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ABSTRACT

Objective: This study aims to evaluate the usage of MRI in prostate cancer staging, especially in nodal involvement (N-
staging) and metastasis (M-staging) of prostate cancer. Material & Methods: This is a systematic review and meta-analysis
assessing the role of MRI in nodal and metastasis staging of prostate cancer. The search of studies were done through search
engine using Pubmed, Cochrane, and EBSCO Host and manual searching. Quality of eligible studies were assessed using a
revised version of Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) and analyzed in pooled analysis
according to nodal involvement or metastasis staging, modality of diagnosis used as the index test and gold standard used
using STATA version 13. Results: Total 26 studies corresponding with study's eligibility criteria were found. Overall, usage
of MRI has a sensitivity of 47% (95% CI 35% - 60%;, 12 83.08%) and a specificity of 93% (95% CI1 89% - 96%, 12 82.21%) in
nodal involvement staging of prostate cancer, while using of MRI in M-staging of prostate cancer shows a sensitivity of 94%
(95% CI 86% - 97%) and a specificity of 99% (95% CI 97% - 99%,). Using lymphotropic superparamagnetic nanoparticle
(LSN) - enhanced MRI gives higher sensitivity than using MRI without LSN for N-staging of prostate cancer. Conclusion:
The usage of MRI in prostate cancer staging has a moderate sensitivity and relatively high specificity in detecting lymph
node. Moreover, it plays an important role and even can be used as a modality of choice in assisting bone metastatic prostate
cancer detection.

Keywords: Magnetic resonance imaging, prostate cancer, staging.
ABSTRAK

Tujuan: Mengevaluasi penggunaan MRI dalam penentuan stadium kanker prostat, terutama pada keterlibatan nodal
(stadium N) dan metastasis (stadium M) pada kanker prostat. Bahan & Cara: Studi ini merupakan tinjauan sistematis dan
meta-analisis yang menilai peran MRI dalam stadium nodal dan metastasis kanker prostat. Pencarian studi dilakukan
melalui mesin pencari menggunakan Pubmed, Cochrane, dan EBSCO Host dan pencarian manual. Kualitas studi yang
memenuhi syarat dinilai menggunakan versi revisi dari Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2)
dan dianalisis dalam analisis gabungan sesuai dengan keterlibatan nodal atau stadium metastasis, modalitas diagnosis
yang digunakan sebagai tes indeks dan standar emas yang digunakan menggunakan versi STATA 13. Hasil: Ditemukan
total 26 studi sesuai dengan kriteria kelayakan studi. Secara keseluruhan, penggunaan MRI memiliki sensitivitas 47%
(95% CI 35% - 60%;, 12 83.08%) dan spesifisitas 93% (95% CI 89% - 96%, 12 82.21%) pada stadium keterlibatan nodal.
kanker prostat, sedangkan penggunaan MRI pada stadium M kanker prostat menunjukkan sensitivitas 94% (95% CI 86% -
97%) dan spesifisitas 99% (95% CI 97% - 99%). Menggunakan limfotrofik superparamagnetik nanopartikel (LSN) - MRI
yang ditingkatkan memberikan sensitivitas yang lebih tinggi daripada menggunakan MRI tanpa LSN untuk pementasan
kanker prostat. Simpulan: Penggunaan MRI dalam penentuan stadium kanker prostat memiliki sensitivitas sedang dan
spesifisitas yang relatif tinggi dalam mendeteksi kelenjar getah bening. Selain itu, ia memainkan peran penting dan bahkan
dapat digunakan sebagai modalitas pilihan dalam membantu deteksi kanker prostat metastatik tulang.

Kata Kunci: Magnetic resonance imaging, kanker prostat, stadium.
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INTRODUCTION

Prostate cancer is the second most common
cancer in men worldwide, with a lifetime risk to
develop prostate cancer is 14.3% in men.' In the
United States and Europe, it is the second most
common cause of malignancy-related mortality. The
rate of prostate cancer has been expanding
worldwide lately. This pattern has been becoming
even in Asian countries, especially in northeast
Asian countries.

