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Introduction

Molecular imaging such as positron emission
tomography (PET) has been widely used in clini-
cal oncology. Currently, F18-labeled fluorodeox-
yglucose (18F-FDG) PET/CT is accounted for
the majority of all molecular imaging procedures.
Accurate and reliable imaging studies are needed
to proper stage cancer patients for treatment
plans and to provide imaging parameters and bio-
markers for optimal assessment of therapeutic
response. Immunotherapy and targeted therapies
have become the standard of practice for oncol-
ogy treatments. Molecular imaging such as PET
is likely to play an even greater role in the treat-
ment selection and monitoring treatment
response. Success of FDG PET is also recognized
with certain limitations. Special attention has
been devoted to the development of new tracers
for better evaluation of tumor burden and immu-
notherapy response. In this chapter, we will out-
line the clinical utility of FDG PET (PET/CT)
and provide a brief discussion of new radiotrac-
ers for renal cell carcinoma (RCC).
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Renal cell carcinoma (RCC) accounts for
about 3% of all adult cancers and 85% to 90% of
all primary renal tumors. It is the seventh most
common cancer in men and the ninth most com-
mon in women. The incidence of RCC is rising
over time, partially attributable to the success of
modern imaging technologies. Choudhary and
colleagues estimated 50-60% of RCCs are found
incidentally when diagnostic imaging is per-
formed for an wunrelated indication [1].
Characterization of a small renal mass can be
done through tissue biopsy, which is invasive
with known procedural complications, potential
sampling errors, and concern of track metastasis.
It is not commonly performed due to inaccuracy
and ineffectiveness in clinical management. Non-
invasive imaging modalities are useful in diag-
nosing, staging, and monitoring therapy response.
To date, the role of FDG PET in the initial detec-
tion and diagnosis of RCC is still limited, contro-
versial, and discordant. It is not recommended by
NCCN guidelines. However, FDG PET seems to
show some promise for the detection of distant
metastases and local recurrence, and may be
complementary to other cross-sectional imaging
techniques. Semi-quantitative FDG PET/CT
imaging may be helpful to predict tumor differ-
entiation and prognosis. Immunotherapy with
checkpoint inhibition has revolutionized the
treatment of many cancers. Standard criteria for
response assessment of immunotherapy are lim-
ited due to delayed response and initial pseudo-
progression occurring in some patients. Few data
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are available using FDG PET/CT for the assess-
ment of immunotherapy response for
mRCC. Alternative targeted therapies for mRCC
such as tyrosine kinase inhibitors (TKIs) are
aimed at specific biologic molecules or processes
to modify response or signal transduction. These
drugs act as a cytostatic and inhibit growth rather
than induce tumor regression. Conventional
imaging techniques such as CT and MRI are size
based and are not optimal in evaluating early
changes after therapy. Molecular imaging has
become more important in evaluating response
for these cytostatic agents. The change in FDG
uptake on PET scans before and after therapy is a
strong indicator of biological response to TKIs.

In this chapter, we will examine the current
application of FDG PET (PET/CT) for detecting
primary RCC, locoregional metastasis evalua-
tion, and distant metastasis assessment including
liver, lung, and bone. We will also discuss the
prognostic value of FDG PET/CT and the utility
of FDG PET/CT for monitoring therapeutic
response for mRCC.

Primary Renal Cell Carcinoma
Diagnosis

Kidney cancer used to be considered a single
disease many years ago. It is now known that
renal cell carcinoma has different histological
patterns and variable clinical courses that appear
to respond differently to therapy [2]. The
Heidelberg classification identifies five distinct
malignant subtypes: clear cell, papillary, chro-
mophobe, collecting duct, and RCC unclassified.
Benign tumors have been subclassified into
metanephric adenoma and adenofibroma, papil-
lary renal cell adenoma, and renal oncocytoma
[3]. Approximately 54% of renal masses are
more aggressive clear cell carcinoma [2].

The initial diagnosis of a renal mass is usually
made with ultrasound, CT, or MRI. Most cases
are discovered incidentally during procedures for
other indications [4]. CT is currently the imaging
modality of choice to stage and detect metastasis
in patients with RCC. These are essential for
prognostic evaluation and surgical planning.

Surgical resection by either partial or radical
nephrectomy remains the standard of care for the
localized disease.

