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ABSTRACT

Infections are a common cause of death and an even
more common cause of morbidity in cancer patients.
Timely and adequate diagnosis of infection is very im-
portant. This article provides clinicians as well as nu-
clear medicine specialists with a concise summary of
the most important and widely available nuclear medi-
cine imaging techniques for infectious and inflamma-
tory diseases in cancer patients with an emphasis on
fluorodeoxyglucose positron emission tomography
(FDG-PET). *’Ga-citrate has many unfavorable char-
acteristics, and the development of newer radiophar-
maceuticals has resulted in the replacement of *’Ga-
citrate scintigraphy by scintigraphy with labeled
leukocytes or FDG-PET for the majority of condi-
tions. The sensitivity of labeled leukocyte scintigra-
phy in non-neutropenic cancer patients is comparable
with that in patients without malignancy. The speci-
ficity, however, is lower because of the uptake of la-

beled leukocytes in many primary tumors and
metastases, most probably as a result of their inflam-
matory component. In addition, labeled leukocyte
scintigraphy cannot be used for febrile neutropenia
because of the inability to harvest sufficient periph-
eral leukocytes for in vitro labeling. FDG-PET has
several advantages over these conventional scinti-
graphic techniques. FDG-PET has shown its useful-
ness in diagnosing septic thrombophlebitis in cancer
patients. It has also been shown that imaging of infec-
tious processes using FDG-PET is possible in patients
with severe neutropenia. Although larger prospective
studies examining the value of FDG-PET in cancer
patients suspected of infection, especially in those
with febrile neutropenia, are needed, FDG-PET ap-
pears to be the most promising scintigraphic tech-
nique for the diagnosis of infection in this patient
group. The Oncologist 2011;16:980-991
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INTRODUCTION

Infections are a common cause of death and an even more
common cause of morbidity in patients with a wide variety
of neoplasms. Many deaths from acute leukemia and half
the deaths from lymphoma are caused directly by infection.
With more intensive chemotherapy, patients with solid tu-
mors have also become more likely to die as a result of in-
fection. A physical predisposition to infection in patients
with cancer can be the result of the neoplasm itself when the
integrity of the mucosa or skin is compromised. More often,
it might be a result of obstruction of a normally patent ori-
fice, such as the bronchus, ureter, or bile duct. A similar
problem can affect patients whose lymph node integrity has
been disrupted by radical surgery or scarring after radiation
therapy. A life-threatening problem common to many can-
cer patients is the loss of the reticuloendothelial capacity to
clear microorganisms after splenectomy or functional as-
plenia. Cancer patients also suffer from potentially life-
threatening infectious diseases as a result of neutropenia
after chemotherapy or because of immune suppression
caused by immunosuppressive drugs or immune therapy. In
addition, surgery, drugs, and radiotherapy may cause dis-
ruption of the normal barriers to infection. Timely identifi-
cation and localization of infectious and noninfectious
inflammatory lesions are critical in appropriate treatment of
cancer patients. Infections may be life threatening if not
treated appropriately. Incompletely or inadequately treated
or otherwise ongoing infections often lead to postpone-
ment of chemotherapy, which in itself can also be life
threatening.

In daily clinical practice, several imaging modalities are
available for the detection of focal infectious and inflam-
matory processes. Radiological techniques, including com-
puted tomography (CT), magnetic resonance imaging
(MRI), and ultrasonography, show anatomical changes, so
infectious and inflammatory foci are not detected at an early
phase because of the lack of substantial anatomical changes
at that time, which is also a major problem in cases of
neutropenia when inflammatory infiltrates are minimal or
absent. Also, discrimination of active infectious or inflam-
matory lesions from residual anatomical changes resulting
from cured processes or surgery is often difficult. This is
even more difficult to discriminate in cases of metastatic
disease with obstruction. In contrast, scintigraphic imaging
is a noninvasive method that allows identification of both
the localization and number of infectious and inflammatory
foci in all parts of the body, based on functional (physiolog-
ical or biochemical) changes in tissues. Furthermore, these
nuclear medicine techniques permit whole-body imaging,
whereas CT and MRI routinely provide only information on
a part of the body. Over the past years, a variety of radiola-
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beled compounds detected by gamma cameras and single
photon emission computed tomography (SPECT) have
been used for the visualization of infectious and inflamma-
tory disease. The number of these radiolabeled compounds
available for diagnosing infection or inflammation is still
increasing. Also, positron emission tomography (PET) us-
ing '"®F-fluorodeoxyglucose (FDG) has entered the field of
clinical infectious and inflammatory diseases. Although
PET and SPECT have limited spatial resolutions (PET, 3-5
mm; SPECT, 6—8 mm), when compared with CT and MRI,
their asset is high-contrast resolution, offering functional
and molecular information with very high sensitivities in
the nano- or picomolar range (PET > SPECT). Radiation
exposure is mostly low, but depending on the radiotracer
used, it may reach the radiation exposure of an abdominal
CT. A major problem with FDG-PET used for infection im-
aging in cancer patients, however, is the difficulty in distin-
guishing between infection and malignancy.

