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Abstract

In oncology positron emission tomography/
computed tomography (PET/CT) is a standard
imaging procedure for cancer staging,
restaging, treatment monitoring, and radiation

therapy planning. Despite the availability of
many radiotracers, 18F-fluoro-2-deoxy-2-D-
glucose ([18F]FDG) is still the most used for
most cancers staging.

Hyperglycemic conditions, antidiabetic
oral medications, or insulin can have an impact
on [18F]FDG PET/CT scan accuracy. A cor-
rect knowledge of how these conditions influ-
ence [18F]FDG distribution is fundamental for
patients management before [18F]FDG
PET/CT. International PET/CT guidelines
propose protocols for patients’ adequate prep-
aration and therapy management before [18F]
FDG administration, in particular with regard
to diabetic patients.
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Clinical Importance of 18F FDG PET/CT
in Cancer Staging

In oncology positron emission tomography/
computed tomography (PET/CT) is a standard
procedure, commonly used in several cancers
for staging, restaging, treatment monitoring, and
radiation therapy planning. Despite many
radiotracers being available, according to differ-
ent applications, 18F-fluoro-2-deoxy-2-D-glu-
cose ([18F]FDG) is the most widespread.
Focusing on cancer TNM staging, local tumor
(T) extension is frequently a prerogative of mor-
phological imaging such as CT scan or MRI to
evaluate local extension, but [18F]FDG PET can
help in a better tumoral mass characterization,
especially identifying necrotic or fibrotic areas
inside the tumoral mass to guide biopsy or
locoregional treatment. Furthermore [18F]FDG
is a very important tool for lymph-node (N) and
distant metastases (M) detection: baseline [18F]
FDG PET/CT is fundamental to assess tumor
burden, which not only is a prognostic factor but
also is fundamental to plan the optimal therapeu-
tic strategy (Gallamini et al. 2014).

Indications in Lymphomas

[18F]FDG PET/CT is recommended in disease
staging in several tumors, in particular both in
Hodgkin lymphoma (HL) and in [18F]FDG-avid
non-Hodgkin lymphoma (NHL) subtypes. [18F]
FDG PET/CT improves the accuracy of staging
both for nodal and extranodal sites, allowing a
staging change (sometimes upstaging) in 10–30%
of patients, in particular for a better definition of
splenic involvement and for its high sensitivity in
the case of bone marrow involvement: in the case
of bone marrow [18F]FDG PET/CT uptake in
HL, bone marrow biopsy is in fact no longer
indicated (Cheson et al. 2014). In the case of LH

or [18F]FDG-avid NHL, [18F]FDG PET/CT is
fundamental also in response to therapy assess-
ment to define complete or partial response, stable
or progressive disease using a 5-point scale
(Deauville score), based on [18F]FDG lesion
uptake compared to background (Cheson et al.
2014).

Carcinoma and Adenocarcinoma

[18F]FDG PET/CT has demonstrated a pivotal
role also in several [18F]FDG-avid solid tumors.
Despite T extension being often provided by con-
ventional imaging (CT, MRI), PET/CT scan
could provide additional information: for exam-
ple solitary pulmonary solid nodules greater or
equal to 8 mm can safely be considered benign if
the PET-CT scan is negative (Madsen et al.
2016). On the other hand, in the case of advanced
NSCLC the main advantage of [18F]FDG
PET/CT is the assessment of tumor spread to the
pleura (Gallamini et al. 2014). In the case of
breast cancer, despite [18F]FDG PET/CT not
being recommended for staging localized disease,
evidences support its use in locally advanced
breast cancer based on improved regional and
distant staging, and also for its prognostic role,
as baseline tumor glycolytic activity is associated
with biological behavior and prognosis (Caresia
Aroztegui et al. 2017).