FDG PET provides unique information about
molecular pathways of disease. It has gained
increasing acceptance for the diagnosis of cancer.
Early studies using FDG PET reported a broad
range of accuracy for detecting primary
RCC. Ramdave et al. [5] studied 17 patients with
known or suspected primary tumors and found
true positive in 15, one true negative, and one
false negative. The accuracy of FDG PET and CT
was identical (94%). Similar results were also
reported by Goldberg et al. [6]. Two other studies
[7, 8] with larger sample of 53 and 66 patients
showed different results. Aide et al. [7] reported a
sensitivity, specificity, and accuracy of 47%,
80%, and 51%, respectively. Kang et al. [8]
reported a sensitivity of 60% and a specificity of
100% for PET versus 91.7% sensitivity and
100% specificity for CT. Kang and colleagues
concluded that the role of FDG PET in the detec-
tion of primary RCC is limited by low sensitivity.
But the superior specificity of the PET may have
a complementary role in equivocal cases on con-
ventional imaging [8]. Several factors may
explain the large ranges of variation of sensitiv-
ity. First, due to the heterogeneity of RCC, some
have low FDG uptake due to low glucose trans-
porter-1 expression [9]. In a study with 44 pri-
mary clear cell RCC, SUVmax (maximum
standardized uptake value) ranges from 2.5 to
18.4, with average SUVmax 6.8 [10]. Second, the
kidneys and collecting system are the route for
radiotracer FDG excretion; this makes the diag-
nosis of small parenchymal mass difficult, even
with hydration and diuretics [11]. Third, due to
the limited resolution and the lack of anatomic
(CT) correlation of old generation non-hybrid
PET-only scanners, small lesions are very diffi-
cult to detect. The main disadvantage of FDG
PET for RCC is the relatively high false-negative
results. Another drawback of the FDG PET is the
lower spatial resolution of PET images when
compared to a CT scanner. There is known false-
positive uptake in infection and inflammation for
PET as well. It is worth noting that most articles
published regarding RCC were based on
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PET-only scanners, which may lower the sensi-
tivity and specificity by about 5-10%. The newer
generation of hybrid PET/CT scanners with
improved resolution has markedly improved the
localization of lesions and diagnostic accuracy
compared to either CT or PET stand-alone appli-
cations. A more recent study with FDG PET/CT
by Kayani et al. detected 41/43 of primary RCC
with the smallest tumor measuring less than
2.5 cm [10].

There is limited data regarding the ability to
predict the histological diagnosis based on ana-
tomic imaging findings [12]. Clear cell RCC is
the most common type of renal malignancy. It
can be hypodense, isodense, or hyperdense on
pre-contrast CT studies. Post-contrast CT usually
enhances significantly and can be heterogeneous
due to necrosis [13]. No correlation of FDG
uptake has been found between benign and
malignant renal tumors. Most of the clear cell
RCC demonstrate increased FDG uptake above
the background renal parenchyma activity
(Fig. 6.1). SUVmax (maximum standardized

uptake value) has been reported ranging from 2.5
to 18.4 with an average of 6.5 [10].

Oncocytoma is considered a benign tumor. On
unenhanced CT, it usually appears isodense or
hypodense to the renal parenchyma and shows
enhancement on post-IV contrast CT images. On
PET, oncocytoma normally shows no appreciable
FDG uptake as previously reported [14].
However, a case report described intense uptake
in a renal oncocytoma [15]. A typical appearance
of oncocytoma is shown in Fig. 6.2.

Angiomyolipoma is the most common benign
tumor of the kidney. These lesions characteristi-
cally contain variable amounts of abnormal blood
vessels, adipose tissue, and smooth muscle ele-
ments. The majority of angiomyolipomas can be
accurately diagnosed on unenhanced CT as the
lesions contain macroscopic fat (Fig. 6.3). There
is limited literature on the role of FDG PET in the
diagnosis of angiomyolipoma. Kochhar et al.
[14] showed a renal angiomyolipoma without
significant FDG uptake similar to our case in
Fig. 6.3.

Fig. 6.1 Clear cell renal carcinoma. (a) Non-contrast CT shows a 5-cm right renal mass. (b) FDG PET demonstrates
heterogeneous increased uptake in right renal mass. SUVmax 5.7. (¢) Fused PET/CT image

Fig.6.2 Oncocytoma. (a) CT with IV contrast shows a well-defined 5-cm mass with mild heterogeneous enhancement.
(b) FDG PET shows mild increased uptake. SUVmax 2.9. (¢) Fused PET/CT image
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Fig. 6.3 Angiomyolipoma of the kidney. (a) FDG PET
shows focal mild uptake equal to or less than background
renal parenchymal activity. SUVmax 1.9. (b) A well-

Locoregional Metastasis

Approximately 18% of patients with RCC have
metastasis at the time of diagnosis [16]. CT and
MRI are currently the study of choice to provide
important information about tumor extension,
vascular invasion, and regional metastasis. MRI
has a special role to assess thrombus extension.
Lymphadenopathy remains a major challenge
for cross-sectional imaging. Current cross-sec-
tional imaging criteria for suspicious lymph
nodes include a short-axis diameter of 1 cm or
more and loss of kidney shape and fatty hilum.
Yet, some of the enlarged lymph nodes were
related to hyperplastic and inflammatory change.
FDG PET provides an alternative to contrast-
enhanced CT by showing the metabolic activity
of the disease. In RCC, both CT and PET data

/

marginated tumor with fatty attenuation seen on CT scan
(arrow), highly suggestive of angiomyolipoma. (¢) Fused
PET/CT image

for local extension and regional nodal metasta-
ses are limited at the current time and believed to
be similar [17].