To determine further management in
prostate cancer, risk group classification based on
clinical stage, Gleason score, and prostate-specific
antigen (PSA) is used by various guidelines.”
Therefore, modalities which have high accuracy in
determining prostate cancer staging is important.
Prostate cancer is known as a disease without
reliable imaging studies in its management.’ In
current guidelines, CT scan still becomes primary
tool in detecting nodal and visceral metastatic
disease. Moreover, for detecting bone metastatic,
bone scintigraphy still becomes current modality of
choice.’

However, with the shortage of Technetium-
99m (99mTc) worldwide, the medical isotope used
for bone scan procedure, the usage of bone scan
could be limited in the future.’” Therefore, other
modality to replace the role of bone scan in detecting
bone metastasis is a must. Moreover, there is still no
single imaging modality which could become all-
round modality in diagnosing and staging prostate
cancer.

With the advancement of current magnetic
resonance imaging (MRI) technology, it has
emerged as one of useful tools in management of
prostate cancer, such as prostate cancer detection,
post-treatment surveillance and of course, prostate
cancer staging.’ In the current iteration, MRI is one
of the modality of choice to determine the local
staging of the tumor.”” However, its role in
determining nodal involvement and metastatic to the
bone and visceral in prostate cancer staging is still
under questioned.

OBJECTIVE

This study aims to evaluate the usage of
MRI in prostate cancer staging, especially in nodal
involvement (N-staging) and metastasis (M-staging)
of prostate cancer.
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MATERIAL & METHODS

This study was conducted with reference to
Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols (PRISMA-P).’

This study tried to gather all diagnostic
studies that used MRI as a modality to determine
prostate cancer TNM staging system. Furthermore,
this study only focused on nodal (N) and metastasis
(M) staging of prostate cancer. The literature
included in this study could be studies discussing
only the role of MRI or studies comparing MRI and
other modalities in assisting prostate cancer staging.
Only literature which applied MRI on human and
were compared to gold standard, such as
histopathology or best valuable comparator (BVC)
were considered to be included in this study.
Furthermore, if there were multiple literatures which
used similar data, only the most recent literature was
included in this study. Literature review studies or
animal studies were excluded from this study.

Literature search were conducted through
search engine using PubMed, EBSCO Host and
Cochrane Library and manual searching through
references of related studies. Inclusion keywords of
(“magnetic resonance imaging” OR “MRI”) AND
(“lymph node” OR “bone metastasis” OR
“metastasis”) AND “prostate cancer” were used for
search engine keyword.

Literatures which were obtained through all
methods mention above were collected and screened
for duplication using EndNote X8 software.
Duplication-free literatures were screened for its title
and abstract. Studies which its title and abstract
satisfied eligibility criteria were further screened for
its full-text. All screening processes were done by
three independent reviewers. Different opinion
between three reviewers were settled through
discussion. However, if there was no agreement,
voting was taken.

From all qualified studies, data which were
extracted were divided into two categories: N-
staging and M-staging of prostate cancer. For N-
staging of prostate cancer, following data were
extracted: author's name and year of publication,
MRI characteristic (magnetic strength, coverage,
sequenced, the usage of endorectal coil and the usage
of lymphotrophic superparamagnetic nanoparticle),
number of subjects, its gold standard comparison,
sensitivity and specificity. This study divided into
two categories based on lymph counting, which are
patient-based and lymph node-based.



In the other hand, for M-staging of prostate
cancer, following data were extracted author's name
and year of publication, MRI characteristic
(magnetic strength, coverage, and sequenced),
number of subjects, its gold standard comparison,
type of metastatic, sensitivity and specificity.

To assess for risk of bias or quality of the
studies, A Revised Tool for the Quality Assessment
of Diagnostic Accuracy Studies (QUADAS-2) was
used. Studies which were methodology lacking
would be excluded from this study. Determination of
studies' quality were decided by discussion among
authors.

