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68Ga-DOTANOC PET/CT Allows Somatostatin Receptor
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Interstitial lung diseases include different clinical entities with
variable prognoses. ldiopathic pulmonary fibrosis (IPF), the
most common, presents the most severe outcome (death within
3-5y), whereas nonspecific interstitial pneumonia (NSIP) shows
a more indolent progression. Preclinical evidence of somato-
statin receptor (SSTR) expression on fibroblasts in vitro and in
lung fibrosis murine models, coupled with the longer survival of
mice with fibrotic lungs treated with agents blocking SSTR,
supports the hypothesis of imaging fibroblast activity in vivo
by visualization of SSTR with $8Ga-DOTANOC PET/CT. The
aim of this study was to evaluate 88Ga-DOTANOC PET/CT in
patients with IPF and NSIP. Methods: Seven IPF patients and 7
NSIP patients were included in the study. 83Ga-DOTANOC PET/
CT and high-resolution CT (HRCT) were performed in all cases
by following a standard procedure. PET/CT results were com-
pared with disease sites and extent on HRCT. Results: In IPF,
%8Ga-DOTANOC uptake was peripheral, subpleural, and di-
rectly correlated with pathologic areas on HRCT (subpleural/
reticular fibrosis, honeycombing). NSIP patients showed fainter
tracer uptake, whereas corresponding HRCT showed areas of
ground-glass opacity and rare fibrotic changes. Only IPF
patients showed a linear correlation between maximal SUV
and disease extent quantified both automatically (Q) (IPF: P =
0.002, R = 0.93) and using the visual score (Spearman p = 0.46,
P = 0.0001). Q directly correlated with percentage carbon mon-
oxide diffusing capacity in IPF (P = 0.03, R = 0.79) and NSIP
(P = 0.05, R = 0.94), whereas maximal SUV did not present
any correlation with percentage carbon monoxide diffusing
capacity. Conclusion: Our preliminary data show that ®8Ga-
DOTANOC PET/CT demonstrates SSTR overexpression in IPF
patients; this may prove interesting for the evaluation of novel
treatments with somatostatin analogs.

Key Words: PET/CT; 8Ga-DOTANOC; IPF; NSIP

J Nucl Med 2010; 51:1950-1955
DOI: 10.2967/jnumed.110.079962

Received Jun. 4, 2010; revision accepted Aug. 30, 2010.

For correspondence or reprints contact: Valentina Ambrosini, Nuclear
Medicine, Pad 30, Azienda Ospedaliero Universitaria di Bologna, Policlinico
S. Orsola-Malpighi, Via Massarenti 9, 40138, Bologna, ltaly.

E-mail: valentina.ambrosini@aosp.bo.it

COPYRIGHT © 2010 by the Society of Nuclear Medicine, Inc.

1950

Interstitial lung diseases (ILDs) are a heterogeneous
group of chronic lung disorders including idiopathic enti-
ties and secondary forms (/). Idiopathic pulmonary fibrosis
(IPF) is the most common and is defined by the American
Thoracic Society and European Respiratory Society (/) as a
specific form of chronic fibrosing interstitial pneumonia
limited to the lungs and characterized by the histologic
hallmark of a usual interstitial pneumonia pattern. Usual
interstitial pneumonia histologic features include patchy
areas of fibrosis in association with areas with normal lung
architecture (2); mild inflammatory infiltrate might be pres-
ent but is not predominant. Fibroblastic foci (aggregates of
collagen-producing activated fibroblasts or myofibroblasts)
(3) are the key histologic feature of IPF, and their presence
and extent correlate with a worse disease outcome (4).

IPF prognosis is severe, with an invariable progression to
end-stage lung disease and death within 3-5 y from diagnosis
(1,5,6). Most patients show a slowly progressive clinical course
(7), whereas others experience an acute clinical deterioration in
the absence of infectious pneumonia, heart failure, or sepsis
(8). Proposed treatment options (steroids (/), azathioprine (/),
cyclophosphamide (/), interferon vy (9), bosentan (/0), etaner-
cept (11), and imatinib (/2)) are largely ineffective and do not
significantly influence the natural history of the disease.

