
Abstract. The widespread use of several new non-cytotoxic
drugs and the significant improvements in functional imaging
highlights a number of difficulties in monitoring, interpreting
and predicting treatment response in clinical practice. Certain
guidelines for disease assessment after therapy are already
available: the traditional Response Evaluation Criteria in
Solid Tumours guidelines based on tumour size variations
using conventional imaging technologies, the recent combined
method developed by Choi and colleagues in gastrointestinal
stromal tumour treated with tyrosine kinase inhibitors based
on tumour density variations using computed tomography
(CT), and the European Organization for Research and
Treatment of Cancer criteria based on tumour glucose meta-
bolism variations using fluorodeoxyglucose (FDG) positron
emission tomography (PET). At the moment combined
PET/CT response criteria are still not available. A number of
new PET compounds other than FDG are also currently
being developed to visualize specific cellular and molecular
tumour pathways but their role in assessment and prediction
of cancer treatment response has not yet been thoroughly
investigated in a large series. However, in clinical practice
many oncologists treat cancer patients with targeted therapies
or chemotherapy and evaluate the response using conventional
or functional imaging without appropriate and standardized
guidelines. The aim of this study was to present a selection of
clinical cases that illustrate the usefulness of new PET tracers
and efficacy evaluation of new drugs. In the era of molecular
imaging and molecular therapies, these cases highlight the
urgency to develop new criteria for treatment assessment and

the exigency of correctly interpreting the biological infor-
mation obtained from new technologies, and introduce new
concepts that require further investigation in clinical trials.

Introduction

The development and the introduction to clinical practice of
several new drugs and new therapeutical strategies specifically
directed to molecular targets has revolutionized medical
treatments in oncology (1). However, the widespread use
of new non-cytotoxic drugs highlights the difficulty of
monitoring their therapeutical efficacy in clinical practice for
many oncologists. In solid tumours, certain criteria are
available for the assessment of anticancer treatment activity
(Table I). The Response Evaluation Criteria in Solid Tumours
(RECIST) guidelines are traditionally considered the standard
method both in clinical research and practice. These use
dimensional criteria for the evaluation of lesions and do not
provide information on biological or metabolic variations (2).
Recently, a combined method with computed tomography
(CT) was introduced by Choi and colleagues for response
assessment in gastrointestinal stromal tumour (GIST) treated
with tyrosine kinase (TK) inhibitors (imatinib, sunitinib) (3).
The widespread use of functional imaging of solid tumours
by positron emission tomography (PET) with 18F-fluoro-
deoxyglucose (FDG) induced the European Organization for
Research and Treatment of Cancer (EORTC) to develop the
PET guidelines for treatment assessment in solid tumours,
but at the moment combined PET/CT response criteria are
still not available (4) (Table I).

While the role of FDG PET in monitoring and predicting
chemotherapy efficacy has been widely reported over the last
few years, few studies are available on new targeted therapies
for solid tumours except in GISTs. The medical treatment of
GISTs represents a model in oncology for both the dramatic
success of molecular drugs with imatinib and sunitinib and
for the importance of introducing the functional response
evaluation with FDG PET to clinical practice (5-9). In other
types of cancer, few data are available. In a small series of
patients with metastatic colorectal carcinoma treated with
irinotecan and bevacizumab, FDG PET predicted necrosis
of liver metastases at pathological evaluation in 70% of
cases (10). The same results were reported in patients treated
with bevacizumab and chemoradiotherapy as neoadjuvant
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treatment for rectal cancer (11). Preliminary results have
been reported on the decrement of metabolic activity after
administration of lapatinib which is an inhibitor of epidermal
growth factor receptors (Erb-B1/EGFr and Erb-B2) in
patients who experienced clinical benefits from treatment
(12). Preclinical studies have shown that treatment with TK
inhibitors of EGFr results in a reduction of glucose metabolism
that may predict tumour response (13,14). Some clinical data
has recently been reported in relation to this, in 5 patients
with lung cancer treated with gefitinib, and in 22 patients
with gastric cancer treated with cetuximab (15,16).

