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Abstract

Purpose Positron emission tomography (PET)/computed tomography (CT) with ®®*Ga-labelled 1,4,7,10-tetraazacyclododecane-
N,N',N" N"tetraacetic acid-D-Phe'-Tyr’-octreotide (DOTATOC) has been accepted as a diagnostic imaging tool especially for
patients with neuroendocrine tumours. However, its clinical usefulness for restaging of renal cell carcinoma (RCC) has not been
fully investigated. This retrospective study was performed to elucidate the clinical value of PET/CT using **Ga-DOTATOC in
patients with known or suspected recurrent RCC.

Methods We analysed 25 consecutive patients who underwent DOTATOC-PET/CT scans after surgery for RCC (23 clear cell, 1
papillary, 1 unclassified). PET/CT findings were reviewed and the detection rate was calculated on a patient and lesion basis. The
detectability was compared in patients who also underwent PET/CT scans with '®F-fluorodeoxyglucose (FDG).
Histopathological findings or clinical follow-up were used as the reference standard.

Results Based on the final diagnosis, 76 recurrent or metastatic lesions were confirmed in this population. Of these lesions, 66
lesions in 22 patients were positive by DOTATOC-PET/CT. The patient-based and lesion-based sensitivity was 88% (22/25) and
87% (66/76), respectively. Twelve patients underwent both DOTATOC-PET/CT and FDG-PET/CT. The lesion-based sensitivity
of DOTATOC was 74% (20/27), while that of FDG was 59% (16/27). Eight lesions were identified only by DOTATOC, but four
lesions from papillary RCC were detected only by FDG.

Conclusion Our data indicate that DOTATOC-PET/CT would be useful for detecting recurrent foci in patients with clear cell
RCC. DOTATOC-PET/CT and FDG-PET/CT are considered to have complementary roles.
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Introduction

Renal cell carcinoma (RCC) represents 2—3% of all adult can-
cers and is the third most common genitourinary malignancy.
The incidence of RCC has increased during the past several
years, contributing to a steadily increasing mortality rate
[1-3]. The most common histological subtype of RCC is clear

> Yuji Nakamoto
ynakamo 1 @kuhp.kyoto-u.ac.jp

Department of Diagnostic Imaging and Nuclear Medicine, Kyoto
University Graduate School of Medicine, 54 Shogoinkawahara-cho,
Sakyo-ku, Kyoto 606-8507, Japan

Laboratory of Biophysical Chemistry, Kobe Pharmaceutical
University, Kobe, Japan

@ Springer

cell RCC, followed by papillary RCC and chromophobe
RCC. With the recent progress in diagnostic imaging tech-
niques, RCC can now be diagnosed at an early stage; howev-
er, approximately 20% of patients undergoing curative ne-
phrectomy subsequently develop metastasis during the
follow-up period [4].

Positron emission tomography (PET)/computed tomogra-
phy (CT) using '*F-fluorodeoxyglucose (FDG) has been wide-
ly used for restaging in various malignancies. A review article
of RCC demonstrated that FDG-PET or PET/CT shows rela-
tively high diagnostic performance, with a pooled sensitivity
and specificity of 86% and 88%, respectively, according to a
meta-analysis based on 14 studies [5]. In some cases, however,
FDG-PET/CT yields inconclusive information in the clinical
setting because of the lower FDG-avidity of tumours.

Some RCCs are somatostatin receptor-positive, predomi-
nantly expressing subtype 2 [6, 7]. Therefore, metastatic foci
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derived from RCC has been depicted by somatostatin receptor
imaging using '''In-labelled compounds in some case reports
[8, 9]. PET/CT using %8Ga-labelled 1,4,7,10-tetraazacyclo
dodecane-N,N',N" ,N"‘-tetraacetic acid-D-Phel-Tyr3-
octreotide (DOTATOC) has been accepted as a diagnostic
imaging tool, especially for neuroendocrine tumours [10,
11]. They have replaced ''In-labelled compounds in Europe
and the United States because **Ga-labelled PET tracers, in-
cluding DOTATOC, have higher diagnostic performance [12].
However, the clinical usefulness of PET/CT with %8Ga-la-
belled PET tracers for recurrent RCC has not been fully in-
vestigated, although there are several case reports [13-16].

Therefore, the purpose of this retrospective study was to
elucidate the clinical value of PET/CT using ®*Ga -
DOTATOC in patients with known or suspected recurrent
RCC.