Statistical analysis was used to calculate
pooled analysis of sensitivity and specificity of
studies. Statistical analysis which were planned to
perform were as follow: patient-based N-staging
analysis, lymph-node based N-staging analysis and
M-staging analysis. For N-staging analysis, this
study performs pooled analysis for three different
group which are group with the usage of endorectal
coil, group with the usage of lymphotropic
superparamagnetic nanoparticle (LSN) and group
without both endorectal coil and LSN. This study
also performs pooled analysis to differentiate
between histopathology as a gold standard and BVC
as a gold standard in both N-staging and M-staging

Records identified through database
searching

PUBMED
EBSCO Host
Cochrane Library
(n=1163)

!
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of prostate cancer analysis. However, this study
agreed not to do pooled analysis if the number of
studies less than 5. STATA version 13 was used to
calculate pooled analysis in this study.
Heterogeneity between studies was decided using 12.

RESULTS

This study found 26 studies corresponding
with study's eligibility criteria (Figure 1) and
consists of 19 studies discussing N-stage prostate
cancer, 4 studies discussing M-staging prostate
cancer and 3 studies discussing both of N- and M-
staging prostate cancer. Study quality assessment
could be seen in Supplementary Table 1.

From 20 studies discussing N-staging
prostate cancer, 15 studies used MRI without
endorectal coil or LSN, three studies used endorectal
coil when conducted MRI examination, one study
used LSN to detect nodal involvement in prostate
cancer and one study compared MRI examination
with and without LSN. Regarding gold standard,
most of the studies in patient-based N-staging and
lymph node-based N-staging were used
histopathology as their gold standard (85% and
100%, respectively). Characteristics of all N-staging
of prostate cancer studies could be seen in Table 1.

Manual Searched

(n=4)

I

Records after duplicates removed

(n = 628)
Records excluded
¢ (n = 562)
. Unrelated topic
Records screened (310)
(n=628) . Review studies (30)
. Recurrent prostate
cancer (18)
l Animal studies (2)
Local staging onl
Full-text articles assessed for eligibility FEn)
(n = 66)

Full-text articles excluded,
with reasons

4

(n=40)
. Unrelated (18)
. No gold standard (3)

Studies included in qualitative synthesis
(n=26)

l

. Only discussed local
staging (1)

. Not specific to
prostate cancer (6)

. MNon-diagnostic
studies (%)

. Letter to editor (2)

. Review studies (2)

Studies included in quantitative synthesis
(n=16)

Figure 1. Study flow diagram.
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Figure 2. Pooled analysis of patient-based N-staging of prostate cancer.
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Figure 3. Pooled analysis of lymph node-based N-staging of prostate cancer.
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Figure 4. Supplementary Figure 1. Pooled analysis of N-staging of prostate cancer with histopathology as gold standard.
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Table 1. Study characteristics of MRI role in N-staging of prostate cancer.

Authors and MRI Characteristic Lymph
Year of Stud - Number . o . .. Nodeor
y Magnetic overage  Sequence Used Endorectal LSN of Comparison  Sensitivity ~Specificity p,gian¢
Strength Coil Subjects -
Based
Patient-
Tloweishiod T2 12 Histopathology ~ 57.14% 80%  basod
Gupta 2018’ 1.5-T Pelvis ot gd D\’VI No No . 0 0 Lymph
weighted, 243 Histopathology ~ 25.93% 98.61%  node-based
Patient-
Zugor 2018 1.0-T Pelvis  Tl-weighted Yes No 168  Histopathology  33% 96%  poment
Patient-
. 26 Histopathology ~ 40% 87.5%  bused
1 . 3D T2 -weighted,
Selnaes 2017 3.0-T Pelvis DWL DCE No No N
> ; Lymp
2 H hol 9 1Y
05 istopathology 35% 95.7% node-based
T1-weighted, T2- .
weigtee, 42 Histopathology ~ 93.3% 96.3%  Patient-
12 . weighted, DCE, based
Zhang 2017 3.0-T Pelvis . No No .
DWI with ADC 621 Histopathology ~ 96.08% 99.47%  Lymph
maps node-based
T1-weighted, T2- 40 Histopathology ~ 55% 90% gg;ﬁ;“'
13 . .
Below 2016 3.0-T Pelvis weighted, DWI, No No 240 Histopathology 41% 94% Lymph
ADC node based
Borley 2016" 1.0-T Pelvis T2-weighted No No 55 Histopathology ~ 27.3% 100% gatieélt-
2D Tl-weighted 46% 100% ase
Whole 2D T1 -weighted 62% 100% Patient-
Pasoglou 2015" 0-T B
asoglou 2015 3.0 body + PDFS No No 30 VC based
3D T1-weighted 100% 100%

DWI - diffusion-weighted imaging; DCE — dynamic contrast enhanced; ADC — apparent diffusion coefficient; LSN — lymphotrophic superparamagnetic
nanoparticle; BVC —best valuable comparator

Table 1 (Cont). Study characteristics of MRI role in N-staging of prostate cancer.