Along with the development of innovative strategies in
cancer therapy over the few last years, significant improve-
ments have been made in functional imaging. A number of
new PET compounds other than FDG are also currently
being developed to visualize specific cellular and molecular
tumour pathways such as 68Ga-DOTA-TOC, 68Ga-DOTA-
NOC, 11C-choline, 11C-acetate, 11C-methionine, 18F-FLT and
others (17). However, until now these new PET/CT tracers
have mostly been used for cancer detection and their specific
role in the assessment and prediction of cancer treatment

response has not yet been thoroughly investigated in a large
series.

As a consequence, despite this progress in anticancer
treatments and in imaging technologies, in most worldwide
clinical trials therapeutical efficacy is still evaluated only
with dimensional criteria or glucose metabolism variations. 

The aim of this study was to present selected clinical
cases that elucidate certain issues regarding the significance
of functional imaging information in treatment assessment
and prediction for new non-cytotoxic drugs, and the
usefulness of new PET tracers in the efficacy evaluation of
chemotherapy and/or molecular therapies.

Case presentations

Case presentation 1
FDG PET uptake variation supports the continuous
administration of sunitinib in metastatic renal carcinoma
(RCC). A 64-year-old male was submitted to left nefrectomy
in 1997, for renal clear cell carcinoma (RCC). In November
2006 he developed a recurrence with liver, lung and bone
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Table I. Criteria for treatment assessment in solid tumours and lymphomas.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Solid tumors
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Definitions Complete response (CR) Partial response (PR) Stable disease (SD) Progressive disease (PD)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Morphological

WHO Complete disappearance At least 50% decrease in Meets neither PR nor PD >25% increase of at least
of all lesions. tumour size. criteria. one lesion or new lesions.

RECIST Complete disappearance At least 30% decrease in Meets neither PR nor PD >20% increase in size.
of all lesions. tumour size. criteria.

Metabolic

EORTC Complete resolution of Reduction of a minimum An increase in tumour An increase in [18F]-FDG
[18F]-FDG uptake within of 15-25% in tumour [18F]-FDG SUV of <25% tumour SUV of >25%
the tumour volume so that [18F]-FDG SUV after one or a decrease of <15% within the tumour region
it is indistinguishable cycle of CT and >25% and no visible increase in defined on the baseline scan
from surrounding normal after more than one extent of [18F]-FDG visible increase in the extent
tissue. treatment cycle. tumour uptake (>20% in of [18F]-FDG tumour uptake

the longest dimension). or appearance of new
[18F]-FDG uptake in
metastatic lesions.

Combined
dimensional
and functional

CHOI Disappearance of all A decrease in size of Does not meet the criteria An increase in tumour size
lesions. No new lesions. ≥10% or a decrease in for CR, PR or PD. No of ≥10% and does not meet

tumour density (HU) symptomatic deterioration criteria of PR for tumour
≥15% in CT. No new attributed to tumour density (HU) in CT. New
lesions. No obvious progression. lesions. New intra-tumoural
progression of non- nodules or increase in the
measurable disease. size of the existing intra-

tumoural nodules.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
WHO, World Health Organization; RECIST, Response Evaluation Criteria in Solid Tumours; EORTC, European Organization for Research
and Treatment of Cancer; CHOI, Choi et al (3).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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metastases evaluated by CT. He was treated with capecitabine
as a first-line therapy for 2 months, but in February 2007 a
progression of disease occurred. An FDG PET/CT scan showed
widespread metastatic disease, involving lung, liver, skeletal
system, lymph nodes, and muscles (SUVmax 6.0) (Fig. 1A).
He started treatment with sunitinib 50 mg/day, 4 weeks on/
2 weeks off schedule. After three weeks of therapy, an FDG
PET/CT control showed a reduction of the fixation gradient
of all metastatic lesions (SUVmax 3.8) (Fig. 1B). During the
two-week treatment-off period, a second F-FDG PET/CT
control showed an increase of metabolic activity of all the
known lesions (Fig. 1C). The patient continued to receive
Sunitinib, but died due to heart toxicity two months later.

Discussion. FDG-PET has mostly shown low sensitivity in
metastatic RCC (mRCC) (18). However in a small number of
patients FDG uptake is positive and in these cases FDG-PET

represents a valid imaging procedure for the detection of
distant metastases from RCC because it has an overall
specificity and positive predictive value of 100% (18). In our
patient, the FDG PET/CT was positive in multiple metastatic
sites; consequently we used this technology to monitor the
treatment with sunitinib.

