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Abstract
Purpose Typical and atypical carcinoids (TC and AC) repre-
sent 20 – 25 % of all neuroendocrine tumours. No standard
therapeutic approach is available for patients with advanced
disease. The aim of this phase II study was to investigate the
efficacy and safety of peptide receptor radionuclide therapy
with 177Lu-DOTATATE (Lu-PRRT) and the role of thyroid
transcription factor 1 (TTF-1) and 18F-FDGPETas prognostic
factors in patients with advanced TC or AC.
Methods A total of 34 consecutive patients with radiological-
ly documented progressive disease were treated with Lu-

PRRT at a therapeutic cumulative activity of 18.5 or
27.8 GBq in four or five cycles according to the patient’s
kidney function and bone marrow reserve. Information on
TTF-1 was available in all patients. FDG PET studies prior
to Lu-PRRTwere available in 29 patients.
Results The median follow-up was 29 months (range
7 – 69 months). The disease control rate (DCR) in patients
with TC was 80 %: 6 % complete response, 27 % partial
response and 47 % stable disease. The median progression-
free survival (mPFS) was 20.1 months (95 % CI
11.8 – 26.8 months). Stable disease was achieved in 47 % of
patients with AC with a mPFS of 15.7 months (95 % CI
10.6 – 25.9 months). No major acute or delayed toxicity oc-
curred in either group or with either cumulative activity. mPFS
in patients with TTF-1-negative TC was 26.3 months (95 %
CI 12.9 – 45.2 months), but in patients with TTF-1-positive
TC mPFS was 7.2 months (4.2 – 14.0 months; p=0.0009).
FDG PETwas negative in 13 patients (10 TC and 3 AC) and
positive in 16 patients (4 TC and 12 AC). The mPFS in the
FDG PET-negative group was 26.4 months (95 % CI
14.2 – 48.9 months) and 15.3 months (11.7 – 31.1 months)
in the FDG PET-positive group.
Conclusion Lu-PRRT showed antitumour activity in terms of
DCR and PFS and proved safe, even in patients with a higher
risk of side effects. TTF-1 would appear to be a prognostic
factor. FDG PET positivity in bronchial carcinoids is a hall-
mark of aggressive tumour and is more frequent in patients
with AC than in those with TC.
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Introduction

Neuroendocrine tumours (NETs) of the lung represent 1 – 2%
of all lung cancers and 20 – 25% of all NETs. The 2004WHO
classification [1] divides pulmonary NETs into typical and
atypical carcinoids (TC and AC), large-cell neuroendocrine
carcinomas and small-cell carcinomas. It is well known that
patients with TC exhibit a better prognosis with a 5-year sur-
vival of up to 87 – 90 %. Patients with AC have a poorer
prognosis with a 5-year survival ranging from 44 % to
78 %. Radical surgery is the therapeutic gold standard and
the best long-term prognostic factor in limited disease.
However, distant metastases may occur many years after ap-
parently radical resection [2]. New diagnostic and therapeutic
strategies are thus needed for recurrent disease. The histolog-
ical diagnosis of these tumours is based on typical immuno-
histochemistry determination. Thyroid transcription factor 1
(TTF-1) is one of the most specific markers, being positive
in up of 75 % of patients [3, 4].

Radiological diagnosis of pulmonary NETs depends on
whether the tumour is centrally or peripherally located, and
multidetector tomography is the most widely recommended
investigation for both forms. Bronchoscopy with biopsies
may also be performed for tumours with a central location.
Whole-body nuclear medicine imaging plays a fundamental
role in the detection of distant metastases. Given that about
80 % of lung NETs express somatostatin receptors, with a
high prevalence of subtype 2, somatostatin receptor scintigra-
phy or 68Ga-DOTATATE/TOC PET (68Ga-PET) are useful for
the diagnosis of well-differentiated lung tumours [5].
Moreover, diagnostic 18F-FDG PET may be positive in ag-
gressive forms of the disease [6–9].

There are no prospective trials on lung NETs to guide treat-
ment choices, and much of the data in the literature are based
on mixed populations of patients with primary NET. In meta-
static disease, the role of cytotoxic agents such as cisplatin,
streptozocin, capecitabine, dacarbazine, 5-fluorouracil, temo-
zolomide and interferon is still unclear. Temozolomide is the
most widely studied agent in lung NETs and has an acceptable
safety profile [2]. A number of studies of biological agents,
such as mTOR-inhibitors or tyrosine kinase inhibitors, have
shown objective response rates of 5 – 10 % [10]. Treatment
with somatostatin analogues can be used for secreting forms
with clinical symptoms and have been shown to produce a
partial response (PR) in 5 – 10 % of patients, stable disease
(SD) in 30 – 50 % and improved symptoms in 40 – 60 % [2].