Many different agents have been used in infection im-
aging. These agents accumulate in inflamed tissue based on
different mechanisms. The first mechanism is uptake into
inflamed tissue as a result of increased metabolism, either
of inflammatory cells (FDG, as a glucose analog reflecting
the energy demand of inflammatory cells) or of tissue-
specific cells with increased activity as a reaction to inflam-
mation (hydroxymethane diphosphonate [HDP]/methylene
diphosphonate [MDP] reflecting the activity of osteoblasts
as an active response of the bone to inflammation). Unfor-
tunately, uptake of these tracers is also present in most ma-
lignant cells. The second mechanism is unspecific
accumulation in the site of inflammation as a result of in-
creased blood flow and enhanced vascular permeability
(radiolabeled albumin or gammaglobulins), which is some-
times also present in malignancy. In the case of labeled ac-
tivated leukocytes, the uptake mechanism is specific
migration to the site of inflammation, which is theoretically
more specific for infection and inflammation. Finally, ®’Ga
binds to transferrin, with the complex being extravasated at
sites of inflammation because of increased vascular perme-
ability and then transferred to locally present lactoferrin.
Basically, most radiolabeled agents accumulate in sites of
infection if the local blood flow and the vascular permea-
bility are increased, but local binding also plays a role, as
exemplified by ®’Ga-citrate.

The approach for diagnosing a specific infectious dis-
ease depends on the type of suspected disease and the clin-
ical presentation. Therefore, the context in which imaging
procedures are used varies considerably. For many infec-
tious and inflammatory diseases, no unequivocal guidelines
for the use of imaging procedures exist, but in some cases
there is sufficient evidence from the literature to advise on
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imaging procedures for optimal diagnosis or follow-up. In
other cases, local factors and specific expertise with the use
of a certain diagnostic algorithm may play an important
role. Here, we aim to provide clinicians as well as nuclear
medicine specialists with a concise summary of the most
important and widespread nuclear medicine imaging tech-
niques for infectious and inflammatory diseases in cancer
patients with an emphasis on FDG-PET.

THE IDEAL RADIOPHARMACEUTICAL FOR
INFECTION IMAGING IN CANCER PATIENTS
Radiopharmaceuticals for imaging of inflammatory disease
should be highly sensitive, easy to prepare, widely avail-
able, and inexpensive. In addition, in an ideal situation they
would also be able to distinguish among malignancy, infec-
tious diseases, and sterile inflammation. A wide variety of
radiotracers have been tested for imaging of inflammation
to achieve the mentioned characteristics. However, only a
limited number of agents are currently in general use for in-
flammation imaging. These agents include FDG, autolo-
gous WBCs (leukocytes) labeled with *°™Tc or '!''In,
99mT¢-Jabeled bisphosphonates such as MDP or HDP, and
’Ga-citrate. All of these are neither specific for inflamma-
tion nor do they offer the possibility of directly distinguish-
ing sterile from septic inflammation and malignancy.

%7GA SCINTIGRAPHY AND **GA-CITRATE PET-CT

%’Ga-citrate has been used extensively in clinical practice
for several pathological conditions, demonstrating high
sensitivity for both acute and chronic infection and nonin-
fectious inflammation [1]. ®’Ga scintigraphy, however, is
not specific for diagnosing infectious and inflammatory
diseases. Many malignant tumors, such as lymphomas,
lung carcinoma, melanoma, hepatocellular carcinoma, sar-
comas, testicular tumors, multiple myeloma, head and neck
tumors, and neuroblastoma, can also be visualized with this
imaging technique [2]. Before the introduction of FDG-
PET, diagnosis, staging, and follow-up of lymphoma were
major indications for ®’Ga scintigraphy [2]. In addition to
its inability to differentiate between malignancy and infec-
tion, there are several other shortcomings that limit its clin-
ical application. Its specificity is also poor because of
physiological bowel excretion and accumulation in areas
of bone modeling [3, 4]. This radiopharmaceutical also
has unfavorable imaging characteristics, such as a long
physical half-life (78 hours) and high-energy vy-radiation
(93-889 keV), causing high absorbed radiation doses.
Moreover, optimal imaging often requires a delay in imag-
ing for up to 72 hours after the injection. These unfavorable
characteristics and the development of newer radiopharma-
ceuticals have resulted in the replacement of ®’Ga-citrate
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scintigraphy with scintigraphy with labeled leukocytes or
FDG-PET in the majority of conditions.

