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Abstract
Purpose We evaluated the activity and safety profile of 177Lu-
Dotatate peptide receptor radionuclide therapy (Lu-PRRT) in
patients with advanced, well-differentiated (G1-G2) gastroin-
testinal neuroendocrine tumors (GI-NETs).
Methods Forty-three patients with radiological tumor progres-
sion at baseline and a positive Octreoscan® completed the
treatment with Lu-PRRT, resulting in the cumulative activity
of 18.5 or 27.8 GBq in five cycles. Total activity was scheduled
on the basis of kidney function or bone marrow reserve.
Results Twenty-five (58 %) patients were treated with a “stan-
dard” Lu-PRRT full dosage (FD) of 25.7 GBq (range 22.2-
27.8), while the remaining 18 patients (42 %) who, at enrol-
ment, showed a higher probability of developing kidney or
bone marrow toxicity received a reduced dosage (RD) of
18.4 GBq (range 14.4-20.4). According to SWOG criteria,
the overall response was complete response (CR) in (7 %)
cases and stable disease (SD) in 33 (77 %), with a disease
control rate (DCR) of 84 %. Median response duration was
25 months (range 7-50). Median progression-free survival
(PFS) was 36 months (95 % CI 24-nr), and median overall

survival (OS) has not yet been reached. Remarkably, none of
the patients, including those at a higher risk of toxicity,
showed side-effects after either dosage of Lu-PRRT.
Conclusion Lu-PRRTwas shown to be an effective therapeu-
tic option in our patients with advanced progressive GI-NETs,
showing an 84 % DCR (95 % CI 73-95) that lasted for
25 months and a PFS of 36 months. Both activities of
27.8 GBq and 18.5 GBq proved safe and effective in all
patients, including those with a higher probability of develop-
ing kidney or bone marrow toxicity.
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Introduction

Neuroendocrine neoplasms are a heterogeneous group of tu-
mors in terms of their biological and clinical features. In partic-
ular, metastasized and/or inoperable gastrointestinal neuroen-
docrine tumors (GI-NETs) constitute a serious disease, and
functioning GI-NETs are associated with weakening clinical
conditions [1]. Unlabeled somatostatin analogs are indicated for
symptom relief [2]. Octreotide Lar 30 mg at monthly intervals
controls growth and delays the onset of disease progression in
octreotide-naïve patients with metastatic midgut tumors, some
showing a progression-free survival (PFS) of 14 months [3].

Treatment with angiogenesis or endothelial growth factor
inhibitors and chemo-embolization or liver transplantation has
also been proposed in these patients [4–6].

In the mid-1990s, therapy with radiolabeled somatostatin
analogs (PRRT) was investigated in patients with inoperable
and/or metastasized neuroendocrine tumors. In particular,
treatment with 90Y-Dotatoc (Y-PRRT) and 177Lu-Octreotate
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(Lu-PRRT) proved to be relatively safe, the majority of patients
experiencing objective response and clinical benefit after PRRT
[7–10]. However, most of these studies were retrospective and
included patients withmetastatic neuroendocrine tumors arising
from any part of the body [11, 12]. Conversely, it is now known
that prognosis differs on the basis of the origin of the NET [13].
Kidney and bone marrow toxicity, sometimes severe [14–16],
were the limiting factors in PRRT with either 90Y- or 177Lu-
labeled peptides using an empirical activity per cycle of
3.7 GBq for 90Y and 7.4 GBq for 177Lu compounds, respec-
tively. Cycles were repeated a varying number of times on the
basis of tumor progression or permanent toxicity [11, 12].

The aim of this prospective phase II study was to evaluate
the efficacy and safety profile of Lu-PRRT in patients with
metastatic progressive GI-NETs. The planned activity per
cycle was 3.7 or 5.5 GBq of Lu-PRRT on the basis of the
presence or not of risk factors for kidney and bone marrow
toxicity [16]. Total activity was 18.5 or 27.8 GBq of Lu-PRRT
in five cycles for all patients.