FDG PET helps detect small metastatic nodes
(Fig. 6.4). Kang et al. [8] reported 75% sensitiv-
ity and 100% specificity for retroperitoneal
lymph node metastases and/or local recurrence
by PET while abdominal CT showed 92.6% sen-
sitivity and 98.1% specificity. Aide et al. [7]
reported two patients with local nodal metastasis.
FDG PET detected one of them; with IV contrast,
CT correctly identified both. Kocher et al. [18]
compared the results of FDG PET with histology
in patients with suspected RCC. They found true
regional lymph node metastasis in three patients
and true negative in seven. Ramdave et al. [5]
reported two cases of locoregional lymph node
metastasis detected on FDG PET but not on CT.



6 Molecular Imaging for Renal Cell Carcinoma

103

Fig. 6.4 Papillary renal cell carcinoma with local small
nodal metastasis and tumor invading renal vein and IVC.
(a) Staging FDG PET/CT demonstrates a large left renal
mass and a 10-mm left para-aortic node (arrow) on non-
contrast CT. (b) There is a markedly dilated left renal vein
and IVC (arrows). (¢) Fused FDG PET/CT images dem-

onstrate heterogeneous uptake in the left renal mass,
SUVmax 11, and corresponding uptake in al0-mm left
para-aortic lymph node (arrow), suggesting metastatic
disease. (d) There is intense FDG uptake in left renal vein
and IVC (arrows), consistent with tumor extension
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Although some publications have suggested
that only tumor and infected thrombi show
increased FDG uptake, a few reports showed that
bland thrombus may have this appearance as
well, a finding consistent with the acute
inflammatory phase of aseptic deep venous
thrombosis [19]. It seems that FDG PET is not
useful in recognizing the cause of the thrombus
because FDG uptake relies on the degree of reac-
tive inflammation, which is variable and does not
correlate with bland or tumor thrombus. However,
there is generally accepted consensus that tumor
thrombi have higher uptake than bland thrombus.
A case with tumor thrombosis is shown in
Fig. 6.4.

The incidence of local recurrence ranges from
1.8% to 27% after nephrectomy [20]. CT inter-
pretation of the renal bed is difficult because of
migration of the adjacent normal organs into the
renal fossa, postoperative scar, and artifacts from
surgical clips. In addition, patients may develop
renal failure after nephrectomy which makes IV
contrast injection relatively contraindicated. The
metabolic activity of tumor is not altered by these
factors. Therefore, FDG PET may be superior for
evaluation of renal bed recurrence (Fig. 6.5).
Ramdave et al. [5] showed that in the eight
patients referred for this condition, PET was able
to clearly differentiate tumor recurrence from
fibrosis or necrosis. The diagnostic accuracy of
FDG PET was calculated to be 100%. In com-
parison, the diagnostic accuracy of CT was 88%.

Fig. 6.5 Chromophobe renal cell cancer with local recur-
rence. (a) Re-staging FDG PET/CT demonstrates a left retro-
peritoneal soft-tissue mass on non-contrast CT, question of

Distant Metastasis

FDG PET/CT is very useful in evaluating distant
metastases, partially attributable to the length
(routine skull base to mid thigh) of the scan. It
has shown promising results with RCC, with
sensitivity range from 60% to 100% and the
specificity close to 100% for the majority of
cases [7, 17, 21-25]. Majhail et al. reported two
cases of unsuspected distant metastasis detected
by FDG PET not seen by CT in 17 patients eval-
uated for primary RCC [21]. In another study
[26], FDG PET detected 77/112 of the metastatic
lesions. Of those, 32 lesions had not been
detected by any other anatomic imaging. The
results of CT and FDG PET for detecting distant
metastases from RCC were comparable, with
sensitivities of 70% and 69%, respectively.
Safaei et al. [27] reported a study of 20 patients
with 25 lesions biopsied. FDG PET accurately
identified 21/25 metastases and demonstrated a
sensitivity of 87% and a specificity of 100%.
Park et al. [17] evaluated FDG PET/CT for the
postoperative surveillance of advanced RCC and
found that it has 89.5% sensitivity, 83.3% speci-
ficity, 77.3% PPV, 92.6% NPV, and 85.7% accu-
racy in detecting local recurrent and distant
metastasis. A study by Aide et al. [7] showed no
metastases detected by CT that were missed by
FDG PET. In fact, FDG PET was able to detect
additional metastatic sites, leading to better
accuracy compared with CT.

post-surgical change vs local recurrence. (b) FDG PET dem-
onstrates focally increased uptake, SUVmax 2.5, consistent
with recurrent disease. (¢) Fused FDG PET/CT image
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Fig. 6.6 Clear cell renal cancer with liver metastases. (a)
CT shows a large right renal mass and subtle liver lesions
(arrows). (b) FDG PET shows intense heterogeneous

Liver Metastasis

Liver is the third most common site of metastasis
for RCC after lung and bone and accounts for
15-20% of metastasis in RCC [28, 29]. Liver
metastasis is associated with poor prognosis [30].
CT is the mainstay of imaging in the detection of
intra-abdominal metastases. On CT, liver metas-
tases can appear as ill-defined low attenuation
lesions that may show peripheral enhancement or
appear as hypervascular masses with or without
central necrosis [31]. On a non-IV CT contrast
FDG PET/CT scan, lesions on the CT component
can be subtle. In general, there is high target to
background ratio of uptake seen on FDG PET,
which makes it easier to detect (Fig. 6.6). Study
by Kang et al. [8] showed FDG PET has a sensi-
tivity of 61.5% and a specificity of 100% for liver
metastases. In contrast, CT has a sensitivity of
76.9% and a specificity of 94.1%. FDG PET
detected 2/13 metastases that were negative on
CT. In the study by Park et al. [17], FDG PET/CT
has a sensitivity of 100% for liver metastasis.