Authors and MRI Characteristic Numb Lymph
Year of Study Magnetic Endorectal umf . Comparison  Sensitivity ~Specificity Node or
g Coverage  Sequence Used ) LSN o P y SP Patient
Strength Coil Subjects -
Based
T2-weighted, 44 Histopathology ~ 33% 919  patient-
Pinaquy 2015 1.5-T Pelvis DWI with ADC Yes No . Lymph
maps, DCE 482 Histopathology 17% 99% node-based
T2-weighted, 74 Histopatholo, 36.1% 94.7% Patient-
;/glllﬁfn Bergh 15T Pelvis ~ DWI with ADC No No P & ’ ’ ‘Eased N
maps i ymp
P! 671 Histopathology 8.2% 98.8% node-based
T1-weighted T2 -
18 . weighted, DCE, Patient-
Pasoglou 2014 3.0-T Pelvis DWI with ADC No No 30 BVC 100% 100% based
maps
33 Histopathology 57% 79% g:;f; -
Heck 2013" 1.5-T Pelvis DWI No No ) Lymph
261 Histopathology ~ 55.9% 96.5% node-based
1.5-T to T1-weighted, T2- . Patient-
20 2 [ 0,
Jeong 2013 3.0-T N/A weighted, DWI No No 922 Histopathology 14% 96.9% based
Whol T1-weighted, ient-
Lecouvet 20120 1.5-T bo(‘i’ye Dwvlve‘g ¢ No No 100 BVC 82% 98%  patient
T2-weighted, 36 Histopathology  42.9% 81.8% g:;fé“‘
Budiharto 20117 1.5-T Pelvis  DWIwith ADC No No Lomoh
; o () ymp.
maps 227 Histopathology 18.8% 97.6% node-based
. Patient-
2 H hol ° 2.29
Contractor . T1-weighted, T2- 6 stopathology 50% 72:2% " based
2011 L3T Pelvis G iehted No No Lymph
€ 406 Histopathology  18.5%  98.7%  podobased

DWI — diffusion-weighted imaging; DCE — dynamic contrast enhanced; ADC — apparent diffusion coefficient; LSN — lymphotrophic superparamagnetic
nanoparticle; BVC —Dbest valuable comparator
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Table 1 (Cont). Study characteristics of MRI role in N-staging of prostate cancer.

MRI Characteristic Number Lymph
Authors and Year Magnet Endorectal of Comparison  Sensitivity Specificity Node or
of Study Strenath Coverage Sequence Used Coil LSN Subject Patient-
g oi ubjects
Based
R Histopatholo,
Eiber 2010% 15T Pelvis ]T)%i,‘;”efgtce%aps No No 118 anc} r%é?:g_ugpy 86.0%  853% ﬁg(‘;‘_’gase d
Kim 20102° 15T N/A ugglftlf;ted’ T N No 64  Histopathology  71.4% 94.7% E:;‘:;‘t'
Heesakkers 2008 1.5-T Pelvis T1-weighted, T2- No Yes 375 Histopathology 82% 93% Patient-
weighted based
Heeboll 20077 15T N/A  Tl-weighted No No 227 Histopathology ~ 22% 100% 5:::;"
Wang 2005% 15T Pelvis ‘];;glftleg;ted’ T2 yes No 411 Histopathology ~ 27.2%  98.46% g:;fé‘t'
45.4% 78.7%
No No (without (without
LSN LSN .
80 Histopathology ) ) E:;lee;lt_
100% 95.7%
No Yes (with (with
;I(j‘(;gszlélngham 15T Pelvis  T2-weighted ;sm ;fi‘%
No No (without (without
LSN
334 Histopathology : N Lymph
90.5% 97.8% node-based
No Yes (with (with
LSN) LSN)
L. . T1-weighted, T2-
B mghani 15T NA xgﬁfg T2 - No Yes 168 Histopathology ~ 92% 930 Lympb
Supplementary Table 1. Studies' Quality Assessment.
Author and Year of Patient Reference Flow and
. Index Test ..
Study Selection Standard Timing
Gupta 2018 ? + + +
Zugor 2018 + + + +
Selnaes 2017 + + + +
Zhang 2017 + + + +
Borley 2016 + ? + +
Woo 2016 + + + +
Vargas 2016 + + + +
Below 2015 + - + +
Pasoglou 2015 + + + +
Pinaquy 2015 ? + ? +
Vallini 2015 + + + +
Bergh 2014 + + + +
Pasoglou 2014 + + + +
Heck 2013 + + + +
Jeong 2013 + - + +
Lecouvet 2012 + + + +
Budiharto 2011 + + ? +
Contractor 2011 + ? + +
Eiber 2010 + + ? +
Kim 2010 ? + + +
Venkitaraman 2009 + + ? +
Venkitaraman 2009 + + ? +
Heesakkers 2008 + + + +
Heebool 2007 + ? ? ?
Wang 2004 + ? + +
Harisinghani 2003 + + + +
Harishingani 2002 + ? + +

