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Abstract

Purpose The National Cancer Institute is the only referral
centre in Malaysia that provides **Ga-DOTA-peptide imag-
ing. The purpose of this study is to determine the impact of
8Ga-DOTA-peptide PET/CT on the management of gastroin-
testinal neuroendocrine tumours (GI-NET).

Materials and Methods A cross-sectional study was per-
formed to review the impact of **Ga-DOTA-peptide (**Ga-
DOTATATE or *®Ga-DOTATOC) PET/CT on patients with
biopsy-proven GI-NET between January 2011 and
December 2015. Suspected NET was excluded.
Demographic data, tumoral characteristics, change of disease
stage, pre-PET intended management and post-PET manage-
ment were evaluated.

Results Over a 5-year period, 82 studies of **Ga-DOTA-pep-
tide PET/CT were performed on 44 GI-NET patients. The
most common primary site was the rectum (50.0%) followed
by the small bowel, stomach and colon. Using WHO 2010
grading, 40.9% of patients had low-grade (G1) tumour, 22.7%
intermediate (G2) and 4.5% high (G3). Of ten patients sched-
uled for pre-operative staging, **Ga-DOTA-peptide PET/CT
only led to therapeutic change in three patients. Furthermore,
false-negative results of **Ga-DOTA-peptide PET/CT were
reported in one patient after surgical confirmation. However,
therapeutic changes were seen in 20/36 patients (55.6%)
scheduled for post-surgical restaging or assessment of
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somatostatin analogue (SSA) eligibility. When **Ga-DOTA-
peptide PET/CT was used for monitoring disease progress
during systemic treatment (sandostatin, chemotherapy, evero-
limus and PRRT) in metastatic disease, impact on manage-
ment modification was seen in 19/36 patients (52.8%), of
which 84.2% had inter-modality change (switch to everoli-
mus, chemotherapy or PRRT) and 15.8% had intra-modality
change (increased SSA dosage).

Conclusions “®Ga-DOTA-peptide PET/CT has a significant
impact on management decisions in GI-NET patients as it
can provide additional information on occult metastasis/
equivocal lesions and supply the clinician an opportunity to
select patients for targeted therapy.

Keywords ®*Ga-DOTA-peptide - ®*Ga-DOTA-TATE - PET/
CT - Neuroendocrine tumour

Introduction

Neuroendocrine tumours (NETs) are a heterogenous group of
neoplasms with characteristic features of somatostatin recep-
tor (SSTR) over-expression [1]. As targeted somatostatin
receptor-based therapy is recognised as an important compo-
nent in the treatment for NETs, the ability to demonstrate and
predict the response to these therapies is extremely useful [2,
3]. Hence, functional imaging, which specifically targets these
receptors, plays a pivotal role in the detection, mapping, mon-
itoring as well as treatment planning of these diseases.
®8Ga-DOTA peptides are a group of PET tracers that spe-
cifically bind to SSTR [4]. Three main peptides are available:
TOC, NOC and TATE [4]. The main difference among these
peptides is the variable affinity to SSTR subtypes. All peptides
show good affinity to SSTR 2 and 5, whereas only -NOC
shows additional good binding to SSTR 3 [5]. However, there
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is currently no evidence of a clinical impact of these differ-
ences on receptor binding affinity, and therefore there is no
indication suggesting the preferential use of one compound
over the others [6].

Recently, somatostatin receptor scintigraphy (SRS), which
was previously regarded as the gold standard somatostatin
receptor imaging in gastro-entero-pancreatic neuroendocrine
tumours (GEP-NET), has been largely replaced by **Ga-
DOTA-peptide PET/CT. This substitution is expected as
*8Ga-DOTA-peptide PET/CT is found to provide simpler pa-
tient preparation and a lower radiation dose to the patient, and,
most importantly, it provides superior image quality, which
results in higher sensitivity in detecting GEP-NET as com-
pared to SRS [7, 8].