Patients and methods

Patients were eligible to enter the study if they were 18 years
of age or older and had histologically confirmed differentiated
gastrointestinal neuroendocrine tumors (G1-G2 according to
WHO classification) [17], positive OctreoScan®, and radio-
logic documentation of disease progression (an unequivocal
increase in tumor size) in the 12 months preceding enrolment.
From March 2008 to June 2011, 49 consecutive patients with
metastatic GI-NETs were enrolled into this study. Prior treat-
mentswere allowed, including octreotide/lanreotide (≥4weeks
after long-acting preparations or >72 hours after short-acting
ones) and cytotoxic chemotherapy or radiotherapy (>1 month
before and 6 months after Y-PRRT). ECOG performance
status ≤ 2, adequate bone marrow, renal and hepatic function
(WBC >2,5*10^9/L, hemoglobin >10 g/dL, platelets
>100*10^9/L, bilirubin <2.5 mg/dl, and creatinine <2.0 mg/
dl) were required. Pregnant and lactating females were ex-
cluded, as were patients with a life expectancy <6 months and
those with known previous malignancies. All patients gave
written informed consent. The protocol was approved by the
Ethics Committee of Area Vasta Romagna and by the compe-
tent Italian regulatory authorities. The study was conducted in
accordance with the Declaration of Helsinki and good clinical
practice (GCP) guidelines. Having an 18FDG PET scan be-
fore PRRTwas not a prerequisite for the study, but was taken
into account as a prognostic factor when available [18].

Study design

This was a prospective, phase II disease-oriented, non-
controlled study. The aim was to evaluate the disease control

rate (DCR) of Lu-PRRT treatment in GI-NET patients with
sst2-positive tumors assessed with OctreoScan® according to
the Rotterdam scale [11].

All patients were scheduled to receive five cycles of ther-
apy at intervals of 6–8 weeks. The planned activity per cycle
was 3.7 or 5.5 GBq of [177Lu-DOTA0,Tyr3]-octreotate (Lu-
PRRT) on the basis of the presence or not of risk factors for
kidney and bone marrow toxicity [16]. Patients were treated
with a reduced dosage (RD) of 3.7 GBq/cycle when at least
one of the following risk factors was present:

& Previous Y-PRRT with a cumulative activity ≥ 9.25 GBq
at least 6 months before 177Lu-tate

& Creatinine in the range of 1.5-2 mg/dl
& Morphological renal abnormalities
& Severe hypertension not properly controlled by drugs
& Insulin-dependent diabetes not properly controlled by drugs
& Previous platinum-based chemotherapy
& Age >80 years

Radiopeptide preparation

DOTA-Tyr3, Thr8-octreotide (DOTATATE) was purchased
from piCHEM (Graz, Austria). The radioisotope 177Lu was
purchased from PerkinElmer (Waltham, MA, USA). Prepara-
tion was carried out following an established procedure [19].

Radiopeptide administration

The radiopharmaceutical was slowly infused intravenously
over 30 min using a dedicated pump system (patent US
7,842,023 B2). In order to protect the kidneys during the
excretion of the radiopeptide, patients were pre-treated with
intravenous amino acids (lysine 70 MEq in 500 ml of saline:
250 cc in 30 min immediately before therapy, 250 cc during
therapy, lysine 70 MEq in 500 ml of saline in the first 3 hours
after therapy, and lysine 60 MEq in 500 ml of saline over
1 hour twice the following day) [9, 16].

