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Abstract

Purpose: To determine the performance accuracy of 18F-
fluorodeoxyglucose positron emission tomography/com-
puted tomography (FDG PET/CT) after primary tumor
treatment for both bladder cancer (BC) and upper tract
urothelial cancer (UTUC). To compare the accuracy of
FDG PET/CT with that of contrast-enhanced-ceCT and
magnetic resonance imaging (MRI).

Methods: Data of patients with recurrent urothelial
carcinomas (UC) after primary treatment were collected
in a retrospective, international multicenter study. Inclu-
sion criteria were (1) patients with a known history of
UC in the BC and/or in the UTUC; (2) PET/CT images
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after curative intent treatment of the primary tumor; (3)
conventional imaging modalities (abdominal ceCT or
MRI, or total body ceCT, and chest X-ray: called C.I.)
performed no more than 3 months from PET/CT; (4)
available standard of reference (e.g., histological data or
follow-up imaging modalities) for the validation of PET/
CT findings. Exclusion criteria were other abdominal
tumors, chemotherapy administration prior to and/or
concomitant to imaging, and non-urothelial histologic
variants. Sensitivities, specificities, positive, and negative
predictive values were evaluated for all patients and
separately for bladder and UTUC.

Results: Overall, 287 patients were enrolled. Two-hun-
dred thirteen patients underwent cystectomy (74.2%), 35
nephroureterectomy  (12.2%), 31  both  cystec-
tomy + nephroureterectomy (10.8%), 5 both cystec-
tomy + conservative treatment for UTUC (1.4%), and
3 (1%) other types of nephron-sparing treatments for
UTUC. Neoadjuvant and adjuvant treatments were
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performed in 36 (12.5%) and 111 (38.7%) patients,
respectively. Sensitivity and specificity (95% confidence
intervals) of PET/CT for the detection of recurrent UC
were 94% (91% to 96%) and 79% (68% to 88%),
respectively. However, sensitivity was higher for BC
than UTUC (95% vs. 85%) while specificity was lower in
BC (78% vs. 85% for BC and UTUC, respectively). PET/
CT and C.I. findings were available in 198 patients. The
results were positively concordant in 137 patients,
negatively concordant in 23 patients, and discordant in
38 patients (20 negative at C.I. vs. positive at PET/CT
and 18 positives at ceCT/MRI vs. negative at PET/CT)
(K Cohen = 0.426; p < 0.001). Sensitivities, specifici-
ties, and accuracies (95% confidence intervals) of PET/
CT vs. C.I. for the detection of recurrent BC and UTUC
were 94% (90% to 97%) vs. 86% (81% to 92%), 79% (67%
t0 92%) vs. 59% (44% to 74%), and 91% (87% to 95%) vs.
81% (75% to 86%), respectively.

Conclusions: FDG PET/CT has a high diagnostic accu-
racy for the identification of recurrent UC, particularly
in patients with BC. Moreover, its accuracy outperforms
C.I. for both BC and UTUC.

Key words: Bladder cancer—Upper tract urothelial
cancer—FDG PET/CT—Conventional
imaging—Recurrent urothelial carcinoma