As high detection rates do not necessarily translate into a
change in the therapeutic approach, few studies have ad-
dressed the impact of **Ga-DOTA-peptide PET/CT on the
management of neuroendocrine tumours [9, 10]. This study
aims to establish the local data on the role of **Ga-DOTA-
peptide PET/CT on the management of gastrointestinal neu-
roendocrine tumours (GI-NET) in the Malaysian population.

Materials and Methods
Patients

Patients with histologically proven GI-NET who underwent
*8Ga-DOTA-peptide PET/CT at the National Cancer Institute
between January 2011 and December 2015 were included in
this study. Suspected NET based on symptoms alone without
histological confirmation, cases of NET with unknown prima-
ry and pancreatic NETs were excluded from this study.
Reasons for excluding pancreatic NETs were due to their dis-
tinct presentation, symptom and treatment characteristics.

The histopathological report, other investigations/imaging
(i.e. ultrasound, CT, endoscopy), indication for %8Ga-DOTA-
peptide PET/CT and pre-PET management strategies were
examined.

Based on their indication for ®*GaDOTA-peptide PET/CT,
patients were categorised into three groups: pre-operative
staging, post-operative restaging and monitoring of systemic
treatment response. In the post-operative restaging group, pa-
tients would undergo surgical resection based on conventional
imaging modalities. ®*GaDOTA-peptide PET/CT was per-
formed after the surgery for further re-staging. The reasons
for such practice are the long waiting time for **GaDOTA-
peptide PET/CT appointments and that surgical resection of
the primary tumour remains the mainstay of treatment even in
the presence of metastatic disease.

In the first and second groups, the pre-PET disease stage,
post-PET disease stage and treatment modification post-PET
were analysed. The stage of the patient was determined using
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the American Joint Committee on Cancer (AJCC) staging
system.

In the third group, PET/CT was performed to assess treat-
ment response in patients receiving some form of systemic
therapy such as cold octreotide therapy, everolimus, chemo-
therapy or peptide receptor radionuclide therapy. Apart from
using the Response Evaluation Criteria in Solid
Tumours(RECIST) 1.1, new non-physiological uptake detect-
ed on *®Ga-DOTA -peptide PET/CT was considered as disease
progression in this study. Raised chromogranin A levels or
worsening of symptoms were not considered to indicate dis-
ease progression in this study.

The study was approved by the local ethics committee and
adhered to Good Clinical Practice guidelines.

Radiopharmaceutical Preparation

Throughout the study period, either DOTA-TOC or DOTA-
TATE peptide was used. **Ga-DOTA -peptide PET/CT service
was started in June 2010 using **Ga-DOTA-TATE as radio-
tracer. In October 2013, ®*Ga-DOTA-TOC replaced **Ga-
DOTA-TATE. In November 2015, we switched back to
*Ga-DOTA-TATE.

Both ®®Ga-DOTA-TATE and **Ga-DOTA-TOC were pre-
pared using similar methods. * ®*Ge/°®Ga generator was elut-
ed using 0.05 M HCI. *®Ga was then mixed with a reactive
vial containing 25 ug of DOTA-TATE or DOTA-TOC.
Synthesis was carried out at approximately 90 °C for
10 min. Then, the reactive vial was allowed to cool to approx-
imately 50 °C; 0.3 ml of 1 M HEPES buffer was then mixed
into the reactive vial. Activity of the final product was mea-
sured and time recorded.

%8Ga-DOTA-peptide PET/CT Imaging Protocol

Cold octreotide therapy was not withheld and no specific pa-
tient preparations were required prior to imaging. Activities
administered were between 148 to 185 MBq (4—5 mCi).
Imaging was performed 45 to 60 min post-injection of the
68Ga-DOTA-peptide. PET/CT imaging was acquired on a
GE Discovery ST scanner with a PET unit and eight-slice
CT unit from vertex to mid-thigh. The CT component was
carried out without contrast with exposure factors of 120
kVp and 80 mA in 0.8 s. Emission PET images were acquired
in 3D mode with 4 min per bed position and three-slice over-
lap between consecutive bed positions. The PET data were
reconstructed using iterative reconstruction and the CT images
were reconstructed to axial slices of 3.3 mm thickness.