Patients and methods
Patients

We retrospectively analysed 25 patients with known or
suspected recurrent RCC who underwent DOTATOC-PET/
CT in our single institute. The patients comprised 19 men
and six women with a mean age of 64.2 years (range, 38—
86 years). Of the 25 patients, 23 had clear cell RCC, one
had papillary RCC, and one had unclassified RCC. The ethics
committee of our institution approved the study, and written
informed consent was obtained from all patients.

PET/CT scanning

Approximately 150 MBq of ®®Ga-DOTATOC (radiochemical
purity of >95%, specific activity of approximately 10 MBq/
nmol) was injected intravenously, and a whole-body PET/CT
scan was performed approximately 60 min after injection
using a combined PET/CT scanner (Discovery ST Elite or
Discovery 1Q; GE Healthcare, Waukesha, WI, USA).
Initially, starting at the level of the thigh, a low-dose CT scan
was performed with the following parameters: 40-60 mA,
120 kV, 0.6-s tube rotation, and 3.75-mm section thickness.
The CT scan was acquired during shallow breathing and in-
cluded the area from the upper thigh to the top of the skull.
Immediately after the CT scan, a PET scan was acquired with
an acquisition time of 3 min per bed position. The CT data
were used for attenuation correction, and images were recon-
structed using a commercial three-dimensional iterative recon-
struction algorithm called VUE Point Plus (interval, 3.27 mm;
2 iterations and 14 subsets in Discovery ST Elite, and 4 iter-
ations and 12 subsets in Discovery 1Q).

Image analysis

Images were visually interpreted by at least two board-
certified radiologists, who were also board-certified nuclear
medicine physicians, on a consensus basis. Moderate to in-
tense focal accumulations compared with the background, not
considered physiological or noise, were regarded as abnormal
and indicative of recurrence or metastasis. When faint or
equivocal uptake in the lesions was clearly depicted on CT
images, those lesions were read as negative in this study. If at
least one lesion was positive in a patient with multiple lesions,
the patient was counted as a true positive on a per-patient
basis. In the quantitative analysis, the maximum standardised
uptake value was calculated for each lesion when abnormal
uptake indicating recurrence or metastasis was found. If the
PET findings were negative but CT revealed a morphological
abnormality (allowing us to measure a quantitative value) and
the lesions were finally confirmed to be recurrent or metastatic
sites, the regions of interest were determined with reference to
the CT images. The sensitivity of DOTATOC-PET/CT was
compared with that of FDG-PET/CT in 12 patients who
underwent both scans (including 2 patients who underwent
the examinations in other hospitals). In addition, cases in
which unexpected lesions that had not been identified by con-
ventional imaging modalities were depicted by DOTATOC-
PET/CT, and cases in which DOTATOC-PET/CT findings
were considered to affect the therapeutic management, were
assessed as ‘additional information’ and ‘clinical impact’, re-
spectively. When positive findings were finally considered
irrelevant to RCC but clinically significant, we regarded them
as additional information. The reference standard was the his-
topathological findings (n = 15) or clinical follow-up findings
(n=10), including the radiological findings, for at least
6 months except in one patient who died of metastatic disease
3 months later.

Statistical analysis

The detection rates of DOTATOC-PET/CT and FDG-PET/CT
were compared using the McNemar test for paired
proportions.

Results
Visual analysis

The patients’ profiles and PET results of the visual analysis are
shown in Table 1, and the assessed lesions are summarised in
Table 2, showing the averages and ranges of the quantitative
values. Based on the final diagnosis, 76 recurrent or metastatic
lesions were confirmed to be true lesions in this population.
There were five lesions associated with local recurrence and
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Table 1 Patient profiles and PET results

Pt# Age (years)/Gender Duration after Hx
surgery” (months)

Final diagnosis Recurrent/metastatic

Additional  Clinical
information impact

Patient-based
sites results

DOTATOC FDG

1 76/male 165 CC Ope
2 7l/male 245 CC Ope
3 69/female 108 CC Ope
4 67/male 12 CcC flu
5 69/male 1 CC flu
6  38/male 8 PaP flu
7  66/female 350 CC Ope
8  65/male 124 CC Bx
9  68/male 78 CcC Ope
10 86/female 73 Unclassified Ope
11 73/male 171 CcC fu
12 63/male 58 CcC Ope
13 68/male 36 CcC fu
14  62/male 23 CcC fu
15 73/male 3 CC fu
16 78/female 230 CC flu
17  62/male 251 CC Bx
18 41/male 61 CC Ope
19  68/male 10 CcC fu
20 42/male 5 CC Bx
21  74/female 50 CC Ope
22 65/male 27 CC Ope
23 44/female 12 CC Ope
24 68/male 127 CC Ope
25 48/male 110 CcC flu