%8Ga is the positron-emitting counterpart of °’Ga, and
labeled with citrate, it can be used in the detection of infec-
tion with better spatial resolution using PET-CT. In a recent
study of 31 patients with suspected osteomyelitis or spon-
dylodiscitis, ®®Ga-citrate PET-CT achieved a sensitivity of
100% and a specificity of 76% [5]. False-positive results
were obtained in patients with tumors. Although ®®*Ga-
citrate PET-CT is also unable to differentiate between in-
fection and malignancy, it may be a useful addition to the
existing array of radiopharmaceuticals available for infec-
tion imaging.

LABELED LEUKOCYTES

Imaging using ex vivo labeled autologous leukocytes was
developed in the 1970s. A blood sample of approximately
50 mlis collected and leukocytes are separated in vitro from
RBCs. These leukocytes are then labeled with radioactive
isotopes (*''In or ?™Tc) and reinjected. After i.v. adminis-
tration, in most cases, uptake in granulocytic infiltrates is
high, whereas a substantial portion of the leukocytes accu-
mulate in the spleen and the liver. Autologous leukocytes
can be labeled with '''In or **™Tc. The latter has replaced
"n-labeled leukocytes for most indications, because of its
more optimal characteristics. However, because of the bio-
distribution of **™Tc-hexamethylpropyleneamine oxime-
labeled leukocytes, the use of '''In-labeled leukocytes is
preferred for evaluation of the kidneys, bladder, and gall
bladder. '''In-labeled leukocytes are also preferred if late
images are needed, as in chronic infection [6]. The prepa-
ration of this radiopharmaceutical is laborious: isolating
and labeling a patient’s WBCs takes a trained technician ap-
proximately 3 hours. Isolating enough leukocytes is impos-
sible in patients with neutropenia after chemotherapy or
targeted agents. In addition, the need to handle potentially
contaminated blood can result in transmission of blood-
borne pathogens such as hepatitis virus and HIV to techni-
cians or patients. There has always been concern that
chronic infections could be missed by labeled leukocyte
scans because these infections generate a smaller granulo-
cyte response than acute infections. However, a study in
155 patients demonstrated that the sensitivity of labeled
leukocytes for the detection of acute infections (90%) was
not significantly different from its sensitivity for detection
of chronic infections (86%) [7].

Uptake of '''In-labeled leukocytes in a metastatic ma-
lignancy, such as colon carcinoma, osseous metastases of
Ewing’s sarcoma, and metastatic melanoma, has been de-
scribed [8—10]. Of 115 '"'In-labeled leukocyte scans per-
formed in patients with cancer in order to diagnose
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localized infectious disease, the overall specificity was
95%, sensitivity was 86%, and accuracy was 91%. In only
one case, uptake in an osteolytic metastasis was found [11].
In five cases, donor leukocytes were used, so the remaining
110 scans were presumably performed in patients without
neutropenia. A retrospective review of 51 '''In-labeled leu-
kocyte scans in patients with a known tumor revealed six
false-positive results in which leukocyte uptake by the tu-
mor mimicked an abscess [12]. Five of the cases were pri-
mary or metastatic tumors of soft tissue (two carcinomas,
two lymphomas, one sarcoma) and the other was a skeletal
carcinoma metastasis. The degree of tumor uptake of '''In-
labeled leukocytes was variable in these patients and could
not reliably be used to distinguish abscess from tumor. In
another study, tumor uptake of '''In-labeled leukocytes
was observed in 10 of 25 patients with malignant neoplasms
(two non-Hodgkin’s lymphoma, one colonic carcinoma,
one ovarian carcinoma, three cerebral neoplasms, and three
liver metastases) [13]. Microscopic investigation following
specific granulocyte staining revealed the greatest extent of
granulocyte infiltration in tumors that showed '''In-labeled
leukocyte targeting, emphasizing the importance of tumor
granulocyte infiltration as a factor underlying tumor accu-
mulation of '''In-labeled leukocytes. Of 61 patients with
various tumors (33 hematologic and 28 solid tumors) stud-
ied for persistent fever, 21 patients (34%) manifested
abnormal localization of '''In-labeled leukocytes in neo-
plasms without clinical evidence of infection [14]. Al-
though data for *™Tc-labeled leukocyte scintigraphy in
patients with malignancy are scarce, uptake of **™Tc-
labeled leukocytes in non-Hodgkin’s lymphoma has been
described [15]. A study reviewed 343 99mT¢ abeled leuko-
cyte scans in patients suspected of having abdominal infec-
tion. There was uptake by malignant abdominal tumors in
10 cases (3%), which represented 63% of known malignan-
cies at the time of the scintigram. The relevant treatment
was delayed for 2 weeks to 2 months in four patients with
adenocarcinoma of the colon in whom the positive uptake
was regarded as confirmation of clinically suspected acute
diverticulitis [16].