An experienced nuclear medicine physician examined
PET/CT images. Positive uptake was based on visual assess-
ment of areas that showed non-physiological increased tracer
uptake. The maximum standardised uptake value (SUVmax)
corrected for body weight was also documented.
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Results

A total of 44 patients with histologically proven GI-NET
underwent **Ga-DOTA-peptide PET/CT during the study pe-
riod, comprising 16 females and 28 males with a median age
of 55 years (range 19-73). Of the tumours, 27.3% arose from
the foregut, 15.9% from the midgut and 26.8% from the hind-
gut. Based on the World Health Organisation (WHO) histopa-
thology grading, 40.9% of patients had grade 1 NET, 22.7%
had grade 2 NET, 4.5% had grade 3 NET and in 31.8% of
patients the grading was unknown. The chromogranin level
(cutoff taken at 94 ng/ml) was elevated on presentation in
20.5% of patients, increasing in trend in 45.5% and never
raised in 13.6%; the levels were unknown in 61.4% of patients
(Table 1).

From the 44 patients, 82 studies of ®*Ga-DOTA-peptide
PET/CT were performed. Frequency of scans performed per
patient is shown in Table 1. Of 82 **Ga-DOTA-peptide PET/
CTs performed, 36 examinations were performed using **Ga-
DOTA-TATE, and the remaining 46 were performed using
*Ga-DOTA-TOC.

A wide range of SUVmax was demonstrated in tumoral
lesions with the SUVmax of tumoral lesions in the soft tissue
range (9.6 to 76.8), node (3.3 to 64.7), liver (9.2 to 66.6),
adrenal gland (9.7 to 23.1), bone (2.8 to 61.1) and extra-
orbital muscle (8.5 to 19.7). Interestingly, no lung metastasis
was detected.

In the first group of patients, the staging of five (50%) of
the ten patients who had *®*Ga-DOTA-peptide PET/CT for
pre-operative staging were changed following PET, whereby
one patient was upstaged and the remaining four were
downstaged. In the downstaged group, three patients (30%)
who were initially diagnosed with metastatic disease had a
change in decision for primary tumour resection only. The
remaining one downstaged patient was shown to have a
false-negative PET/CT on subsequent EUS study. This patient
had D1 tumour, which measured 1.5 cm in size and invaded
the submucosa. Subsequent biopsy results showed a WHO
grade 1 neuroendocrine tumour. In per patient analysis, the
sensitivity and specificity were 87.5% and 100% respectively,
whereas in per lesion analysis, the sensitivity and specificity
were 94.1% and 90.0% respectively.

In the second group of patients, a total of 19 (52.8%) of 36
patients who had ®®*Ga-DOTA-peptide PET/CT for post-
operative restaging had their staging changed. Ten patients
were upstaged and nine were downstaged. Twenty patients
(55.6%) had their therapy changed and 11 patients (30.6%)
had no change in therapy. The remaining five patients (13.9%)
were lost to follow-up (Table 2). This included commence-
ment of octreotide therapy, repeat surgery, palliative radiother-
apy and adoption of a watch-and-wait strategy.