Sunitinib is an oral multitargeted inhibitor of vascular
endothelial growth factor receptor (VEGFr) and platelet-
derived growth factor receptor (PDGFr) and at present
represents the standard treatment for metastatic RCC, both in
front-line and second-line therapy (19). In a recent randomized
phase III trial that compared sunitinib efficacy with the
traditional IFNα and was conducted in 750 previously un-
treated patients, sunitinib at a daily dose of 50 mg (4 weeks
on/ 2 weeks off) has been shown to lead to longer progression-
free survival (11.0 vs 5.0 months, P<0.001), higher objective
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Figure 1. FDG PET scan in mRCC treated with sunitinib (50 mg/day, 4 weeks on/2 weeks off). (A) PET images before treatment: lung, liver, bone, lymph
nodes, and muscle metastases. (B) PET images after 3 weeks of treatment: reduction of glucose uptake (especially in liver metastases). (C) PET images after
2 weeks treatment-off period: increase of glucose uptake (especially in liver metastases).
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response rate (31 vs 6%, P<0.001), and a better global quality
of life than IFNα.

Sunitinib has also been approved as a second-line therapy
for the treatment of gastrointestinal stromal tumours (GISTs)
for imatinib-resistant or -intolerant patients (9). In this
setting, the anti-target activity was clearly demonstrated by
an early significant metabolic response detected by FDG PET
imaging and by rebound of FDG uptake after withdrawal of
the drug (20). The strict correlation between sunitinib therapy
and the tumour metabolic response and especially the early
increment of FDG uptake during the period off the drug in
GISTs, supported the evaluation of continuous 37.5 mg daily
administration of sunitinib (21,22). At present, continuous
administration is feasible, but mature data related to the
outcome of the patients are not yet available.

Our clinical case of a patient with mRCC treated with
sunitinib similarly showed an early FDG PET metabolic
response for all metastatic lesions and a metabolic disease
progression during the treatment-off period. Therefore, this
case raises two important clinical points. Firstly, the signifi-
cance of biological information obtained by a glucose meta-
bolism variation in mRCC needs to be determined. Further
studies are required to define the role of FDG PET in the early
assessment of sunitinib therapy response compared to the
traditional dimensional data of CT imaging in order to select
those patients who may benefit more from molecular targeted
treatment. Secondly, our case may support further phase III
randomized clinical trials that are required to assess sunitinib
37.5 mg/day continuous administration in mRCC treatment
in comparison to 50 mg/day 4 weeks on/2 weeks off in order
to improve patient outcome.

Case presentation 2
Use of 11C-choline PET/CT for treatment response evaluation
in metastatic prostate cancer. A 67-year-old male underwent
total prostatectomy for a prostate cancer in 1998. Six years
later, he developed recurrence with multiple bone metastatic
lesions and local relapse and he was treated with hormonal
therapy and radiotherapy. In September 2006, the disease
became hormonal-treatment refractory after three lines
of hormonal therapy. An increment of serum PSA level
(149.0 ng/ml, previously 7.0 ng/ml) occurred and an evalu-
ation with total bone scan and 11C-choline PET/CT scan
showed multiple metastatic lesions at the right collar bone,
fifth right rib, L1 and pelvis (Fig. 2A). The patient therefore,
was treated with five cycles of chemotherapy (three-weekly
Taxotere) plus zoledronic acid, until February 2007. A post-
treatment 11C-choline PET/CT showed a reduction of the
extension and gradient of all bone lesions, according to the
decrement of serum PSA level (44.99 mg/ml) (Fig. 2B). In
contrast, the total bone scan was stable. Considering this
partial metabolic response, the patient continued to receive the
same treatment for other four cycles until June with stable
disease both for imaging and serum level of PSA (40.0 mg/ml)
(Fig. 2C). Progression of disease occurred in December 2007,
corresponding with an increase of PSA level (148.0 mg/ml)
(Fig. 2D).