Imaging

The gamma emission of 177Lu (113 and 208 KeV, relative
abundance 6 % and 11 %, respectively) allowed us to monitor
radiopharmaceutical biodistribution during the therapeutic
phase. Twenty-four hours after Lu-PRRTadministration, anteri-
or and posterior whole-body images were acquired on a 256 x
1024 matrix using a double-headed gamma-camera (Infinia
Hawkeye GE Healthcare; Wisconsin, USA) equipped with a
low-energy high-resolution collimator (LEHR) with energetic
window set on 177Lu peaks. A single-photon emission com-
puterized tomography (SPECT) study was acquired (64 projec-
tions, 360°) in selected patients to better document tumor up-
take. Tomographic images were reconstructed in trans-axial,
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sagittal, and coronal slices. Results were compared with clinical
history (histology, previous conventional examinations). Tumor
evaluation (anatomic imaging of the chest, abdomen, pelvis, and
any additional known sites of disease with either multiphasic
computed tomography (CT) and/ormagnetic resonance imaging
(MRI)) was performed 3, 6, 12, 18, and 24 months after the end
of treatment and every 6-12 months thereafter.

The tumor response rate was evaluated according to
SWOG criteria [20, 21]. Toxicity was assessed according to
NCI CTC criteria, version 3 [22].

Statistical analysis

The main objective of this phase II study was to evaluate the
disease control rate (DCR) of Lu-PRRT treatment in progres-
sive advanced GI-NET patients. Secondary objectives were
safety, progression-free survival (PFS), and overall survival
(OS). DCR, defined as the percentage of patients who achieved
complete response (CR), partial response (PR) or stable disease
(SD), was evaluated according to SWOG criteria [20].

PFS was defined as the time from the start of Lu-PRRT to
the date of the first documented evidence of disease progres-
sion or death due to any cause. Patients without tumor pro-
gression at the time of analysis were censored at their last date
of tumor evaluation. OS was defined as the time from start of
treatment to the time of death from any cause. Subjects who
were no longer alive at the time of the final analysis or who
had been lost to follow-up were censored on the date they
were last known to be alive.

Patients who stopped therapy before the 3rd cycle for any
reason other than PD were considered unevaluable for treat-
ment activity but were included in the safety analysis.

Safety analysis was performed on the safety population and
included patients who received at least one cycle of therapy.

With regard to the recruited patients, descriptive statistics
were reported as appropriate for demographic characteristics,
baseline characteristics of the tumor, anamnesis, and physical
examination. The mean, median, standard deviation, mini-
mum and maximum were reported for continuous variables,
and counts and proportions were reported for non-continuous
variables.

DCR was calculated with an exact 95 % two-sided confi-
dence interval (CI) using standard methods based on binomial
distribution. For the DCR, each patient was assigned to one of
the following categories: (1) complete response, (2) partial
response, (3) stable disease, (4) progressive disease, (5) early
death frommalignant disease, (6) early death from toxicity, (7)
early death from other causes, or (8) unknown (not assessable,
insufficient data). Patients in response categories 4-8 were
considered as failing to respond to treatment (PD). Time to
event data (PFS and OS) and their 95 % CI were estimated
using the Kaplan-Meier method [23] and compared by the
log-rank test [24]. P-values were based on two-sided testing,

and statistical analyses were carried out using SAS statistical
software (version 9.3, SAS Institute, Cary-NC, USA).

Results

Patient population

Of the 49 patients recruited, three opted to be treated in another
institute closer to their own home; one refused a biopsy for the
histological assessment of the tumor detected with
Octreoscan®, and two had no radiological progression. Thus,
43 patients completed treatment andwere evaluable for activity;
all were followed for a median of 38 months (range 11-59).

Of the 43 evaluable patients, 28 (65 %) were males and 15
(35 %) females, with a median age of 65 years (range 44-82).
Two (5 %) patients had NETs originating in the stomach, one
(2 %) in the appendix, 34 (79 %) in the small intestine
(midgut), five (12 %) in the colon, and one (2 %) in the
rectum. Seven (16 %) had hyper-secretory syndrome. Eigh-
teen (42 %) were G2, 13 (30 %) were G1, and for 12 (28 %)
patients, a ki67 grade was not available.