Lung Metastasis

Lung is the most common site of mRCC and
accounts for 50-60% of metastasis [28, 29].
Patients with lung-only metastases have a better
survival rate than patients with other sites of metas-
tases [30]. Pulmonary metastases usually appear as

uptake in the right renal mass and clearly multiple foci of
liver uptake (arrows). (¢) Fused FDG PET/CT

well-defined round or ovoid nodules on both chest
radiography and CT. They can be solitary or mul-
tiple and typically range in size from 0.5 to 2 cm in
diameter. They are one of the well-known causes of
“cannonball” metastases [31]. CT with IV contrast
is the current study of choice to evaluate lung
metastases with high sensitivity. However, CT has
limitation due to its low specificity to differentiate
benign from malignant nodules. FDG PET assesses
the metabolic process of the lesions and is useful in
evaluating malignant potential. A large study of
585 patients by Bryant and colleagues showed the
higher the SUYV, the more likelihood of malignancy
[32]. Fortes et al. [33] evaluated 83 patients with
metastatic pulmonary nodules from different pri-
maries and found that FDG PET is positive in only
67.5% of them. Nodule size and grade affect the
sensitivity of FDG PET. For nodules ranging from
1 mm to 5 mm, the sensitivity of FDG PET was
23.5% (4/17); however, for nodules greater than
25 mm in diameter, the sensitivity of FDG PET
was 88.5% (23/26).

With FDG PET, Majhail et al. [21] reported a
sensitivity of 63.2% and 100% PPV in detecting
pulmonary metastasis from RCC. The mean size
of lung metastases in patients with true-positive
FDG PET was 2.0 cm (95% CI, 1.3 to 2.7 cm)
compared with 0.8 cm (95% CI, 0.5 to 1.2 cm) in
patients with false-negative FDG PET.

A dual modality hybrid PET/CT scanner takes
advantage of the high sensitivity from CT and the
greater specificity of FDG PET which results in
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Fig. 6.7 Clear cell renal cancer with lung metastasis. (a) CT component of FDG PET/CT scan shows a 2-cm solitary
right lower lobe pulmonary nodule. (b) FDG PET demonstrates intense uptake. SUVmax 6.4. (¢) Fused FDG PET/CT

Fig. 6.8 Metabolic negative lung metastases from clear
cell renal cancer. FDG PET/CT in a 63-year-old female
with clear cell renal cancer and biopsy-proven pulmonary
metastases. (a) Multiple lung nodules, largest measuring

Fig. 6.9 False-positive lung metastasis from clear cell
renal carcinoma. (a) CT component shows a large lung
nodule, measuring 2.7x1.7 cm (arrow). (b) FDG PET

increasing accuracy as compared to either modal-
ity alone. Small pulmonary metastasis from RCC
even without significant metabolic activity can be
seen by CT (Fig. 6.7). A pulmonary nodule with
corresponding FDG uptake is highly suspicious
for metastasis in a patient with history of RCC
(Fig. 6.8). Due to overlapping FDG uptake
between inflammatory cells and cancer cells,
false-positive metastasis is not uncommonly seen
on FDG PET/CT (Fig. 6.9).

b c
\'

10 mm (arrow) on CT. (b) No significant FDG uptake
corresponding to these small nodules on PET. (¢) Fused
FDG PET/CT

demonstrates increased uptake corresponding to the large
nodule, SUVmax 2.7. (¢) Fused FDG PET/CT. Biopsy of
this nodule shows inflammation and necrotic tissue

Bone Metastasis

Osseous metastasis accounts for 30-40% of
distance metastasis in RCC [34]. Bone metasta-
ses classically appear as large expansile lytic
lesions on plain radiography, most commonly in
the axial skeleton [31]. Contrast-enhanced CT
shows bone destruction with or without the pres-
ence of an enhancing soft-tissue mass. Bone
scan is not routinely performed for RCC patients
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Fig. 6.10 Multiple bone metastases from clear cell renal
carcinoma. (a, b) Re-staging scan demonstrates destruc-
tive and lytic bone lesions on CT component (arrows). (c,

due to the mainly lytic nature of the bone metas-
tasis, which is commonly negative in conven-
tional bone scan. The general consensus is to
order a bone scan only for patients with symp-
tomatic bone pain and elevated serum alkaline
phosphatase [27, 35].