The fundamental role of [18F]FDG PET/CT in
solid tumors staging has been widely
demonstrated in N and M assessment. For exam-
ple in the case of NSCLC, [18F]FDG PET/CT is
superior to contrast-enhanced CT (CeCT), by
adding metabolic information able to disclose
morphologically undetectable nodal dissemina-
tion: despite this superiority the sensitivity of
PET-CT is in general insufficient to rule out
mediastinal lymph node metastasis (Madsen
et al. 2016) and surgical staging remains the stan-
dard (Gallamini et al. 2014). In the case of
advanced breast cancer, the imaging-guided sen-
tinel lymph node biopsy with 99mTc-colloid
remains the gold standard, but the high positive
predictive value of [18F]FDG PET/CT (�90%)
could guide an axillary lymph node dissection in
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the case of axillary node uptake (Gallamini et al.
2014).

In the case of melanoma staging, [18F]FDG
PET/CT could add clinical information for
patients with palpable or macroscopic
locoregional nodal metastasis: approximately
60% of patients with locoregional nodal metasta-
sis will develop distant metastases (Perng et al.
2015). In M detection, there’s no doubt on [18F]
FDG PET/CT leading role, and it is widely
supported by international guidelines. For exam-
ple, in NSCLC no curative-intent treatment
should be planned until a PET-CT scan has
excluded occult distant metastases (Madsen
et al. 2016) or, in the case of melanoma, numer-
ous studies have shown that FDG PET/CT can
detect M parameter with high sensitivity (86%)
and specificity (91%) (Perng et al. 2015).

Tumor Uptake and Hyperglycemia

Several conditions can impact [18F]FDG
PET/CT accuracy, first of all peculiar tumor
[18F]FDG avidity related to tumor
aggressiveness, histology, and metabolism.
Hyperglycemia is the second most important con-
dition that can impact [18F]FDG PET/CT scan
results, and an accurate knowledge of [18F]FDG
uptake mechanism and management of patient
glycemic status before performing the exam are
pivotal to obtain the maximum quality of the
procedure.

Mechanism of [18F]FDG Uptake

The chemical structure of [18F]FDG is similar to
natural glucose, differing in a carbon-2 atom
labelled with [18F] (Ido et al. 1978), a radioiso-
tope with a half-life of 109.8 min and a positron
emission decay. Cancer tissue presents
accelerated glucose metabolism even in the pres-
ence of oxygen, with an associated increase in
lactate production (Potter et al. 2016). This phe-
nomenon was firstly described by Warburg in
1920 and named “Warburg effect” (Warburg
and Negelein 1924). On the basis of the increased

lactate production even in the presence of oxygen,
he hypothesized a mitochondrial dysfunction that
was not supported by further research. Aerobic
glycolysis, in fact, is a favorable metabolic path-
way for tumoral cell because, despite generally
leading to a lower production of ATP molecules
compared to mitochondrial oxidative phosphory-
lation, on the other hand it is much faster and in
the same amount of time, produces a higher num-
ber of ATP molecules (Chen et al. 2017).

Intracellular Pathways of Glucose
and Labelled Glucose

As normal glucose, [18F]FDG is transported by
membrane specific glucose transporters (GLUT)
into the cell cytosol, and phosphorylated by hexo-
kinase to [18F]FDG 6-phosphate that, differently
to glucose 6-phosphate, is not a good substrate for
further enzyme action through the glycolytic
chain, and it is trapped into the cell and not
metabolized to carbon dioxide and water (Larson
2006).

Five different glucose transporters (GLUT) are
responsible for [18F]FDG transport across cell
membrane: GLUT-1 is ubiquitously expressed
in the cell membrane of various tissues and it is
up-regulated by several growth factors (Pauwels
et al. 2000); GLUT-2 expression is regulated by
glucose concentration and it is mainly expressed
by intestine, kidney, liver, pancreatic islets, and
brain (Theorens et al. 1988); GLUT-3 is
expressed in neurons and ensures a glucose sup-
ply in the brain even in hypoglycemic conditions
(Maher 1995); GLUT-4 is stimulated by insulin
and it is expressed in skeletal and cardiac muscle,
and in brown and white adipose tissue (Rea and
James 1997); GLUT-5 is expressed in the small
intestine and is responsible for fructose transport
(Kayano et al. 1990).

