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ABSTRACT
Background: 99mTc-Sestamibi Single Photon Emission Computed Tomography/Computed Tomography
(SPECT/CT) contributes to the non-invasive differentiation of renal oncocytoma (RO) from renal cell car-
cinoma (RCC) by characterising renal tumours as Sestamibi positive or Sestamibi negative regarding
their 99mTc-Sestamibi uptake compared to the non-tumoral renal parenchyma.
Purpose: To determine whether 99mTc- Sestamibi uptake in renal tumour and the non-tumoral renal
parenchyma measured using Standard Uptake Value (SUV) SPECT, has a beneficial role in differentiat-
ing RO from RCC.
Material and Methods: Fifty-seven renal tumours from 52 patients were evaluated. In addition to vis-
ual evaluation of 99mTc-Sestamibi uptake, SUVmax measurements were performed in the renal tumour
and the ipsilateral non-tumoral renal parenchyma. Analysis of the area under the receiver operating
characteristic curve identified an optimal cut-off value for detecting RO, based on the relative ratio of
99mTc- Sestamibi uptake.
Results: Semiquantitative evaluation of 99mTc-Sestamibi uptake did not improve the performance of
99mTc- Sestamibi SPECT/CT in detecting RO. 99mTc- Sestamibi SPECT/CT identifies a group of mostly
indolent Sestamibi-positive tumours with low malignant potential containing RO, Low-Grade Oncocytic
Tumours, Hybrid Oncocytic Tumours, and a subset of chromophobe RCCs.
Conclusion: The imaging limitations for accurate differentiation of Sestamibi-positive renal tumours
mirror the recognised diagnostic complexities of the histopathologic evaluation of oncocytic neoplasia.
Patients with Sestamibi-positive renal tumours could be better suited for biopsy and follow-up, accord-
ing to the current active surveillance protocols.
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Introduction

Benign and malignant solid renal tumours overlap in their
standard imaging features [1]. The inability to accurately
diagnose benign renal neoplasia results in up to 30% of
unnecessary partial nephrectomies [2]. Currently, it is not
possible to preoperatively differentiate between different
types of solid renal tumours using the existing molecular
imaging techniques [3,4]. The introduction of 99mTc-
Sestamibi single photon emission computed tomography/
computed tomography (SPECT/CT) improves the characterisa-
tion and the distinction of solid renal tumours, as demon-
strated in the recent meta-analysis by Wilson et al. [5].

99mTc-Sestamibi SPECT/CT, followed by renal biopsy,
improved the management of benign kidney tumours, such
as renal oncocytoma (RO), by reducing unnecessary surgeries
[6] and by introducing cost-saving efficiencies compared
with the established clinical routines [7].

Histopathological and molecular characterisation of renal
neoplasms is continuously evolving, as reflected in the 2016
and 2022 World Health Organization (WHO) classification by
introducing new, provisional and emerging renal entities
[8–10]. For example, clear cell papillary RCC (ccpRCC), a
tumour of low malignant potential, is now classified as a sep-
arate entity [11]. The so-called “hybrid chromophobe
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oncocytic tumour” (HOCT), showing features that overlap
between RO and chromophobe renal cell carcinoma (chRCC),
considered a subtype of chRCC in the 2016 WHO classifica-
tion, has been found to demonstrate a molecularly variable
profile, with genomic features intermediate between RO and
chRCC [12]. Other provisional and emerging entities, such as
low-grade oncocytic tumour (LOT) and eosinophilic vacuo-
lated tumour (EVT), are also expanding the spectrum of renal
oncocytic neoplasia [13]; both entities have been recently
listed in the 2022 5th edition of WHO classification as
“emerging renal entities” [10]. For example, LOT is an indo-
lent, typically sporadic and solitary tumour [14]; rare cases
have been documented in tuberous sclerosis complex (TSC)
patients [15,16]. Although it has some similar morphologic
features to RO and ChRCC, it also has some differences and
an unusual CK7 positive/CD117 negative immunoprofile [17].
Recent studies have found frequent TSC/MTOR mutations in
LOT, but a uniform lack of multiple chromosomal losses, as
seen in ChRCC, has not been found [15,16].