+ : low risk of bias; - : high risk of bias; ? : unclear risk of bias.
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Patient-based N-staging in studies without
the usage of LSN and endorectal coil showed pooled
sensitivity of 59% (95% CI 43% - 73%; 12 83.88%)
and pooled specificity of 94% (95% CI 83% - 98%;
12 95.91%). Moreover, relatively similar results
were showed in lymph-node based N-staging studies
without the usage of LSN and endorectal coil. The
pooled analysis of those studies showed sensitivity
of 48% (95 CI 25% - 72%; 12 94.34%) and
specificity of 96% (95% CI 90% - 98%; 12 98.77%).
Due to limited number of studies, pooled analysis of
patient-based N-staging and lymph-node based N-
staging in studies with the usage of endorectal coil
and LSN were not done.

The usage of endorectal coil in studies
conducted by Zugor etal."”, Pinaquy etal."” and Wang
et al.”* showed similar sensitivity (33%, 33% and
27.2%, respectively) and specificity (96%, 91% and
98.46%, respectively). However, the usage of LSN
showed relatively higher sensitivity compared to
without the usage of LSN. One study conducted by
Harishinghani et al."” compared directly the usage of
LSN to detect lymph node and showed superiority of
LSN usage in detecting lymph node involvement in
both patient-based and lymph node-based N-staging.

Based on gold standard used, pooled
analysis of N-staging of prostate cancer studies

Hafizar: MRI in Nodal and Metastatic Staging of Prostate Cancer

which used histopathology as gold standard showed
sensitivity of 47% (95% CI 35% - 60%; 12 83.08%)
and specificity of 93% (95% CI 89% - 96%, 12
82.21%). This study did not conduct pooled analysis
for BVC as gold standard due to limited number of
studies. However, studies using BVC as gold
standard show relatively higher sensitivity and
specificity. "'

From studies which met the eligibility
criteria and discussed about detecting metastatic
prostate cancer lesions, only bone metastatic
prostate cancer which was discussed by all studies.

Of seven studies which discussed role of
MRI in detecting bone metastatic prostate cancer,
only two studies which used histopathology as their
gold standard. However, both of studies did not use
histopathology as their gold standard in their entire
research. Therefore, this study decided not to divide
pooled analysis based on gold standard used. MRI
characteristics (magnet strength, coverage, and
sequence used) of all M-staging of prostate cancer
studies could be seen in Table 2. Pooled analysis of
MRI role in M-staging of prostate cancer showed
sensitivity of 94% (95% CI 86% - 97%) and
specificity 99% (95% CI 97% - 99%). However,
forest plot and heterogeneity cannot be obtained due
to missing matrix.

Table 2. Study characteristics of MRI role in M-staging of prostate cancer.