Peptide receptor radionuclide therapy (PRRT) is a promis-
ing treatment for patients with advanced or inoperable so-
matostatin receptor-positive tumours. Several studies have
demonstrated the efficacy of PRRT in gastroenteropancreatic
NETs (GEP-NETs), showing objective responses in more than
30 % of patients [11–16]. The few retrospective studies inves-
tigating the efficacy of PRRT in metastatic lung NETs have

shown overall remission rates comparable, in some cases, to
those in GEP-NETs [17, 18].

We report here the results of a prospective phase II trial
investigating the role of PRRT with 177Lu-DOTATATE (Lu-
PRRT) in patients with bronchial carcinoids (BC), focusing on
those with advanced TC or AC. We evaluated its efficacy in
terms of disease control rate (DCR), progression-free survival
(PFS) and overall survival (OS), and safety profile. We also
assessed the role of TTF-1 and FDG PET as predictive and
prognostic factors in BC, respectively.

Materials and methods

From April 2008 to March 2014, 34 consecutive patients with
metastatic BC (TC and AC) were enrolled in a phase II
disease-oriented study. Patients were eligible if they:

& Were 18 years of age or older.
& Had histological confirmation of pulmonary NET [1] and

positive OctreoScan® scintigraphy according to the
Krenning score.

& Had radiological documentation of disease progression in
the 12 months preceding enrolment.

& Had an ECOG performance status ≤2.
& Had adequate bone marrow, renal and hepatic function

(WBC >2,5 × 109/l, haemoglobin >10 g/dl, platelets
>100 × 109/l, bilirubin <2.5 mg/dl, and creatinine
<2.0 mg/ dl).

Prior treatments including octreotide/lanreotide (≥4 weeks
after long-acting preparations or >72 h after short-acting prep-
arations) and cytotoxic chemotherapy or radiotherapy were
allowed. Pregnant and lactating women, patients with a life
expectancy of <6 months and those with known previous
malignancies were excluded. All patients gave written in-
formed consent. The protocol was approved by the Ethics
Committee of the Wide Catchment Area of Romagna-IRST
(CEIIAV) and by the competent Italian regulatory authorities.
The study was conducted in accordance with the principles of
the Declaration of Helsinki and good clinical practice guide-
lines. Although an FDGPETscan performed before Lu-PRRT
was not a prerequisite for the study, it was taken into account
as a prognostic factor if applicable [19]. Patients with a stan-
dardized uptake value >2.5 (arbitrary cut-off value), as report-
ed elsewhere [20], were considered FDG-positive.

Study treatment

All patients were scheduled to receive four or five cycles of
therapy at intervals of 6 – 8 weeks. The planned activity per
cycle was 3.7 or 5.5 GBq of [177Lu-DOTA0, Tyr3]-octreotate
according to kidney and bone marrow toxicity risk factors.
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Based on previous studies, patients were treated with a re-
duced activity of 3.7 GBq per cycle when at least one of the
following risk factors was present: previous Y-PRRT with a
cumulative activity of ≥9.25 GBq at least 6 months before Lu-
PRRT, creatinine 1.5 – 2 mg/dl, morphological renal abnor-
malities, severe hypertension and insulin-dependent diabetes
not controlled by drugs, previous platinum-based chemother-
apy, and age >80 years [12, 13, 21–23].

Radiopeptide preparation

DOTA-Tyr3, Thr8-octreotide (DOTATATE) was purchased
from piCHEM (Graz, Austria). The radioisotope was pur-
chased from PerkinElmer (Waltham, MA). Preparation was
carried out following the standard procedure [24].

Radiopeptide administration

The radiopharmaceutical was administered intravenously as a
30-min infusion using a dedicated pump system (patent US
7842023 B2). In order to protect the kidneys during excretion
of the radiopeptide, patients were pretreated with intravenous
amino acids (lysine 70 mEq in 500 ml saline, 250 cm3 over
30 min immediately before therapy, 250 cm3 during therapy;
lysine 70 mEq in 500 ml saline during the first 3 h after
therapy, and lysine 60 mEq in 500 ml saline over 1 h twice
the following day) [13].