Bladder cancer (BC) is the 7th most commonly diagnosed
cancer in the male population worldwide, while it drops to
11th when both genders are considered. The worldwide
age-standardized incidence rate (per 100.000 person/
years) is 6.0 for men and 1.8 for women [23]. BC account
for 90% to 95% of urothelial carcinomas (UC) while upper
tract urothelial cancers (UTUC) are uncommon and ac-
count for the remaining 5% to 10% of UC [17, 23, 24].
Advanced UC has an aggressive biological behavior and a
higher incidence of metastases resulting in a worse prog-
nosis. Imaging studies are frequently performed for stag-
ing and re-evaluation of UC, in order to provide
information for therapy and assess the prognosis.
Assessment of local tumor extension is usually per-
formed with magnetic resonance imaging (MRI) or
computed tomography (CT) scan [11, 14]. The assess-
ment of other UC in the urinary system is performed
with excretory-phase CT urography which has the
highest diagnostic accuracy for UTUC [9]. However,
conventional modalities have limitations, in particular
for the assessment of lymph node involvement and dis-
tant metastasis, both in staging and re-staging settings.
Indeed, assessment of lymph node metastases is based
solely on size and it is unreliable by the inability of both CT
and MRI to identify metastases in normal-sized or minimally
enlarged nodes [1]. A skeletal evaluation is not routinely
indicated unless the patient has specific symptoms or lab
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abnormalities [1]. Positron emission tomography (PET)/CT
imaging in UC has not been fully studied, in part because the
urinary excretion of 18F-fluorodeoxyglucose (FDG) inter-
feres with visualization of the primary BC and regional
nodes. However, PET/CT provides anatomic and metabolic
information for staging and re-staging and has been incor-
porated into the management of many urological [20] and
non-urological malignancies [21]. FDG PET/CT in patients
with UC may help to detect lesions that are indeterminate or
undetectable by CT and/or MRI. Studies reporting the use of
PET/CT in the UC in the staging and re-staging setting
showed a per patient sensitivity and specificity ranging from
81% to 100% [5, 13] and 83% to 94% |3, 19], respectively.
However, the level of evidence on these FDG PET/CT
studies in UC is poor. Major limitations include 1-the ret-
rospective nature of the studies, 2-small sample size [3, 8, 10];
3-different histologic types [2, 5]; 4-few comparisons between
the diagnostic accuracy of FDG PET/CT with conventional
imaging [13]; 5-FDG PET/CT accuracy not independently
assessed for BC and UTUC [5, 13]; 6-patients in staging and
re-staging setting considered altogether [5, 13, 18]; and
7-accuracy rarely assessed for a per site-based analysis [5].

Therefore, the primary aim of this multicenter study
was to determine the performance accuracy of FDG
PET/CT after primary tumor treatment for both BC and
UTUC in a per patient- and per site-based analysis. The
secondary aim of the study was to compare the accuracy
of FDG PET/CT with that of ceCT and MRI.

Materials and methods
Study approval and data collection

The study protocol was notified at IOV—IRCCS on
April 2016 (Approval No. 005275). Major US and
European urological centers experienced in urothelial
cancers and FDG PET/CT were offered the participation
to the study. Written informed consent for the execution
of PET/CT and anonymous publication of disease-re-
lated information was signed by each patient. Available
centers sent a list of anonymized cases in a dedicated
Microsoft Excel file created for the purpose of the study.
A computerized databank was generated for de-identi-
fied data transfer. After combining the datasets, reports
were generated for each variable to identify data incon-
sistencies. Through regular communication with all sites,
resolution of all identified anomalies was achieved before
analysis. Finally, the database was frozen, and the final
dataset was produced for the current analysis.

Patient population

From 2005 to 2015, FDG PET/CT scans of 287 patients
with suspicious for recurrent UC, collected by San Raf-
faele Hospital in Milan (Italy), Mayo Clinic in Rochester
(MN, USA), Veneto Institute of Oncology IOV — IRCCS
in Padua (Italy), Sant’Orsola Malpighi Hospital in Bo-
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logna (Italy) and Hospital of Ferrara (Italy), were ret-
rospectively reviewed. Median age was 70 years (range
32-94 years). Inclusion criteria for the study were (1)
patients with a known history of BC and/or in the
UTUC; (2) FDG PET/CT images after curative treat-
ment of the primary tumor; (3) conventional imaging
modalities (abdominal ceCT or MRI, or total body
ceCT, and chest X-ray, called C.I.) performed no more
than 3 months from PET/CT; (4) available standard of
reference (e.g., histological data or imaging modalities)
for the assessment of PET/CT findings. Exclusion criteria
were advanced abdominal tumor or history of tumors
within 5 years, and chemotherapy administration con-
comitant to imaging and non-urothelial cancer variants.

For each patient, at the time of PET/CT study and/or
during follow-up the following variables were collected:
demographic data (age, sex, body mass index-BMI), clinical
data (history of BC, last clinical stage, history of renal
cancer (RC), pTNM stage at RC, history of UTUC, UTUC
location (renal pelvis, ureter, multifocal), UTUC treatment
(nephroureterectomy, endourology, other conservative
surgery), use and type of neoadjuvant treatments, and
imaging data (site of positivity (local, lymph nodes, skeletal,
lung, liver, and others); site and laterality of positive lymph
nodes at PET/CT, ceCT scan, and/or MRI).

