Auscultation

Earlier access to a tertiary care center might be facilitated by
improved methods of lung sound detection, including the
recognition of so-called “Velcro-like” crackles, a hallmark feature
that is present early in the disease course of IPF and in many
ﬁbrotic ILDs (10).
A subjective assessment of Velcro-like crackles bilaterally on
chest auscultation predicts the presence of ﬁbrotic ILD and usual
interstitial pneumonia patterns on HRCT (10, 11), and is associated
with varying degrees of different ILAs (10). Hence, Velcro-like
crackles may provide a rationale for investigating lung sounds to
accurately identify patients with ILD, and could even be used as a
screening aid. It has been suggested that the presence or absence of
ﬁne Velcro-like crackles at lung auscultation should be considered
in the management of subjects with (sub)clinical ILD (12).
Methods for quantitative analysis of lung sounds have been
shown to distinguish the Velcro-like crackles found in IPF from the
lung sounds present in other pulmonary conditions that cause
similar symptoms (13); research in this area is ongoing.
There is a clear need for further, clinically oriented, prospective
studies to clarify the limitations and potential of the existing data.
Previous studies have been affected by extensive variability in the
methods used and features investigated; the complexity of the
recording systems used (e.g., multichannel analyzers and aircoupled sensors); and a lack of robust diagnostic research designs for
small, preselected study populations, usually with inappropriate
reference to diagnostic standards.
Steps Needed to Bring Digital Lung Auscultation into
Clinical Practice

Research projects are under way to build more evidence in this
ﬁeld. In an ongoing, multicenter clinical trial (clinicaltrials.gov
identiﬁer: NCT03503188), digital lung sounds and basic patient
characteristics are being prospectively collected from patients with
IPF and symptom-matched control subjects. A well-established
teaching device for lung sounds (14) will be used as a reference.
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