MRI Characteristic

Number Type of
Authors and Year Magnet Sequence of Metastatic Comparison Sensitivity Specificity
of Study Strength Coverage Used Subjects
T1-weighted, Histopatholo
Woo 2016 3.0-T Pelvis T2-weighted, 308 Pelvic bone P gy 95.2% 100%
DWI, DCE or BVC
. Histopathology
Vargas 2016 OO Whole body %zzgﬁzg 228 Bone or radiological 89% 98%
’ g follow up
2D Tl-
weighted 90% 100%
2D Tl- o 5
Pasaglou 2015" 3.0-T Whole body  weighted + 30 Bone BVC 90% 100%
PDFS
1D TI- 100% 100%
weighted
Pasoglou 2014" 3.0-T  Whole body Elv'vvlvelghted’ 30 Bone BVC 100% 100%
Lecouvet 20127 15-T  Wholebody DWI 100 Bone BVC 100% 100%
Venkitaraman Clinical and
2009% 1.5-T Whole body  T1-weighted 39 Bone radiological 70% 100%
follow-up
Venkitaraman Whole body Bone (spine Clinical and
2009% 1.5-T or spine T1-weighted 99 ol I)) radiological 85.7% 97.65%
MRI onty follow-up

DWI — diffusion-weighted imaging; DCE — dynamic contrast enhanced; ADC — apparent diffusion coefficient; LSN — lymphotrophic

superparamagnetic nanoparticle; BVC —best valuable comparator.
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DISCUSSION

Presently, bone scintigraphy still becomes
the modality of choice for detecting bone metastatic
prostate cancer. This procedure uses medical isotope
Technetium-99m (99mTc). This radioisotope has
been used in nuclear medicine approximately 80% to
90%.’ However, since 2007, there has been shortage
of this medical isotope and this condition will
certainly affect patient care. One way to overcome its
impact on patient care is optimizing the functionality
of other possible diagnostic modalities. One of the
modalities is the use of MRI, where in this study
discussed its role in nodal and metastatic staging of
prostate cancer.

This study found that MRI has a moderate
sensitivity and relatively high specificity in
detecting nodal involvement in prostate cancer. This
study also showed the usage of LSN in MRI
examination might help to increase the sensitivity
and specificity in detecting nodal metastasis in
prostate cancer. However, additional of endorectal
coil in MRI examination did not increase the
sensitivity and specificity to detect nodal
involvement in prostate cancer. Based on pooled
analysis conducted in both patient-based and lymph
node-based N-staging of prostate cancer showed
high heterogeneity between studies.

This high heterogeneity might due different
methodology between studies, different magnetic
strength used or sequence used and also gold
standard used. Roughly, studies with BVC as its gold
standard comparison had higher sensitivity and
specificity. Higher sensitivity and specificity in BVC
might due to agreement-based between experts
which is less objective compared to histopatho-
logical result. However, based on study quality
assessment, all studies were well conducted studies.
The cause of heterogeneity was also showed in study
conducted by Woo et al which showed magnetic field
strength as one of the cause of heterogeneity in their
studies.”

For M-staging of prostate cancer, this study
found that MRI had relatively good sensitivity and
specificity. Although lymph node and bone are
typical locations for prostate cancer metastasis, it
may also metastasize to lung, liver and brain. In a
post-mortem examination of 1589 patients found to
have prostate cancer, metastatic lesions were seen in
90% to bone, 46% to lung, 25% to liver, 21% to
pleura, and 13% to adrenal. However, all studies
used bone metastatic as their outcome of interest and
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no visceral metastasis. Study conducted by Jacobs et
al showed similar results which whole-body MRI
had excellent sensitivity and specificity for detecting
metastatic bone disease. Moreover, this study also
showed that whole-body MRI also reliable in
detecting visceral metastasis from solid tumors.”’

In oncological patient care, MRI has been
appeared to be especially sensitive for the
identification of cerebral, abdominal and vertebral
metastases.” Due to its high specificity resulting
from optimal lesion-to-liver contrast and no
radiation exposure, MRI is quickly rising as the
imaging modality of choice for detection and
characterization of liver lesions.” Biederer et al also
found the patients with pulmonary nodules with size
of 5 mm and more would identificated with a
sensitivity of 100% which made it superior to plain
chest radiography, yet at the same time mediocre
compared to CT (specifically different row detector
scanners) for the identification of small lung
nodules.”