PET/CT equipment and image acquisition
protocol

PET/CT images were acquired in all centers, by using a
standard comparable protocol. All patients fasted for at
least 6 h prior to imaging, and blood glucose levels wer-
e < 180 mg/dL at the time of tracer injection. To minimize
FDG uptake in skeletal muscles, all patients were instructed
to avoid talking, chewing, or any muscular activity before
acquiring the PET/CT scan. PET/CT studies were acquired
with integrated by PET/CT systems, according to different
injected doses, PET/CT scanners, and image analysis
method (Table 1). PET data of the whole-body tracer dis-
tribution were then acquired (3 min per bed) in 3-D mode
starting 60 min after the i.v. administration of FDG.
Attenuation correction was performed using CT images.
CT and PET images were matched and fused into
transaxial, coronal, and sagittal images. No contrast en-
hanced was used in PET/CT.

Table 1. PET/CT scanner and imaging protocols
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Two experienced nuclear physicians reviewed PET/
CT scan, partially blinded and based on visual analysis
to identify the area of recurrent disease. Inconsistent
findings between the two readers were discussed and
agreed upon consensus.

A positive PET scanner was defined in the presence of
pathological FDG uptake outside the areas of physiological
biodistribution, later confirmed by co-registered CT
abnormalities. No semiquantitative analysis was used for
the re-interpretation of the PET scan due to the variability
in image acquisition and reconstruction parameters.

Conventional imaging interpretation

Patients were generally observed according to standard
pathologic procedures at each institution, every
3—-6 months for the first year after surgery, and annually
thereafter. Follow-up consisted of a history, physical
examination, routine blood work, and serum chemistry
studies, C.I, as per urologist and medical oncologist
preference. With C.I. we considered all findings provided
by abdomen and pelvis ceCT or abdomen and pelvis
MRI. Whole-body ceCT was performed in selected pa-
tients at higher risk of recurrence. Furthermore, a ceCT
of the thorax was routinely performed with a suspicious
chest X-ray. As not explicitly recommended in the
European and American guidelines, each center adopted
their own imaging follow-up, but similar for this study.

Two radiologists with an experience of at least 5 years
reinterpreted the abdominal-pelvis ceCT and MRI pro-
cedures. Inconsistent findings between the two readers
were discussed and agreed upon consensus.

Recurrent disease was defined in accordance with the
size of the lesions. For example, nodal lesions were
considered malignant only if larger than 10 mm. How-
ever, the presence of local, lung, liver, and skeletal
metastases was defined based on the anatomical char-
acteristics of the lesions (size, margins, density, contrast
enhancement parameters, and others).

Standard of reference

The standard of reference was established by
histopathology and further C.I. scans that was different
from those employed for the comparison of diagnostic

Center

PET/CT scanner

FDG dose (MBq/kg) Analysis of images

GE Discovery 710 + GE STE
mCT TOF Biograph, Siemens

Bologna, Italy
Ferrara, Italy

San Raffaele, Milan, Italy

Discovery LS, Discovery ST, Discovery

STE, and Discovery 690, GE Gemini-GXL, Philips

10V — IRCCS, Padua, Italy
Mayo Clinic, Rochester
(MN), USA

Biograph 16S, HD, Siemens

Discovery Rx or Discovery 690, GE

3.5 Visual

3 Visual and
semiquantitative

3.5-3.8 Visual

3 Visual

3.5 Visual
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Table 2. Characteristics of patients
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Table 2. continued

Variables

Variables

n
Gender, n (%)

Male

Female

Mean age (+ SD), years

Mean weight (£ SD), kg

Mean height (& SD), cm

Bladder Cancer, n (%)
No
Yes

Radical cystectomy, n (%)
Not performed
Open cystectomy
Robotic cystectomy

pT of bladder cancer, n (%)
pTO
pTla
pTis
pT1
pT2
pT3
pT4
NA

pN of bladder cancer, n (%)
pNx
pNO
pN1
pN2
pN3

Mean of removed Lymph
nodes of bladder
cancer (+ SD)

Mean of metastatic lymph
nodes of bladder
cancer (+ SD)

UUTC, n (%)

No
Yes

pT of UUTC, n (%)
pTO
pTla
pTis
pT1
pT2
pT3
pT4
NA

pN of UUTC, n (%)

