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Abstract
Purpose Grade 3 NENs are aggressive tumours with poor
prognosis. PRRT+/− radiosensitising chemotherapy is a po-
tential treatment for disease with high somatostatin receptor
(SSTR) expression without spatially discordant FDG-avid
disease. We retrospectively evaluated the efficacy of PRRT
in G3 NEN.
Methods Kaplan–Meier estimation was used to determine
progression-free survival (PFS) and overall survival (OS) de-
fined from start of PRRT. Subgroup analysis was performed
for patients with Ki-67 ≤ 55% and >55%. Anatomical re-
sponse (RECIST 1.1) and toxicity 3 months after PRRT was
determined. Disease control rate (DCR) was defined as com-
plete response (CR), partial response (PR) and stable disease
(SD) of those with prior progression.
Results 28 patients (M = 17; age 16–78 years; Ki-
67 ≤ 55% = 22) were reviewed. 17 patients had pancreatic, 5
small bowel, 3 large bowel, 2 bronchial and 1 unknown primary
disease. 25/28 had significant FDG-avid disease prior to treat-
ment. Most had 177Lu-DOTA-octreotate (median cumulative
activity 24.4 GBq, median 4 cycles). Twenty patients had
radiosensitising chemotherapy. 89% were treated for disease

progression; 79% after prior chemotherapy. Median follow-up
was 29 months. The median PFS was 9 months for all patients.
16 patients died (Ki-67 ≤ 55% = 11; Ki-67 > 55% = 5) with
median OS of 19 months. For Ki-67 ≤ 55% (N = 22), the
median PFS was 12 months and median OS 46 months. For
Ki-67 > 55% (N = 6), the median PFS was 4 months and
median OS 7 months. On CT imaging, DCR at 3 months
post-PRRT was 74%, 35% (8/23) PR and 39% (9/23) SD.
Eleven patients received further PRRT due to recrudescent dis-
ease after response. Five patients developed progression of dis-
cordant FDG-avid disease and were referred for targeted thera-
py/chemotherapy. Grade 3 and 4 lymphopenia and thrombocy-
topenia occurred in five and five patients, respectively. No renal
or liver toxicity related to treatment was seen.
Conclusions PRRT achieves clinically relevant disease con-
trol with acceptable toxicity in G3 NENs.

Keywords Lutetium . Neuroendocrine . Octreotate . Peptide
receptors . Radionuclide therapy . G3

Introduction

Neuroendocrine neoplasia (NEN) is a diverse group of tu-
mours arising from neuroendocrine cells, most commonly in
the gastro-intestinal tract and respiratory system. In 2010, the
World Health Organisation (WHO) and European
Neuroendocrine Tumour Society (ENETS) classified these
tumours into three subgroups (grade 1, 2 and 3) [1, 2].
Grade 1 and 2 (Ki-67 proliferation index of ≤2% and 3–
20%, respectively) are classified as neuroendocrine tumours
(NETs), whereas grade 3 (Ki-67 index of >20%) has been
classified as neuroendocrine carcinoma (NEC). Grade 3
NEC is an aggressive subset with a median overall survival

Sue Ping Thang and Mei Sim Lung are co-first authors.

* Rodney J. Hicks
Rod.Hicks@petermac.org

1 Centre for Cancer Imaging, Peter MacCallum Cancer Centre,
Melbourne, VIC, Australia

2 Division of Cancer Medicine, Neuroendocrine Tumour Unit, Peter
MacCallum Cancer Centre, Melbourne, VIC, Australia

3 Department of Nuclear Medicine and PET, Singapore General
Hospital, Singapore, Singapore

Eur J Nucl Med Mol Imaging (2018) 45:262–277
DOI 10.1007/s00259-017-3821-2

mailto:Rod.Hicks@petermac.org
http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-017-3821-2&domain=pdf


(OS) of 4–6 months [3] and has mainly been treated with
chemotherapy regimens used for small cell lung cancer. This
typically involves cisplatinum/etoposide (C/E) [4].

Over the last few years, several reports have suggested that
the grade 3 (G3) NENs are more heterogeneous than previ-
ously thought [3, 5–8]. The NORDIC group proposed an in-
termediate category of NEC with Ki-67 of ≤55% based on a
lower response to C/E but longer OS than those with Ki-
67 > 55% [3]. Others have suggested an alternative classifica-
tion based on morphological differentiation features on path-
ologic examination, independent of Ki-67 [5, 9]. Although not
specifically mentioned, somatostatin receptor (SSTR) expres-
sion is a feature of neuroendocrine differentiation and, if
retained, may enable peptide receptor radionuclide therapy
(PRRT).

68Ga-DOTATATE PET/CT is used to determine tumour
SSTR expression in order to select patients for PRRT [10].
In general, the likelihood of SSTR expression on neuroendo-
crine cells decreases with increasing grade of tumour, whereas
the opposite applies for FDG uptake [11, 12]. However, there
is significant overlap in the intermediate grade (grade 2) tu-
mours in which both scans can be positive. This overlapping
group of intermediate grade tumours may represent a ‘sweet
spot’ for PRRT since these patients have simultaneously a
greater likelihood of progression and death than the low-
grade tumours but at the same time are likely to be more
radio- and chemosensitive by virtue of having a higher prolif-
erative fraction. PRRT has been shown to be effective and
well tolerated for patients with SSTR expressing well-
differentiated gastroenteropancreatic NENs [13]. However,
PRRT can also be effective in patients with more aggressive
intermediate grade NEN with an FDG-avid and concordant
SSTR-expressing phenotype [14].