Prior studies have published findings regarding the visual
differentiation of RO from RCC utilising 99mTc-Sestamibi
SPECT/CT [18] in line with the previous findings by Gorin
et al. [19]. According to the initial hypothesis of Rowe et al.
[20], renal tumours, such as RO that demonstrate greater
mitochondrial content, exhibit an increased uptake of 99mTc-
Sestamibi, given that Sestamibi acts as a mitochondrial
agent. Therefore, renal tumours with increased 99mTc-
Sestamibi uptake can be characterised as ‘Sestamibi-positive’.
In contrast, renal tumours with decreased 99mTc-Sestamibi
uptake can be considered ‘Sestamibi-negative’.

In the present study, we sought to evaluate if implementing
additional quantitative tools will aid in the visual assessment of
99mTc-Sestamibi SPECT/CT in patients with solid renal tumours
and whether this could improve the diagnostic performance in
differentiating RO from other RCCs. In particular, we investigated
if standardised uptake value (SUV) SPECT could strengthen the
preoperative characterisation of solid renal tumours.

Material and methods

Study design and image acquisition

This explorative, non-randomised prospective study started
in September 2015 [18] and ended in September 2019. All
eligible candidates were discussed at the kidney tumour con-
ference in the Radiology Department of Karolinska University
Hospital, Huddinge. Patients with T2, T3 or T4 renal tumours,
renal tumours > 7 cm in maximum diameter, and/or patients
with metastatic disease were not included in the study.
Patients who agreed to participate underwent a 99mTc-
Sestamibi SPECT/CT examination before nephrectomy or
renal biopsy, following the same imaging protocol previously
described and published by our group [21]. In brief, a CT
scan was performed after a SPECT acquisition with projec-
tions reconstructed using Hermes SUV SPECT Hybrid ReconTM

Oncology software (v.1.2) (HERMES Medical Solutions AB,
Stockholm, Sweden). To enable quantitative evaluation, we
collected the available data on syringe activity before admin-
istration, syringe residual activity post-administration, patient

weight, time points of injection, and scan start, all used in
the reconstruction software.

Evaluation of 99mTc-Sestamibi SPECT/CT examination

Two readers independently and simultaneously performed
the visual evaluation: a Consultant in Radiology and Nuclear
Medicine and a Consultant in Radiology. To mitigate the
effects of interobserver variation, we redefined the uptake of
99mTc-Sestamibi in the examined renal tumour as follows: a
tumour was classified as Sestamibi-positive if the 99mTc-
Sestamibi uptake was visually higher compared to the ipsilat-
eral normal renal parenchyma. If the 99mTc-Sestamibi uptake
in the tumour was visually equal to or lower than the ipsilat-
eral renal parenchyma, the tumour was classified as a
Sestamibi-negative. In cases with a disagreement between
the readers, a third reader was added, and all three inde-
pendently performed a blind re-evaluation of these cases.

The two main readers also performed SUVmean and
SUVmax measurements in the renal tumour, as well as
assessed the ipsilateral non-tumoral renal parenchyma.
Freehand regions of interest (ROIs) of complete tumours
were drawn in the axial CT images of the SPECT/CT examin-
ation. Volumes of interest (VOIs) were automatically gener-
ated based on the manually drawn ROIs. The VOIs were
copied onto the SPECT images, and the SUV parameters
were annotated. To obtain SUVmean and SUVmax values, fixed
1 cm3 VOIs spheres were similarly placed in the regions of
high renal 99mTc-Sestamibi uptake in the ipsilateral non-
tumoral renal parenchyma. We excluded the SUVpeak meas-
urements because many renal tumours were too small
(volume approximately 1 cm3 or less) to be evaluated using
this parameter because, by definition, SUVpeak represents the
maximum activity concentration in 1 cm3 volume.