Imaging

The gamma emission of 177Lu (113 and 208 keV, relative
abundance 6 % and 11 %, respectively) allowed the monitor-
ing of radiopharmaceutical biodistribution during the thera-
peutic phase. Anterior and posterior whole-body images were
acquired 24 h after Lu-PRRTadministration with a 256×1,024
matrix using a dual-headed gamma camera (Infinia Hawkeye;
GE Healthcare, Milwaukee, WI) equipped with a low-energy
high-resolution collimator with the energy window set on
177Lu peaks. A SPECT study was acquired (64 projections,
360°) in selected patients to better document tumour uptake.
Tumour evaluation with multiphase CT and/or MRI was per-
formed 3, 6, 12, 18 and 24 months after the end of treatment
and every 6 – 12 months thereafter. Tumour response rate was
evaluated according to SWOG criteria [25, 26]. Toxicity was
assessed according to CTCAE criteria, version 3 [27].

Statistical analysis

Themain objective of this study was to evaluate the DCRwith
Lu-PRRT in patients with advanced progressive BC.
Secondary objectives were safety, PFS and OS. DCR, defined
as the percentage of patients who achieved complete response
(CR), PR or SD, was evaluated according to SWOG criteria.

PFS was defined as the time from the start of Lu-PRRT to the
date of the first documented evidence of disease progression or
death due to any cause or to the last date of tumour evaluation.
OS was defined as the time from the start of treatment to the
time of death from any cause or last follow up. Time to event
data (PFS and OS) and their 95 % confidence intervals (CI)
were evaluated using the Kaplan-Meier method [28] and com-
pared with the log-rank test [29]. P values were based on two-
sided testing. Statistical analyses were carried out using SAS
statistical software, version 9.3 (SAS Institute, Cary, NC).

Results

A total of 34 consecutive patients (17 men and 17 women)
with radiologically documented progressive disease [25] were
treated with Lu-PRRT at two different therapeutic cumulative
activities of 18.5 or 27.8 GBq in four or five cycles according
to each patient’s kidney function and bone marrow reserve

Table 1 Patient characteristics

Typical carcinoid
(n=15, 44 %)

Atypical carcinoid
(n=19, 56 %)

p value

Gender

Male 8 (53 %) 9 (47 %)

Female 7 (47 %) 10 (53 %)

Age (years), median (range) 64 (70 – 77) 68 (40 – 79)

Cumulative activity (GBq),
median (range)

22.2 (14.8 – 27.4) 20.3 (12.9 – 27.4)

TTF-1

Positive 3 (20 %) 15 (79 %)

Negative 12 (80 %) 4 (21 %) 0.001

Baseline tumour status

Progressive disease 15 (100 %) 19 (100 %)

FDG PET

Available 14 15

Positive 4 (28 %) 12 (80 %)

Negative 10 (72 %) 3 (20 %) 0.009

Octreoscan tumour uptake

Score 1 0 0

Score 2 3 (20 %) 11 (53 %)

Score 3 12 (80 %) 8 (42 %)

Score 4 0 0 0.038

Disease extension

Single lesion 5 (33 %) 5 (26 %)

Multiple lesions 10 (67 %) 14 (74 %) 0.718

Carcinoid syndrome

Yes 4 (27 %) 4 (21 %)