In euglycemic status, several organs present a
physiologic biodistribution of [18F]FDG that
reflects GLUTs expression (Fig. 47.1). It is very
intense in brain, moderate in liver, and weak in
skeletal muscle; furthermore it is variable in the
cardiac muscle because myocardial cells primar-
ily use the beta oxidation pathway of fatty acids,
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but following a glucose load may present a meta-
bolic shift toward glucose metabolism; moreover,
myocardial cells protect themselves from hypoxic
state by means of the “glucose-fatty acid cycle”
(Randle et al. 1963).

Finally, urinary system presents high [18F]
FDG concentration due to it physiological urinary
tracer excretion. Despite the absence of glycos-
uria in physiological and euglycemic status, renal
tubular cells, in addition to GLUTs, also present a
sodium-dependent glucose transporter (SGLT)
that is responsible for re-uptake of glucose from
the filtrate in the proximal tubules, promoting
glucose transport against its concentration gradi-
ent (Szabo et al. 2006). SGLT presents a lower
affinity for [18F]-FDG compared to glucose, due
to the replacement of a hydroxy group in
D-glucose with a [18F] atom (Moran et al.
1999), and for this reason [18F]-FDG cannot be
reabsorbed in the proximal tubules of the kidney

and it is accumulated in the urine (Qiao et al.
2007).

Cancer Cell Pathways

Cancer cells [18F]FDG uptake can vary substan-
tially depending on glycolysis levels at one site
and it is associated with both increased GLUT
and intracellular hexokinase expression (Brown
and Wahl 1993); moreover, in cancer cells, glu-
cose 6-phosphatase is markedly downregulated,
so its levels are insufficient to break down [18F]
FDG 6-phosphate (Larson 2006).

Generally, aggressive and proliferating tumors
present a high expression of GLUT and
hexokinases, so in these case [18F]FDG uptake
is generally very high, but FDG avidity can differ
among different histological subtype: Hodgkin
Lymphoma, Diffuse Large B Cell Non-Hodgkin
Lymphoma (DLBCL) or Follicular Lymphoma

Fig. 47.1 Physiologic biodistribution of [18F]FDG. In
fasting and euglycemic conditions [18F]FDG uptake
reflects GLUTs expression: [18F]FDG uptake is intense
in brain, because of GLUT-3 expression that ensures
correct glucose levels even in hypoglycemic condi-
tions, weak in skeletal muscle for GLUT-4 expression

stimulated by insulin, variable in cardiac muscle that
primarily uses free fatty acids, but may present a meta-
bolic shift to glucose metabolism after glucose load;
intense in the urinary system because of [18F]FDG phys-
iological urinary excretion
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presents high [18F]FDG uptake, while other
hematologic malignancies, such as Marginal
Zone Lymphoma (ML), for example, demonstrate
low [18F]FDG uptake (Fig. 47.2). Also solid
tumors may have different [18F]FDG avidity. In
the case of lung cancer, in fact, Non-Small Cell
Lung Carcinoma (NSCLC) presents high [18F]
FDG uptake, while tumors with neuroendocrine
differentiation (typical carcinoid) present

low/absent [18F]FDG uptake (Fig. 47.3). Other
well-differentiated tumors that use different met-
abolic pathway, for example, membrane
phospholipids turnover in cell membrane instead
of glycolysis, such as Prostatic Carcinoma or
Hepatocellular Carcinoma (HCC), present a very
low [18F]FDG avidity and should be studied
specifically with other PET tracers.