Currently, the usage of MRI 1.5T or 3T is the
preferred approach for prostate cancer imaging. But,
lately it has been demonstrated that prostate MRI at
3T is feasible with adequate picture quality.
However, there is no study proposing a distinction in
diagnostic performance between 1.5T and 3 T MRI
for the identification and characterization of bone
metastases.”

The principle used in LSN-enhanced MRI is
the decrease of lymph node tissue in involvement of
cancer. In normal condition, LSN particle will be
incorporated in macrophage in lymph node, making
its intensity caught by MRI decreased.
Transformation of lymph node tissue into cancerous
tissue increase intensity of LSN caught by MRI,
indicating involvement of cancer in a lymph node."'
Some study evaluating LSN-enhanced MRI found
relatively high sensitivity and specificity of LSN-
enhanced MRI in deciding various cancer stage.
Study existed found LSN-enhanced MRI has
sensitivity and specificity ranged about 80-100%."""'
Relatively limited study existed make the potential
of LSN-enhanced MRI in cancer staging still open to
be evaluated and to be used in the future.

The question that needs to be answered is
"does MRI could be reliable radiological tools for
guiding management of prostate cancer?". This
study showed that MRI still could not become
reliable diagnostic tools for prostate cancer. Even
though it had good sensitivity and specificity in
terms of detecting bone metastatic prostate cancer, it



has moderate sensitivity in terms of detecting lymph
node involvement. This statement also supported by
de Rooij et al which stated that MRI also had poor
sensitivity in term of local staging.”

Notwithstanding its versatile capabilities,
MRI has several drawbacks. This modality is not as
generally accessible or as simple to apply to prostate
imaging, as ultrasound. Moreover, MRI has
limitations in its implementation protocol. The
procedure normally takes duration of 40-50 minutes
to be operated, and patients might experience of
being placed in an encased space and hearing the
loud noises that MRI machines produce. These
conditions can make some patients uncomfortable
and feel claustrophobic while they are undergoing
the MRI scan. Still, a man who is very large may not
fit into the opening of specific sorts of MRI
machines.

CONCLUSION

This review concluded that the use of MRI
in prostate cancer diagnosis and staging has a
moderate reliability in detecting lymph node
involvement. Its sensitivity and specificity may be
enhanced by LSN, but since limited study evaluating
it, there must be a thorough research in the future to
confirm its reliability. In addition, MRI can be used
as a modality of choice in detecting bone metastatic
prostate cancer.

REFERENCES

1. Bashir MN. Epidemiology of prostate cancer. Asian
PacificJ Cancer Prev. 2015; 16(13): 5137-41.

2. Mottet N, Bellmunt J, Briers E. EAU - ESTRO -
ESUR - SIOG Guidelines Prostate Cancer. European
Association of Urology (EAU). 2017.

3. Mohler J, Lee R, Antonarakis ES, Arsmstrong A,
D'Amico A, Davis B, et al. Prostate Cancer. Volume
2. National Comprehensive Cancer Network. 2018.

4. BishoffJ, Rastinehad A. Urinary tract imaging: basic
principles of computed tomography, magnetic
resonance imaging, and plain film. In: Wein A,
Kavoussi L, Partin A, Peters C, editors. Campbell-
Walsh Urology. 11" ed. Philadelphia: Elsevier; 2016.

5. Morrison, A. The Global Impact of Technetium-99m
[Environmental Scan Issue 11]. Ottawa: Canadian
Agency for Drugs and Technologies in Health; 2010.

6. Murphy GH, M. Ghai, S. Sreeharsha, B. The
expanding role of MRI in prostate cancer. AJR. 2013;
201(1): 1229-38.

7. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati
A, Petticrew M, et al. Preferred reporting items for
systematic review and meta-analysis protocols

Hafizar: MRI in Nodal and Metastatic Staging of Prostate Cancer

55

10.

11.

12.

13.

14.

15.

16.

17.

18.

(PRISMA-P) 2015 statement. Br Med J. 2015; 4(1):
1-9.

Whiting P, Rutjes A, Westwood M, Mallett S, Deeks
J, Reitsma J, et al. QUADAS-2: A Revised Tool for
the Quality Assessment of Diagnostic Accuracy
Studies. Ann Intern Med. 2011; 155:529-36.