PNx
pNO
pN1
pN2
pN3

Mean of removed Lymph
nodes of UUTC (& SD)

Mean of metastatic
lymph nodes of
UUTC (£ SD)

UUTC location, n (%)
Pelvis
Ureter
Multifocality

UUTC treatments, n (%)
Nephroureterectomy
Other treatments

Neoadjuvant treatments, n (%)

No
Yes

287

223/287 (77.7%)
64/287 (22.3%)
69 %+ 10

79.9 + 16.9
171.1 £ 7.9

38/287 (13.2%)
249/287 (86.8%)

38/287 (13.2%)
244287 (85.1%)
5/287 (1.7%)

14 (4.9%)
5 (1.7%)
18 (6.3%)
26 (9.1%)
40 (13.9%)
97 (33.8%)
41 (14.3%)
46 (16%)

49 (17.1%)
147 (51.2%)
34 (11.8%)
47 (16.4%)
10 (3.5%)
20 + 13

2+6

213/287 (74.2%)
74/287 (25.8%)

2 (1.3%)

4 (5.4%)

4 (5.4%)

9 (12.2%)
11 (14.8%)
22 (29.7%)
6 (8.1%)
16 (23.1%)

263 (91.6%)
18 (6.3%)

2 (0.7%)

4 (1.4%)

39 (13.6%)
10 £ 12

1+6

30/74 (40.5%)
32/74 (43.3%)
12/74 (16.2%)

66/74 (89.2%)
8/74 (10.8%)

251/287 (87.5%)
36/287 (12.5%)

Adjuvant treatments, n (%)

No 176/287 (61.3%)

Yes 111/287 (38.7%)
Type of adjuvant treatments, n (%)

No 176/287 (45.6%)

Chemotherapy 89/287 (31%)

Radiotherapy 19/287 (6.6%)

Combination of chemotherapy and radiotherapy 3/287 (1%)

SD, standard deviation; p, pathological staging; NA, not available;
UUTC, upper urinary tract cancer

performance. These imaging modalities were made after
3—6 months from FDG PET/CT scan and were used as
standard of reference only in patients without an avail-
able histopathological analysis. The diagnosis of meta-
static disease was obtained by the combination of
positive clinical findings and/or the resolution of the le-
sions after appropriate therapy and/or increase of num-
ber/size/FDG uptake of preexisting lesions, whereas no
disease was defined by combination of negative clinical
findings and/or negative findings of other studies.

Statistical analysis

Categorical variables were reported as frequency, while
continuous variables were reported as mean standard
deviation (SD) for variables with a normal distribution.
The differences between categorical and continuous
variables were assessed by using y” test and 7 student test,
respectively. A patient-based and a K agreement analysis
were used to compare the findings of all three imaging
modalities. Agreement among image modalities was
considered to be poor when k was less than 0.20, fair
when k ranged from 0.21 to 0.40, moderate when k
ranged from 0.41 to 0.60, good when k ranged from 0.61
to 0.80, and very good when k was greater than 0.80
[4].The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), accuracy, and
number of correctly recognized cases of PET/CT were
calculated in a patient- and site-based analysis, respec-
tively, for overall population and separately for BC and
UTUC. An additional analysis was performed only for
those patients with a histopathological examination as
gold standard (see the “Standard of reference” section).
Significance for all tests was set at p < 0.05. Analysis
were performed using SPSS version 20 (IBM, Armonk,
NY, USA).

Results

Clinical characteristics

Patient characteristics are summarized in Table 2. Two-
hundred thirteen patients underwent cystectomy (74.2%),
35 nephroureterectomy (12.2%), 31 both cystec-
tomy + nephroureterectomy (10.8%), 5 both cystec-
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Table 3. Performances of PET/CT and conventional imaging (C.I.) or ceCT only (patient-based analysis)

TP TN FP FN Sensitivity% Specificity% PPV% NPV% Accuracy%

(CI 95%) (CI 95%) (C195%) (CI195%) (CI 95%)