Discussion. At present, several studies are in progress to
define the role in clinical practice of 11C-choline PET/CT for
the diagnosis of prostate cancer and for the detection of local

and distant recurrence (23-30). Bone metastases can be
visualised by 11C-choline PET even in patients with negative
FDG PET (31). This increased interest in clinical research
mostly depends on the low sensitivity and specificity that
FDG PET has shown in diagnosing primary tumours due to
the low proliferating rate and low glucose utilization, and
also due to the physiological urinary excretion and uptake in
inflammatory areas, of FDG. Picchio and colleagues reported
that 11C-choline PET/CT is complementary to standard
imaging technologies (CT, MRI, bone scan) and superior to
FDG PET for restaging of prostate cancer patients with
increasing serum PSA levels (32). No conclusive data have
been reported on 11C-choline PET/CT for the detection of
distant metastases nor on the comparison to 18F-choline
PET/CT (33).

In our clinical case, a patient with metastatic prostate
cancer was treated with Taxotere and zoledronic acid and
was evaluated with 11C-choline PET/CT pre- and post-therapy.
The examinations indicated a partial remission of disease
which was in accordance with the decrement in serum PSA
level, while total bone scan showed stable disease. The
correlation between metabolic activity and serum PSA levels
suggests that 11C-choline PET/CT may be useful for monitor-
ing treatment in patients with metastatic prostate cancer.
Furthermore, 11C-choline PET/CT may be more predictive of
treatment response than bone scan in case of bone metas-
tases because it offers more specific data about the metabolic
activity of disease and not only about the bone remodelling.
This approach may be translated to the evaluation of treatment
response of other metastatic sites and should be further
investigated in future clinical trials. Up until now the useful-
ness of 11C-choline PET/CT in treatment response has only
been studied to evaluate hormonal therapy in patients with
primary tumours. However, in our opinion it should also be
investigated in two clinical scenarios: in a metastatic setting
and also for chemotherapy assessment in patients with
hormonal refractory prostate cancer.

Case presentations 3 and 4
Assessment of response to bevacizumab based therapy in
metastatic colorectal cancer with FDG PET/CT. A 68-year-
old man underwent a total emicolectomy for a distal colon
cancer in September 2006, and was subsequently treated with
adjuvant chemotherapy based on 5-fluorouracil, leucovorin
and oxaliplatin regimen (FOLFOX-4). In June 2007, a recur-
rence of disease occurred. A pre-therapy FDG PET/CT scan
showed multiple metastatic hepatic lesions, also confirmed
by abdominal MRI (Fig. 3A). The patient was treated with
six cycles of 5-fluorouracil, leucovorin and irinotecan
(FOLFIRI) plus bevacizumab until September 2007. At
the end of treatment an FDG PET/CT showed a complete
metabolic response and a CT showed a dimensional reduction
of all hepatic lesions (Fig. 3B). The patient continues to
receive the same treatment.

In May 2007, a 43-year-old male was diagnosed with left
colon cancer with synchronous multiple liver metastases by
CT. Firstly, he underwent left emicolectomy and then he
was proposed for systemic chemotherapy with FOLFIRI plus
bevacizumab as first-line therapy. A pre-treatment 18F-FDG
PET/CT confirmed the presence of the known hepatic lesions

PANTALEO et al:  NEW CONCEPTS IN TREATMENT RESPONSE ASSESSMENT IN ONCOLOGY446

443-452  1/8/08  13:39  Page 446



INTERNATIONAL JOURNAL OF ONCOLOGY  33:  443-452,  2008 447

Figure 2. 11C-choline PET/CT scan according to PSA levels in prostate cancer treated with Taxotere and zoledronic acid. (A) PET images before treatment:
multiple metastatic bone lesions. (B) PET images after 3 cycles of chemotherapy: reduction of extension and glucose uptake of all bone lesions. (C) PET
images after another 4 cycles of chemotherapy: stable disease. (D) PET images after another 3 cycles of chemotherapy: progression disease.