However, data on PRRT effectiveness in SSTR-expressing
G3 NECs is very limited. A previous single-centre retrospec-
tive study (abstract form only) byArmagany et al. reported the
use of PRRT in high-grade NEN for 17 cases [15]. Two out of
six patients (33%) who received 177lutetium octreotate therapy
(LuTate) and three out of six (50%) who received 111In
octreotide therapy (In-Tate) had stable disease or partial re-
sponse at 12 months. The median PFS was 9.3 months for
LuTate and 10.2 months for In-Tate, and was 12 months when
both LuTate and In-Tate were considered. Another study by
Ezziddin et al. involving seven patients with G3 NEN exam-
ined the impact of Ki-67 index on response to PRRT [16]. The
treatment response was, however, less favourable with 71% of
the patients with Ki-67 > 20% progressing following therapy.

The Peter MacCallum Cancer Centre (PMCC) commenced
using PRRT in 1996 for treatment of patients with
unresectable, SSTR-positive, symptomatic or progressive
NET, not controlled with conventional therapy. In 1999, our
protocol was adapted to include concomitant use of
radiosensitising chemotherapy. It has long been dogma that

chemotherapy should be used for high-grade tumours and that
PRRTshould be reserved for slowly proliferating tumours that
are resistant to chemotherapy [13, 17]. However, the compas-
sionate use protocol employed at PMCC has not precluded
treatment of G3 NEC. Accordingly, a number of patients with
G3 NEN have been treated either after failure of conventional
therapies or because patients were deemed unsuitable for other
treatment. All patients were discussed in our weekly NEN
multidisciplinary team meeting prior to therapy.

The aim of this retrospective analysis was to assess out-
comes following PRRT in patients with high-grade NEN as
defined by Ki-67 > 20%. Primary end-points were OS, PFS
and time to next treatment (TNT) modality. We also assessed
molecular imaging and anatomical response, and toxicity.

Materials and methods

All patients with G3 NEN (Ki-67 > 20% on immunohisto-
chemistry) and who had completed at least one cycle of
PRRT between January 2005 and January 2017 were retro-
spectively reviewed.

Our eligibility criteria for PRRT included patients with high
SSTR expression in all lesions, with the majority of lesions
having higher uptake than background liver activity on Ga-68
DOTA-octreotate (GaTate) PET/CT. Patients were to have
objective evidence of disease progression on anatomical or
functional imaging over a period of <12 months, or uncon-
trolled symptoms despite conventional therapy. Patients with
concordant highly FDG-avid disease even without prior pro-
gression were eligible given FDG avidity is a poor prognostic
factor, particularly if this persisted following chemotherapy.

Exclusion criteria for PRRT included spatially discordant
FDG-avid disease showing low or absent SSTR expression,
g l ome ru l a r f i l t r a t i on r a t e (GFR) <30 ml /m in ,
hypoalbuminaemia (<25 g/L), platelet count <50,000/L or
pancytopenia, ECOG performance score of 4, expected sur-
vival <3 month and pregnancy.

Our indication for treatment was largely based on data pre-
sented by Kwekkeboom et al. [18] but has evolved over time
based on our clinical experience [19].

This retrospective study had been approved by the local
ethics committee (project number: 17/07R). All patients pro-
vided written, informed consent for treatment.

Treatment regimen

PRRT was performed on an outpatient day-case basis unless
the patient’s medical co-morbidities required inpatient obser-
vation or there was deemed to be a significant potential risk of
disease flare following treatment.

Eur J Nucl Med Mol Imaging (2018) 45:262–277 263



177Lutetium (177Lu) was produced and transported to our
institution from Europe (IDB Holland) and radiolabelled to
the peptide octreotate (Erasmus Medical Centre, Rotterdam,
Holland) with DOTA as the chelating agent, forming 177lute-
tium-DOTA-octreotate (177Lu-DOTATATE or LuTate). Some
patients with bulky disease (>4 cm) were also treated with
90Yttrium (Perkin Elmer, Waltham, MA, USA), which was
labelled onto DOTA-octreotate to form 90Y-DOTATATE (or
Y-Tate) as previously reported [20].

Each cycle of treatment was administered intravenously
with premedications including 2 mg of granisetron and 8 mg
of dexamethasone [21], to reduce potential adverse effects of
nausea related to amino acid infusion and post-treatment dis-
ease flare. The patients were provided with two additional
days of 2 mg of granisetron and 4 mg of dexamethasone
following treatment. Renoprotective amino acid infusion
(25 g of lysine and 25 g of arginine in 1 L of normal saline)
as previously proposed by others [18, 22] was commenced
30 min prior to treatment and continued for 4 h after Y-Tate
and 3 h after LuTate therapy, except in patients with impaired
renal function (GFR 60 ml/min) in whom infusion was also
extended to 4 h based on our previous evaluation of blood
clearance kinetics of LuTate [23].