All pts (n = 287) PET/CT 212 48 13 14 94 (91-96) 79 (68-88) 94 (91-97) 77 (67-88) 91 (87-94)
Pts with available PET/CT ceCT 115 23 16 22 84(78-90) 59 (44-74)  88(82-93) 51 (35-67) 78 (72-84)
and ceCT (n = 176) PET/CT 129 31 8 8 94(90-98) 78 (67-92) 94 (90-98) 79 (67-92) 91 (87-95)
Pts with available PET/CT ClI. 137 23 16 22 86(81-92) 59 (44-74) 90 (85-94) 51 (35-67) 81 (75-86)
and C.I. (n = 198) PET/CT 149 31 8 10 94(90-97) 79 (67-92)  95(91-98) 76 (62-89) 91 (87-95)
Pts with bladder cancer (n = 249) PET/CT 189 38 11 11 95(91-98) 78 (66-89) 95 (91-98) 78 (66-89) 91 (88-95)
Pts with bladder cancer, available ClI 120 16 13 18 87 (81-93)  55(37-73) 90 (85-95) 47 (29-65) 81 (76-87)
PET/CT and C.I. (n = 167) PET/CT 130 22 7 8 94(90-98) 76 (60-91)  95(91-99) 73 (57-89) 91 (87-95)
Pts with UUTC (n = 74) PET/CT 46 17 3 8 85(76-95)  85(69-100) 94 (87-100) 68 (48-88) 85 (77-93)
Pts with urothelial cancer of urinary tract, C.I. 32 10 6 7 82 (70-94) 63 (39-86) 84 (73-96) 59 (35-83) 76 (65-86)
available PET/CT and C.I. (n = 55) PET/CT 32 14 2 7 82(70-94) 88 (71-100) 94 (87-100) 67 (44-90) 84 (74-93)

Pts, patients; PET/CT, positron emission tomography/computed tomography; ceCT, contrast-enhanced computed tomography; MRI, magnetic
resonance imaging; TP, true positive; TN, true negative; FP, false positive; FN, false negative; PPV, positive predictive value; NPV, negative
predictive value; CI, confidence interval; C.I., conventional imaging (abdominal ceCT or MRI or total body ceCT, and chest X-ray)

Forest Plot: Sensitivity

N pts
FDG PET/CT 287 — 0,938 (0,896, 0,965)
ceCT 176 = 0,839 (0,765, 0,895)
FDG PET/CT 176 -—_ 0,942 (0,885, 0,973)
ceCT/MRI 198 —— 0,862 (0,796, 0,910)
FOG PET/CT 198 — 0,937 (0,884, 0,968)
Median - 0,899 (0,875, 0,918)

0,0 0.2 0.4 0.6 0.8 1,0
Forest Plot: Specificity

N pts
FDG PET/CT 287 = 0,787 (0,660, 0,878)
ceCT 176 - = — 0,590 (0,423, 0,741)
FOG PET/CT 176 = 0,795 (0,631, 0,902)
ceCT/MRI 198 - — - 0,590 (0,423, 0,741)
FOG PET/CT 198 e = 0,795 (0,631, 0,902)

Fig. 1. Forest plots of

Median R 0,710 (0,644, 0,768)

sensitivity and specificity in

accordance with the findings

of PET/CT and conventional
0.0 02 0.4 06 0.8 1.0 imaging.
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Table 4. Diagnostic accuracies of FDG PET/CT, conventional imaging (C.I), or ceCT only (per site lesion analysis)