Thirty-five (80 %) patients had undergone surgery before
Lu-PRRT, 34 (79 %) had received long-acting somatostatin
analogs, and four (9 %) had received chemotherapy. Four
patients had previously been treated with (Y-PRRT) for a
median interval of 27 months (range 18-39) before Lu-PRRT.
Thirteen (30 %) patients had received other treatments such as
interferon (4 patients), locoregional therapy for liver metastases
(six patients), and palliative radiotherapy (three patients).

Twenty-five patients had no risk factors and received a
median total activity of 25.7 GBq (full-dosage group [FD],
range 22.2-27.8 GBq). The remain 18 patients who showed
risk factors for kidney and bone marrow toxicity were treated
with a median total activity of 18.4 GBq (RD, range 14.4-
20.4 GBq). The interval between cycles was 6-8 weeks and a
total of five cycles were administered in all patients. FDG PET
imaging was available in 33/43 patients (77 %). Twenty-one
(64 %) patients were FDG-negative (8 G1, 8 G2, 5 ND) and
12 (36 %) were FDG-positive (2 G1, 7 G2, 3 ND) (Table 1).

Activity

Tumor response is reported in Table 2. Overall, the 43
evaluable patients showed CR in three (7 %) cases and SD
in 33 (77 %), with a DCR of 84 % (95%CI 73-95). Median
duration of objective response was 25 months (95 % CI 7-50)
and PFS was 36 months (95 % CI 24-nr). Among the 25
patients in the FD group, one (4 %) showed a CR and 20
(80 %) SD. The median response duration was 23 months
(95 % CI 7-50), and the median PFS was 36 months (95 % CI
18-48). In the 13 patients of the RD group, two (11 %)
obtained CR and 13 (72%) were classified as SD. The median
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response duration in this group was 26 months (95 % CI
14-45), while the median PFS has not been reached yet
(Fig. 1). Similarly, median OS has still not been reached
after a median follow-up of 38 months (range 11-59).
Four (16 %) events occurred in 25 FD patients and also
in four (22 %) RD patients (overall no. of events
8/43:19 %) (Fig. 2).

FDG PET imaging was available in 33/43 patients. Twelve
had a positive scan and 21 a negative scan. FDG uptake was
present in 25 % of the FD group and 54 % of the RD group.
Table 3 reports the DCR on the basis of PET FDG results.
Median PFS and median OS on the basis of PET FDG results
are shown in Figs. 3 and 4, respectively. Remarkably, PET
FDG-negative patients had a significantly longer PFS than

Table 2 Tumor response and
median response duration of the
entire population and in relation
to the FD/RD group

FD GROUP full-dosage group,
RD GROUP reduce-dosage
group, CR complete response,
PR partial response, SD stable
disease, PD progression disease,
DCR disease control rate

ENTIRE POPULATION
(N=43)

FD GROUP
(N=25)

RD GROUP
(N=18)

No. of patients (%) No. of patients (%) No. of patients (%)

CR/PR 3 (7) 1 (4 %) 2 (11)

SD 33 (77) 20 (80 %) 13 (72)

PD 7 (16) 4 (16 %) 3 (17)

DCR 84 % (95 % CI 73-95) 84 % (95 % CI 70-98) 83 % (95 % CI 66-100)

Median response duration 25 months (95 % CI 7-50) 23 months (95 % CI 7-50) 26 months (95 % CI 14-45)

Table 1 Patient characteristics

*FDG before PRRT

CHARACTERISTIC ENTIRE POPULATION
(N=43)

FD GROUP
(N=25)

RD GROUP
(N=18)

No. of patients (%) No. of patients (%) No. of patients (%)

Median age, years (range) 65 (44-82) 62 (44-75) 70 (46-82)

Administered activity, GBq (range) 25.7 (22.2-27.8) 18.4 (14.4-20.4)

Gender

Male 28(65) 17 (68) 11 (61)

Female 15(35) 8(32) 7 (39)

WHO performance status

0 30 (70) 21 (84) 9 (50)