The initial treatment regimen is typically planned for four
cycles of PRRT at intervals of 6–10 weeks. The second to
fourth cycles were usually given with radiosensitising chemo-
therapy using infusional 5-FU or oral capecitabine [24–27], or
concomitant capecitabine and temozolomide (CAPTEM)
[28–30] for pancreatic NEN, unless contraindicated.
Infusional 5-FU chemotherapy (200 mg/m2/24 h) was given
through a peripherally inserted central catheter (PICC) line,
commencing 4 days prior to day of PRRT administration, and
continued for 3 weeks in total. Capecitabine was given in
825 mg/m2 (bd), 2 days prior to PRRT administration and
continued for 2 weeks. For the CAPTEM regimen, capecita-
bine was given as 750 mg/m2 oral bd (max 2500 mg/day) on
days 1–14 commencing 9 days prior to PRRT, and temozolo-
mide 100 mg/m2 bd (75 mg/m2 if extensive prior chemother-
apy) on days 10–14, i.e. commencing on the day of PRRT for
5 days.

The number of cycles of PRRT was increased in patients
with persistent large disease burden following completion of
initial four cycles, whilst treatment cycles were abbreviated in
patients with a marked early PRRT response leaving only a
small volume of disease based on post-treatment scanning, or
if there were complications from therapy. The administered
activity for each cycle was empirically adjusted, based on
individual disease burden, body habitus and renal function
[19].

If there was a suspicion of tumour progression during the
initial course of PRRT based on clinical, biochemical or im-
aging findings, FDG PET/CT was performed. Those who
were confirmed to have progression of discordant FDG-avid

disease were considered for alternative treatment modalities
such as chemotherapy or molecular targeted therapy.

Follow-up

Blood tests including full blood count, and renal and liver
function biochemistries were performed at 2 and 4 weeks fol-
lowing completion of each treatment cycle. Following the
completion of the initial course of PRRT, patients were also
routinely reviewed at 3 months by imaging and blood tests.
On some occasions, especially those with a proliferation rate
at the upper end of the G3 category or who had shown rapid
disease progression prior to treatment, we elected to review
them earlier for response assessment. Following the initial
assessment, these patients were further followed up at 3 to
12-month intervals at our institution. Patients who had dem-
onstrated symptomatic or objective response to initial PRRT
treatment but had persisting or recrudescent SSTR-expressing
disease were considered for further maintenance PRRT treat-
ments. However, patients who progressed through or after
PRRTwith discordant FDG-avid but low/non-SSTR-express-
ing disease would be referred for consideration of other treat-
ment modalities.

Response assessment

Molecular imaging response Qualitative response on SSTR
imaging was classified as complete response (total disappear-
ance of abnormal uptake by previous avid lesions), partial
response (reduction in intensity or extent of previous abnor-
mal uptake), stable (no change in intensity or extent of dis-
ease) or progressive disease (increase in intensity or extent of
previous abnormal uptake, or development of new avid le-
sions). Metabolic responses were assessed on the FDG PET
images according to the BHicks criteria^ [31, 32]. A mixed
response category was also allocated to patients with response
at prior sites of targeted disease and progression of disease at
previously lower avidity sites. Quantitative assessment was
also performed for both Ga-68 octreotate and FDG PET/CT
scans to compare pre-treatment to 3-month post-treatment
scans using MIM (MIM 6.6.1, MIM Software Inc.
Cleveland, OH, USA). The whole-body disease burden was
contoured by adapting the PERCIST recommendation using a
threshold that equalled 1.5 × mean liver SUV + 2SD [31].
This threshold was lowered in two patients to allow quantifi-
cation of disease with lower intensities that would have been
excluded by the PERCIST threshold. Any normal physiologic
uptake was manually excluded. The change in whole-body
disease in volume (ml) was measured.

CT response is categorised as stable, partial or complete
response, or progression, defined by Response Evaluation
Criteria in Solid Tumours (RECIST 1.1) [33]. Where
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available, contrast-enhanced CT images were directly com-
pared. Otherwise, non-enhanced CT images from the
SPECT or PET components of the study were assessed, using
metabolic uptake as a guide to follow the dominant lesions.

Molecular imaging and CT responses were assessed at
3 months after the last cycle of induction PRRT. Best treat-
ment response (and timing of best treatment response) by
molecular or anatomical imaging were further identified from
the start of treatment and prior to any commencement of main-
tenance PRRT or other treatment modalities, or death.

Toxicity profile including haematological, renal and liver
function following induction cycles of PRRT by the Common
Terminology Criteria for Adverse Events (CTCAE v4.0)
based on serial blood tests and the physician’s report.

Statistics

Kaplan–Meier statistics were used to characterise OS, PFS
and TNT, by assessing the length of time between date of
commencement of PRRT to date of death from any cause
(or to the date of censoring for patients known to be alive),
disease progression biochemically or on imaging, and com-
mencement of the next treatment modality (GraphPad Prism
7). Next treatment modality is defined as any other oncologic
therapy other than PRRT.

Results

Patient characteristics

Twenty-eight patients (17 men, 11 women; median age at first
treatment 62.5 years, range 16–78 years) met the eligibility
criteria to be included in our study. The baseline characteris-
tics and treatment parameters are summarised in Table 1. Of
the 28 patients, 22 (79%) had Ki-67 ≤ 55%, 61% had a pan-
creatic primary disease and 64% had the dominant site of
metastatic disease being the liver. Figure 1 shows Ki-67 values
for all patients according to the primary site of disease.
Approximately one third had functional secretory symptoms
or raised hormone levels.