The diagnostic criteria of the American Thoracic Society
(1) for IPF are based on clinical-radiologic distinctive
features and allow a confident diagnosis in typical cases,
with pathologic confirmation only in atypical cases. High-
resolution CT (HRCT) is the current imaging modality of
choice for IPF diagnosis. However, a confident differential
diagnosis between IPF and other ILD is influenced by the
HRCT reader’s experience (/3). In particular, it is interesting
to differentiate IPF from idiopathic interstitial pneumonias
showing a more indolent progression, such as nonspecific
interstitial pneumonia (NSIP) (7).

Although PET is used as the gold-standard imaging
modality for the assessment of active disease in oncologic
patients, the results obtained using PET in IPF were
unsatisfactory with either '3F-FDG (/4) or '8F-proline (15).
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Preclinical data (/6) showed that both murine and human
fibroblasts express somatostatin receptors (SSTR) in vitro
and in a murine model of bleomycin-induced lung fibrosis.
Treatment of fibrotic mice with a somatostatin analog
increased mouse survival, improved the pathologic score,
and reduced collagen deposition.

Recently, PET tracers specifically binding to SSTR
(°8Ga-DOTA peptides), have been developed and are used
in neuroendocrine tumor clinical trials (/7) for staging, iden-
tifying the unknown primary tumor, and guiding receptor-
targeted therapy with either hot or cold somatostatin analogs.
Among the different tracers, ®®Ga-DOTANOC presents the
broader SSTR-subtype affinity (/8), a favorable dosimetry,
and no uptake in the intact lung (/9).

The aim of our study was to evaluate the potential role of
68Ga-DOTANOC PET/CT in patients with IPF and NSIP.
To our knowledge, this is the first report of the use of
%8Ga-DOTANOC for noninvasive assessment of SSTR
expression in the lungs of IPF patients.

MATERIALS AND METHODS

Patients with IPF or NSIP were prospectively enrolled at the
Respiratory Unit of S. Orsola-Malpighi University Hospital,
Bologna, Italy, between January 2009 and December 2009. The
study was approved by the local Ethical Committee. IPF and NSIP
were diagnosed on the basis of the American Thoracic Society
radiologic—clinical criteria in all cases (/). Overall, 14 cases that
had been followed up after the initial diagnosis were included in
the study.

Clinical and epidemiologic data were collected in all cases.
Smoking habits, environmental and occupational exposure to
known fibrogenic drugs, and familial history of fibrotic disorders
were recorded.

Lung function tests were obtained in all cases and were
performed using a VMAX by Vyasis Healthcare according to the
American Thoracic Society/European Respiratory Society Task
Force for standardization of lung function testing (20-23). The best
of 3 reproducible flow—volume loops was chosen; lung volumes
were calculated by body plethysmography, and the mean values of
3 repeatable tests were obtained. Carbon monoxide diffusing
capacity was calculated with the single-breath technique, using the
average of 2 acceptable maneuvers, adjusted for hemoglobin levels.
Arterial blood gas samples were taken in seated patients who were
breathing room air and had been resting for at least 30 min. Analysis
was performed by an ABL Radiometer gas analyzer.

HRCT studies were performed with a 16-detector spiral CT
scanner (Somaton Cardiac 16; Siemens Medical Imaging), without
injection of contrast material. The patients were studied while
supine and while holding their breath at full inspiration, after
adequate coaching. The imaging parameters were 90 mA, 120
kVp, a 1.4 pitch, and a 0.5-s rotation time. No respiratory gating
was used. CT images were reconstructed at contiguous section
widths of 1.25 mm, with a high-spatial-frequency convolutional
filter for bone algorithm. CT examinations were anonymized by a
radiologist not involved in this study, then independently reviewed
by 2 thoracic radiologists, one with extensive experience (30 y)
and the other with limited experience (5 y). Neither of the
radiologists had knowledge of the clinical data, and they reached
the final image interpretation by consensus. The HRCT pattern of
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IPF consists of patchy, predominantly peripheral, subpleural,
bibasal reticular abnormalities with a variable component of
ground-glass opacity (usually limited, excluding exacerbation
episodes) and subpleural honeycombing. NSIP cases show a
pattern of predominant ground-glass opacity with rare areas of
reticular changes or microcystic honeycombing. Lung window
settings of a width of 1,500 and a level of —500 HU were used.
For automatic quantification of the extent of fibrotic disease (Q),
the lungs were segmented using a density mask program, —200
HU; Q was evaluated using cutoff values of —400/—700 HU (24).