Fig. 47.2 [18F]FDG PET/CT in a patient with marginal zone lymphoma: laterocervical and inguinal lymphnodes that
present very low [18F]FDG avidity

Fig. 47.3 [18F]FDG PET/CT scan in two patients with
recent diagnosis of pulmonary nodule prior to histological
diagnosis: left apical node of patient A presents very high

[18F]FDG uptake compared to medium lobe node of
patient B. Subsequent histological diagnosis revealed in
case A a NSCLC instead in case B a typical lung carcinoid
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[18F]FDG uptake may be influenced not only
by tumoral histological characteristics, but also
by intra-tumoral heterogeneity in the case of
intra-tumoral necrosis, that is responsible for
low and heterogeneous uptake (Fig. 47.4) and
cell dedifferentiation (undifferentiated neuroen-
docrine tumors, for example, may present high
[18F]FDG uptake). Also different therapies
effects may modify [18F]FDG uptake: cytotoxic
therapies such as chemotherapy or external radio-
therapy may reduce [18F]FDG uptake, but may
also cause flogistic reaction with increased [18F]
FDG uptake at that site. For these reason an
interval of at least three weeks from the last

cycle of chemotherapy and three months from
the end of radiotherapy is often required, espe-
cially in hematologic malignancies, before
performing [18F]FDG PET/CT scan to avoid
false positive findings.

Effects of Hyperglycemia on [18F]FDG
Distribution and PET/CT Scan
Interpretation

Several clinical conditions may affect [18F]FDG
uptake. Several published studies described the
effects of hyperglycemia and hyperinsulinemia

Fig. 47.4 Different [18F]FDG uptake in a patient with
DLBCL. (a) prevascular lymphnode; (b) iliac lymphnode;
(c) heterogeneous hepatic localization of lymphoma with

central necrotic component that reduce [18F]FDG uptake;
(d) bone localization of lymphoma
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on [18F]FDG biodistribution. Hyperglycemia is
the leading cause of altered biodistribution
because, both in normal and in cancer cells, it
leads to a direct competition between plasmatic
glucose and [18F]FDG uptake (Di et al. 2018),
reducing the binding site of [18F]FDG (Wahl
et al. 1992). Reactive hyperinsulinemia to hyper-
glycemia results in a higher skeletal and
myocardial muscle [18F]FDG uptake (Diederichs
et al. 1998) for GLUT-4 up-regulation with lower
uptake in cancer cells compared to physiological
tissue leading to the risk of false negative
findings. Also the standardized uptake value
(SUV), a semiquantitative parameter expressing
FDG concentration in tissues (Juweid and Cheson
2006), may be affected by blood glucose levels.
SUV is the a-dimensional semiquantitative
expression of the tracer uptake in a region of
interest (ROI), for example, tumoral lesion,
normalized by total amount of activity
administered and body weight (Body weighted
SUV—SUVbw) or body surface area (SUVbsa);
it is used as SUVmax or mean or peak to compare
[18F]FDG uptake on pre and post-therapy scan
and to define response to therapy (Wahl et al.
2009). Furthermore, SUVs of healthy tissues,
such as liver and mediastinal blood pool, are
used as references in international criteria to
define disease uptake and to assess response to
therapy in lymphoproliferative disease
(Barrington and Kluge 2017).

In 2013 Büsing et al. (2013) enrolled
90 patients with Blood Glucose Levels (BGL)
ranging from 50 to 372 mg/dl to assess the impact
of chronically elevated BGL on [18F]FDG tumor
uptake and biodistribution in healthy organs. The
authors found a significant association between
BGL increase and both cerebral uptake reduction
( p < 0.001) and muscle uptake increase
( p < 0.001) and weak associations between
BGL and liver uptake ( p ¼ 0.06), tumoral
( p ¼ 0.133), fat, lung, and spleen uptake
expressed as SUVmax ( p ¼ 0.136–0.157).

Sprinz et al. in 2018 investigated the effects
of glycemia on [18F]FDG uptake in healthy
liver, brain, and lungs in 5623 patients that
underwent PET/CT, stratified into four groups
by serum glucose levels. All organs showed

significant differences in mean SUVmax
according to different groups ( p < 0.001) in
univariate analysis, while multivariate analysis
adjusted for sex, age, and BMI, confirmed sig-
nificant differences only for brain and liver and
not for lung uptake.