The majority (89%) were treated for disease progression
(79% had prior chemotherapy). PRRT was the second-line
systemic treatment for 45% and third-line for 29% of patients.
Two out of 28 were treated for residual SSTR-expressing dis-
ease following chemotherapy to consolidate a partial treat-
ment response, and one was treated with first-line treatment.
Two patients had only one cycle of treatment, and both died
from early disease progression.

Eight (29%) of the patients had significant FDG-avid dis-
ease (i.e. with intensity above liver parenchyma) prior to treat-
ment. In retrospect, two patients who were treated had sites of

FDG-avid disease without uptake on SSTR-imaging at base-
line that we define as Bdiscordant FDG-avid disease^ and
represent an exclusion criteria for PRRT.

Twenty patients were treated with concomitant
radiosensitising chemotherapy. Of the eight patients not given
chemotherapy, one had anaemia requiring transfusion before
PRRT, two had received extensive prior chemotherapy, one
had only a small volume of disease, one had pelvic collection
suspected of infection post-surgery and one patient chose not
to be treated with chemotherapy. The remaining two had only
one cycle of PRRT (chemotherapy usually given from the
second cycle onwards).

Objective response at 3 months (Table 2)

Molecular imaging response at 3 months post-PRRT

SSTR imaging Five of the 28 patients had no SSTR imaging
at 3 months post-PRRT (three died and two progressed during
induction). The disease control rate of the remaining 23 pa-
tients was 61% (57%with partial response and 4%with stable
disease).

The percentage change in tumour volume of SSTR-
expressing disease is shown in Fig. 2 (N = 20). Quantitative
assessment was not possible in three patients due to the fol-
lowing reasons: one patient had follow-up 111In-DOTATATE
SPECT/CT, which had been used for serial evaluation of this
patient prior to PRRT, precluding accurate quantitative assess-
ments, two patients had scanning performed in other hospitals
with incomplete imaging data to perform quantitative
assessment.

FDG imaging Ten of the 28 patients had no comparable FDG
imaging at 3 months post-PRRT (three died and two
progressed during induction, two had no FDG scan at base-
line, and three had no follow-up FDG scans performed at
3 months). Of the remaining 18 patients, one (6%) had com-
plete metabolic response and seven (39%) had partial meta-
bolic response at 3 months post-PRRT. Three of the nine pa-
tients who progressed had progression of new discordant
FDG-avid lesions, with partial response seen in the targeted
SSTR-expressing sites. All three were deemed unsuitable for
further PRRTand were further treated with targeted therapy or
systemic chemotherapy.

One patient with small bowel NET (Ki-67 35%) had mixed
findings with partial response seen in some of the previously
targeted SSTR-expressing sites of liver disease but progres-
sion of other sites of concordant FDG-avid liver and bony
metastases at 3 months post-PRRT.
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Table 1 Patients’ baseline
characteristics and treatment
parameters

Ki-67 ≤ 55% (N = 22) Ki-67 > 55%
(N = 6)

Total (N = 28)

N % N % N %

Gender

Female 10 45 1 17 11 39

Male 12 55 5 83 17 61

Age (in years) at first treatment

Mean 57.0 58.2 57.3

Median 62.5 61.0 62.5

Range 16–78 33–71 16–78

Reason for treatment

Disease progression 19 86 6 100 25 89

Residual SSTR-expressing disease
following chemotherapy

2 9 0 0 2 7

First-line treatment 1 5 0 0 1 4

Prior treatment before PRRT

SSA 10 45 1 17 11 39

Chemotherapy 16 73 6 100 22 79

-Carboplatin/etoposide 10 4 14

-Carboplatin/abraxane 0 1 1

-CAPTEM 3 1 4

-Capecitabine 2 0 2

-FOLFIRI 2 1 3

-Streptozocin/5-FU 2 0 2

-Gemcitabine/erlotinib 1 0 1

* Some had more than one line of chemotherapy

Sunitinib 1 5 0 0 1 4

Liver-directed therapy 3 14 1 17 4 14

-RFA 2 0 2

-TACE 1 0 1

-Embolisation 0 1 1

Surgery 5 23 0 0 5 18

External beam radiotherapy 1 5 0 0 1 4

Primary site of disease

Pancreatic 12 55 5 83 17 61

Small bowel 5 23 0 0 5 18

Large bowel 2 9 1 17 3 11

Bronchial 2 9 0 0 2 7

Unknown 1 5 0 0 1 4

FDG avidity prior to treatment

Grade 0 (no uptake) 0 0 0 0 0 0

Grade 1 (<liver) 0 0 0 0 0 0

Grade 2 (=liver) 1 5 0 0 1 4

Grade 3 (>liver) 19 *1 no baseline FDG
scan and 1 no
FDG-avid disease at
baseline

86 6 100 25 89

Number of induction cycles

1 1 5 1 17 2 7

2 5 23 2 33 7 25

3 1 5 1 17 2 7
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CTresponse at 3months post-PRRT Twenty-three of the 28
patients had evaluable CT scans available for comparison at
3 months post-PRRT. The disease control rate was 74%. Eight
(35%) had partial RECIST 1.1 response and nine (39%) had
stable disease. Figure 3 shows a reduction in targeted lesions
up to 86% at 3 months post-PRRT.