Histopathological analysis of 99mTc-Sestamibi SPECT/CT
examined renal tumours & immunohistochemical
investigation of renal oncocytic tumours

In cooperation with the Clinical Pathology-Cytology
Department of our hospital, the diagnostic tissue material of
the study (i.e. surgical resections and/or biopsies) was re-
evaluated. Two Consultant Pathologists independently and
simultaneously reviewed the haematoxylin & eosin (H&E), as
well as the immunohistochemical (IHC) slides of all tumours
in a blinded manner and without any knowledge of the prior
visual or quantitative evaluation of the 99mTc-Sestamibi
SPECT/CT dataset. The confirmed histopathological diagnoses
and/or updated diagnoses, based on consensus, were used
as the gold standard to correlate with the results from
99mTc-Sestamibi SPECT/CT examinations. A third expert
Urologic Pathologist was subsequently asked to blindly
evaluate all chRCCs included in this study to further help
assess the observed in situ metabolomic differences in the
Sestamibi-positive versus Sestamibi-negative chRCCs, as dem-
onstrated in our previous study [22].
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Statistical analysis

Intra Class Correlation (ICC) was calculated to assess the
intra-reader reliability of SUVmean and SUVmax SPECT meas-
urements. We calculated the average value of SUVmean meas-
urements from the two readers per case. The same was done
for SUVmax. The ratio of the 99mTc- Sestamibi uptake (the
uptake in the renal tumour/the uptake in the ipsilateral non-
tumoral renal parenchyma) was also calculated for each case.
To illustrate the trade-off in sensitivity and specificity in
detecting RO, we analysed the area under the receiver oper-
ating characteristic curve (AUC) to identify an optimal cut-off
value based on the relative 99mTc- Sestamibi uptake. To illus-
trate the results, each tumour category was designated with
a letter (A-J, Supplementary Figure 1).

Results

In total, 58 renal masses from 52 patients were included in
the study between 2015 and 2019; of note, four patients had
multiple and/or bilateral renal lesions. Thirty-seven out of 58
(64%) renal tumours were resected with radical or partial
nephrectomy, while the remaining 21 (36%) were biopsied
(7 ccRCCs, 4 chRCCs, 3 ccpRCCs, 3 RO, 2 pRCCs and 2 HOCTs).

Histopathological & immunohistochemical assessment

Five renal tumours were re-classified upon re-evaluation by
consensus, as follows: 4 RO were re-classified as chRCC and
HOCT (2 cases each), while one pRCC (that in our previous
pilot study [18] exhibited slightly increased 99mTc- Sestamibi
uptake) was re-classified as chRCC. One tumour initially char-
acterised as HOCT in our previous pilot study [18] actually

corresponded to normal renal parenchyma. It was excluded
from further analysis, thus reducing the final tumour cohort
to 57. The patient and tumour characteristics are presented
in Table 1. All amended diagnoses were immediately com-
municated to the referral urologists for appropriate clinical
management and follow-up, whenever necessary.
Accordingly, the final diagnoses were established (in decreas-
ing order of frequency) as follows: 13 ccRCCs, 11 chRCCs, 11
RO (one with adjacent) papillary adenoma, 9 pRCCs, 5
HOCTs, 4 clear cells papillary RCCs (1 with adjacent papillary
adenoma), 1 “collision tumour” comprising chRCC and pRCC,
1 B cell non-Hodgkin’s (follicular) lymphoma, 1 metanephric
adenoma and 1 angiomyolipoma.

Visual evaluation of 99mTc-Sestamibi SPECT/CT
examinations

Agreement on the visual evaluation of 99mTc-Sestamibi uptake
was observed in 51 out of 57 (90%) solid renal tumours. In 6
(10%) cases, the two readers disagreed; however, a complete
agreement and a final consensus were reached in all 6 cases
when a third reader was included in the assessment (as previ-
ously explained). The results of the visual assessment are pre-
sented in Table 2, showing 82% sensitivity and 76% specificity
in the detection of RO. When clustering RO and HOCT together,
the above-mentioned performance of 99mTc-Sestamibi SPECT/
CT reached 88% sensitivity and 85% specificity.