HRCT abnormalities were visually scored at 5 anatomic levels
for each lung: aortic arch, tracheal bifurcation, the origin of the
apical segmental bronchus of the right lower lobe, the entrance of
the lower right pulmonary vein in the left atrium, and a level
corresponding to the top of the right hemidiaphragm. The signs of
pulmonary fibrosis (ground-glass opacity, honeycombing, reticular
abnormalities) and the extent of the interstitial disease were
visually estimated on the basis of the preexisting literature. The
extent of fibrosis was visually evaluated at each level for each lung
using the previously described method on a scale of 0-5 (25) for
both ground glass and reticular opacity. Ground-glass opacity was
scored as follows: 0 = no alveolar disease; 1 = ground-glass
opacity involving less than 5% of the lobe (minimal, not normal);
2 = ground-glass opacity involving up to 25% of the lobe; 3 =
ground-glass opacity involving from 25% to 49% of the lobe; 4 =
ground-glass opacity involving from 50% to 75% of the lobe; and
5 = ground-glass opacity involving more than 75% of the lobe.
Interstitial disease was scored as follows: 0 = no interstitial dis-
ease; 1 = interlobular septal thickening with no discrete honey-
combing; 2 = honeycombing (either with or without associated
septal thickening) involving up to 25% of the lobe; 3 = honey-
combing (either with or without associated septal thickening)
involving from 25% to 49% of the lobe; 4 = honeycombing
(either with or without associated septal thickening) involving
from 50% to 75% of the lobe; and 5 = honeycombing (either with
or without associated septal thickening) involving more than 75%
of the lobe. The extent of fibrosis was estimated to the nearest 5%
for each lobe, and a mean score was calculated for the whole lung.
These scores were also summed into a total CT score. In partic-
ular, the final score was obtained by calculating the average score
of the 2 observers.

68Ga-DOTANOC PET/CT was performed in all cases within 3
wk of HRCT. %8Ga-DOTANOC was synthesized by the Radio-
pharmacy of the Nuclear Medicine Unit. °3Ga was eluted from a
%8Ge/%%Ga generator, and DOTANOC was labeled with %8Ga fol-
lowing the procedure described by Zhernosekov et al. (26).

PET/CT was performed 60 min after the intravenous injection
of about 180 MBq (120-185 MBq) of °8Ga-DOTANOC using a
dedicated PET/CT tomograph (Discovery STE; GE Medical
System). PET emission images were recorded for 4 min per
bed position in 3-dimensional mode using the Discovery STE.
All images in each scan were corrected for scatter, randoms, dead
time, and decay. CT acquisition parameters were 120 kV, 60 mA, a
0.8-s tube rotation, and a 5-mm thickness; scaled CT images
were used to obtain CT-attenuation-corrected PET images. Low-
dose CT was performed without intravenous contrast enhance-
ment. Discovery STE images were reconstructed using a fully
3-dimensional iterative reconstruction algorithm. PET/CT images
were read by 2 experienced nuclear medicine specialists, and the
final report was based on the readers’ consensus. Because both
IPF and NSIP are disorders limited to the lungs, the field of view
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of all PET/CT scans included only the thorax. In healthy human
subjects, there is no %3Ga-DOTANOC uptake in the lungs. There-
fore, any area of tracer uptake within the lungs was considered
pathologic.