Best response Response better than at 3 months post-
treatment was identified in several patients. Five patients (all
with Ki-67 ≤ 55%) showed further imaging response up to
15 months post-induction cycles of PRRT (Table 3). Two of
the five patients only had two cycles of induction PRRT due to
marked response during treatment. On the other hand, seven

Table 1 (continued)
Ki-67 ≤ 55% (N = 22) Ki-67 > 55%

(N = 6)
Total (N = 28)

N % N % N %

4 13 59 1 17 14 50

5 2 9 1 17 3 11

Number of LuTate cycles

0 1 5 0 0 1 4

1 2 9 1 17 3 11

2 6 27 2 33 8 29

3 2 9 1 17 3 11

4 9 41 1 17 10 36

5 2 9 1 17 3 11

Number of Y-Tate cycles

0 14 64 5 83 19 68

1 5 23 1 17 6 21

2 3 14 0 0 3 11

Tandem LuTate and Y-Tate cycles

1 2 9 1 17 3 11

2 1 5 0 0 1 4

Cumulative LuTate activity (GBq)

Median 24.4 21.8 24.4

Range 3.7–52.5 6.6–44.7 3.7–52.5

Cumulative Y-Tate activity (GBq)

Median 5.1 2.1 5.0

Range 2.3–9.3 NA 2.1–9.3

Concurrent chemotherapy 18 82 2 33 20 71

0 cycle 4 4 8

1 cycle 2 0 2

2 cycles 2 1 3

3 cycles 8 1 9

4 cycles

*1 patient had 5-FU but the number
of cycles is unknown as it was
given in a different institution.

5 0 5

Type of chemotherapy

5-FU 8 0 8

Capecitabine (CAP) 3 0 3

Capecitabine and temozolamide
(CAPTEM)

3 2 5

5-FU and CAP 1 0 1

CAP and CAPTEM 2 0 2

5-FU, CAP and CAPTEM 1 0 1

Not applicable (radiosensitising
chemotherapy not given)

8 0 8
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Table 2 Imaging response at
3 months post-PRRT Response at 3 months post-PRRT Ki67 ≤ 55% Ki-67 > 55% All patients

N % N % N %

SSTR imaging response (N = 23) N = 20 N = 3 N = 23

Complete response 0 0 0 0 0 0

Partial response 11 55 2 67 13 57

Stable disease 1 5 0 0 1 4

Progressive disease 7 35 1 33 8 35

Mixed response 1 5 0 0 1 4

DCR 12 60 2 67 14 61

FDG imaging response (N = 18) N = 15 N = 3 N = 18

Complete response 1 7 0 0 1 6

Partial response 6 40 1 33 7 39

Stable disease 0 0 0 0 0 0

Progressive disease 7 47 2 67 9 50

Mixed response 1 7 0 0 1 6

DCR 7 47 1 33 8 44

CT response (N = 23) N = 20 N = 3 N = 23

Complete response 0 0 0 0 0 0

Partial response 7 35 1 33 8 35

Stable disease 9 45 0 0 9 39

Progressive disease 4 20 2 67 6 26

DCR 16 80 1 33 17 74

DCR = Disease control rate
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Fig. 1 Ki-67 values of all patients according to the primary site of disease. For the 22 patients with Ki-67 ≤ 55%: median Ki-67 = 28% (range 20–50%).
For the 6 patients with Ki-67 > 55%: median Ki-67 = 85% (range 60–95%)
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patients (Ki-67 ≤ 55%, 3 patients; Ki-67 > 55%, 4 patients)
also had early partial response during induction PRRT.
However, all eventually progressed and/or died at (or before)
3 months post-PRRT. Two developed discordant FDG-avid
disease (Ki-67 ≤ 55%, 1 patient; Ki-67 > 55%, 1 patient)
and 5 had progressive concordant disease.

Symptoms

Three patients with hormone-related symptoms were noted.
Two of the three patients had improvement (flushing and di-
arrhoea) at 3 months post-PRRT. One of the patients

continued to have exertional breathlessness and peripheral
oedema as the dominant symptoms at 3 months follow-up
and these were related to carcinoid heart disease. Tricuspid
valve replacement was attempted but the patient had a flare
response during pre-operative preparation with somatostatin
injections. The patient remains on frusemide with regular car-
diology review. Symptomatic benefit was not assessable in
one patient who died after one cycle of PRRT.

Toxicity In the 28 patients, grade 3 and 4 lymphopenia oc-
curred in 5 patients without clinical consequences. Grade 3
thrombocytopenia occurred in three patients up to 3 months

Fig. 3 Morphologic response by
RECIST 1.1 criteria, 3 months
post-PRRT (N = 23). Eight pa-
tients had a partial response (dark
blue), nine patients with previ-
ously progressive disease had
stabilisation of disease (light blue)
and six patients had progressive
disease (red). Of note, four of the
six patients with progressive dis-
ease had partial response in pre-
viously targeted disease but de-
veloped new sites of disease on
follow-up scans. Patient 22 also
had new metastatic disease on
follow-up

Fig. 2 Quantitative percentage
change of whole-body SSTR-ex-
pressing disease volume (ml) at
3 months post-PRRT, showing
two thirds with total volume dis-
ease reduction to baseline (mean
reduction 56%, range 2–99%)
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following completion of induction cycles of PRRT (Table 4).
On subsequent follow-up, two new cases of persistent grade 3
and 4 thrombocytopenia (which were not seen up to 3 months
follow-up) were further noted. Both had further cycles of
PRRT due to recrudescence disease. Three of the five patients
had concomitant CAPTEM chemotherapy and two patients
had extensive skeletal metastases. Of note, nine other patients
in our study received CAPTEM or temozolamide during their
PRRT (five during induction, four during retreatment) and
have had no issues with myelotoxicity. No myelodysplasia
or leukaemia was recorded until death or study cut-off date
in this cohort.