Quantitative SUV SPECT measurements

Similar to our previous study [21], the ICC for SUVmax and
SUVmean measurements of the examined tumours showed a
high agreement between the two readers of 88% and 94%,
respectively. Likewise, the ICC between the readers, when
measuring SUV SPECT parameters in the ipsilateral non-
tumoral renal parenchyma showed moderate agreement, as
shown in Table 3.

Analysis of AUC based on the ratio of the relative 99mTc-
Sestamibi uptake was performed by sub-clustering RO as a
Sestamibi-positive subgroup. At the same time, all remaining
tumour types were considered as a Sestamibi-negative sub-
group. Optimal cut-off values for the characterisation of
tumours as Sestamibi-positive vs Sestamibi-negative were
obtained using the closest-top left criterion. The ratio of rela-
tive 99mTc-Sestamibi uptake based on SUVmax measurements

Table 1. Patient and renal tumour characteristics.

Number of patients 52

Number of renal tumours 57
Size of renal tumours in mm (median [IQR]) 24.0 [17.0, 39.0]
Age in years (median, [IQR]) 68.0 [60.0, 76.0]
Sex (%)
Female 19 (33)
Male 38 (67)

Inclusion period September 2015–2019, Karolinska University Hospital,
Huddinge. Inclusion criteria: Patients with T1 solid renal tumours, eligible for
undergoing surgery or suitable for renal biopsy. Exclusion criteria: T2þ
tumours, tumours >7 cm in maximum diameter and/or patients with meta-
static disease.
mm: millimetres, IQR: interquartile range.

Table 2. Visual evaluation of 99mTc-Sestamibi uptake on 57 solid renal tumours.

Histological types of renal tumours Number of renal tumours 99mTc- Sestamibi positive, n (%) 99mTc- Sestamibi negative, n (%)

Renal oncocytoma 11 9 (82%) 2 (18%)
HOCT 5 5 (100%) 0
Chromophobe RCC 11 6 (55%) 5 (45%)
Clear cell RCC 13 0 13 (100%)
Papillary RCC 9 0 9 (100%)
Clear cell papillary RCC 4 0 4 (100%)
Collision RCC (chRCC – pRCC) 1 0 1 (100%)
B-cell lymphoma 1 0 1 (100%)
Metanephric adenoma 1 0 1 (100%)
Angiomyolipoma 1 0 1 (100%)

The sensitivity of 99mTc-Sestamibi SPECT/CT examination in detecting renal oncocytoma is estimated at 82%, with a specificity of 76%.
RCC: Renal Cell Carcinoma, HOCT: Hybrid Oncocytic Chromophobe Tumour, chRCC: chromophobe RCC, pRCC: papillary RCC.
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of the tumour (T) vs non-tumoral renal parenchyma (N) dem-
onstrated better performance (AUC: 0.787 [95% CI:
0.644–0.903]) (Figure 1), when compared to the ratio based
on SUVmean measurements (AUC: 0.686 [95% CI:
0.524–0.830]) (Supplementary Figure 2). The estimated cut-
off 0.739 of relative ratio 99mTc-Sestamibi uptake, based on
SUVmax measurements of the renal tumour and the non-
tumoral parenchyma, resulted in 64% sensitivity and 83%
specificity in detecting RO (AUC: 0.787 [95% CI: 0.644–0.903]).

When RO and HOCT are clustered together, the semiquan-
titative performance of 99mTc-Sestamibi SPECT/CT reaches
87,5% in sensitivity and 71% in specificity, with an estimated
cut-off of 0.61, the relative ratio of 99mTc-Sestamibi uptake,
based on SUVmax measurements of the renal tumour and the
non-tumoral parenchyma. The last mentioned cut-off value is
comparable with the results from other groups active in this
specific field [23] (Supplementary Figure 3).