FDG PET has been reported to be very accu-
rate to stage bone metastasis in breast and lung
cancers [36, 37]. FDG PET may offer improved
specificity over bone scintigraphy in the detec-
tion of bone metastases (Fig. 6.10). Another
advantage of PET over bone scan is the evalua-
tion of both bone and soft tissue in one setting.
Solitary bone metastasis from RCC is not uncom-
mon, and a subtle bone lesion is not easily seen
on CT scan (Fig. 6.11). Wu et al. [38] showed that
for detecting bone metastasis, FDG PET had both
sensitivity and accuracy of 100% compared with
77.5% and 59.6%, respectively, for bone scintig-
raphy. Kang et al. [8] showed that positive pre-
dictive value and negative predictive value for
bone metastases were 99% and 93.2%, respec-

d) PET/CT fused images demonstrate moderate increased
uptake corresponding to these bone lesions

tively, and indicate that FDG PET is the most
sensitive test for imaging bone metastasis of
RCC.

Recently a study has demonstrated that NaF-18
PET is more accurate than *™Tc-diphosphonate
SPECT for identifying both malignant and benign
lesions of the skeleton [39]. Combining the NaF-
18 PET with CT using a PET/CT scanner can
improve the specificity and overall accuracy of
detecting skeletal metastasis.

Surveillance

Chae et al. found that after resection of RCC, the
mean time of tumor recurrence was 17 months,
and 83% of recurrence occurred within 2 years
[29]. Thus, they recommend follow-up imaging
should be performed intensively the first 2 years
after surgery. Most guidelines use anatomical and
conventional imaging to monitor relapse and
recurrence. FDG PET has been shown to identify
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Fig. 6.11 Solitary bone metastasis from clear cell renal
carcinoma. (a) Re-staging FDG PET/CT in a 63-year-old
male with clear cell renal carcinoma. PET demonstrates a
focal moderate uptake in the right humerus. (b) On the cor-

relapse and/or recurrence more readily than con-
ventional imaging with higher sensitivity and
specificity [17]. One advantage of FDG PET/CT
imaging is that IV contrast is not essential to per-
form the study, thus avoiding potential renal
damage, which is very important for the renal
preservation of RCC patients. Nakatani and
coworkers [40] reviewed 28 scans in 23 patients
who had undergone FDG PET scans after sur-
gery. They correlated the FDG PET findings with
other imaging and histology or by clinical fol-
low-up at least 6 months and reported overall
sensitivity, specificity, and diagnostic accuracy of
81%, 71%, and 79%, respectively. FDG PET cor-
rectly detected local recurrence and metastases in
all cases in the peritoneum, bone, muscle, and
adrenal gland. Their experience suggested FDG
PET would be useful for postoperative surveil-
lance in patients with RCC.

Prognostic Values of FDG PET
for RCC

A prognostic model has been developed by
Motzer et al. [41]. Patients were categorized into
favorable, intermediate, or poor prognostic

responding CT, there is an easy to miss lesion with subtle
cortex thinning. (¢) Fused image clearly demonstrates
abnormal uptake in the bone and marrow. (d) Follow-up
plain film shows lytic lesion in the right humerus

groups based on five risk factors: Karnofsky per-
formance status, elevated lactate dehydrogenase
(> 1.5 times the upper limit of normal), low
hemoglobin (less than normal), high corrected
calcium, and absence of prior nephrectomy.
Patients with no risk factors (favorable risk) had
a median survival of 20 months; with one to two
risk factors (intermediate risk), 10 months; and
with three or more risk factors (poor risk),
4 months. Furthermore, Motzer et al. [42] per-
formed a retrospective study to identify prognos-
tic factors for survival in previously treated
patients with advanced RCC. They found risk
factors for shorter survival were low Karnofsky
performance status, low hemoglobin level, and
high corrected serum calcium. The median time
to death in patients with zero risk factors was
22 months. The median survival in patients with
one of these prognostic factors was 11.9 months.
Patients with two or three risk factors had a
median survival of 5.4 months.

Studies have shown the metabolic tumor bur-
den (MTB) and/or metabolic tumor volume
(MTV) on FDG PET/CT is an independent prog-
nostic factor in lung, head and neck, and esopha-
geal cancers [43—45]. Other studies showed that
SUVmax (maximum standardized uptake value)
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Fig. 6.12 Low FDG uptake in metastatic mRCC lesions
demonstrates long-term survival. This 75-year-old male
was diagnosed with clear cell renal carcinoma in 2001 and
developed a left lower lobe nodule (a). FDG PET/CT
showed minimal uptake. He underwent wedge resection
of this nodule which was later confirmed as metastatic

of FDG predicts prognosis in various cancers
[46—48]. The role of FDG uptake such as
SUVmax or MTB as a prognostic factor has not
been fully established in RCC, but it is generally
accepted that a more aggressive tumor has a
higher SUV. One study showed that RCC patients
with SUVmax equal or above 8.8 demonstrated
poor prognosis [49]. Kayani et al. [10] showed a
SUVmax of 7.1 was the most significant level to
predict overall survival. In another study,
Revheim et al. [50] found that patients with rela-
tively low FDG uptake before treatment (defined
as a SUVmax <5) had significantly longer
progression-free survival than those with rela-
tively high initial 18F-FDG uptake (SUVmax
>5). Patients with low FDG uptake in their meta-
static lesions are favorable for longer survival
(Fig. 6.12). These findings suggest that SUVmax
should be considered as a criterion to incorporate
in future prognostic models.