No 11 (73 %) 15 (79 %) 0.706

Previous treatments

No 2 (13 %) 0 0.187

Surgery 10 (67 %) 12 (63 %) 0.834

Somatostatin analogues 12 (80 %) 17 (89 %) 0.634

Chemotherapy 3 (20 %) 10 (53 %) 0.079

PRRT 3 (20 %) 6 (31 %) 0.697

Other 3 (20 %) 6 (31 %) 0.697
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(IRST protocol no. 100.01). The median cumulative activity
was 21.5 GBq (12.9 – 27.8 GBq) and the interval between
cycles was 6 – 8 weeks in both groups. Of the 34 patients, 15
(44 %) had a histopathological diagnosis of TC and received a
median cumulat ive act ivi ty of 22.2 GBq (range
14.8 – 27.4 GBq), and 19 (56 %) had a diagnosis of AC and
received a median cumulative activity of 20.3 GBq (range
12.9 – 27.4 GBq). The median follow-up was 29 months
(range 7 – 69 months). Information on TTF-1 was available
in all patients: 80 % of patients with TC were TTF-1-negative
and 79 % of those with AC were TTF-1-positive. FDG PET
imaging prior to Lu-PRRTwas available in 29 patients (85%).
FDG PETwas negative in 13 patients (45 %), 10 (77 %) with
TC and 3 (23 %) with AC. FDG PET was positive in 16
patients (55 %), 4 (28 %) with TC and 12 (80 %) with AC.
With regard to treatment, 22 patients (65 %) were treated
surgically, 29 (85 %) received somatostatin analogues and
13 (38 %) underwent chemotherapy before Lu-PRRT, 9 pa-
tients (26 %) had previously responded to Y-PRRT, 13 pa-
tients (30 %) had received other treatments and only 2 (6 %)
had never undergone any treatment. Patient characteristics are
summarized in Table 1.

Response to therapy

Overall, in the 34 evaluable patients 1 (3 %) showed CR, 4
(12 %) PR and 16 (47 %) SD, with a DCR of 62 %. The
median PFS (mPFS) of the entire group was 18.5 months
(95 % CI 12.9 – 26.4 months) and the median OS (mOS)
was 48.6 months (95 % CI 26.4 – 68.9 months). With regard
to outcome for each histopathological type, DCR in patients
with TCwas 80% (6% of patients with CR, 27%with PR and
47 % with SD). The mPFS was 20.1 months (95 % CI
11.8 – 26.8 months). In patients with AC the DCR was 47 %
(all SD) and the mPFS was 15.7 months (10.6 – 25.9 months).
The mOS was 48.6 months (95 % CI 26.0 months – not
reached) and 37 months (95 % CI 18.7 – 68.9 months) in the
patients with TC and those with AC, respectively. No major
acute or delayed toxicity (CTCAE grade 3 or 4) occurred in
either group or with either therapeutic cumulative activity.

With regard to TTF-1 status, TTF-1-positive patients had a
mPFS of 13.2 months (95 % CI 7.2 – 20.2 months) and TTF-
1-negative patients had a mPFS of 26.4 months (95 % CI
14.2 – 45.2 months; p=0.074). Of the patients with TC, 12
(80 %) were TTF-1-negative and showed a mPFS of

Fig. 1 Median progression-free
survival in patients with typical
carcinoid according to TTF-1
status: TTF-1-negative patients
had a significantly longer PFS
than TTF-1-positive patients
(p=0.009)

Table 3 Median progression-free survival (PFS) in patients with
atypical carcinoid according to TTF-1 and FDG PET status

No. of
patients

Median PFS (95% CI) p value

TTF-1-negative 4 33.8 (12.1 – 48.9) –

TTF-1-positive 15 15.3 (6.1 – 25.9) 0.366

FDG-negative 3 48.9 (18.7 – 48.9) –

FDG-positive 12 15.7 (6.1 – 31.1) 0.354

Table 2 Median progression-free survival (PFS) in patients with
typical carcinoid according to TTF-1 and FDG PET status

No. of
patients

Median PFS (95% CI) p value

TTF-1-negative 12 26.3 (12.9 – 45.2) –

TTF-1-positive 3 7.2 (4.2 – 14.0) 0.0009

FDG PET-negative 10 26.4 (12.9 – 26.8) –

FDG PET-positive 4 12.9 (4.2 – 45.2) 0.387
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26.3 months (95 % CI 12.9 – 45.2 months), and 3 (20%) were
TTF-1-positive and showed a mPFS of 7.2 months (95 % CI
4.2 – 14.0 months; p=0.0009); Fig. 1, Table 2).Of the patients
with AC, 15 (79 %) were TTF-1-positive and showed a mPFS
of 15.3 months (95 % CI 6.1 – 25.9 months), and 4 (21 %)
were TTF-1-negative and showed a mPFS of 33.8 months
(95 % CI 12.1 – 48.9 months; Table 3).