Pan (1) TP FN - -
Pan (2), LI (1) TP FN - -
B (1) TP ™ - -
B (2) TP nd - -
B (5) TP TP + -
B (1), LU (1), LN (1), R (1) FN P - -
S (2),PT (1), R(1)Pan (1) TP TP® + +
B (1) TP P - -
LN (1) FN FN® — -
B (1) TP ™ - -
LU@3),B@3),R(1),S(1) TP nd  + -
LU (1), LN (1) TP nd  + +
LU (1) TP nvd - -
LU (3) TP nd - -
S(1),B@®) TP n/d + -
Pan (1), CK (1) TP FN + -
Pan (1), LU (1) TP P - -
BR (1) TP wd  + -
B (1), R (1) TP nd - -
BR (1), B(9),S (1), LU (1) TP vd  + -
LU (1) TP FN - -
AD (2) TP nd + +
M (1), R (1) FN nd - -
BR (2), LU (1) TP nd - -
LU () TP nd - -

RCC, renal cell carcinoma; Hx, histopathology; CC, clear cell RCC; PaP, papillary RCC; Ope, operation; f/u, follow-up; Bx, biopsy; Pan, pancreas; LI,
liver; B, bone; LN, lymph node; R, local recurrence; S, soft tissue; PT, parathyroid; CK, contralateral kidney; BR, brain; AD, adrenal glands; M,

mesentery; TP, true positive; FN, false negative; n/d, not done
arentheses demonstrate the number of definitively confirmed lesions
*Radical or partial nephrectomy for initial RCC

®FDG-PET was performed in other institutes

32, 15, 6, 5, 4, and 3 metastatic lesions to the bone, lung,
pancreas, soft tissue, brain, and lymph nodes, respectively.
The remaining six lesions comprised one metastatic lesion
each to the liver, parathyroid, contralateral kidney, and mes-
entery and two metastatic lesions to the adrenal glands. A
representative case in which metastasis to the parathyroid
was unexpectedly identified is shown in Fig. 1. Of these le-
sions, 66 lesions in 22 patients were positive on DOTATOC-
PET/CT. The patient-based and lesion-based sensitivity was
88% (22/25) and 87% (66/76), respectively. With respect to
location, the detection rates for local recurrence and bone,
lung, pancreatic, soft tissue, brain, and nodal metastases were
60%, 97%, 87%, 83%, 100%, 100%, and 33%, respectively,
with an average maximum standardised uptake value of 8.3,
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7.6,3.3,11.6, 11.2, 5.9, and 2.5, respectively. Three positive
lesions were finally confirmed not to be recurrence or metas-
tasis. These lesions were a meningioma in one patient and two
residual lesions of haemangioblastoma in another patient with
von Hippel-Lindau disease; all were considered irrelevant to
metastatic RCC. Therefore, the estimated positive predictive
value was 96% (66/69) in this population.

Comparison between DOTATOC and FDG

Twelve patients underwent both DOTATOC-PET/CT and
FDG-PET/CT within 2 month of each other. The patient-
based and lesion-based sensitivity of DOTATOC was 83%
(10/12) and 74% (20/27), respectively, while that of FDG
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Table 2  Summary of identified lesions

Location Total lesions (1n)* TP lesions (1) Detection rate Mean SUVmax (range)

Local recurrence 50) 3 60% 8.3 (2.2-20.1)

Lymph nodes 3() 1 33% 2.5(0.8-5.4)

Bone 32 (1) 31 97% 7.6 (1.8-23.3)

Lung 15 () 13 87% 3.3(0.7-8.6)

Pancreas 6 5 83% 11.6 (3.2-19.5)

Soft tissue 5 5 100% 11.2 (4.5-20.9)

Brain 4 4 100% 5.9 (0.8-12.4)

Others 6 4 67% Parathyroid 8.3; Adrenal 12.5, 17.8;
Liver 6.5

Total 76 (4) 66 87% 7.2 (0.7-23.3)