The maximal standardized uptake value (SUVmax) was cal-
culated by measuring the maximal concentration of the labeled
tracer in the region of interest and correcting it for patient body
weight and injected dose (SUVmax = maximum activity concen-
tration/[injected dose/body weight]). In dealing with a receptor-
based tracer, the main interest is to localize areas with higher
uptake that reflects higher receptor expression.

68Ga-DOTANOC PET/CT findings were compared with HRCT
results in terms of both sites and extent of tracer uptake. SUVmax
was also plotted against the extent of disease as measured auto-
matically on HRCT (Q) and was compared with the visual score.

Mean, SD, median, range, and frequencies were used to
describe the data. The Spearman rank correlation test was
used as indicated between quantitative variables. SPSS soft-
ware (version 16.0; SPSS Inc.) was used to analyze data. Two-
tailed P values of less than 0.05 were considered statistically
significant.

RESULTS

Fourteen ILD patients were enrolled (8 men and 6
women; mean age * SD, 69.6 = 8.1 y [range, 51-79 y]).
In particular, 7 of 14 patients had IPF (all men; mean age,
70.8 = 5.8 y [range, 63-78 y]) and 7 of 14 had NSIP
(1 man and 6 women; mean age, 68.4 = 10.3 y [range,
51-79 y]). The mean age at diagnosis was 67.7 £ 59 y
[range, 59-74 y] for IPF patients and 66.7 = 9.7 y [range,
48-77 y] for NSIP patients.

In 7 patients, pathologic biopsy samples were also
available (4/7 IPF and 3/7 NSIP), and the diagnosis was
confirmed on the basis of the criteria of the American
Thoracic Society.

IPF patients had more severely impaired lung function:
pulmonary function test data are reported in detail in Table
1. With the exception of 1 NSIP patient, all patients were
receiving therapy at the time of the PET scan (IPF: steroids
in 3 cases, steroids and cyclophosphamide in 2 cases, and
steroids and azathioprine in 2 cases; NSIP: steroids in 3
cases, steroids and methotrexate in 2 cases, and steroids
and azathioprine in 1 case).

In IPF patients, PET/CT showed ©3Ga-DOTANOC
uptake with a typical subpleural and peripheral distribution
(Fig. 1) involving both lung fields predominantly at the lung
bases. Areas of °8Ga-DOTANOC uptake directly corre-
sponded to pathologic areas on HRCT. In particular, HRCT
scans of IPF showed typical subpleural and peripheral
abnormalities, consisting mainly of honeycombing and
reticular changes with minimal or absence of ground-glass
opacity. The areas of highest ®®Ga-DOTANOC uptake cor-
responded to the border between honeycombing changes
and ground-glass opacity.

In contrast, ¥Ga-DOTANOC uptake was faint in NSIP
patients and undetectable in healthy control subjects (Fig.
2). HRCT scans of NSIP cases showed a pattern of predom-
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TABLE 1
Pulmonary Function Test Results

IPF NSIP

Mean Median SD Mean Median SD P

PaO, 65.6 59.0 19.9 7564 71.0 13.9 0.400
FvC 23 23 10 17 16 03 0.030
FVC% 639 64.0 219 73.7 65.0 17.5 0.460
FEVA 18 20 07 14 1.4 0.2 0.007
FEV1% 676 75.0 18.1 783 70.0 20.7 0.690
FEV1/FVC% 835 835 94 849 870 6.4 0.440
TLC 34 37 12 26 25 03 0.007
TLC% 52.8 59.0 17.1 63.4 64.0 7.4 0.015
RV 10 08 05 11 0.8 0.3 0.630
RV% 446 36.0 23.5 46.8 46.0 3.0 0.002
FEF25-75 29 24 15 19 18 05 0.012
FEF25%-75% 98.8 80.0 52.2 67.7 66.0 21.0 0.017
DLCO 94 92 42 75 109 5.6 0.140
DLCO% 31.3 25.0 13.6 384 48.0 29.5 0.010

PaO, = arterial oxygen partial pressure; FVC = forced vital
capacity; FEV1 = forced expiratory volume in 1 s; TLC = total
lung capacity; RV = residual volume; FEF = forced expiratory
flow; DLCO = carbon monoxide diffusing capacity.

inant ground-glass opacity with rare areas of reticular
changes or microcystic honeycombing.