In conclusion, labeled leukocyte scintigraphy is not
specific for infection: uptake in tumors reduces specific-
ity in cancer patients. In addition, labeled autologous
leukocyte scintigraphy is impossible in patients with fe-
brile neutropenia. Donor leukocytes can be used, but this
is associated with a risk for transmission of infectious
diseases.

FDG-PET
FDG-PET has become an established diagnostic tool in
oncology in the past decade and the indications for FDG-
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PET are expanding rapidly. FDG accumulates in all cells
with a high rate of glycolysis, which occurs not exclu-
sively in neoplastic cells. FDG uptake is also present in
all activated leukocytes (granulocytes, monocytes, as
well as lymphocytes), enabling imaging of acute and
chronic inflammatory processes. The mechanism of
FDG uptake in activated leukocytes is related to the fact
that these cells use glucose as an energy source only after
activation during the metabolic burst. FDG, like glucose,
passes through the cell membrane. Phosphorylated FDG
is not further metabolized and remains trapped inside the
cell, in contrast to phosphorylated glucose, which enters
the glycolytic pathway. Higher uptake and retention of
FDG has been shown in lesions with a high concentration
of inflammatory cells, such as granulocytes and activated
macrophages. In an experimental rat model of turpen-
tine-induced inflammation, FDG uptake was elevated
even more in chronic inflammation than in an acute in-
flammatory process [17]. In another rat model of Esche-
richia coli infection, the uptake of FDG in the infectious
process was higher than that of ®’Ga-citrate, radiolabeled
thymidine, methionine, and human serum albumin [18].

FDG-PET has several advantages over conventional
scintigraphic techniques. The physiological uptake of FDG
is low in most organs (except for the brain, heart, kidneys,
and bladder), and this provides relatively high target-
to-background ratios. Low normal organ uptake is best
assured by injecting FDG during a normoglycemic, hypo-
insulinemic state created by a 6-hour fasting period
[19, 20]. FDG-PET provides high-resolution, three-dimen-
sional images of the whole body. Early imaging after 1 hour
is possible, resulting in early reporting. Furthermore, the
dosimetry of FDG compares favorably with that of conven-
tional radiopharmaceuticals. Although higher glucose me-
tabolism may correlate with structural anatomical damage,
as shown with conventional radiological techniques, FDG-
PET depicts functional changes in tissue that may often pre-
cede anatomical changes. It may be difficult to detect active
disease in scar tissue using conventional radiological tech-
niques whereas one of the strongholds of FDG-PET is the
delineation of disease activity. Coregistration of PET and CT
in combined PET-CT scanners improves the interpretation of
the PET findings by exact localization of lesions [21].

DIFFERENTIATION BETWEEN INFECTION

AND MALIGNANCY

In malignant diseases, generally higher standardized uptake
values (SUVs) of FDG are expected to be found when com-
pared with FDG accumulation in infectious or inflamma-
tory disorders. The usefulness of SUVs for differentiation
between infection and malignancy in solitary pulmonary
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Figure 1. A 51-year-old man with a history of anal carcinoma treated with radiation therapy, complicated by a fistula, was ad-
mitted with candidemia. (A): PET. (B): CT. (C): Fused PET-CT. Left panels show transverse view of the base of the lungs, right
panels show transverse view of the top of the lungs. Intense diffuse (left) and focal (right) FDG uptake is seen in pulmonary lesions.
Biopsy was performed to differentiate between infection and metastases. Biopsy showed infection caused by C. albicans for which

he was treated with fluconazol with complete recovery.