Figure 3. FDG PET/CT scan in mCRC treated with bevacizumab and FOLFIRI. (A) PET images before treatment: multiple metastatic hepatic lesions.
(B) PET images after treatment: complete response. (C) PET images before treatment: multiple metastatic hepatic lesions, lymph nodes and suspected left
lung lesion. (D) PET images after treatment: complete response (only mild uptake in the liver). (E) Transaxial CT and PET/CT images showing hepatic
metastases before (left column) and after treatment (right column). (F) Transaxial CT and PET images: hepatic metastases before (upper row) and after
treatment (lower row).
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associated with a suspected left lung lesion and several
pathological lymph nodes (Fig. 3C). The patient was treated
with six cycles of chemotherapy until September 2007. A
new FDG PET/CT evaluation showed a complete metabolic
response and a CT showed a partial remission of disease
(Fig. 3D). The patient was proposed for surgery.

Discussion. Bevacizumab is a recombinant humanized
monoclonal antibody against VEGF, approved as a front-line
treatment of metastatic colorectal cancer (mCRC) in associa-
tion with irinotecan, bolus fluorouracil and leucovorin (IFL
regimen) (34). In a phase III trial that compared IFL with or
without bevacizumab in previously untreated patients, the
combination regimen showed a longer median overall
survival (18.3 vs 15.1 months), a longer median progression-
free survival (8.8 vs 6.8 months) and higher overall response
rates (40.0 vs 37.0%) than IFL regimen alone, with an
acceptable safety profile (34). Moreover, bevacizumab has
also been efficacious in other types of cancer such as lung,
renal and breast cancer (35,36).

Bevacizumab does not have a cytotoxic activity and may
not lead to lesion shrinkage. Its main property is the inhibition
of angiogenesis so as a consequence we can first expect a
modification of the vascular pattern of the metastases and
secondly the modification of dimensions. New technologies
such as MRI and contrast enhanced ultrasound (CEUS) have
been investigated for their promising usefulness in VEGF
expression detection and for their application in monitoring
VEGF signalling pathway inhibition (37). In clinical practice,
bevacizumab is basically used in combination with chemo-
therapy and activity is globally evaluated using standard
technologies. Regarding FDG PET, a few small-scale studies
have evaluated the possible contribution of FDG PET/CT as
a surrogate marker to assess bevacizumab-based therapy
response of colorectal liver metastases and primary rectal
cancer (10,11). In both studies, FDG PET seemed to be useful
for predicting the pathological responses. Recently, fluoro-
thymidine (FLT) PET has been studied in patients with
recurrent gliomas treated with bevacizumab and irinotecan
and seems to be predictive of overall survival (40). As a
consequence, the role of FDG PET/CT in predicting treatment
response in colorectal cancer has already been thoroughly
investigated especially for regimens with chemotherapy only
and also for regimens combining chemotherapy and
bevacizumab; in contrast, its role in assessment of treatment
response is still controversial and has not been properly
studied (10,11,38). At present, no standardized criteria or
guidelines are available. In clinical practice most oncologists
continue to use conventional imaging technologies (CT,
MRI) that basically provide dimensional data of disease.
Today, one of the most interesting clinical issues in oncology
is that the mechanisms of action of new targeted drugs would
probably require innovative molecular or functional imaging
technologies for the evaluation of their activity, and that at
the same time as these technologies are available and used
in practice we are still unable to interpret the information
provided.

FDG PET/CT may give clinicians different information:
only functional information following EORTC criteria as in
our clinical cases of two patients with mCRC treated with
FOLFIRI plus bevacizumab who showed a ‘complete’

response (CR) (Fig. 3A-F), or combined functional and
dimensional information, but no standardized criteria are
available at this stage to interpret the results. Consequently,
we can classify a case as ‘complete response’ when both
metabolic and dimensional findings disappear, but how the
response should be classified when functional indications
disappear without lesion shrinkage is unclear; it could
probably be classified as ‘stable’ or ‘partial’ response. How-
ever the clinical implications of these data are still unknown.
The same considerations may be translated to the ‘progression
of disease’ concept. As it has also been demonstrated in
GISTs after imatinib administration or in solid tumours after
chemotherapy, the reduction of SUV is associated with a
better clinical outcome, and the PET metabolic response after
bevacizumab will probably also be able to predict treatment
efficacy beforehand (8,39). The data provided by these
technologies suggest that the functional response probably
precedes the dimensional one. However further prospective
clinical trials are required in order to better define its role in
clinical practice and in order to establish standardized response
evaluation criteria to this biological drug or response classifi-
cations according to patient clinical outcome.