Imaging Site n.pts TP TN FP FN  Sensitivity%  Specificity% PPV% NPV% Accuracy%
(CI 95%) (CI 95%) (C195%) (CI195%) (CI1 95%)
FDG PET/CT  Local 287 56 59 2 170 24 (19-30) 97 (92-100) 97 (94-98) 26 (15-37) 40 (34-56)
Lymph nodes® 120 55 6 106 53 (46-59) 90 (83-98) 95 (92-98) 34 (22-46) 61 (55-67)
Bone 56 59 2 170 25 (19-30) 97 (92-100) 97 (94-99) 26 (15-37) 40 (34-46)
Lung 50 58 3 176 22 (17-28) 95 (90-100) 94 (91-97) 25 (14-36) 38 (32-43)
Liver 28 61 0 198 12 (8-17) 100 100 24 (13-34) 31 (26-36)
Other?® 25 60 1 201 11 (7-195) 98 (95-100) 96 (94-99) 23 (12-34) 30 (24-35)
Cl Local 198 37 34 5 122 23 (17-30) 87 (77-98) 88 (83-93) 22 (88-35) 36 (29-42)
Lymph nodes® 67 37 2 92 42 (34-50) 95 (88-100) 97 (94-100) 29 (14-43) 52 (46-59)
Bone 24 38 1 135 15(9-21) 97 (92-100) 96 (93-99) 22 (9-35) 31 (25-38)
Lung 33 30 9 126 21 (14-27) 77 (64-90) 79 (72-85) 19 (7-32) 32 (25-38)
Liver 10 39 0 149 6 (2-10) 100 100 21 (8-33) 25 (19-31)
Other® 19 38 1 140 12 (7-17) 97 (92-100) 95 (92-98) 21 (8-34) 29 (22-35)
FDG PET/CT  Local 198 30 37 2 107 22 (15-29) 95 (88-100) 94 (90-98) 26 (12-39) 38 (31-45)
Lymph nodes® 82 37 2 55 60 (52-68) 95 (88-100) 97 (95-100) 40 (25-56) 67 (61-75)
Bone 33 37 2 104 24 (17-31) 95 (88-100) 94 (90-98) 26 (12-40) 40 (33-47)
Lung 29 37 2 108 21 (14-28) 95 (88-100) 94 (89-98) 26 (12-39) 38 (30-45)
Liver 20 39 0 117 15 (9-21) 100 100 25 (11-39) 34 (27-40)
Other” 2239 0 115 16 (10-22) 100 100 25 (12-39) 35 (28-42)
CeCT Local 176 23 34 5 114 17 (11-23) 87 (77-98) 82 (76-89) 23 (10-36) 32 (25-39)
Lymph nodes® 56 37 2 81 41 (33-49) 95 (88-100) 97 (93-100) 31 (17-46) 53 (45-60)
Bone 17 38 1 120 12 (7-18) 97 (92-100) 94 (91-98) 24 (11-37) 31 (24-38)
Lung 30 30 9 107 22 (15-29) 77 (64-90) 77 (70-84) 22 (9-35) 34 (27-41)
Liver 9 39 0 128 7 (2-11) 100 100 23 (10-37) 27 (21-34)
Other” 18 38 1 119 13 (7-19) 97 (92-100) 95 (91-95) 24 (11-37) 32 (25-39)
FDG PET/CT  Local 176 39 37 2 120 25 (18-31) 95 (88-100) 95 (92-98) 24 (10-37) 38 (32-45)
Lymph nodes® 93 37 2 66 58 (51-66) 95 (88-100) 98 (96-100) 36 (21-51) 66 (59-72)
Bone 41 37 2 118 26 (19-33) 95 (88-100) 95 (92-99) 24 (10-37) 39 (33-46)
Lung 35 37 2 124 22 (16-28) 95 (88-100) 95 (91-98) 23 (10-36) 36 (30-43)
Liver 24 39 0 135 15 (10-21) 100 100 22 (9-36) 32 (25-38)
Other” 23 39 0 136 14 (9-20) 100 100 22 (9-35) 31 (25-38)

PET/CT, positron emission tomography/computed tomography; ceCT, contrast-enhanced computed tomography; TP, true positive; TN, true
negative; FP, false positive; FN, false negative; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval; C.I.,
conventional imaging (abdominal ceCT or MRI or total body ceCT, and chest X-ray)

“Lymph nodes from upper diaphragm, brain, or multiple recurrence
®Abdominopelvic Lymph nodes

tomy + conservative treatment for UTUC (1.4%), and 3
(1%) other types of nephron-sparing treatments for
UTUC.

For those patients with BC, pathological T2 was
found in 40 (13.9%), while a non-organ confined disease
(= pT3) was present in 97 (33.8%) cases.

For those patients with UTUC, pathological T2 was
found in 11 (14.8%) patients, while a non-organ confined
disease (= pT3) was present in 28 (37.8%) cases.
Neoadjuvant and adjuvant treatments were performed
based on the initial staging in 36 (12.5%) patients and
111 (38.7%), respectively. Among adjuvant treatment, 89
(31%) patients were treated with chemotherapy, 19
(6.6%) with radiotherapy, and 3 (1%) by the combination
of radiotherapy and chemotherapy.