In the third group of patients, a total of 36 patients had
®8Ga-DOTA-peptide PET/CT for monitoring of treatment
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Table 1  Patient chracteristics
Characteristics n=44
Gender, n (%) Female 16 (36.4%)
Male 28 (63.6%)
Age, median 55 (19-73)
years
(range)
Primary site, n Foregut-stomach 7, doudenum 5 12 (27.3%)
(%) Midgut-small bowel (4), appendix 7 (15.9%)
3) 25 (56.8%)
Hindgut-rectal 22, sigmoid 2,
colon 1
WHO grading, Gl 18 (40.9%)
n G2 10 (22.7%)
(%) G3 2 (4.5%)
Unknown 14 (31.8%)
Raised CgA High on presentation 9 (20.5%)
(ng/ml), n From normal to high 2 (45.5%)
(%) Never raised 6 (13.6%)
Cutoff value: Unknown 27 (61.4%)
<94
Number of 1 24
times 2 10
scanning 3 5
performed 4 3
per patient 5 1
6 1

response. Seventeen patients (47.2%) showed disease pro-
gression, whereas 19 patients (52.8%) showed stable disease.
A total of 19 patients (52.8%) had a significant change in their
therapy (Table 3). This was either commencement/change in
dosage of octreotide therapy, starting chemotherapy/
everolimus or peptide receptor radionuclide therapy.

It is worth noting that the therapeutic alteration decision
was not based on imaging alone. As NET is considered a
slow-growing tumour, some clinicians adopt a conservative
approach, whereas some opt for therapeutic change even in
stable metastatic disease.

Discussion

To date, five studies have demonstrated a high impact of **Ga-
DOTA-peptide PET/CT in the management of NET, ranging
from 19.0% to 60.0% (Table 4) [9—13]. Our findings were
consistent with these results, where an impact on management
was seen in 30% in the pre-treatment group and approximate-
ly 50% in the post-treatment group (including both the post-
operative restaging group and post-systemic treatment group).

In patients who had ®*Ga-DOTA-peptide PET/CT for pre-
operative assessment, there was a substantial change in their
disease staging post-PET. As an adjunct to conventional im-
aging (multiphase CT/ MRI/ EUS), 3Ga-DOTA-peptide
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Table 2 Impact on post-operative **Ga-DOTA-peptide PET/CT on
staging and management (n = 36)

Table 4  Studies on impact of **Ga-DOTA-peptide PET/CT in the
management of NET

Impact on stage 19 (52.8%)

Upstaging 10

Downstaging 9 (including 2
false negatives)

Impact on therapy 20 (55.6%)

Omit further Tx 6

Start cold octreotide 11

Re-surgery 2

Palliative RT 1
No impact on therapy 11 (30.6%)
Unknown impact because lost to follow-up 5(13.9%)

PET/CT offers further delineation on the N and M staging and
characterises equivocal lesions detected on CT or MRI.
However, the impact of **Ga-DOTA-peptide on the treatment
approach was less striking. This is partly due to the fact that
the change of disease stage may not necessarily be followed
by a change of the treatment strategy especially in patients
with known disseminated disease. Furthermore, °8Ga-
DOTA-peptide PET/CT could be falsely negative in small
lesions. Hence, conventional imaging for initial staging still
remains mandatory as it provides precise anatomical informa-
tion and guides biopsy.

The impact of “®Ga-DOTA-peptide PET/CT on both
stage and management change was particularly evident
when it was performed for post-operative restaging pur-
poses. This was partly due to more accurate patient re-
stratification and subsequently led to additional or no
treatment. It was also interesting to note that 25% of
patients had their disease down-staged, which subse-
quently led to omission from further treatment in 16%
of patients. This indicates that ®*Ga-DOTA-peptide PET/

Table 3  Impact of ®*Ga-DOTA-peptide PET/CT on the surveillance
and monitoring response post-chemo/sandostatin/everolimus/PRRT
(n=36)

PET/CT showed progression 17 (47.2%)
PET/CT showed non-progression 19 (52.8%)
Impact on therapy 19 (52.8%)
Start octreotide 2
Increase octreotide dosage 3
Start chemotherapy 4
Start everolimus 3
Start PRRT 7
No impact on therapy 16 (44.4%)
Continue sandostatin dosage 11
Continue everolimus 1
Continue PRRT 4
Unknown impact because lost to follow-up 1 (2.8%)
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Studies Number Percentage change of
of patients intended management, %