Case presentation 5
11C-methionine PET role in inconclusive conventional
imaging report of low-grade glioma. A 65-year-old female
presented at our Nuclear Medicine Division for an in-depth
diagnostic evaluation. She had complained of hydrocephalic
symptoms for several months, associated with sporadic
seizure episodes. The encephalic MRI study showed an oper-
cular round lesion interesting the right cerebral hemisphere
with hyperintese signal on T2-weighted images and faint
uneven contrast medium recruitment (Fig. 4A). Results were
judged to be of an unclear nature and therefore no conclusive
report was made. We decided to perform a 11C-methionine
PET (MET PET) scan. Our study revealed an increased
uptake of the tracer interesting the reported lesion, suggestive
of a malignant lesion, compatible with glioma (Fig. 4B). The
histological examination after stereotactic biopsy confirmed
a grade II astrocytoma.

Discussion. Supratentorial low-grade astrocytomas are
common brain tumours affecting principally male individuals
with a male-to-female ratio of 2:1. Increased intracranial
pressure, which is observed in 50-75% of patients, causes the
most common initial presentations. There may also be
seizures (25-50% of patients), headache, vomiting, changes
in behaviour, and changes in mental status (40).

Conventional imaging methods, including CT and
especially MRI, provide excellent anatomical information,
reaching a 65-100% sensitivity in contrast-enhanced images
and a variable specificity, but are deficient in differentiating
tumours from other non-pathological findings, as well as
tumour grades and volumes (41-45). Our case report under-
lines this issue, as MRI images, despite identifying the patho-
logical site, did not attribute a proper interpretation to the
findings, in that the same lesion was also ascribable to
ischemic insult, although low-grade astrocytomas are usually
hyperintense on T2-weighted images (41).

11C-methionine PET is a sensitive imaging modality that
enables a proper diagnosis of brain tumours, distinguishing
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them from other pathological situations (42-44), as well as
adding valuable information for decision making in terms of
surgery or stereotactic biopsy (46). Overall sensitivity of MET
PET for gliomas, as estimated by several studies, seems to be
around 89%, with a specificity of almost 100%, but with a
lower rate in low-grade tumours (65-85%) (42,47-49). Other
intracranial tumours however can have a high 11C-methionine
uptake including pituitary adenomas, ependimomas, lym-
phomas or brain metastases. Because of its high contrast and
by applying semi-quantitative values, this method allows the
identification of low- to high-grade lesions and provides an
initial prognostic value (50,51).

Other studies indicate a better differentiation between
different tumour grades with FDG PET scan, which appears
useful also for additional prognostic value (52,53). These
studies, however, assume an already made diagnosis of
glioma. MET PET remains the proper diagnostic tool for
identifying the lesion nature. At present, the role of MET PET
in monitoring and predicting medical treatment response in
gliomas has not been extensively studied (54-56). However,
it requires more thorough investigation as the clinical studies
evaluating new experimental approaches such as small-
molecule TK inhibitors of EGFr (gefitinib and erlotinib) or
c-Kit (imatinib in combination with hydroxyurea) have been
increasing, but the response rate is low and no molecular
predictor factors of sensitivity have yet been validated (57-59).

Case presentation 6
68Ga-DOTA-NOC PET scan role in identifying a rare
duodenal NET localization. A 76-year-old male presented at
our Nuclear Medicine Division with a suspected diagnosis of
neuroendocrine tumour (NET). The patient had complained
of abdominal pain, diarrhea and weight loss over the previous
three months. He was submitted to several imaging studies
including ultrasonography and CT, which were completely
negative. We suggested a 68Ga-DOTA-NOC PET study to
identify the unknown primary tumour. Due to its possible
localization in the bowel, we administered a gastrographin
swallow in order to distinguish the intestinal lumen. The
examination resulted positive, revealing a single intense patho-
logic uptake of the tracer in the duodenal wall (SUVmax 33),
although the small dimensions of the lesion (<1 cm) prevented
the precise differentiation of the duodenal wall from the head
of the pancreas (Fig. 5). Therefore a gastroduodenoscopy was
performed with endoscopic selective biopsy of the duodenal
wall. Histological examination confirmed the supposed
diagnosis, neuroendocrine tumour, more specifically, an
enteropancreatic carcinoid.
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Figure 4. (A) MRI images: opercular round lesion on the right cerebral
hemisphere appearing as hyperintese signal on T2-weighted images (upper
views). (B) 11C-methionine PET scan: positive scan revealing an increased
uptake at the reported opercular lesion.