1 13 (30) 4 (16) 9 (50)

Histological grading (WHO)

G1 13 (30) 9 (36) 4 (22)

G2 18 (42) 9 (36) 9 (50)

Unknown 12 (28) 7 (28) 5 (28)

FDG PET*

Performed 33/43 20/25 13/18

Positive 12 (36) 5(25) 7(54)

Negative 21 (64) 15(75) 6(46)

OctreoScan® tumor uptake

Grade 1 0 0 0

Grade 2 23 (54) 14 (56) 9 (50)

Grade 3 20 (46) 11 (44) 9 (50)

Organ involvement

Presence of primary tumor 4 (9) 2 (8) 2 (11)

Liver mets 35 (81) 23 (92) 12 (67)

Lymph node mets 29 (67) 14 (56) 15 (83)

Lung mets 1 (2) 0 1 (6)

Bone mets 11 (26) 7 (28) 4 (22)

Peritoneal carcinosis 14 (33) 7 (28) 7 (39)

Carcinoid Syndrome

Yes 7 (16) 3 (12) 4 (22)
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those with a FGD-positive scan (P =0.025). In terms of DCR
there was a better, albeit not statistically significant outcome
for FDG-negative cases (P=0.16).

Toxicity

There were no cases of major toxicity requiring treatment
suspension and no treatment-related serious adverse events
in either group. The most common minor side-effects were
nausea (max grade 2), asthenia, and mild alopecia. Details of
transient hematological toxicity are reported in Table 4.

Discussion

We designed this prospective, disease-oriented, phase II study
in patients with advanced GI-NETs, introducing a reduced
cumulative activity for individuals with a higher probability
of developing kidney and bone marrow toxicity [16]. These
patients have risk factors such as hypertension or diabetes, or

have received previous nephrotoxic treatments such as
platinum-based chemotherapy or Y-PRRT. All these factors
are known to facilitate the development of sometimes severe
side-effects after Lu-PRRT, such as myelodysplastic syn-
drome or kidney failure [14–16].

In our opinion, three areas of this study merit special
attention:

1) First, both dosages (standard [27.8 GBq] and reduced
[18.5 GBq]) were active and controlled disease progres-
sion. Overall, median PFS was 36 months and there was
no statistical difference in PFS and OS between the two
dosage groups. Consequently, a cumulative activity of
500 mCi (18.5 GBq) in five cycles could be considered
the minimum effective dosage in GI-NETs. This is im-
portant, as the possibility of sparing normal tissue from
unnecessary radiation exposure is a must in radiation
therapy.

2) Neither of the two groups developed severe acute or
delayed toxicity. Lu-PRRT side-effects were substantially
reduced and allowed us to treat patients who would
otherwise generally be excluded from PRRT at the stan-
dard dosage determined in phase I-II studies [25].
Sandstrom et al. recently published an interesting dosi-
metric paper on a large population of patients receiving

Table 3 DCR and PFS according to PET FDG results before PRRT:
there was a better outcome for FDG-negative cases, but the difference
was not statistically significant. See discussion for more details

No. pts DCR (95 % CI) P

PET- 21/33 90 % (77-100) –

PET+ 12/33 67 % (40-94) 0.159

DCR disease control rate, PFS progression free survival

Fig. 3 Median PFS according to PET FDG results: PET FDG-negative
patients had a significantly longer PFS than those with an FGD-positive
scan (P=0.025)

Fig. 2 Median OS of the entire population and in relation to the FD/RD
group. In all three curves, the median OS has still not yet been reached

Fig. 1 Median PFS in relation to the FD/RD group: there were no
statistically significant differences between the two groups (p=0.55)

Eur J Nucl Med Mol Imaging (2014) 41:1845–1851 1849



the standard 27-29 GBq in four cycles [26]. When the 27-
29 GBq total activity was divided into a small number of
cycles, the high level of radioactivity in the circulation led
to a higher acute dose for the kidneys and bone marrow
that approached the TD50/5 in some patients after only
two cycles. This and other important dosimetric data [27]
contributed weight to our decision to divide the 27-
29 GBq total activity into five cycles and to reduce it to
18.5 GBq when risk factors for kidney and bone marrow
toxicity were present.