Re-evaluation of all chRCCs

An expert Urological Pathologist re-evaluated all chRCCs,
resulting in the reclassification of 5 Sestamibi-negative
tumours as chRCCs classic type (n¼ 4) (Figure 2a–d) and an
eosinophilic variant of chRCC (n¼ 1). Of the 6 Sestamibi-posi-
tive tumours, 3 were re-classified as LOTs (Figure 2e–h), 2 as
an eosinophilic variant of chRCC, and 1 as chRCC classic
type. However, all these tumours were included in the chRCC
subgroup because LOT represents a recently proposed and
provisional renal entity recently included in the latest 2022
WHO classification of renal neoplasia [13].

Discussion

Quantitative evaluation with SUV SPECT measurements per-
formed in HERMES Hybrid Viewer PDR v2.5 did not improve
the performance of the 99mTc-Sestamibi SPECT/CT examin-
ation in differentiating RO, a benign renal tumour, from RCC.
The well-known intrinsic limitations of SPET/CT [24], for
example, the limited spatial resolution and the resulting par-
tial volume effect, may play a crucial role in SUV SPECT
measurements due to spill out and/or spill in of the signal
from adjacent voxels [25]. Smaller lesions are more affected
by the partial volume effect than larger lesions. Uncertainties
in SUV SPECT measurements performed on smaller tumours
can lead to inaccurate evaluations and the moderate agree-
ment between readers on SUV SPECT measurements per-
formed on non-tumoral renal parenchyma. The
implementation of such semiquantitative tools is rather diffi-
cult in clinical practice. The aforementioned factors that
affect the SUV SPECT measurements can partly explain that
no reliable absolute cut-off values in the detection of RO
could be found based exclusively on SUV SPECT measure-
ments performed on the different renal tumours. Instead, the
relative 99mTc- Sestamibi uptake between renal tumour and
the non-tumoral renal parenchyma is preferred. Another fac-
tor contributing to the uncertain SUV SPECT measurements
is the interval from the time of 99mTc- Sestamibi injection
and the time of SPECT/CT scan. In this study, this time varied
between 60 and 90min [21], and it has not been studied
how much this time difference affects the SUV. This time
dependence is well studied as it concerns fluorodeoxyglu-
cose positron emission tomography/computed tomography
(FDG PET/CT), but experience in 99mTc- Sestamibi is limited
[24]. The risk that smaller lesions with slight 99mTc- Sestamibi
uptake could be potentially misclassified as Sestamibi-nega-
tive due to the above-mentioned spill out of the signal in
the adjacent tissues is sustainable also for the visual evalu-
ation of 99mTc-Sestamibi SPECT/CT examination.

Table 3. Intra Class Correlation (ICC) for SUV SPECT measurements between
readers on the renal tumour and the non-tumoral renal parenchyma, with a
Confidence Interval of 95%.

SUVmax SUVmean

Renal tumours 0.877 (0.779–0.930) 0.940 (0.901–0.964)
Non-tumoral renal parenchyma 0.647 (0.467–0.776) 0.683 (0.617–0.800)

Figure 1. The ratio of relative 99mTc-Sestamibi uptake based on SUVmax measurements on the renal tumour (T) and the non-tumoral renal parenchyma (N). The
estimated cut-off value of 0.739 of relative ratio 99mTc-Sestamibi uptake, based on SUVmax measurements of the renal tumour and the non-tumoral parenchyma,
resulted in 64% sensitivity and 83% specificity in detecting Renal Oncocytoma (Group A) (AUC: 0.787 [95% CI: 0.644–0.903]). The different colours and sizes of the
markers on the right graph represent the different tumour categories and tumour sizes, respectively.
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In decreasing order of frequency, increased 99mTc-
Sestamibi uptake compared to the ipsilateral non-tumoral
renal parenchyma was visually evident in 5 out of 5 HOCTs
(100%), 9 out of 11 RO (82%) (Figure 3), and 6 out of 11
chRCCs (55%). All HOCTs and approximately half of the
chRCC cases were classified as Sestamibi-positive, raising the
question of the clinical importance of misclassifying tumour
entities with an indolent clinical course [26]. This finding
could be eventually incorporated into modern active surveil-
lance programs [27], resulting in a multimodality imaging
approach concerning the non-invasive characterisation of

renal neoplasia [28] accompanied by a confirmatory
renal biopsy.