Figure 5. 68Ga-DOTA-NOC PET scan: single pathologic uptake interesting
the duodenal wall near the head of the pancreas (SUVmax 33).
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Discussion. Neuroendocrine tumours are a heterogeneous
group of neoplasms originating from pluripotent stem cells,
characterized by the ability to synthetize and store various
biogenic amines and peptides, and by neuro-trasmitter, neuro-
modulator or neuro-peptide production, and secretory granules
with the absence of axons and synapses (60-62). The natural
history would be the same as that of other indolent solid
tumours as 30-50% of NET are non-functional neoplasms
and in such cases diagnosis is confirmed later and usually
due to the large tumour burden (60). The most worrisome
symptoms are seen in functionally active NET, principally
based on endocrine secretion, mostly due to the polypeptide
somatostatin (SST). Since 1980, when it was discovered that
NET cells express these polypeptide receptors, the manage-
ment of this type of tumour has changed leading to the
development of several diagnostic pharmacological agents as
well as, later on, peptide-specific radio-receptor therapies
(60). One of these is the PET radioligand 68Ga-DOTA-NOC,
with NOC (NaI3-octreotide) being a somatostatin analogue
binding almost three of the already recognised receptors
(SSTR1-5) and more precisely SSTR2,3 and 5 (63). 68Ga-
DOTA-NOC has been used as a positron emitter tracer for
the detection of NET in preliminary studies, revealing a high
sensitivity in identifying neuroendocrine tumours, even of
small dimensions as well as finding unknown primary
tumour sites (64). Despite its vast utility in oncology, in NET,
FDG PET has shown a limited utility with an apparently
increased glucose uptake in the case of high grade scarcely
differentiated forms but providing proper indication only for
prognostic value (65-67).

Our patient had negative conventional imaging studies
(CI), including CT, and despite suggestive endocrine symp-
toms, there was nothing else to prove an unknown primary
neoplasm. Duodenal localization is quite unusual for a NET
as only 10-15% of them are located in the foregut, including
the stomach and duodenum. This type of tumour is mostly
represented by carcinoid neoplasms (2% of gastrointestinal
tumours) as in our case report (68). In this localization we
can include them in neuroendocrine enteropancreatic
tumours as they originate from pancreatic islets and duodenal
loop (69). In small-sized local lesions it is rather difficult to
distinguish whether one or the other structure is involved,
which is why conventional imaging may be negative. High
tumour expression of somatostatin receptors gave an intense
uptake in the 68Ga-DOTA-NOC PET scan, thanks to its high
sensitivity (>95-100%), permitting the discernment of the
millimetric lesion due to the great spatial resolution of the
method (<5 mm) (63,64). It would be beneficial to further
evaluate the role of this new PET tracer in another setting
such as metastatic disease, as well as in primary cancer
detection. 68Ga-DOTA-NOC PET scan may be useful for
selecting patients who can benefit from radionuclide therapy
and for the assessment of therapy response.

Conclusions

Over the last few years the management of patients affected
by cancer has been improved by better disease detection with
molecular imaging technologies and by the introduction of
new targeted drugs. Despite recent advances, everyday

practice raises some practical questions such as therapeutical
efficacy interpretation. Several PET compounds on a
molecular basis seem to be a promising tool for noninvasive
cancer evaluation but they need to be further investigated,
especially for treatment assessment. Similarly, several new
drugs need to be further studied in order to improve cancer
patient care. In the era of molecular imaging and molecular
therapies, these clinical cases highlight, firstly the urgency to
define the role of new PET tracers for treatment evaluation,
to develop new guidelines for the new drug efficacy assess-
ment, and to correctly interpret the biological information
obtained from new imaging technologies, and secondly, they
may introduce new concepts into this field, which support the
design of specific clinical trials.
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