Abbreviations: CT, computed tomography; FDG, fluorodeoxyglucose; PET, positron emission tomography.

nodules was studied in 585 patients [22]. Although
higher SUVs were related to a higher likelihood of ma-
lignancy, the degree of FDG uptake was not sufficiently
discriminative to distinguish between infection and can-
cer. For example, there was still a 24% chance that a sus-
picious pulmonary nodule with an SUV <2.5 was
cancer. Another study investigated glucose metabolism
in patients with chronic bacterial osteomyelitis using
FDG-PET and a dual time protocol [23]. In patients with
chronic osteomyelitis, the median SUV did not change
significantly between 30 and 90 minutes, whereas the
median SUV increased in patients with malignant bone
lesions. Although the authors speculate that this could be
useful for differentiation between infection and malig-
nancy, median and maximal SUVs and changes in SUV
over time showed considerable overlap in some patients
with infection and patients with malignant disease. In
most patients, biopsy or microbiology results will still be
needed to confirm the diagnosis (Fig. 1).

FEBRILE NEUTROPENIA
Although fever during neutropenia after intensive chemo-
therapy or targeted therapy is not always related to infec-

tion, treatment with broad-spectrum antibiotics is promptly
begun once fever is observed because infection during
neutropenia can be life threatening. Depending on the pa-
tient category and treatment given, 30%—-50% of febrile
episodes are caused by infection [24, 25]. Early recogni-
tion of infection contributes to better patient outcome
[26]. Starting redundant treatment, on the other hand, is
controversial because of possible side effects, develop-
ment of resistance, and costs. So it is important to attempt
to distinguish fever resulting from noninfectious causes,
for example, mucosal barrier injury, and fever caused by
infection. Early diagnosis and treatment of infectious
complications still remain difficult challenges in patients
with neutropenia.

It was thought that activated neutrophils play an
important role in visualizing localized infection or in-
flammation using FDG-PET [27]. In cases of severe neu-
tropenia, it has been considered questionable whether
FDG-PET can be used for diagnosing infectious diseases
because of the markedly lower number of activated neu-
trophils at the site of infection. In three severely immu-
nocompromised patients (chemotherapy for acute
myeloid leukemia, bone marrow transplant for myelo-
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Figure 2. A 33-year-old woman developed neutropenic fever 1 day after autologous stem cell transplantation for acute myelog-
enous leukemia. Blood cultures grew coagulase-negative staphylococci. (A): PET. (B): Fused PET-CT. Left panels show coronal
view, right panels show transverse view. Septic thrombophlebitis of the left subclavian vein and superior caval vein (red arrows)
after removal of CVC is seen. Thrombosis was confirmed by Doppler ultrasound and blood cultures remained positive for 10 days
after removal of the CVC despite adequate antibiotic treatment and the absence of another source of infection.

Abbreviations: CT, computed tomography; CVC, central venous catheter; PET, positron emission tomography.

dysplastic syndrome, and high-dose salvage chemother-
apy for relapsed high-grade non-Hodgkin’s lymphoma),
however, greater FDG uptake revealed foci of Candida
and Aspergillus abscesses [28]. In a retrospective study
of 248 PET scans performed in patients with multiple
myeloma, either for staging disease progression or for in-
fection workup, FDG-PET identified 165 infectious foci,
even in patients with severe neutropenia (in 30 cases)
[29]. In 46 patients, infection was not identified by a reg-
ular diagnostic workup. In that study, FDG-PET contrib-
uted to patient care in 46% of all patients. The authors
concluded that FDG-PET is a useful tool for diagnosing
and managing infections in patients with multiple my-
eloma, even in the setting of severe immunosuppression.
In that study, however, neutropenia (<1.0 X 10°/L) was
present in only 27 of 248 (11%) patients. In a partly ret-
rospective and partly prospective observational study,
FDG-PET was performed for 36 thrombotic episodes in
27 patients with a hematologic malignancy. PET re-
vealed FDG uptake in all nine episodes of septic throm-
bophlebitis and none of the 11 acute and 16 chronic deep
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venous thrombosis cases. Only two patients with septic
thrombophlebitis, however, had a neutrophil count
<0.5 X 10°/L at the time of FDG-PET.