Only IPF patients showed a linear correlation (Fig. 3)
between SUVmax and Q (IPF: P = 0.002, R = 0.93).
Moreover SUVmax was significantly higher at lung levels
(Supplemental Table 1) that had more extensive disease
(Spearman p = 0.46, P = 0.0001).

Q directly correlated with percentage carbon monoxide
diffusing capacity in IPF (P = 0.03, R = 0.79) and NSIP
(P = 0.05, R = 0.94), but no relationship was observed
between SUVmax and percentage carbon monoxide diffus-
ing capacity.

DISCUSSION

PET/CT is successfully used to detect areas of active
disease in many forms of human cancer. However, its use in
ILD patients has been limited. '®F-FDG PET was used with
unsatisfactory results in a few studies investigating small
populations of ILD patients. Nusair et al. studied 21 ILD

FIGURE 1. %8Ga-DOTANOC PET/CT (A) and HRCT (B) transaxial
images of IPF patient. Areas of increased tracer uptake are periph-
eral and subpleural and correspond to areas of fibrotic abnormal-
ities on HRCT.

THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 51 ¢ No. 12 ¢ December 2010


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 13, 2017. For personal use only.

cases (14 IPF, 4 NSIP, 1 respiratory bronchiolitis ILD, 1
sarcoidosis, and 1 Langerhans cells histiocytosis) and
reported no differences in mean SUVmax between IPF
and non-IPF forms (/4). Comparable results were obtained
by Groves et al. in a population of 36 patients including IPF
and heterogeneous non-IPF entities and including both
primary forms (4 patients) and secondary forms (asbestos,
rheumatoid arthritis, and Sjogren syndrome) (27). '8F-
proline was also used for ILD PET, but the low lung uptake
limited its further use (75).

Recent preclinical evidence demonstrated SSTR expres-
sion on fibroblasts of both murine models of IPF and human
tissue samples from IPF patients (/6); the authors reported
increased SSTR 2 receptor messenger RNA expression
after bleomycin intratracheal murine instillation.

Evidence of a human in vivo correlate to these preclinical
findings may be derived from a few isolated reports in the
literature that confirm that fibrotic lungs present SSTR
expression. SSR scintigraphy was falsely positive in a
patient with pulmonary fibrosis (28), and positive SSR scin-
tigraphy findings in IPF cases have been reported to corre-
late with disease progression (29).

To our knowledge, PET tracers targeting SSTR have
never been used in ILD patients.

45 1

4.0 4

35 1

SUVmax

3.0 A

25 4

20 30 40 50 60 70
Disease extension on HRCT

FIGURE 3. Linear correlation (P = 0.002, R = 0.93) between 68Ga-
DOTANOC PET/CT SUVmax and disease extent automatically
assessed on HRCT.
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FIGURE 2. %8Ga-DOTANOC PET/CT MIP
images of healthy control (A), NSIP patient
(B), and IPF patient (C). $8Ga-DOTANOC
uptake is evident only in IPF, showing typi-
cal peripheral distribution. Only faint uptake
is present in NSIP, and no uptake is evident
in healthy lungs.

68Ga-DOTANOC presents a high affinity for SSTR 2, 3,
and 5 and is currently used in several centers for neuro-
endocrine tumor imaging (/7) with good results.

Our preliminary data showed that IPF patients presented
characteristic peripheral and subpleural °8Ga-DOTANOC
uptake that directly corresponded to areas of HRCT abnor-
malities. No significant tracer uptake was observed in NSIP
patients, whereas normal lungs did not show any 3Ga-
DOTANOC uptake.

A strong linear correlation was found between the
SUVmax of IPF cases and disease extent on HRCT, quan-
tified by both the automatic and the visual score. In contrast,
no significant association was documented in NSIP cases.