3) PET FDG would seem to be an important independent
prognostic factor in these patients. In this respect, the
difference in terms of PFS and OS between patients with
an FDG-positive scan and those with negative FDG im-
aging confirms previously reported data [28, 29]. We
would like to underline that FDG PET is equally as
important as somatostatin receptor scintigraphy for the
correct management of patients with GI-NETs. An FDG-
positive, well-differentiated midgut NET should be con-
sidered at higher risk than a PET FDG-negative one. In
our opinion, FDG-positive patients would benefit more
from a combination of PRRT + chemotherapy such as
capecitabine [30]. Overall, Lu-PRRT compares favorably
in terms of efficacy with other therapeutic options such as
unlabeled somatostatin analogs, which are used as a

standard of care treatment for progressive, differentiated
GI-NETs. The PROMID trial [3] reported low toxicity
from Octreotide Lar compared with other therapies in-
cluding PRRT. PFS in the active group of 42 naïve
patients receiving somatostatin analogs was 14 months
vs. 6 in the placebo group of 43 patients. After 6 months,
66.7% of patients in the active group had SD according to
WHO criteria compared to 37.2 % in the placebo group.
None of the patients experienced complete remission. A
partial response was reported in one patient per group, but
the response duration was not reported. Our study had a
similar sample size to that of the PROMID active group,
but all of our patients had PD at baseline and many had
already been treated with somatostatin analogs. Of note,
DCR was 83 % according to SWOG criteria, lasting for
25 months, and the median PFS was 36 months. SWOG
and RECIST criteria were recently reported to be
compararable to assess tumor response in NETs [21].

Toxicity was negligible, similar to that reported in the
PROMID study. We are aware that the next step should be
a randomized, phase III study comparing the two treat-
ment regimens. Such research is actually ongoing in the
form of a phase III, international multicentric protocol
called NETTER-1 [31] and we are eagerly awaiting
results. In this phase III protocol, the Lu-PRRT group will
receive 29 GBq in four cycles, as in Kwekkeboom’s
previous phase II study [11]. It will also be interesting
to see the outcomes in terms of kidney and bone marrow
toxicity. Stratification of the patients who are most likely
to develop side-effects would be useful, as would the
identification of indicators of response rate.

In conclusion, we are in favor of the minimum effective
dosage over the maximum tolerated one and were positively
surprised to observe that an RD dosage of 18.2 GBq was not
inferior to an FD dosage of 27 GBq in terms of DCR, PFS, or
OS. The possibility of reducing the radiation dose delivered to
non-target tissue is, in fact, an important goal in low-grade
tumors such as GI-NETs where life expectancy is long. Ob-
viously, these observations require confirmation in larger GI-
NET patient populations.

Table 4 Toxicity: Lu-PRRT proved to be a safe therapy. Kidney and hematologic toxicity was mild in both groups

ENTIRE POPULATION No. of patients (%) FD GROUP No. of patients (%) RD GROUP No. of patients (%) P

G1 G2 G3 G1 G2 G3 G1 G2 G3

WBC 13 (30) 5 (12) 0 9 (36) 4 (16) 0 4 (22) 1 (5,5) 0 0.132

HGB 17 (40) 3 (7) 0 11 (44) 1 (4) 0 6 (33) 2 (11) 0 0.820

PLT 11 (26) 0 0 9 (36) 0 0 2 (11) 0 0 0.086

CREAT 3 (7) 0 0 0 0 0 3 (17) 0 0 0.242

WBC white blood cell, HGB hemoglobin, PTL platelet, CREAT creatinine

Fig. 4 Median OS according to PET FDG results: there were no statis-
tically significant differences between the two groups (p=0.16)
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