The effect of BGL on SUVmax and SUV
mean of [18F]FDG uptake was assessed in 8380
patients collected in a recent meta-analysis
published in 2019 (Eskian et al. 2019). Patients
were divided into 5 groups by BGL, and
SUVmax and SUVmean values of tumor, brain,
muscle, liver, and blood pool were recorded. Sig-
nificant inverse correlations ( p < 0.001) were
found between BGL and SUVmax and SUVmean
both in brain and in muscle, while positive
correlations were found between BGL and
SUVmax and SUVmean in liver ( p ¼ 0.001,
p ¼ 0004) and blood pool ( p ¼ 0.008,
p < 0.001). No significant correlation was found
between BGL and SUVmax or SUVmean in
tumors.

All hyperglycemic groups compared to the
euglycemic group presented significantly lower
brain and muscle SUVs ( p < 0.001 for both),
while higher SUVmax and SUVmean in liver
( p ¼ 0.001, p ¼ 0004) and blood pool
( p ¼ 0.008, p < 0.001) were reported. On the
contrary, tumoral tissue presented significantly
lower SUVmax only in the case of BGL
>200 mg/dl. The explanation could be that in
tumoral tissue GLUT could be not saturated
even in the case of high BGL because tumoral
cells overexpress GLUT in order to respond to the
hypoxic condition subsequent to induced angio-
genesis (Eskian et al. 2019; Yang et al. 2017)
demonstrated in various cancer types (Macheda
et al. 2005; Carvalho et al. 2011).

Diagnostic Strategies in Normal
and Disglycemic Patients

In order to avoid hyperglycemic status guidelines
to manage correct patient preparation for [18F]
FDG PET/CT scan have been proposed by inter-
national societies such as the European Associa-
tion of Nuclear Medicine (EANM) (Boellaard

47 Cancer Staging with 18F-FDG PET/CT in Hyperglycemic Patients 647



et al. 2014), the Society of Nuclear Medicine and
Molecular Imaging (SNMMI) (Delbeke et al.
2006), the American College of Radiology
(ACR) (American College of Radiology 2007),
and the National Cancer Institute (NCI) (Shankar
et al. 2006).

Non-diabetic patients should fast for at least
4–6 h and parenteral nutrition and intravenous
fluids containing glucose should be discontinued
for the same time before [18F]FDG injection to
prevent high insulinemia. BGL must be measured
by a glucometer prior [18F]FDG administration
(Boellaard et al. 2014; Delbeke et al. 2006; Amer-
ican College of Radiology 2007; Shankar et al.
2006); for clinical routine the accepted upper
BGL threshold is 200 mg/dL, while for research
trials ranges between 126 and 150 mg/dL are
recommended (Boellaard et al. 2014). In the
case of hyperglycemia, it is possible to decrease
BGL in patients by hydration until an acceptable
level is achieved (Boellaard et al. 2014). The
management of diabetic patient is more challeng-
ing providing specific recommendations in this
setting (Boellaard et al. 2014) for diabetic patients
treated by oral medication or insulin.

For diabetic patients treated with oral medica-
tion such as metformin, fasting for at least 4–6 h
before [18F]-FDG injection in association with
adequate hydration is recommended, without
oral medication withdrawal to allow for a con-
trolled blood sugar level. PET/CT scan should
preferably be performed in the late morning. Met-
formin decreases BGL by lowering gluconeogen-
esis, increasing insulin sensitivity and enhancing
glucose consumption by enterocytes (Rena et al.
2017). Its known action on the bowel assumes a
critical role in [18F]FDG physiological distribu-
tion: metformin significantly increases [18F]FDG
accumulation in the bowel, in particular in
the colon (Martin and Saleem 2014) (Fig. 47.5a
and b).

Massolo et al. (2013) in 2013 verified this
phenomenon in fifty-three mice that performed
dynamic acquisitions for [18F]FDG kinetic eval-
uation under fasting conditions over a 4-month
study period. Mice were divided into 4 groups:

untreated mice (group 1), mice exposed to met-
formin treatment for 48 h before each PET scan
(group 2), mice treated for the whole study period
(group 3), and mice in which treatment was
interrupted 48 h before PET scan (group 4).
They found that prolonged drug administration
significantly increased bowel [18F]FDG uptake
after a relatively long period of treatment and
persisted after drug washout.