Ambrosini et al. [11] 90 36.2%
Hofman et al. [10] 59 Intermodality
Hermann et al. [12] 88 change 47%
Naswa et al. [9] 109 60%
Skoura et al. [13] 728 19%

40.9%

CT has an important role in excluding disease, which
prevents unnecessary treatment and saves costs.
However, we should keep in mind the possibility of
false-negative findings, which were also noted in this
study. In this study, two patients demonstrated false-
negative results on *®Ga-DOTA-peptide PET/CT as one
patient had small lesions and another patient harboured
a WHO grade 3 de-differentiated tumour. Due to poten-
tial false-negative findings on **Ga-DOTA-peptide PET/
CT, which may result in a negative impact, further anal-
ysis of the patient outcomes is needed in future studies.

By identifying tumours with somatostatin receptor ex-
pression, **Ga-DOTA-peptide PET/CT is particularly
useful in identifying patients who will likely benefit
from cold octreotide or peptide receptor radionuclide
therapy [3, 14]. However, somatostatin receptor expres-
sion in NET is heterogenous and dynamic, especially
the evolution of tumoral characteristic from somatostatin
receptor expression to glucose hypermetabolism over
time [15, 16]. Therefore, dual tracer PET/CT using both
%8Ga-DOTA-peptide and 18F-FDG has been suggested
to allow real-time comprehensive assessment of overall
tumoral characteristics and stage, particularly high grade
2 and grade 3 tumours (Fig. 1).

Regarding the surveillance and monitoring of the treat-
ment response group, “*Ga-DOTA-peptide PET/CT influ-
enced patient’s stage and management in half of the stud-
ied population. Although the use of standardised uptake
values (SUV) for treatment monitoring is uncertain and
requires further studies [14, 17], the high sensitivity of
®8Ga-DOTA-peptide PET/CT has placed it in an important
position in identifying occult new lesions during follow-
up, which might not be demonstrated by CT. However,
current standard response criteria have proven suboptimal
for the assessment of the antiproliferative effect of many
targeted agents, particularly in the context of slow-
growing tumours such as well-differentiated NETs [18].
Again, tumoral heterogeneity may hinder the use of single
agent ®*Ga-DOTA-peptide PET/CT during follow-up. We
suggest performing a dual tracer approach at the initial
staging, followed by a single tracer for future monitoring
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Fig. 1 A 51-year-old male with a
rectal NET who underwent low
anterior resection. Post-surgery
Ga-DOTATATE PET/CT showed
extensive somatostatin receptor-
avid metastases in the liver,
abdominal and pelvic lymph
nodes, and bones (A, C and D).
He was started on subcutaneous
long-acting octreotide. Six
months later, his Ga-DOTATATE
PET/CT showed progression of
disease particularly in the liver (B,
E and F). He was subsequently
referred for peptide receptor
chemoradionuclide therapy
(PRCRT)

if no glucose hypermetabolism lesion is demonstrated on
'F_FDG PET/CT. However, more studies are needed to
establish the appropriate use of the dual tracer approach
with consideration of initial histopathological grading and
subsequent tumour progression.

As this is a cross-sectional cohort study, the main
drawbacks would include unavailable or missing data
due to loss to follow-up. The evolving classification,
diagnosis and treatment algorithm of NETs also contrib-
ute to the difficulties faced in this study. For example,
the use of the Ki67 index for tumour grading was only
used routinely in recent years. In addition to this, many

centres adopt diverse diagnostic and treatment strategies
because of limitations in specialties, resources and
experience.

Conclusion

In conclusion, **Ga-DOTA-peptide PET/CT has a significant
impact on management decisions in GI-NET patients as it can
provide additional information on occult metastasis/equivocal
lesions and give the clinician an opportunity to select patients
for targeted therapy.
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