FDG PET/CT, ceCT, and MRI results

A positive PET/CT was found in 225 (78.4%) patients.
Of these, 58 were positive at local site, 126 at lymph
nodes, 58 at skeletal site, 53 at lung, 28 at liver, and 26 in
other sites. ceCT was available in 176 patients, being
positive in 131 (74.4%) subjects. Twenty-eight patients
had a positive ceCT in the local site, 58 in the lymph

nodes, 18 in the skeletal, 39 in the lung, 9 in the liver, and
19 in the other sites. Finally, C.I. results were available in
198 patients, resulting positive in 155 (78.3%) patients.
Forty-two patients had a positive finding in the local site,
69 in the lymph nodes, 25 in the bone, 42 in the lung, 10
in the liver, and 20 in other sites.

The results of FDG PET/CT and ceCT was positively
concordant in 116 patients, negatively concordant in 24
patients, and discordant in 36 patients (21 negative at
ceCT vs. positive at PET/CT and 15 positive at ceCT and
negative at PET/CT) (K Cohen = 0.438; p < 0.001).
Moreover, the results of PET/CT and C.I. were posi-
tively concordant in 137 patients, negatively concordant
in 23 patients, and discordant in 38 patients (20 negative
at C.I. vs. positive at PET/CT and 18 positives at C.I.
and negative at PET/CT) (K Cohen = 0.426;
p < 0.001).

Patient-based analysis

As gold standard, final pathology, clinical evaluation,
and C.I. modalities were available in 160 (55.7%), 40
(13.9%), and 87 (30.3%) patients, respectively. In Table 3
and Fig. 1 are reported the diagnostic performances of
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UUTC, upper tract urothelial carcinoma; PPV, positive predictive value; NPV, negative predictive value; PET, positron emission tomography; CT, computed tomography; NA, not available
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1Site-based analysis
+1Organ-based analysis

Kitajima et al. [13]
Ozturk et al. [18]
Alongi et al. [3]
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PET/CT, ceCT, and C.I, per patient-based analysis. As
illustrated, PET/CT was more sensitive and specific than
ceCT and C.I. in all patients and in those with BC.
Similarly, a higher specificity than C.I. was reported in
patients with UTUC.

Site-based analysis

Diagnostic accuracies of PET/CT, ceCT, and C.I. are re-
ported in Table 4. As shown, PET/CT had a high speci-
ficity and PPV in all patients, while its sensitivity and
accuracy was low-moderate, resulting in equal to 61% in
the lymph nodes. By comparing the accuracies of C.1. and
FDG PET/CT in 198 patients, FDG PET/CT showed a
sensitivity of 60% vs. 42% of C.I. at lymph node level.
Moreover, the specificity in the lung site was higher for
FDG PET/CT than C.I. (95% vs. 77%) and finally, the
accuracy for bone metastases was higher for PET/CT than
C.I. (40% vs. 31%). Similar results were reported by the
comparison between FDG PET/CT and ceCT for the
same site of disease (Table 1s). For the lymph nodes,
PET/CT was able to better identify the recurrencice in all
sites as compared both ceCT and C.I. In particular, its
contribution was reported for the lymph nodes in the in-
ter-aorto-caval, para-caval, and peri-aortic region.

Discussion

An optimum clinical scenario for FDG PET/CT appli-
cation is the instance of tumor re-staging or evaluation
for suspected urothelial recurrence. Although PET/CT
has a consolidated role in the re-staging after primary
treatment of some urological cancers [7, 12], its appli-
cation in UC is still understudied and unevaluated. Here
in, we selected a population of patients affected by
urothelial cancer who underwent 18F-FDG PET/CT in
order to evaluate the presence of recurrent disease, for
the suspicious of recurrence at C.I, or indeterminate C.I.
findings or with a high risk disease (T3 or other unfa-
vorable prognostic data).