In an ongoing prospective, observational study in pa-
tients with chemotherapy-induced neutropenia (periph-
eral neutrophil count <0.1 X 109/L), we identified
infectious foci that were predominantly located in the
central venous catheter (CVC) tract (Fig. 2) and lungs,
and that were caused by bacteria or fungi. In vivo studies
showed uptake of FDG in many activated inflammatory
cells, not only neutrophils but also macrophages, natural
killer cells, and lymphocytes [30—-32]. This is probably
the explanation for the visualization of inflammatory
foci on FDG-PET scans in the vast majority of patients
despite neutrophil counts <0.1 X 10°/L in that study. Al-
though larger prospective studies are needed to confirm
the value of FDG-PET in patients with febrile neutrope-
nia, these studies have shown that imaging of infectious
processes in patients with severe neutropenia using
FDG-PET is very well feasible.
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Figure 3. An 18-year-old man with a megaprosthesis of the right hip after resection of Ewing’s sarcoma was admitted with a
painful hip 11 months after insertion of the prosthesis. Pseudomonas aeruginosa, Enterococcus faecium, and S. aureus were cul-
tured from several tissue biopsies. (A): PET. (B): Fused PET-CT. Left panels show coronal view, right panels show transverse
view. Intense FDG uptake adjacent to the prosthesis (red arrow) caused by infection is seen.

Abbreviations: CT, computed tomography; FDG, fluorodeoxyglucose; PET, positron emission tomography.

POSTOPERATIVE INFECTIONS

Many cancer patients have to undergo surgery. Many of
these patients have an elevated risk for postoperative infec-
tions because of previous chemotherapy, radiotherapy, or
the underlying malignancy itself. FDG uptake in physiolog-
ical wound healing is expected to diminish over time. In a
German study exploring the value of FDG-PET in 18 pa-
tients with suspected postoperative infections, the sensitiv-
ity and specificity of infection imaging in areas outside the
region of surgical trauma were 86% and 100%, respec-
tively. The sensitivity of infection imaging in the area of the
surgical wound was 100%, whereas the specificity was only
56% [33]. The interval between surgery and FDG-PET was
significantly shorter in patients with false-positive results.
Further studies on the degree, pattern, and duration of phys-
iological FDG uptake after surgery are warranted.

INFECTION OF METALLIC IMPLANTS AND

JOINT PROSTHESES

Patients with orthopedic malignancies are sometimes
treated with resection and insertion of implants. For pa-
tients with metallic implants, FDG-PET has good sensitiv-
ity (91%-100%) for the diagnosis of infection [34]. The
specificity of FDG-PET in patients with metallic implants,
however, is strongly dependent on the criteria used to report
infection based on both the localization and intensity of
FDG uptake [34]. When using the criterion of uptake at the
bone—prosthesis interface (with exclusion of the head and
the tip) as positive for infection, the specificity is up to 97%

[35]. Specificity is generally higher with hip prostheses
than with knee prostheses [36]. The value of FDG-PET was
studied in 35 patients with surgery in the previous 2 years
who were suspected of harboring a chronic musculoskeletal
infection [37]. The accuracy was 94%, which was compa-
rable with that in patients without recent surgery in the same
study. In a prospective study, 29 partial-body FDG-PET
scans in 22 patients suspected of having metallic implant—
associated infections were obtained [38]. The interval be-
tween the last surgical intervention and the time of PET
scanning was in the range of 6 weeks to 14 months. The sen-
sitivity, specificity, and accuracy were 100%, 93%, and
97%, respectively. FDG-PET appears to be a sensitive and
specific method for the detection of infectious foci resulting
from metallic implants in patients, even in patients within 1
year after surgery (Fig. 3).

BACTEREMIA AND METASTATIC INFECTION

Patients treated with chemotherapy or having CVCs are
prone to bacteremia, which can be complicated by meta-
static infection. Timely detection of metastatic infectious
foci is crucial, because these foci often require prolonged
antibiotic treatment or drainage and they often lead to a re-
duction in the chemotherapy dose intensity, which may
compromise long-term disease-free and overall survival
times, particularly in patients with responsive and poten-
tially curable malignancies. The diagnosis of metastatic in-
fectious foci is difficult because localizing symptoms are
often absent. FDG-PET was assessed for the detection of
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Figure 4. A 33-year-old woman was admitted with bacteremia with Streptococcus milleri and prolonged fever after chemother-

apy for choriocarcinoma with pulmonary metastases despite adequate antibiotic treatment. (A): PET. (B): CT. (C): Fused PET-