Overall, FDG PET-positive patients had a mPFS of
15.3 months (95 % CI 11.7 – 31.1 months) and FDG PET-
negative patients had a mPFS of 26.4 months (95 % CI
14.2 – 48.9 months; p=0.201). Of the patients with TC, 4
(29 %) were FDG PET-positive and had an mPFS of
12.9 months (95 % CI 4.2 – 45.2 months), and 10 (71%) were
FDG PET-negative and had a mPFS of 26.4 months (95 % CI
12.9 – 26.8 months; Table 2). Of the patients with AC, 12
(80 %) were FDG PET-positive and had a mPFS of
15.7 months (95 % CI 6.1 – 31.1 months), and 3 (20 %) were
FDG PET-negative and had a mPFS of 48.9 months (95 % CI
18.7 – 48.9 months; Table 3). Finally, 13 patients who were
both TTF-1-negative and FDG PET-negative had a mPFS of
26.4 months (95 % CI 14.2 – 48.9 months, and 13 patients
who were both TTF-1-positive and FDG PET-positive had a
mPFS of 15.7 months (95 % CI 6.1 – 31.1 months; Fig. 2).

Discussion

The main objective of this study was to investigate the
role of Lu-PRRT in metastatic BC in terms of DCR and
PFS. The majority of patients with BC have advanced
disease at diagnosis, requiring a multidisciplinary approach
to their management. Furthermore, no standard therapy is
currently available for metastatic disease. Several studies
have analysed the response to treatment with cytotoxic

chemotherapeutic agents, and have shown in general an
objective response of 20 – 30 % with an mOS of
24.3 months [30]. New agents such as temozolomide pro-
vide better clinical benefit than classic standard treatments.
The first international randomized study dedicated to lung
NETs (LUNA trial) that compared everolimus alone,
everolimus in association with pasireotide and pasireotide
alone is still ongoing. Our results are in line with the
results of the RADIANT II trial in patients with BC, in
which 33 patients in the treatment arm had a mPFS
8 months longer than 11 patients in the placebo arm [10].

Retrospective studies have shown that Lu-PRRT has
antitumour activity in BC [17] and this treatment currently
represents almost third-line therapy after surgery and chemo-
therapy [2]. Of the 34 patients treated with Lu-PRRT, disease
control was achieved in 21 (62 %), with a mPFS of
18.5 months and a mOS of 48.6 months. In 15 patients with
TC, disease control was achieved in 12 (80 %), with a mPFS
of 20.1 months and a mOS of 48.6 months. In 19 patients with
AC, disease control was achieved in 9 (47 %), with a mPFS of
15.7 months and a mOS of 37 months.

In our opinion, Lu-PRRT compares well with other thera-
pies and has acceptable levels of toxicity. Indeed, no patient
showed acute or delayed haematological toxicity. All patients
were treated with lysine before, during and after Lu-PRRT,
optimizing renal protection.

There are three further aspects that merit attention:

1. FDG PETwould seem to be an important prognostic fac-
tor. The difference in terms of PFS between FDG PET-
positive and FDG PET-negative patients is in line with
data reported for GEP-NETs [20]. It is important to re-
member that FDG PET studies are as valuable as nuclear
receptor imaging for the good clinical management of
patients with BC. FDG PET positivity is a hallmark of
more aggressive tumours and was more frequent in pa-
tients with AC than in those with TC. In particular, of
patients with AC FDG PET-negative patients had better
mPFS and mOS than FDG PET-positive patients.

2. TTF-1 appears to be a prognostic factor in BC. In partic-
ular, we examined the role of TTF-1 as an indicator of
response to Lu-PRRT in patients with AC, which is asso-
ciated with a poorer prognosis. TTF-1-negative patients
with AC had a better mPFS and mOS after Lu-PRRT than
TTF-1-positive patients. One explanation could be that
TTF-1 positivity is associated with a higher mitotic index
and thus lower cell differentiation.

3. Patients who were both TTF-1 negative and FGD-PET-
negative had the best outcome after Lu-PRRT. FDG PET
and TTF-1 positivity indicates the need for more aggres-
sive treatments combining Lu-PRRT and chemotherapy
to reduce the impact of tumour heterogeneity on treatment
efficacy and patient outcome [31, 32].

Fig. 2 Partial response after Lu-PRRT in a patient with advanced
atypical carcinoid with multiple skeletal and hepatic metastases
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In conclusion, Lu-PRRT showed antitumour activity in BC
in terms of both DCR and PFS. It proved a safe treatment,
even in patients previously treated with chemotherapy. TTF-1
should always be analysed in this disease setting. FDG PET
positivity in BC, as in GEP-NETs, is a hallmark of an aggres-
sive tumour and is more frequent in patients with AC than in
those with TC.
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