This increased [18F]FDG uptake has been also
demonstrated in clinical practice.

A prospective study published by Gontier at
al. (2008) demonstrated an intense, diffuse, and
continuous pattern distribution of [18F]FDG
along the bowel, strongly predominant in the
colon, in patients treated with metformin. They
enrolled fifty-five patients under oral medication
for diabetes mellitus divided in two groups on
the basis of anti-diabetic treatment (group 1a
treated with metformin and group 1b in anti-
diabetic treatment excluding metformin) and
compared to control group (group 2, patients
without diabetes mellitus). Patients treated with
oral medication presented significantly increased
[18F]FDG bowel uptake compared to controls
( p < 0.001); [18F]FDG bowel uptake was signif-
icantly higher in group 1a compared to group 1b
( p < 0.01).

The effect of metformin on [18F]FDG bowel
uptake must kept in mind in the case of PET/CT
scan performed for abdominal evaluation, in par-
ticular in the case of suspected peritoneal carci-
nomatosis, colo-rectal or gynecological neoplasm
in which increased [18F]FDG bowel uptake could
hide pathological uptake and induce false nega-
tive results (Gontier et al. 2008). No guideline
consensus is available on the oral anti-diabetic
treatment management in the case of abdominal
evaluation, but several published studies on the
timing of metformin discontinuation are
available.

A retrospective study published in 2016 (Lee
et al. 2016) aimed to assess the impact of metfor-
min discontinuation up to 72 h in [18F]FDG
bowel uptake. Two hundred and forty diabetic
patients were divided into four groups on the
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basis of metformin discontinuation:<24 h (group
A), 24–48 h (group B), 48–72 h (group C), and no
metformin at all (control group). Compared with
the control group, [18F]FDG uptake increased
significantly from the ileum to the rectosigmoid
colon in group A ( p< 0.001), from the transverse

to the rectosigmoid colon in group B ( p < 0.001)
and from the descending colon to the
rectosigmoid colon in group C ( p < 0.001),
highlighting a suboptimal metformin discontinu-
ation <72 h for images interpretation, in particu-
lar for the distal colon segments

Fig. 47.5 (a) [18F]FDG PET/CT scan performed for
characterization of a hepatic lesion in a 41 year old dia-
betic patient treated with metformin. High intestinal
uptake is visible in particular in descending colon. (b)
[18F]FDG PET/CT scan performed for suspected occult

lesion in a 51 year old diabetic patient treated with metfor-
min and hepatic lesions suspected for metastases. High
intestinal uptake is visible in particular in transverse and
sigmoid colon
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Conversely, a prospective study published in
2010 (Oh et al. 2010) concluded that discontinu-
ation of metformin for 2 days is feasible to reduce
high [18F]FDG bowel uptake. One hundred
thirty-eight diabetic patients were divided into
two groups: group A treated with metformin and
group B in which the regimen did not include
metformin and they were compared to patients
without diabetes mellitus (control group). Group
A was divided into two subgroups on the basis of
metformin discontinuation (group A1 continued
metformin; group A2 stopped metformin treat-
ment 2 days before PET/CT scan). Ten diabetic
patients underwent two consecutive PET/CT
scans before and after the discontinuation of met-
formin. Group A1 compared to group A2 and
group B presented a significantly higher
( p < 0.001) [18F]FDG bowel uptake. In
10 patients who underwent serial PET/CT scans,
[18F]FDG bowel uptake decreased by 64% and
hidden colorectal malignancies were revealed in
two patients after the discontinuation of the drug.

Despite no consensus being available on the
timing metformin discontinuation, in the case of
[18F]FDG PET/CT scan for abdominal
malignancies, a careful evaluation of patient’s
drug treatment must be conducted, to ensure the
optimal patient preparation in order to avoid false
negative result preventing the rise of BGL.