No grade 3 or 4 renal impairment was seen. Mild to mod-
erate deterioration of GFR is seen in four patients (grade 1 in
one patient; grade 2 in three patients). With regards to liver
function, four patients had grade 3 dysfunction in one or more
of the components of liver function test over baseline up to
3 months following completion of induction PRRT. Three had
disease progression in the liver and one patient’s liver function
test subsequently improved (up to a year) with scan findings
showing good response to treatment in the liver metastases.
After 3 months of follow-up, three additional patients (who
had normal liver function up to 3 months following induction
PRRT) had grade 3 dysfunction in their liver function tests.

Table 3 Best imaging response
post-induction cycles of PRRT Month of

best
response

SSTR
imaging
response

FDG
imaging
response

CT
response

Percentage
reduction of
diameter by
RECIST 1.1
from 3 months
post-PRRT

Follow-up

Patient
1

8 months PR CMR SD 4% Had recurrent disease
and was treated with
four further cycles of
PRRTup to 2.5 years
following induction
cycles with good
response.

Patient
2

15 months Almost
CR

No
FDG-avid
disease at
baseline

SD 2% Ongoing response with
no further treatment
given.

Patient
3

9 months PR No baseline
FDG scan

Minor
re-
spon-
se

16% Had recurrent disease
and was treated with
10 further cycles of
PRRT up to 6 years
following induction
cycles. Responded
well to the initial
cycles but eventually
becoming more
resistant to treatment
and subsequently
died of disease
progression.

Patient
4

10 months PR,
al-
most
CR at
some
sites

Not
performed

SD 0% Ongoing issues with
carcinoid heart
disease.
Subsequently died.

Patient
5

9 months PR PR Minor
re-
spon-
se

15% Ongoing stable
response at
16 months
post-induction PRRT
with no further treat-
ment given.

*Patients 2 and 5 only had two cycles of PRRT during induction

CR = complete response, CMR = complete metabolic response, PR = partial response, SD = stable disease
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All three had extensive and progressive liver metastases and
eventually died. None of the liver function dysfunction was
directly related to PRRT.

Overall survival, time to progression, time to next treat-
ment (TNT) modality and maintenance PRRT Median
follow-up was 29 months (range 4–85). The median PFS
was 9 months (for Ki-67 ≤ 55%, 12 months; and Ki-
67 > 55%, 4 months; Fig. 4). Sixteen patients died during
the period of the study (11 patients with Ki-67 ≤ 55%, 5
patients with Ki-67 > 55%). Median OS was 19 months (for
Ki-67 ≤ 55%, 46 months; and Ki-67 > 55%, 7 months; Fig. 5).

Five of the 6 patients with Ki-67 > 55% had early
favourable response during PRRT of the sites of targeted dis-
ease. However, four patients subsequently progressed and/or
died at 3 months of follow-up. One patient is alive with ongo-
ing good response at 7 months of follow-up post-induction
PRRT (Fig. 6).

Median time to next treatment modality or death for all
patients was 17 months (for Ki-67 ≤ 55%, 19 months; and
Ki-67 > 55%, 4 months).

Eleven patients received subsequent maintenance cycles of
PRRT due to recrudescent disease after response (Fig. 7).
Median time to maintenance PRRT from first cycle induction
was 12months (range 8–29months). In the 2 patients with Ki-
67 > 55%, the time to maintenance PRRTwas 8 and 9 months
respectively. The remaining 9 patients with Ki-67 ≤ 55% had
median time to maintenance PRRT of 16 months (range 9–
29 months). Within these 11 patients, a median PFS of
12months andmedianOS of 46monthswere found on further
analysis.

Discussion

Current international guidelines support use of PRRT in pa-
tients with unresectable grade 1 or 2 NET [13, 22, 34]. Our
centre, with 20 years of experience with PRRT, has seen
favourable treatment response with this therapeutic modality
in patients with NETs. Our reported outcomes, including those
with bulky tumours as well as FDG-avid tumours, have seen a
median PFS of 33 to 48 months following PRRT [14, 20],
with median OS not reached up to a median follow-up of
60 months in another larger cohort of patients [24]. Most
studies reported in the literature have been limited to well-
differentiated, G1–2 disease (i.e. Ki-67 ≤ 20%) and only a
small proportion have included G3 tumours [13]. Recently,
the only randomised phase 3 trial reported to date, showed
that 177Lu-DOTATATE was superior to somatostatin ana-
logues for midgut NETs but also focused on well-
differentiated disease [35].

