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Abstract

Context: Molecular imaging (MI) entails the visualisation, characterisation, and mea-
surement of biologic processes at the molecular and cellular levels in humans and other
living systems. Translating this technology to interventions in real-time enables inter-
ventional MI/image-guided surgery, for example, by providing better detection of
tumours and their dimensions.
Objective: To summarise and critically analyse the available evidence on image-guided
surgery for genitourinary (GU) oncologic diseases.
Evidence acquisition: A comprehensive literature review was performed using PubMed
and the Thomson Reuters Web of Science. In the free-text protocol, the following terms
were applied: molecular imaging, genitourinary oncologic surgery, surgical navigation,
image-guided surgery, and augmented reality. Review articles, editorials, commentaries,
and letters to the editor were included if deemed to contain relevant information. We
selected 79 articles according to the search strategy based on the Preferred Reporting
Items for Systematic Reviews and Meta-analysis criteria and the IDEAL method.
Evidence synthesis: MI techniques included optical imaging and fluorescent techniques,
the augmented reality (AR) navigation system, magnetic resonance imaging spectros-
copy, positron emission tomography, and single-photon emission computed tomogra-
phy. Experimental studies on the AR navigation system were restricted to the detection
and therapy of adrenal and renal malignancies and in the relatively infrequent cases of
prostate cancer, whereas fluorescence techniques and optical imaging presented a wide
application of intraoperative GU oncologic surgery. In most cases, image-guided surgery
was shown to improve the surgical resectability of tumours.
Conclusions: Based on the evidence to date, image-guided surgery has promise in the
near future for multiple GU malignancies. Further optimisation of targeted imaging
agents, along with the integration of imaging modalities, is necessary to further enhance
intraoperative GU oncologic surgery.
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1. Introduction

In recent decades, imaging technologies have realized

significant developments, resulting in their current impor-

tant role in clinical oncology [1]. The field has expanded

greatly and now comprises various modalities including

ultrasonography (US), computed tomography (CT), magnetic

resonance imaging (MRI), positron emission tomography

(PET), and single-photon emission computed tomography

(SPECT) [2–4]. Because each modality has its specific advan-

tages and disadvantages, combining different techniques

(eg, PET and CT) has become the practice for tumour

detection, staging, and treatment evaluation [1–5]. However,

when surgery is required, translation of these molecular

images to the operative field remains a challenging obstacle.

Recently, advances in molecular imaging (MI) technology

enable the noninvasive imaging of specific molecular path-

ways that are fundamentally involved in disease processes

[6–8].Various hallmarks of cancer can be used to detect

malignant cells or tissues such as growth factor signalling

receptors, limitless replicative potential, sustained angio-

genesis, and increased proteolytic activity resulting in tissue

invasion and metastasis [9,10]. MI evaluates the molecular

signature and changes in cellular physiology and function

rather than anatomy. These molecular pathways are likely to

be expressed earlier than anatomic deformation, allowing

more sensitive representations of the disease process. In

addition, detecting tumours via their unique molecular

signatures may help to significantly improve the specificity

of diagnoses. Ideally this information is put in the hands of

the surgeon in real-time to warrant image-guided surgery.

This review summarises and critically analyses the

currently available evidence of intraoperative navigation

and imaged-guided surgery for genitourinary (GU) oncologic

surgery.

2. Evidence acquisition

A comprehensive literature review was performed using

PubMed and Thomson Reuters Web of Science between

April 1995 and April 2013. Using free-text protocol, the

following terms were applied: molecular imaging, genitouri-

nary oncologic surgery, surgical navigation, image-guided

surgery, and augmented reality. Review articles, editorials,

commentaries, and letters to the editor were included only

if deemed to contain relevant information. Cited references

from the selected articles and from review articles retrieved

in the search were also assessed for significant manuscripts

not previously included. Studies published only as an

abstract or presented without an abstract, and reports from

meetings and studies not published in English were not

included in the review.

We selected 79 articles according to the search strategy

based on the Preferred Reporting Items for Systematic

Reviews and Meta-analysis (PRISMA) criteria [11] (Fig. 1;

Table 1).

To describe and assess the development of each surgical

innovation and at the same time to clearly depict the stages

of the research, all included studies were also segmented

into sequential stages according to the IDEAL methodology

(I = idea, D = development, E = exploration, A = assessment,

L = long-term study) [12].

3. Evidence synthesis

3.1. Quality of the studies and level of evidence

According to the IDEAL methodology [12], 15 studies

represented stage 0 [1,7,8,16,17,19,30,35,36,48–50,62,68,

72], 11 studies were classified as stage 1 [23,25,28,31,32,

51,54,57–60], 18 studies as stage 2a [24,26,27,37,41,43,45,

52,61,63–65,67,70,81,83,84], 20 studies as stage 2b [2,3,5,

6,9,10,15,22,33,34,44,46,47,66,69,71,78–80], 11 studies as

stage 3 [4,18,20,29,38–40,42,53,55,75], and 5 studies were

considered stage 4 [21,73,74,76,77].

We defined clinical studies included in the analysis

according to the levels of evidence defined by the Oxford

Centre for Evidence-based Medicine (http://www.cebm.net).

There was one study with level of evidence (LE) 1a [82], 21

studies with LE 1b [17,23,25,33,35,39,42,46,48,49,52,53,60,

61,63,64,75–79], 26 studies with LE 2a [1–7,9,10,15,16,

18–22,24,29,30,35,43–45,71,73,74], 19 studies with LE 2b

[8,26–28,32,36,41,51,54,55,57–59,62,67–69,72,80], 10 stud-

ies with LE 3b [37,38,40,47,50,65,66,70,81,83], and 2 studies

with LE 4 [31,84].

3.2. Interventional molecular imaging

3.2.1. Definition

A number of definitions have been proposed for MI. In 2005,

an MI summit, sponsored by the Radiological Society of

North America and the Society of Nuclear Medicine and

Molecular Imaging (SNM), recommended the following

definition: ‘‘Molecular imaging techniques directly or

indirectly monitor and record the spatiotemporal distribu-

tion of molecular or cellular processes for biochemical,

biologic, diagnostic, or therapeutic applications’’ [13].

In 2007, the SNM Molecular Imaging Centre of Excellence

recommended an expanded definition, whereby MI repre-

sents the visualisation, characterisation, and measurement

of biologic processes at the molecular and cellular levels in

humans and other living systems. MI typically consists of

two-dimensional (2D) or three-dimensional (3D) imaging

as well as quantification over time.

The techniques used to enable an interventional MI/image-

guided surgery include optical imaging and fluorescent

techniques, an augmented reality (AR) navigation system,

MRI spectroscopy, PET, and SPECT [14]. Interventional MI

has the potential to personalise patient care because it

can reveal the clinical biology of the patient and of the

tumour [6].

3.2.2. Techniques and new developments

Major strides in our understanding of the molecular biology

of GU malignancies have led to the development of novel

techniques in biomedical imaging [15]. In GU oncologic

surgery, intraoperative assessment of the tumour-free

margin is critical for the prognosis of the patient. Currently,
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