CT. Left panels show coronal view, right panels show transverse view. (A): Metastatic lesion in the right lung with faint FDG

uptake (green arrow) is seen. Intense FDG uptake in paravertebral mass caused by S. milleri (red arrow) is also seen.
Abbreviations: CT, computed tomography; FDG, fluorodeoxyglucose; PET, positron emission tomography.

metastatic infectious foci [39]. In the 40 patients evaluated
in that retrospective study, metastatic complications were
diagnosed in 75%. It could be demonstrated that, although a
median number of four diagnostic procedures had been per-
formed before PET scanning, PET identified clinically rel-
evant new foci in 45% of cases. The positive predictive
value (PPV) and negative predictive value (NPV) of FDG-
PET were 91% and 99%, respectively [39]. In a recent pro-
spective study, FDG-PET was performed in 115 non-
neutropenic patients with Gram™ bacteremia and at least
one risk factor for developing infectious complications.
The results were compared with those of 230 matched his-
torical controls in whom no FDG-PET was performed.
Significantly more patients were diagnosed with meta-
static foci in the study group (68% versus 36%). The sen-
sitivity, specificity, NPV, and PPV of FDG-PET-CT
were 100%, 87%, 100%, and 89%, respectively. The
overall mortality rate after 6 months was lower (19% ver-
sus 32%) in the FDG-PET-CT group (p = .014) because
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of a lower relapse rate [40]. Therefore, FDG-PET is a
valuable imaging technique for the detection of meta-
static infectious foci in cases of bacteremia and at least
one risk factor, such as prolonged fever or persistently
positive blood cultures despite adequate antibiotic ther-
apy (Figs 4, 5). Because of its high sensitivity, FDG-PET
should be performed in all patients with high-risk Gram "
bacteremia and should be considered in patients with
suspected disseminated infection.

INFECTED VASCULAR GRAFTS

In cases of extensive tumor resection, vascular grafts need
to be placed in some cases. Elderly patients with malig-
nancy sometimes have received prior vascular prostheses
because of an aneurysm or stenosis resulting from athero-
sclerosis. Early diagnosis of vascular graft infection is of
utmost importance in the management of all patients with
vascular grafts. The rate of infection of vascular grafts is in
the range of 0.5%—-5%, and it is associated with a high risk



988

Infection Imaging in Cancer Patients

*v
¢

Figure S. A 76-year-old old man with a history of rectum carcinoma and Enterococcus faecalis bacteremia in April 2010
was admitted in June 2010 with E. faecalis bacteremia. Endocarditis was diagnosed and his mitral valve was replaced the
next day. His fever continued for >2 weeks despite adequate antibiotic treatment and FDG-PET was performed. (A): PET.
(B): CT. (C): Fused PET-CT. Left panels show sagittal view, right panels show transverse view. (A): Greater FDG uptake
in a relapse of the rectum carcinoma (green arrow) and FDG uptake in mediastinal infection (red arrow) that was diagnosed

as mediastinitis are seen.

Abbreviations: CT, computed tomography; FDG, fluorodeoxyglucose; PET, positron emission tomography.

for morbidity (such as limb loss) and mortality. On CT
scans, air bubbles can be detected around the infected graft
in about half of the cases, but these are highly unspecific
because in 50% of grafts these bubbles are present for
weeks or even months after surgery [41]. Also, itis difficult
to differentiate among acute infection, hematoma, and lym-
phocele on CT scans, and with chronic low-grade infections
CT is often false negative [41]. In comparison with CT,
PET-CT has shown superior diagnostic performance. PET
has shown a sensitivity >90%, in comparison with 64% for
CT [42]. When only focal abnormal uptake is interpreted as
positive for infection, the specificity is >90% [42]. These
data have been confirmed by other studies [43, 44]. Imaging
of vascular graft infection by labeled WBCs suffers from a
chance of false-positive results caused by the inability to
exactly localize the site of inflammation and a lower sensi-

tivity than PET [41, 45]. Therefore, PET-CT imaging
seems to have the highest sensitivity. PET should be per-
formed at least 2 months after surgery to avoid false-posi-
tive results. Because the majority of vascular graft
infections is diagnosed at a later time point after surgery,
this limitation plays a minor role [41] (Fig. 6).