The limitations of the imaging methods for accurate dif-
ferentiation of Sestamibi-positive renal tumours using hybrid
molecular and conventional imaging mirror the recognised
diagnostic complexities of the histopathologic evaluation of
this group of tumours. The expanding spectrum of oncocytic
neoplasia containing mostly indolent renal entities is a grey
zone that molecular imaging cannot depict. Still, mounting
evidence suggests unique and distinct histopathological fea-
tures of those renal tumours [15,16,29,30]. As an example of

Figure 2. A Sestamibi-negative and a Sestamibi-positive chRCC from 2 different patients. First column, a–d: (case 42) SPECT axial image (a) indicates the absence
of 99mTc-Sestamibi in a classic chromophobe RCC located to the dorsal aspect of the left kidney (indicated by arrow). Fused axial SPECT/CT image (b), white arrow
indicates the tumour. Preoperative axial CT image (c) in the venous phase, white arrow indicates the tumour. The tumour was characterised as a chRCC (d) upon
expert review and was diffusely positive for CK7 (inset; d). Second column, e–h: (case 31) SPECT coronal image (e) indicates focal 99mTc-Sestamibi uptake in a chro-
mophobe RCC located to the upper pole of the left kidney (indicated by arrow). Fused axial SPECT/CT image (f), white arrow indicates the tumour. Preoperative
axial CT image (g) in the venous phase (white arrow indicates the tumour). The tumour (h) was re-characterised as a LOT upon expert review (LOT: low-grade onco-
cytic tumour) displaying a CK7 positive immunoprofile (inset; h).
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a distinct tumour entity with an indolent course, LOT
molecular pathogenesis has been recently unravelled [15,16],
encompassing mTOR pathway activation accompanied by
converging mTORC1 pathway mutations and a distinctive
gene expression signature. To extend, the morphological
spectrum of LOT is now expanded with oncocytic renal
tumours with oncocytoma-like morphological traits display-
ing diffuse cytokeratin 7 immunoexpression and frequent
alterations in the TSC/mTOR pathway [31].

A noteworthy observation is that 3 of 11 chRCCs were re-
classified as LOTs upon expert review, and these 3 tumours
were all classified as Sestamibi-positive. Our findings suggest

that Sestamibi-positive renal tumours are of low malignant
potential and thus, could be considered in active surveillance
programs, utilising renal biopsy and longer-term imaging fol-
low-up. The emerging question, however, concerns the diag-
nostic accuracy and the inherent limitations of the biopsy
obtained from Sestamibi-positive renal tumours. In the cur-
rent study, 4 cases diagnosed initially as RO were reclassified
either as HOCT or chRCC, following a combined morpho-
logical and immunohistochemical assessment of three biop-
sies and one resection. These reclassifications are consistent
with the findings from a systematic review and meta-ana-
lysis, suggesting that core biopsy can often be unreliable for

Figure 3. A RO and a HOCT, both positive on 99mTc-Sestamibi SPECT/CT examination. First column, a–d: (case n.9) SPECT axial view (a) of focal 99mTc-Sestamibi uptake in
the anterior aspect of the left kidney (indicated by arrow). Anatomic correlation of the previous uptake (c) in the CT study, axial view-venous phase. The axial SPECT/CT
fusion image (b) with 99mTc-Sestamibi uptake in the same solid renal neoplasm (12mm in maximum diameter) of the left kidney. This was subsequently diagnosed as
HOCT on histopathology (d). Second column, e–h: (case n.13) SPECT axial view (e) displays focal 99mTc-Sestamibi uptake in the upper pole of the left kidney (indicated by
arrow). Anatomic correlation of the previous uptake (g) in the CT study, axial view-venous phase. The axial SPECT/CT fusion image (f) with 99mTc-Sestamibi uptake in the
same solid renal neoplasm (69mm in maximum diameter) of the left kidney. This was subsequently diagnosed as RO on histopathology (h).
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diagnosing RO [32]. The diagnosis on renal biopsy can be
problematic also due to possible tumour heterogeneity,
which is another limitation of our study since 21 tumour
diagnosis of our material was based on biopsies. For this rea-
son, many pathologists do not even issue a definitive diag-
nosis of RO on biopsy. Patel et al. demonstrated that 1 in 4
RO cases was misdiagnosed, with 12.5% and 6.3% of
tumours re-classified following excision, either as chRCC or
HOCT [32]. One of the most challenging areas in the routine
renal pathology practice is the diagnosis of tumours with
overlapping or equivocal features between RO and chRCC, as
well as differentiating RO and chRCC from other oncocytic
renal tumours that do not completely fulfil the diagnostic cri-
teria. However, a current consensus is that these difficult-to-
classify “hybrid” oncocytic tumours have an exceedingly low
risk of metastatic disease [12].