In the present study involving 287 patients with UC,
FDG PET/CT showed a good sensitivity (94%, CI 95%:
91% to 96%) and specificity (79%, CI 95%: 68% to 88%),
for the detection of recurrence in both BC and UTUC,
being also higher than ceCT and ceCT/MRI. Similarly,
the accuracy of PET/CT, by a site-based analysis evalu-
ation, showed a general higher performance of PET/CT
in comparison to the other C.I. These results are in line
with previous retrospective studies where an overall good
performance of PET/CT has been shown in a patient-
based analysis (Table 5). Alongi et al. [3] in a study with
41 recurrent BC patients found a sensitivity, specificity,
PPV, NPV, and accuracy of 87%, 94%, 95%, 85%, and
90%, respectively. Ozturk et al. [12] in 51 recurrent UC
found a sensitivity, specificity, PPV, NPV, and accuracy
0f 92%, 83%, 94%, T77%, and 90%, respectively. Similarly,
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Kitajima et al. [11] found in 83 patients with either BC or
UTUC, a sensitivity, specificity, PPV, NPV, and accu-
racy of 97.4%, 93.3%, 92.5%, 97.7%, and 95.2%,
respectively. To the best of our knowledge, no studies
have evaluated the performance of PET/CT only for
UTUC recurrence after primary treatment. The only
terms of comparison are two studies assessing the role of
11C-choline PET/CT for the primary tumor staging. In
these studies, a sensitivity and specificity for the lymph
node invasion was found in 100% and 100% [22] and 83%
and 100% [6], respectively.

However, the advantages provided by the present
study in comparison to the previous ones are several.
First, this is the largest multicenter study reported in the
literature. Second, the study population is fairly homo-
geneous with all having undergone primary treatment
and suspected UC recurrence. Third, accuracy of PET/
CT was assessed separately for UTUC and BC. Al-
though still UC, the sites of metastasis or specifically
nodal involvement are different [15, 16]. Therefore, it is
prudent to consider these tumors as two separate entities.
Fourth, accuracy of PET/CT was compared with the
conventional imaging, such as ceCT and MRI, which is
the gold standard for the staging and re-staging of UC.
The main limitation to use ceCT and MRI as a gold
standard is the intrinsic uncertainty of the false negatives
or false positives results. This could explain why agree-
ment between PET/CT and conventional imaging was
found to be moderate (K = 0.46), underling the need for
further research in this field.

However, this research describes not only promising
results, but also raises new questions that only further
studies may answer.

New alternative PET tracers (i.e., 11C-choline or other
future agents) and markers, as well as better software and
machines, have the potential to improve PET/CT imag-
ing, although they have been used in the staging setting
and not in the re-staging one when a high percentage of
tumors with unfavorable prognosis are present. In par-
ticular, the use of a co-registration CT urography with
PET/CT data could allow a better staging of UC recur-
rence in either the residual urinary tract after surgery or in
the lymph nodes. In fact, the type of urinary diversion
whether continent or incontinent may alter the detection
rate of retroperitoneal or pelvic lymph nodes. Indeed, the
intensely diverted intraluminal urine activity can hinder
the detection of an adjacent small local recurrence or
metastatic lesions. Thus, a stratification according to the
urinary diversion may improve the staging of retroperi-
toneal and pelvic lymph nodes.

At site-based analysis, FDG PET/CT showed a
higher diagnostic accuracy than C.I, particularly for the
lymph node detection. Moreover, PET/CT seems able to
better identify the presence of distant lymph node
involvement (e.g., inter-aortocaval, para-caval, and peri-
aortic nodes).

F. Zattoni et al.: A retrospective, multicenter study

Finally, an economic evaluation investigating the
cost-effectiveness of FDG PET/CT scanning should be
investigated in order to justify the routine use of this
imaging technique in UC patients in comparison to C.I.

As a retrospective multicenter study, limitations are
inherent. The final pathology was not available for all
cases. The low sensitivity in a per site-based analysis was
due to the inability to completely assess the NPV since
the tissue was not all sampled. Moreover, no peculiar
preparation and/or strategy concerning hydration (i.e.,
diuretic administration), and start of whole-body scan
from the pelvis was used.

Finally, images were not centrally reviewed, although
all the radiologists and nuclear medicine physicians have
at least 5 years of experience in genitourinary imaging
and FDG PET/CT.

Conclusion

By a per patient-based analysis, FDG PET/CT has a
good accuracy in the detection of both BC and UTUC
recurrence after primary treatment. In a per site-based
analysis, FDG PET/CT has also a higher accuracy than
C.I. in lymph node assessment. From a clinical stand-
point, these findings have important implications in the
follow-up after primary treatment and in therapeutic
decision-making of urothelial recurrences; however, the
role of FDG PET/CT in UC is still emerging and
definitive recommendations cannot be made yet. It is
indisputable that it would be of great importance to
investigate the clinical value of FDG PET/CT prospec-
tively.
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