In the case of treatment with insulin, European
guidelines (Boellaard et al. 2014) suggest differ-
ent options for scheduling [18F]FDG PET/CT
scan on the basis of treatment protocol. Com-
monly, insulin-dependent patients can be sched-
uled for PET/CT scan in late morning or midday,
[18F]FDG should be injected no sooner than 4 h
or 6 h after subcutaneous injection of rapid-acting
and short-acting insulin respectively after break-
fast in the early morning and subsequent fasting.
For patients treated with intermediate-acting
and/or long-acting insulin, [18F]FDG injection
is not recommended on the same day of insulin
administration and PET/CT scan should be sched-
uled in the early morning after insulin injection
the evening before and after night fasting. Partic-
ular attention needs long-acting insulin manage-
ment that could interfere with FDG uptake; thus,
intermediate-acting replacement is mostly

recommended. In the case of continuous insulin
infusion, patients should be scheduled in the early
morning and the insulin pump stopped for at least
4 h prior [18F]FDG injection.

The basis of this careful attention on insulin
administration is the insulin’s affinity for GLUT-
4, expressed in the skeletal and cardiac muscle,
and in brown and yellow adipose cells (Rea and
James 1997): insulin causes the shift of GLUT-4
from intracellular location to the plasma mem-
brane (Huang and Czech 2007; Bryant et al.
2002), promoting both normal glucose and
[18F]FDG intracellular uptake and resulting in
altered radiotracer biodistribution and suboptimal
image quality (Martin and Saleem 2014; Surasi
et al. 2014). The aforementioned study by Büsing
et al. (2013) also found out that diabetic and
insulin treated patients compared to nondiabetics
and noninsulin patients presented significant
lower mean cerebral SUVmax ( p < 0.001) and
higher mean muscular SUVmax ( p < 0.001).

An increase up to 50% was also observed in
average fat tissue SUVmax and myocardial
uptake in diabetic patients and insulin patients,
respectively.

Despite this known effect of both endogenous
and exogenous insulin on [18F]FDG
biodistribution, several studies investigated the
impact on image quality of insulin administration
before [18F]FDG injection to correct hyperglyce-
mia (Fig. 47.6).

In 2006 Turcotte et al. (2006) assessed the
impact of intravenous insulin 60 min before
[18F]FDG injection on muscular, liver, or lung
[18F]FDG uptake. They compared 53 diabetic
patients with BGL>7.0 mmol/l vs 53 euglycemic
nondiabetic patients and found no significant dif-
ference for the SUV calculated on the lung, liver,
heart, and skeletal muscles.

A study published in 2009 (Roy et al. 2009)
aimed to assess the clinical impact of intravenous
administration of short-acting insulin in
63 patients with glycemia greater than 10 mmol/
L according to standardized protocol: 2 units for
glycemia of 10.0–12.0 mmol/L, 3 units for
glycemia of 12.1–14.0 mmol/L, and 4–6 units
for glycemia of 14.1 mmol/L and above to reach
a glycemia lower than 10.0 mmol/L. In the case of
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glycemia above 10.0 mmol/L after 30 min, a
second insulin dose was given. [18F]FDG was
administered at least 60 min after the last insulin
administration. After PET/CT scan patients were
divided in two groups on the basis of [18F]FDG
visual distribution: group A with adequate
biodistribution (normal biodistribution, mild
muscular uptake or muscular uptake involving
more than one muscle group) and group B with
altered biodistribution (diffuse muscular uptake
of moderate intensity or diffuse, intense muscular
uptake resulting in a nondiagnostic examination).
[18F]FDG distribution was also semi-
quantitatively assessed by SUV mean of liver,
gluteal muscles, and myocardium. Group A com-
pared to group B presented a significantly longer
delay between insulin and [18F]FDG injections
( p < 0.01), higher glycemia reduction after insu-
lin injection ( p < 0.01), higher hepatic mean
SUV ( p < 0.01) and lower gluteal muscular
mean SUV ( p < 0.01). This study concluded
that an interval of at least 90 min between insulin
and [18F]FDG administration should be consid-
ered and that hepatic and muscular SUVs could

be useful tools to define adequate biodistribution
of [18F]FDG.