Immunohistochemistry plays a major role in renal tumour
diagnostics due to its widespread availability; a panel compris-
ing cytokeratin 7 (CK7)/carbonic anhydrase IX (CAIX)/alpha-
methyl acyl-CoA racemase (AMACR)/KIT (CD117) may be used
for screening [33]. Other emerging markers such as FOXI1,
RHCG, and LINC01187 that appear lineage-specific for renal
epithelial neoplasms arising from intercalated cells in the dis-
tal nephron segment, may also play a role in the future [34].
Nevertheless, immunohistochemistry limitations are well
known in routine practice, and slight differences in the immu-
nohistochemical profiles have also been identified among
HOCT subtypes (i.e. Birt-Hogg-Dub�e syndrome, renal oncocyto-
sis/oncocytomatosis and sporadic tumours) [35]. Other
approaches to potentially identify unique oncocytic tumour-
specific features include (i) whole scale approach of computer-
assisted morphometry [36], (ii) molecular genetic approaches,
including gene expression, microRNA, single-nucleotide poly-
morphism (SNP), array comparative genomic hybridisation
(array-CGH) profiling analyses [37,38] as well as the recently
proposed oncocytic nine gene classifier by McGillivray et al.
[39] and (iii) an in-situ metabolomic approach [40].

These limitations, both on imaging and histopathology
grounds, might explain the performance differences between
the visual and the semiquantitative evaluation of the 99mTc-
Sestamibi SPECT/CT examination. Our work, however, adds
value to a growing number of publications indicating that
most ROs are Sestamibi-positive [23]. Patients with Sestamibi-
positive renal tumours could avoid or postpone surgical treat-
ment. A renal biopsy could be preferred in this patient group,
as well as a longer follow-up period to track the dynamics of
the examined renal neoplasms. The information derived from
99mTc-Sestamibi SPECT/CT, followed by a core tissue renal
biopsy, can reduce not only the overtreatment of benign renal
tumours but can also reduce the proportion of untreated
malignant renal tumours. The 99mTc-Sestamibi SPECT/CT
accompanied by a minimally invasive renal biopsy may be
useful in clinical practice as a diagnostic tool to identify sev-
eral indolent or low-malignant potential renal tumours, such
as RO, LOT, HOCT and a subset of chRCC [41].

In conclusion, semiquantitative evaluation with SUV SPECT
measurements on the renal tumour and the non-tumoral
renal parenchyma did not improve the visual assessment of

99mTc-Sestamibi SPECT/CT examination in characterising
benign RO and differentiating it from malignant renal
tumours. Visual evaluation of 99mTc- Sestamibi SPECT/CT
identified a group of mostly indolent Sestamibi-positive
tumours containing RO, LOT (i.e. a new, emerged renal entity
with no proven recurrence or metastatic potential), HOCT
and a subset of chRCC. Our results suggest that patients
with Sestamibi-negative renal tumours should be considered
for surgery. In contrast, patients with Sestamibi-positive renal
tumours could be better suited for biopsy and follow-up,
according to the current active surveillance protocols.
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