TP, true positive

 The italic character in parentheses demonstrates the number of lesions of papillary RCC

was 58% (7/12) and 59% (16/27), respectively. The differ-
ences in the patient-based and lesion-based sensitivities be-
tween the two methods were not statistically significant (p =
0.3711 and p = 0.3865, respectively). Eight lesions were iden-
tified only by DOTATOC, but four lesions in one patient with
papillary RCC were detected only by FDG (Fig. 2). Figure 3

Fig. 1 A 66-year-old woman with recurrent clear cell renal cell
carcinoma. Maximum-intensity projection (a), axial CT (b), and fused
(c) images are demonstrated. After resection of the right femoral lesion,
a DOTATOC-PET/CT scan demonstrated intense focal uptake around the
left lobe of the thyroid gland (arrows) in addition to metastases to soft
tissue (a arrowheads). Metastasis to the parathyroid was confirmed
during surgery

shows a scatter plot of 24 measurable lesions in patients who
underwent both scans.

Additional information and clinical impact

Table 3 summarises the additional information and clinical
impact of DOTATOC-PET/CT. Among all 25 patients, addi-
tional information was obtained by DOTATOC-PET/CT for 9
patients (36%), including a meningioma and residual lesion of
haemangioblastoma (irrelevant to recurrent RCC). These ad-
ditional findings were considered to have affected the thera-
peutic strategy in three patients (12%).

Discussion

DOTATOC-PET/CT identified more recurrent or metastatic
lesions with substantially high uptake after surgical treatment
of RCC, especially clear cell RCC. However, some lesions
with FDG avidity were not detected by DOTATOC-PET/CT.
Our preliminary data indicate that DOTATOC-PET/CT may
have a complimentary role in the detection of recurrent tu-
mours in the postoperative state of RCC.

Several case reports have described positive findings of
metastasis by ®*Ga-DOTA peptide PET/CT as well as by so-
matostatin receptor scintigraphy using '''In-pentetreotide af-
ter nephrectomy for RCC [8, 9, 13—15]. In these reported
cases, pancreatic tumours had been suspected to be a neuro-
endocrine tumour, and somatostatin receptor imaging revealed
positive accumulation with confirmation of metastasis from
RCC. It seems difficult to differentiate between pancreatic
neuroendocrine tumours and pancreatic metastasis by somato-
statin receptor imaging and conventional morphological im-
aging. The patient’s history may be useful in the consideration
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Fig. 2 A 38-year-old man with recurrent papillary renal cell carcinoma.
Maximum intensity projection images of FDG-PET and DOTATOC-PET
(a) and axial slices of fusion images of both tracers (b) are demonstrated.
No abnormal uptake is seen in DOTATOC-PET, but metastases to the

of differential diagnoses, but histopathological confirmation is
still necessary for the final diagnosis.

In the present study, uptake of DOTATOC tended to be
higher than uptake of FDG in most patients, among whom
clear cell RCC was predominant in our series. However, in
one patient who was confirmed to have papillary carcinoma,
the lesions were depicted as a more strongly hypermetabolic
area by FDG than by DOTATOC. We speculate that expres-
sion of somatostatin receptors may depend on the histopatho-
logical type of RCC, although Reubi and Kvols [6] stated that
no evident correlations were found between the somatostatin
receptor status in the tumour and the histopathological type or
grade of the tumour by receptor autoradiography in 39 surgi-
cally removed human RCCs. Nevertheless, because only one

10

SUVmax in DOTATOC PET/CT
o

0 5 10 15 20 25
SUVmax in FDG PET/CT

Fig. 3 Scatter plot of the maximum standardised uptake value in FDG-
PET/CT (horizontal axis) and DOTATOC-PET/CT (vertical axis).
DOTATOC uptake tended to be higher in most lesions, although several
lesions had higher FDG uptake in papillary carcinoma
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DOTATOC

bone (arrows) and lung (arrowheads) are clearly depicted in FDG-PET/
CT. Focal uptakes indicating a left supraclavicular lymph node metastasis
and local recurrence are also demonstrated in FDG-PET (a small arrows)

patient had papillary carcinoma in our population, whether
recurrent foci derived from papillary carcinoma tend to have
lower expression of somatostatin receptors remains unknown.
Further examinations involving more patients are needed to
address this issue.

Compared with the detection rate in many lesions, the de-
tection rate of nodal metastasis was relatively poor (sensitivity
of only 33%). Three lesions were finally confirmed to be
nodal metastasis from RCC. Of these three nodal metastases,
one lesion of papillary RCC and one histologically confirmed
para-aortic node (38 mm in size) from clear cell RCC were
negative by DOTATOC-PET. Because the number of assessed
lesions was small in this population, more cases are needed to
determine the sensitivity for nodal metastasis.