Our study, to the best of our knowledge, is the first to
evaluate the use of PRRT with concomitant radiosensitising

Fig. 4 Kaplan–Meier curves for progression free survival (PFS) months
from the start of treatment

Fig. 5 Kaplan–Meier curves for overall survival (OS) months from the
start of treatment
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chemotherapy in G3 NEN. As expected, the median PFS and
OS were shorter when compared to the well-differentiated
cohort. However, these results are encouraging given the mul-
tiple adverse prognostic factors, including failure of prior che-
motherapy in a majority of the patients, FDG avidity of the
tumours as well as high proliferation rate. Other centres [15,
16] have evaluated the use of PRRT in G3 NEN or impact of
Ki-67 on response to PRRT. Our median PFS is comparable to
that reported byArmagany et al. and contrary to that published
by Ezziddin et al., in that our disease control rate was much
higher.

The current recommendation for first-line treatment for non-
resectable G3 NEN is platinum-based chemotherapy in combi-
nation with etoposide [17, 36]. The NORDIC study reported a
median PFS of 4 months and a median OS of 11 months for
patients who received first-line chemotherapy [3]. Our results
have shown longer survival data with PRRTwhen compared to
the NORDIC group, with overall median PFS of 9 months and

median OS of 19 months. This result is promising, given that
79% of our patients had already received at least one line of
chemotherapy (68% receiving platinum-based) prior to com-
mencing PRRT. The median OS for those with Ki-67 ≤ 55%
is markedly longer than the NORDIC group (46 months versus
14 months), but shorter in the Ki-67 > 55% arm (7 months for
PRRT versus 10 months for chemotherapy). PRRT is potential-
ly a superior first-line therapeutic option for patients with Ki-
67 ≤ 55% as compared to platinum-based chemotherapy, pro-
vided the disease expresses high SSTR receptors with no dis-
cordant FDG-avid disease. Platinum-based chemotherapy may
be better reserved as first-line therapy for patients with Ki-
67 > 55%, in which a higher response rate to chemotherapy
was observed in this group by the NORDIC study.

Another study using temozolomide-based chemotherapy in
G3 NEN patients following progression with at least one prior
chemotherapy regimen has found that patients with Ki-
67 < 60% had a better response, further reinforcing the

Fig. 6 Top row (a1–a3): Serial
68Ga-DOTATATE PET/CT max-
imum intensity projection (MIP)
images. Bottom row (b1–b3):
Serial FDG PET/CT MIP im-
ages. 34-year-old man with meta-
static pancreatic neuroendocrine
tumour, Ki-67 of 80%, with mul-
tifocal bilobar hepatic metastases.
He progressed despite eight cy-
cles of carboplatin and etoposide
within a 6-month period and was
treated with five cycles of induc-
tion PRRT, three with concomi-
tant radiosensitising chemothera-
py (CAPTEM). Imaging at
3 months showed marked partial
response with reduction of liver
span on 68Ga-DOTATATE PET/
CT (a2) and FDG PET/CT (b2).
In view of high Ki67 and residual
FDG-avid disease, he was further
treated with one consolidation
cycle of PRRT at 4 months of
follow-up with ongoing response
seen at 7 months post-induction
PRRT (a3, b3)
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heterogeneity of G3 NEN [37]. A majority of the patients
(96%) received cisplatin/etoposide prior to temozolomide-
based chemotherapy. The median PFS in all patients was
shorter than our cohort (6 months vs. 9 months) but the me-
dian OS was longer (22 months vs. 19months). Their reported
response rate is lower (29% had partial response and 38% had
stable disease), although it was not directly comparable to our
study due to the difference in timing of follow-up (median
time of duration of follow-up 18–19 months). A different
group further focused their attention on evaluating the role
of everolimus in G3 (pancreatic) NEN with Ki-67 ≤ 55%
[38]. Four of the 15 patients received everolimus as first-line
treatment and 11 had been pretreated with chemotherapy or
PRRT. The median PFS and OS after everolimus initiation
was significantly shorter compared to our patients (PFS:
6 months vs. 12 months; OS: 28 months vs. 46 months).
The favourable survival data suggests that PRRT is also likely
to be more effective than current second-line chemotherapy or
targeted therapy, especially within the lower Ki-67 subgroup.

Three patterns of responses were seen in our cohort of
patients: early and sustained response, early but unsustained
response and delayed response following induction PRRT.
Five patients had ongoing disease regression up to 15 months
post-induction PRRT. Remarkably, two of these patients had
only two cycles of PRRT. It was postulated that PRRT may
have eradicated the poorly differentiated disease with remain-
ing disease being of a more well-differentiated form and be-
having like the more indolent G1/2 NET. On the contrary,
seven other patients who had marked treatment response be-
fore their 3-month restaging scans eventually progressed or
died at 3 months follow-up. This reflects significant heteroge-
neity in G3 NENs. The small study cohort, however, pre-
cludes the ability to identify predictors of response. Close
monitoring is recommended for those with early marked re-
sponse due to the potential of early disease relapse. Future
studies incorporating pathology morphologic differentiation
classification will be worthwhile. Of note, tumours that are
discordant on FDG PET scans will not be targeted adequately

Fig. 7 a1, a3–a8: Serial 68Ga-DOTATATE PET/CT maximum intensity
projection (MIP) images. a2: 111In-octreotate SPECT/CT maximum in-
tensity projection (MIP) image. 53-year-old man with a metastatic rectal
neuroendocrine tumour, Ki-67 of 40%, with persisting extensive liver
disease despite 6 cycles of carboplatin-etoposide chemotherapy (a1). He
was subsequently treated with four induction cycles of 177Lu-
DOTATATE with concomitant radiosensitising chemotherapy (5-FU). A
restaging scan at 3 months showed marked partial response in the liver
disease and stable findings in the presacral/peri-rectal disease (a2).