In 2013 Caobelli et al. (2013) evaluated the
usefulness and impact on muscular [18F]FDG
uptake of a protocol of intravenous insulin admin-
istration before [18F]FDG PET/CT scan in 130
diabetic patients. In 20 patients with BGL
>180 mg/dl intravenous insulin was administered
30 min before 18F-FDG injection (group 1); in
ten patients with BGL>160 mg/dl and<200 mg/
dl, no insulin was injected (group 2); 100
euglycemic patients were used as control group.
Biodistribution was adequate in group 2, control
group, and in 95% of patients in group 1. No
significant differences in gluteal muscle SUVmax
were found between groups (p = 0.20) and no
false negative result was recorded at 6-month
follow-up evaluation. In 2013 Song et al. (2013)
assessed the impact of intravenous ultra-short
insulin administration 60 min before [18F]FDG
injection in 105 diabetic patients: 52 patients with
BGL>190 mg/dl received 3–5 IU of insulin were
compared to the remaining 53 with BGL
<190 mg/dl who did not receive insulin and no
significant differences in image quality (p = 0.47),

Fig. 47.6 [18F]FDG PET/CT scan performed for restaging of Hodgkin lymphoma after 6 cycles of chemotherapy in a
65 years old diabetic patient treated with short acting insulin. High muscular [18F]FDG uptake is visible in particular in
quadriceps muscle
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hepatic SUVmean (p = 0.13), gluteal muscle, and
brain uptake (p = 0.71 and p = 0.16, respectively)
were found.

A study conducted by Garcia et al. in 2014
concluded that the quality of [18F]FDG PET/CT
scan is not affected by subcutaneous administra-
tion of rapid-acting insulin if radiotracer is
injected at least 4 h later. They enrolled
120 patients divided in 4 groups on the basis of
insulin administration and delay to [18F]FDG
injection: 30 diabetic patients with
BGL<160 mg/dl without further insulin adminis-
tration (group 1), 30 diabetic patients with BGL
ranging from 168 to 260 mg/dl in which subcuta-
neous rapid-acting insulin was administered and
[18F]FDG injection after a delay of 30–115 min
with BGL below 160 mg/dl (group 2), 30 diabetic
patients with BGL ranging from 192 to 324 mg/dl
in which 18F-FDG was injected 4 h after subcu-
taneous rapid-acting insulin (group 3), and
30 nondiabetic patients with normal BGL
(72–104 mg/dl) (control group). For each patient
SUVmax of rectus femoris muscle was calcu-
lated: in group 2 SUVmax deviated without rela-
tion between BGL and [18F]FDG muscle uptake
and the quality of PET-CT scan was suboptimal
in 60% of patients in group 2, in 13% of patients
in group 1, while it was optimal in all patients of
group 3.

Despite several studies investigating protocols
of intravenous administration of insulin before
[18F]FDG administration in order to reduce
BGLs, none has yet been validated. EANM and
SNMMI guidelines (Boellaard et al. 2014;
Delbeke et al. 2006) recommend, in the case of
necessity of insulin to correct hyperglycemia, an
appropriate delay between [18F]FDG and insulin
administration depending on the type and insulin
way of administration. Furthermore EANM
guidelines (Boellaard et al. 2014) suggest
avoiding insulin administration unless this inter-
val is less than 4 h and preferring rapid-acting
insulin subcutaneous injection (effective life
2–4 h), while short-acting, intermediate-acting,
or long-acting insulin is not recommended for
their longer effective life (3–6 h, 12–18 h and
24 h, respectively).

Conclusions

The management of hyperglycemia in both dia-
betic and non-diabetic patients represents an issue
in PET/CT practice, extensively described by the
studies mentioned above. Both hyperglycemia
and oral and insulin medications showed
advantages and disadvantages on PET/CT scan
accuracy: the respect of simple rules guarantees a
good quality [18F]FDG PET/CT in staging can-
cer, and it assumes a pivotal role in patient clini-
cal management.
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