A rare case in which unexpected metastasis to the parathy-
roid was confirmed by resection was encountered in the pres-
ent study. In addition, DOTATOC-PET/CT depicted meningi-
oma that was not associated with RCC as an unexpected find-
ing. Whole-body DOTATOC-PET/CT would contribute to the
detection of various unexpected findings, including soft tissue
metastasis as has been demonstrated in a recent article [16],
although the frequency may be not as high as that of FDG-
PET/CT. Overall, additional information was obtained in
about one-third of cases in the present study, which is consid-
ered comparable with FDG-PET for other malignancies.
Therapeutic management was altered in only 10% of patients
in this population, which is comparable with the frequency
when we applied FDG-PET/CT to the restaging of RCC
[17]. Patients with multiple metastases receive anti-cancer
and/or molecular-targeted drugs. Therefore, therapeutic man-
agement is basically unchanged by the acquired findings of
diagnostic imaging. We believe that the clinical impact is
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Table 3 Additional information

Clinical impact

and clinical impact Patient Additional information
number
Pt#5
Pt #7 A focal uptake was found close to thyroid
Pt #11
Pt #12
Pt #15
Pt #16
Pt #18
was detected
Pt #20
Pt #22 Left adrenal metastasis was also identified

unexpectedly

Unexpected nodal metastasis was suspected

More bone metastases were detected -

A metastasis to the parathyroid
was resected

Bone and intramuscular metastases were detected -

The suspected node was resected

More bone metastases were detected —
Meningioma was detected -

A residual lesion of haemangioblastoma -

Intramuscular and brain metastases were detected —

Bilateral adrenal metastases were
resected

influenced by patient selection, and we need to consider when
to apply this technique in restaging in terms of improving
patients’ quality of life and cost effectiveness.

Residual haemangioblastoma in a patient with von
Hippel-Lindau disease was also depicted by DOTATOC
(images not shown). RCC is known to occur in patients
with von Hippel-Lindau disease because of somatic muta-
tions of the von Hippel-Lindau tumour suppressor gene
[18]; haemangioblastoma and pancreatic neuroendocrine
tumours can also occur as a result. Abnormal uptake in
these lesions may be a potential pitfall when interpreting
images in the postoperative state of RCC.

With respect to PET tracers other than FDG, some articles
have described the clinical utility of prostate-specific mem-
brane antigen (PSMA)-targeting tracers [19, 20], which have
been widely accepted for prostate cancer [21, 22].
Interestingly, recurrent foci can be depicted by these tracers
in clear cell RCC, while lesions are not always positive in non-
clear cell RCC, including papillary RCC [23]. This tendency
is similar to our somatostatin receptor imaging-based findings.
The superiority of the diagnostic performance between so-
matostatin receptor-directed PET/CT and PSMA-directed
PET/CT should be investigated in the future.

This study has some limitations. First, our preliminary
evaluation included only 25 patients. Because of the small
sample size, further studies with more patients are warrant-
ed. We could not obtain histopathological confirmation of
the final diagnosis for all lesions because of ethical issues.
This is a common limitation in clinical research, and some
lesions considered to be true positive might have been false
positive, resulting in overestimation of the sensitivity.
However, all findings were verified by other imaging mo-
dalities and the clinical course during the follow-up period.
We observed only one case of papillary RCC and one case
of undifferentiated RCC. The diagnostic performance of
DOTATOC-PET/CT for these rare histological types

should be evaluated in the future. Finally, because at least
one true positive metastatic or recurrent lesion was con-
firmed among all patients in this population, there were
no cases in which recurrence had been suspected but no
recurrence was finally confirmed. Therefore, the patient-
based specificity was not calculated.

In conclusion, DOTATOC-PET/CT is useful for detect-
ing recurrent tumours after surgical treatment of clear cell
RCC. In some cases, therapeutic management might be
altered by additional information obtained by this tech-
nique. However, the diagnostic performance of
DOTATOC-PET/CT in other histological types, such as
papillary and chromophobe RCC, still needs to be investi-
gated. Because DOTATOC-PET/CT seems to have a com-
plementary role with FDG-PET/CT, it can be a useful op-
tion when FDG-PET/CT is inconclusive.
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