HIV PATIENTS

The incidence of cancer in patients suffering from HIV/
AIDS appears to be rising as a result of longer survival
times since the implementation of highly active antiretrovi-
ral therapy. Patients with HIV infection are at risk for de-
veloping a variety of infections and tumors that may
generate a fever, without any localizing features, or nonspe-
cific weight loss. Imaging is often needed to establish a di-
agnosis. Although Kaposi’s sarcoma usually presents with

O%ecologist“



Bleeker-Rovers, Vos, van der Graaf et al.

A R Py

=

—*,‘/4— —>’<_

Figure 6. A 49-year-old man was diagnosed with an exten-
sive relapse of myxofibrosarcoma of the right hip and upper
leg. One year earlier, a myxofibrosarcoma of the upper right
leg was resected in which a femoropopliteal graft needed to be
implanted. He was admitted with fever and cellulitis of the tis-
sue overlying the vascular graft. Pseudomonas aeruginosa was
cultured. (A): PET. (B): Fused PET-CT. Left panels show sag-
ittal view, right panel shows maximum intensity projection.
Extensive tumor burden (green arrows) and infected vascular
graft (red arrow) are seen. He was treated with ciprofloxacin
until his death 3 months later.

skin lesions, systemic involvement is possible, particularly
in the gastrointestinal tract and respiratory system, in which
case systemic treatment is warranted to prevent potentially
lethal hemorrhage. O’Doherty et al. [46] studied the value
of FDG-PET in 80 HIV* patients with fever, confusion,
and/or weight loss without a clinical diagnosis. A half-body
FDG-PET scan (n = 57) had a sensitivity of 92% and a
specificity of 94% for localization of focal pathology that
needed treatment (three patients with pulmonary Kaposi’s
sarcoma, 13 with lymphoma, eight with various infectious
diseases). FDG brain studies (n = 23) were abnormal in all
19 patients with focal space—occupying lesions identified
by MRI (six patients with cerebral lymphoma, 13 with var-
ious infectious diseases). FDG-PET scans were also abnor-
mal in patients with persistent HIV-related lymphade-
nopathy without infection or malignancy. In another small
retrospective study, nine of 10 FDG-PET-CT scans in
HIV™ patients with persistent fever were abnormal [47].
Tuberculosis was diagnosed in six patients and a neoplasm
was diagnosed in three (two lymphomas, one Kaposi’s sar-
coma). FDG-PET-CT directly suggested sites for biopsy in
six patients. Unfortunately, no pattern of uptake or cutoff
SUV exists in discriminating malignancy from infected
nodes in HIV patients [48]. In a small, prospective study,
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FDG-PET-CT was proven to be effective in detecting clin-
ically occult Kaposi’s sarcoma lesions [49].

CONCLUSIONS

’Ga-citrate has many unfavorable characteristics, and the
development of newer radiopharmaceuticals has resulted in
the replacement of ®’Ga-citrate scintigraphy with scintigra-
phy using labeled leukocytes or FDG-PET for the majority
of conditions. ®*Ga-citrate PET-CT solves some of the
drawbacks of ®’Ga-citrate, but it cannot differentiate be-
tween infection and malignancy either. The sensitivity of
labeled leukocyte scintigraphy in non-neutropenic cancer
patients is comparable with that in patients without malig-
nancy. The specificity, however, is lower because of uptake
of labeled leukocytes in many primary tumors and metas-
tases. In addition, labeled leukocyte scintigraphy cannot be
used in patients with febrile neutropenia because of the in-
ability to harvest enough peripheral leukocytes for in vitro
labeling.

FDG-PET has several advantages over conventional
scintigraphic techniques, but a major drawback is its inabil-
ity to differentiate between infection and malignancy.
When the localization of metastases is known beforehand,
this problem is, of course, reduced. FDG-PET has shown its
usefulness in diagnosing septic thrombophlebitis in cancer
patients. It has also been shown that imaging of infectious
processes using FDG-PET is possible in patients with se-
vere neutropenia. This can probably be explained by FDG
uptake in many activated inflammatory cells, not only neu-
trophils but also macrophages, natural killer cells, and lym-
phocytes. FDG-PET is also useful in patients suspected of
infection of metallic implants or vascular grafts. In patients
with high-risk Gram ™ bacteremia, FDG-PET should always
be performed to exclude metastatic infection. It should also be
considered in patients suspected of disseminated infection af-
ter bacteremia with other microorganisms. Although larger
prospective studies examining the value of FDG-PET in can-
cer patients suspected of infection, especially in those with fe-
brile neutropenia, are needed, FDG-PET appears to be the
most promising scintigraphic technique for the diagnosis of in-
fection in this patient group.
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