Monitoring Therapeutic Response

Immunotherapy has become a cornerstone treat-
ment for mRCC. Based on the CheckMate-214
trial [51], the European Association of Urology

/
\

renal cell carcinoma. Subsequently, the patient developed
multiple new low FDG avid metastases. He survived more
than 10 years after the initial diagnosis of mRCC. The
most recent FDG PET/CT showed a lytic bone lesion in
the left scapula with mild FDG uptake (b)

has recommended the combination of two
immune checkpoint inhibitors ipilimumab and
nivolumab as the first-line therapy for mRCC
[52]. Conventional standard criteria for response
assessment are not suitable to immunotherapy
based on the fact that early pseudoprogression of
existing lesions and small new lesions can occur
in these late responders [53]. Therefore, immune-
related response criteria were proposed by
Wolchok et al. [53]. It is hypothesized that the
initial pseudoprogression in some patients treated
with immunotherapy is due to inflammatory cell
infiltrates. Given that both cancer and immune
infiltrates can be FDG avid, it is a challenge for
FDG PET/CT to differentiate cancer progression
with pseudoprogression. Several studies have
been conducted to explore the role of non-FDG
radiotracers, the “immuno-PET” for the evalua-
tion of immunotherapy [54, 55]. Nevertheless, a
negative FDG PET/CT after immunotherapy
indicates good response to therapy (Fig. 6.13).
Alternative therapies are also used for the treat-
ment of mRCC. These include TKIs such as
sorafenib and sunitinib, inhibitors of mammalian
target of rapamycin (mTOR) such as temsirolimus
and everolimus, and other biologic agents such as
bevacizumab. Currently, TKIs are still agents of
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Fig. 6.13 Monitoring of immunotherapy response by
FDG PET/CT. A 75-year-old male presented with a large
left renal clear cell carcinoma with extensive metastasis to
bilateral adrenal, right lung, right pleura, and bone with
negative PD-1 expression (a). He was treated with com-
bined checkpoint inhibitors (Nivo + Ipi). After 4 cycles of

choice for favorable-risk patients with mRCC
[52]. These agents block cell signaling through
various mechanisms and demonstrate better out-
comes in patients with advanced clear cell RCC
compared with standard therapies [19, 56].

Most and near all of these new agents can
induce stabilization of RCC. A decrease in pri-
mary tumor diameter >30% while on targeted
therapy is rare [57]. Since these therapies induce
tumor necrosis with little tumor shrinkage, an
unchanged residual mass does not necessary imply
poor therapeutic responses. This makes anatomic
imaging less suitable for monitoring treatment
response for mRCC. In addition, differentiation
between vital tumor and fibrosis or necrosis is dif-
ficult using anatomic imaging. Thus, molecular
imaging such as FDG PET can be an attractive
alternative to morphological imaging for this pur-
pose. The new RECIST 1.1 now adds functional
imaging in the response assessment [58, 59]. Data
is now available on the monitoring of the therapeu-
tic response of mRCC using FDG PET and FDG
PET/CT [60-62]. A recent study [50] demon-
strated that in patients with metastatic RCC, a high

c -

)
3

therapy, restaging FDG PET/CT showed dramatic
response to therapy (b). Follow-up scan demonstrated
continued treatment response of metastatic disease.
Worsening of uptake in the primary left renal lesion may
represent pseudoprogression (c)

baseline FDG uptake indicates aggressive disease,
and patients with a partial metabolic response or
stable metabolic disease after two courses of suni-
tinib had improved prognosis as compared with
those with progressive metabolic disease. They
concluded that the inclusion of the PET results
seems to improve the clinical counseling of
patients with advanced disease.

Early metabolic response monitoring is possi-
ble with molecular imaging since the signal
change at the cellular level takes quite some time
to translate into size change (Fig. 6.14).
Interestingly, in a multicenter phase II study,
Kayani et al. [10] found that after 4 weeks of suni-
tinib, metabolic response occurred in 24/42 (57%)
patients, but this did not correlate with progres-
sion-free survival (PFS) or overall survival (OS).
After 16 weeks of treatment, disease progression
on FDG PET/CT occurred in 28% of patients
which correlated with a decreased OS and PFS.

FDG PET might be useful to identify nonre-
sponding patients early in the treatment phase
of TKIs (Fig. 6.15). This can guide a personal-
ized treatment plan and avoid unnecessary
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Fig. 6.14 Good response to therapy. FDG PET/CT in a
61-year-old male with bilateral renal cell cancer and liver
metastasis. Top row: (a) Pre-therapy staging scan shows
large focus of abnormal uptake in the right hepatic lobe
(arrow). SUVmax 6.5. (b) Subtle hypodense lesion noted
on non-contrast CT. (¢) Fused PET/CT image. Bottom

therapy; the potential benefits to patients, the
medical community, and the economy could be
enormous.