Overall, our preliminary data support SSTR overexpres-
sion within IPF lungs, in accordance with preclinical data.

It can be debated that this study was limited by the lack
of immunohistochemistry confirmation of the precise
cellular localization of SSTR within the lungs of IPF
patients. However, obtaining a pathologic sample from
patients with IPF is extremely difficult because current
guidelines do not recommend biopsy in typically presenting
cases (/,30). Various human normal lung cells have been
reported to express SSTR 2A (alveolar type 2 pneumocytes,
epithelial cells, smooth muscle cells, alveolar macrophages,
and some endothelial cells) (16). Moreover, SSTR expres-
sion coupled with G-protein signal transduction was dem-
onstrated in human fetal lung fibroblasts, and G-proteins
were reported to be involved in cellular proliferation and
differentiation mechanisms in lung injury and repair (31).

Although °8Ga-DOTANOC binding sites within the lungs
cannot be precisely localized without direct sampling, the
evidence that tracer uptake was observed only in IPF cases
allows one to speculate that PET with ®8Ga-DOTANOC
might be useful to identify SSTR overexpression in this
patient subgroup. This observation may support a new field
of research focused on the role of SSTR in IPF pathogen-
esis and treatment.

Current understanding of IPF pathogenesis is poor, and the
precise factors that initiate and maintain pulmonary fibrosis
are unknown. The clinical insidious onset and relentless
progression of IPF coupled with the temporally heteroge-
neous appearance of the usual interstitial pneumonia pattern
supports the hypothesis that IPF may follow subsequent
episodes of epithelial injury, followed by abnormal tissue
repair (32). In this view, fibroblastic foci have been sug-
gested to represent an organizing phase of focal acute lung
injury. Recent studies indicate that myofibroblasts may orig-
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inate from resident fibroblasts (33), circulating fibrocytes
(34), bone marrow—derived fibroblast precursors (35), and
lung epithelial cells via epithelial-mesenchymal transition
(36). In fact, fibroblastic foci are located mainly in a tran-
sition zone between abnormal fibrotic lung and uninvolved
areas and are currently considered the leading edge of fib-
rosis, extending from the subpleural regions to the lung
parenchyma. Another recent hypothesis describes the disease
as a cancerlike syndrome of dysregulated fibroblasts (37).

Interestingly, in our limited IPF population, %Ga-DOTANOC
uptake was more intense at the border between honeycomb-
ing changes and areas of ground-glass opacity, where fibro-
blastic foci are most represented.

68Ga-DOTANOC PET/CT is currently used to select neu-
roendocrine tumor patients for treatment with cold or hot
somatostatin analogs (diagnostic compounds labeled with
isotopes that selectively destroy SSTR-expressing cells).
%8Ga-DOTANOC PET/CT might be used for this indication
also in IPF patients, selecting those who might benefit from
somatostatin analog treatment or combined approaches in
which %8Ga-DOTANOC may function as a carrier for spe-
cific antifibrotic drugs or cytotoxic isotopes. Activation of
SSTR by somatostatin analogs was recently reported to be
associated with improved survival of fibrotic mice (69%),
compared with untreated controls (44%); improved patho-
logic scores; and reduced collagen deposition and lung
inflammation (76). In vitro studies showed that somatosta-
tin promoted fibroblast apoptosis through its SSTR 2 recep-
tor (38) whereas octreotide showed inhibitory effects on
fibrosis development and fibroblast proliferation in several
preclinical models (39,40).

CONCLUSION

Our preliminary data showed that °8Ga-DOTANOC
uptake corresponded to areas of HRCT abnormalities in
IPF patients, supporting the hypothesis that SSTR is over-
expressed in the lungs of IPF patients. Considering the poor
prognosis of IPF and that known treatments are largely
ineffective, these observations may lead to the delineation
of new treatment approaches using somatostatin analogs. It
would also be interesting to evaluate if PET data on SSTR
expression correlate with the observed differences in dis-
ease prognosis in other forms of ILD (both idiopathic and
secondary).
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