Remarkably, resolution of SSTR-expressing liver metastases was noted
at 9 months post-PRRT (a3). On further follow-up, he had recrudescence
of disease (predominantly liver with small volume nodal and bony me-
tastases; a4, a6) and received more PRRT throughout the years with
favourable symptomatic and imaging response (a5, a7, a8). Overall, he
benefited from 15 cycles of PRRT (total 114 GBq of 177Lu-DOTATATE
and 3.1 GBq of 90Y–DOTATATE) before he eventually died of disease
progression refractory of treatment 6 years and 5 months from first cycle
of PRRT
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by PRRTand will hence progress. All five of our patients with
progressive discordant FDG-avid disease were referred for
other treatment options. Discordant FDG-avid lesions, if con-
fined to a certain organ, can be targeted by organ-directed
therapy such as surgery, radiofrequency ablation, whilst more
widespread discordant disease will require systemic therapy
such as targeted therapy or chemotherapy.

Eleven of the 28 patients who initially responded to induc-
tion PRRT subsequently had recrudescence of disease and
were treated with further cycles of PRRT. An encouraging
median PFS of 12 months and median OS of 46 months in
this particular group signify that retreatment is an option. A
small percentage of patients with hormone-related symptoms
prior to treatment also had symptom resolution or improve-
ment following induction PRRT, indicating potential use for
symptom control in G3 NEN.

In this population, it is difficult to ascertain how much of
the toxicity relates to prior treatment, the burden of disease in
marrow and liver and the effects of PRRT. Pre-existing im-
pairment of bone marrow function from prior C/E and the
potential for nephrotoxicity from cisplatin may predispose
such patients to treatment-related toxicity. Nevertheless, treat-
ment with PRRTwas well tolerated in the majority of patients.
Grade 3 or 4 thrombocytopenia was the predominant
haematologic toxicity occurring in five patients, all previously
treated with chemotherapy prior to PRRT. Three of these pa-
tients had PRRT combined with CAPTEM, with the
alkylating agent temozolamide possibly contributing to toxic-
ity. However, nine other patients in our study received
CAPTEM or temozolamide during PRRT and have had no
issues with myelotoxicity. A separate study that evaluated
potential toxicity of concomitant radiosensitising chemother-
apy in well-differentiated progressive metastat ic
gastroenteropancreatic NETs which were monitored over a
5-year period found that haematological toxicity is not signif-
icantly increased by the addition of CAPTEM in combination
with PRRT [39]. Extensive skeletal disease was also noted in
the two remaining patients who did not receive CAPTEM, and
one had mild derangement of full blood count prior to com-
mencement of treatment. Therefore, reduction in administered
dose may be considered in such cases. Two of the five patients
had widespread l iver disease, with reduct ion in
thrombopoietin production in the liver due to radiation effect
post-treatment potentially being another cause of thrombocy-
topenia. Liver function derangement over the course of thera-
py in our study appeared to be disease- rather than treatment-
related. No significant renal toxicity was observed, compara-
ble to our prior reported results ( [23]).

There are some limitations in our study related primarily to
eligibility for PRRT being determined on compassionate
grounds rather than by strict criteria. The study is retrospective
in nature, in a single-institution setting and derived from a
small number of patients, especially in the Ki-67 > 55%

group, because many such patients either lack SSTR expres-
sion at all disease sites or have too poor performance status
after failing chemotherapy to be considered for PRRT. There
is also some heterogeneity in our cohort, we had two bronchial
NENs and one patient of unknown primary, although the ma-
jority had GEP NEN. There was some variation in the admin-
istered activity and number of cycles, though this reflects our
individualised approach rather than a fixed regimen for all
patients. Further, the additional value of concomitant
radiosensitising chemotherapy is difficult to quantify in this
setting as, although radiosensitising chemotherapy was used
in the majority of patients, it was limited only to the PRRT
treatment cycles and most patients had already failed at least
one line of prior chemotherapy. A repeat biopsy was not per-
formed in our patients prior to PRRT. However, a majority of
these patients had disease progression on chemotherapy with
significant FDG-avid disease prior to PRRTwhich suggests a
high-grade phenotype.

Conclusion

This preliminary study has shown that PRRT, combined with
radiosensitising chemotherapy or without, results in promis-
ing clinical outcome with acceptable toxicity profiles in G3
NEN, even in patients who had failed chemotherapy, especial-
ly for those with Ki-67 ≤ 55%, where first-line platinum-based
chemotherapy has shown a lower rate of response. Since a
number of patients failed PRRTwith primarily FDG-avid dis-
ease lacking SSTR expression, it may be preferable and less
toxic to treat suitable patients with PRRTas a first-line therapy
and reserve chemotherapy for cases where this eventuates.
The relatively poor outcome of patients with a Ki-67 > 55%
suggests more effective combination therapies are particularly
needed for this group.

Our data from this cohort support the need for larger pro-
spective, randomised, controlled studies comparing the vari-
ous therapeutic options in future.
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