Influence on Management

It is very important to know whether FDG PET
scan has an impact on patient management in
terms of clinical decision making. Studies have
shown that FDG PET altered the management of
patients with mRCC. In one study [5], FDG PET
was completed in 25 patients with known or sus-
pected primary RCC and/or metastasis, and the
results were compared to those that received con-
ventional imaging techniques. Normally all
patients would go to surgery post-conventional
imaging, but PET scan altered the treatment plan
for 6 (35%); 3 could be treated with partial
nephrectomy rather than radical surgery, and 3
avoided surgery owing to confirmation of benign
pathology or detection of unsuspected metastasis
leading to systemic therapy. Similar results were
reported by others as well [7, 8, 27, 35].

row: (d) 6 months after sorafenib treatment, there is
marked improvement of uptake in liver metastasis. (e)
Large lesion in the liver is now easily seen on CT with
contrast. (f) Fused PET/CT image. Patient’s disease is
stable with sorafenib treatment 4 years after initial
diagnosis

National Oncologic PET Registry (NOPR) con-
ducted a large study to evaluate the impact of FDG
PET on Medicare cancer patients. The results of
the NOPR were published in several high impact
journals through a peer review process [63—65].
The first paper was published in the Journal of
Clinical Oncology in May 2008 with over 22,000
studies analyzed [63]. This large, prospective,
nationally representative registry of elderly cancer
patients found that physicians often change their
intended management on the basis of PET scan
results across the full spectrum of its potential uses.
In this article, there were 1600 cases of kidney and
other urinary tract cancer patients, which account
for 7% of total cases. Overall, physicians changed
their intended management in 36.5% (95% ClI,
35.9 to 37.2) of cases after FDG PET scan.

Another article was published in the Journal
of Nuclear Medicine by the same group at the end
of 2008 with similar findings and more details
[65]: including 895 cases for initial staging of
RCC, with a 41.1% change in management; 979
cases for RCC restaging, with a 34.4% change in
management; and 1003 cases for monitoring
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Fig. 6.15 Progression of metastatic disease. FDG PET/
CT scans in a 70-year-old male with metastatic clear cell
renal cancer. (a) Pre-therapy FDG PET/CT scan shows
disease in peri-spinal soft tissue and left thigh (arrows).
There is post-surgical/radiation uptake in right humeral

response, with a 32.4% change in management.
Given the evidence-based large population study
results, FDG PET was approved by CMS for vir-
tually all cancer types as the initial treatment
strategy in mid-2009.

Novel Tracers and Future
1241-¢G250 for Clear Cell RCC

Preoperative identification of tumor type could
have important implications for the treatment
choice for RCC. Carbonic anhydrase IX (CA IX),
a membrane protein over-expressed in clear cell
RCC, was found in 94% of clear cell carcinomas,

' i

’

metastasis. (b) Post-therapy with sunitinib, FDG PET/CT
scan shows interval increased in size and intensity of FDG
uptake in peri-spinal mass and left thigh soft-tissue mass
(arrows). There are multiple new pulmonary and medias-
tinal metastases, indicating progression of the disease

and decreased CA IX levels are independently
associated with poor survival in advanced RCC
[66]. G250, a monoclonal antibody to carbonic
anhydrase IX (CA IX), has extreme high affinity
binding to clear cell RCC with tumor uptake
approaching 0.5% of injected dose per gram of
tumor tissue [67]. G250 was originally labeled
with 1311 [68]. Later on, positron emitters such as
89Zr [69] and 1241 were labeled to cG250 [70]. A
chimeric form of the antibody (cG250) has been
generated with a less immunogenic response. A
study using 1241-cG250 to target clear cell RCC
showed great results from the phase 1 trial. Divgi
and his group [70] demonstrated that 1241-cG250
PET could accurately distinguish clear cell RCC
histology from other renal lesions with a sensitiv-
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ity of 94% and a specificity of 100%, indicating
the potential clinical utility of this tracer in the
non-invasive molecular evaluation and subtyping
of RCC. A renal tumor with a positive 124I-

Fig. 6.16 Bilateral clear cell renal carcinoma. 124I-
¢G250 PET/CT in a 65-year-old male with bilateral renal
masses. (a) Triphasic CT shows a 5-cm enhancing lesion
in the right kidney and a 2-cm enhancing lesion in the left

Fig. 6.17 Papillary renal cell carcinoma. 124I-cG250
PET/CT scan in a 49-year-old female with right kidney
mass. (a) Triphasic CT scan demonstrates a non-enhancing

Fig. 6.18 Left renal oncocytoma. 1241-cG250 PET/CT
scan in a 59-year-old male with a left renal mass. (a)
Triphasic CT shows a 2-cm enhancing lesion (arrow), HU

¢G250 scan is found to be almost 100% a clear
cell type (Fig. 6.16), while a negative scan is sug-
gestive of non-clear cell type with 90% accuracy
(Figs. 6.17 and 6.18). A false-negative scan has

kidney (arrows). (b) 1241-cG250 PET shows intense
uptake in both renal lesions, indicating clear cell renal car-
cinoma. (¢) Fused PET/CT image

lesion in right lower pole (arrow), HU 41. (b) No signifi-
cant 1241-cG250 uptake corresponding to this renal mass,
suggesting non-clear cell renal tumor

120. (b) 124I-cG250 fused PET shows no significant cor-
responding uptake in the lesion, ruling out clear cell
carcinoma
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Fig. 6.19 Bone metastasis from clear cell renal cancer
detected by 1241-cG250. 1241-cG250 PET/CT scan in a
65-year-old male with bilateral clear cell renal carcinoma.

been seen in tumor with extended necrosis and a
small size (less than 1 cm). In addition, metastatic
lesion(s) can also be seen on the scan with high
confidence (Fig. 6.19).

Based on this phase 1 result, a comprehensive
and multicenter comparative study for pre-
surgical detection of clear cell RCC using 1241
radiolabeled cG250 antibody was performed and
completed in late 2009, and the results of the trial
were published in JCO in early 2013 [71]. 1241-
c¢G250 may improve the decision making for
RCC treatment. For example, due to high possi-
bility of clear cell RCC identification, patients
with positive scans might need more aggressive
therapy. Patients with negative scans may be can-
didates for active surveillance. The detection of
metastasis may alter the treatment management
plan from surgery to systematic medical therapy.
More research is needed to fully evaluate the
potential of this tracer in the future.

Other Novel Tracers

There are many targets and/or disease control
points for new tracer development. The ideal tracer
should target a specific disease process to provide
patients with optimal care. The common targets or
disease control points include metabolism, prolif-
eration, hypoxia, angiogenesis, and apoptosis.
Metabolism has been extensively studied by FDG
PET with adequate data, and is well incorporated
into the daily practice of clinical oncology.
18F-labeled thymidine (FLT), an analog of the
nucleic acid thymidine, is a tracer that evaluates
cellular proliferation. In a recent study, 18F-FLT
was used to characterize and quantify changes in
RCC tumor proliferation during sunitinib expo-

(a) PET shows a focal abnormal uptake (arrow). (b) There
is a small corresponding lytic bone lesion in T1 vertebral
body on CT (arrow). (¢) Fused PET/CT image

sure and temporary withdrawal [72]. Data regard-
ing the clinical use of 18F-FLT in RCC is still
limited.

Hypoxia is another phenomenon commonly
studied with novel PET tracers and PET imaging.
18F-FMISO appears to be the most commonly
used tracer for imaging hypoxia. In a study,
18F-FMISO was performed in 17 patients with
presumed RCC and showed only minimal
increased uptake in RCC compared to normal
renal tissue [73]. The mean SUV for RCC was
1.3, while that in the normal contralateral kidney
was 1.1. A more recent study [74] with 53 patients
evaluated the relationship between initial
hypoxia-induced metastasis and after 1 month of
sunitinib treatment using FMISO-PET scans.
They concluded that sunitinib reduced hypoxia in
hypoxic metastases but did not induce significant
hypoxia in non-hypoxic lesions.

18F-labeled choline has been used for PET
imaging of other tumors [75-78] such as lung
and prostate. Middendorp and coworkers [79]
published  their initial experience  with
18F-fluoroethylcholine PET/CT in staging and
monitoring therapy response of advanced renal
cell carcinoma. 18F-fluoroethylcholine PET/CT
detected 56% of mRCC lesions on the baseline
scan. Further study, ideally in comparison with
FDG PET, should be investigated.

Acetate is another compound of interest.
11C-acetate has shown increased uptake in pri-
mary RCC and metastasis [80] as well. But another
study showed low uptake [81]. 11C-acetate has
been used for early prediction of sunitinib response
in metastatic RCC with some success [80]. The
use of this agent is limited due to the short half-life
of 11C (20 minutes) requiring the need for an on-
site cyclotron or one very near to the imaging
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facility to produce. Recently available 18F-labeled
acetate makes the delivery and commercialization
of this tracer possible.

Conclusion

FDG PET offers limited advantage over conven-
tional imaging in initial diagnosis of primary
RCC. FDG PET is complementary to anatomic
imaging in detecting locoregional and distant
RCC metastasis. FDG PET/CT has the advantage
of detecting small nodal metastasis and locore-
gional recurrent disease after nephrectomy. FDG
PET/CT is the most accurate method used to
study for bone metastasis from RCC.

Monitoring immunotherapy response of met-
astatic RCC by FDG PET/CT requires further
studies to validate. FDG PET/CT has proven its
usefulness in monitoring targeted therapies.
These targeted therapeutic agents inhibit tumor
growth rather than kill the tumor cells. This lim-
its the use of conventional imaging modalities
that are based solely on tumor size criteria. The
information provided by molecular imaging
such as maximum standardized uptake value
(SUVmax) has shown to be an independent
prognostic factor for RCC. SUVmax should be
considered to be incorporated into future prog-
nostic models.

There are limitations for FDG PET/CT as a
diagnostic tool for RCC. New tracers focusing on
disease processes such as hypoxia, angiogenesis,
and apoptosis might be of value in RCC as well.
Immuno-PET may help better assess the immu-
notherapy response. If we could find a specific
tracer for each disease process, we might improve
our patient care significantly and provide true
individualized therapy for our patients.
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