Gupta M, Choudhury P, Hazarika D, Rawal S. A
comparative study of 68 Gallium-prostate specific
membrane antigen positron emission tomography-
computed tomography and magnetic resonance
imaging for lymph node staging in high risk prostate
cancer patients: An initial experience. World J Nucl
Med. 2017;1 6(3): 186.

Zugor V, Brandenstein MVON, Akbarov I.
Preoperative Stating of Pelvic Lymph Nodes in
Prostate Cancer Patients via Endorectal Magnetic
Resonance Imaging. 2018; 1765: 1763-5.

Selnaes KM, Kriiger-stokke B, Elschot M, Willoch F,
Sterkersen @, Langergen S, et al. F-Fluciclovine PET
/ MRI for preoperative lymph node staging in high-
risk prostate cancer patients. 2017.

Zhang Q, Zang S, Zhang C, Fu'Y, Lv X, Zhang Q, et
al. Comparison of 68Ga-PSMA-11 PET-CT with
mpMRI for preoperative lymph node staging in
patients with intermediate to high-risk prostate
cancer. J Trans] Med. 2017; 15(1): 230.

Von Below C, Daouacher G, Wassberg C, Grzegorek
R, Gestblom C, Sorensen J, et al. Validation of 3 T
MRI including diffusion-weighted imaging for nodal
staging of newly diagnosed intermediate- and high-
risk prostate cancer. Clin Radiol. 2016; 71(4):
328-34.

Borley NC, Fabrin K, Sriprasad S, Mondaini N,
Thompson PM, Muir GH, et al. Laparoscopic Pelvic
Lymph Node Dissection Allows Significantly More
Accurate Staging in “High-risk” Prostate Cancer
Compared to MRI or CT. Scand J Urol Nephrol.
2003;37(5): 382-6.

Pasoglou V, Michoux N, Peeters F, Larbi A, Tombal
B, Selleslagh T, et al. Whole-body 3D T1-weighted
MR imaging in patients with prostate cancer:
feasibility and evaluation in screening for metastatic
disease. Radiology. 2015;275(1): 155-66.

Pinaquy J-B, De Clermont-Galleran H, Pasticier G,
Rigou G, Alberti N, Hindie E, et al. Comparative
effectiveness of [18F]-fluorocholine PET-CT and
pelvic MRI with diffusion-weighted imaging for
staging in patients with high-risk prostate cancer.
Prostate. 2015; 75(3): 323-31.

Van Den Bergh L, Lerut E, Haustermans K, Deroose
CM, Oyen R, Isebaert S, et al. Final analysis of a
prospective trial on functional imaging for nodal
staging in patients with prostate cancer at high risk for
lymph node involvement. Urol Oncol Semin Orig
Investig. 2015;33(3): 109.e23-109.e31.

Pasoglou V, Larbi A, Collette L, Annet L, Jamar F,
Machiels JP, et al. One-step TNM staging of high-risk
prostate cancer using magnetic resonance imaging
(MRI): Toward an upfront simplified “all-in-one”



Indonesian Journal of Urology, Vol. 29, No. 1, January 2022: 47 - 56

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

imaging approach? Prostate. 2014; 74(5): 469-77.
Heck MM, Souvatzoglou M, Retz M, Nawroth R,
Kiibler H, Maurer T, et al. Prospective comparison of
computed tomography, diffusion-weighted magnetic
resonance imaging and [11C]choline positron
emission tomography/computed tomography for
preoperative lymph node staging in prostate cancer
patients. Eur J Nucl Med Mol Imaging. 2014; 41(4):
694-701.

Jeong IG, Lim JH, You D, Kim MH, Choi HJ, Kim
JK, et al. Incremental value of magnetic resonance
imaging for clinically high risk prostate cancer in 922
radical prostatectomies. J Urol [Internet]. 2013;
190(6): 2054-60.

Lecouvet FE, El Mouedden J, Collette L, Coche E,
Danse E, Jamar F, et al. Can whole-body magnetic
resonance imaging with diffusion-weighted imaging
replace tc 99m bone scanning and computed
tomography for single-step detection of metastases in
patients with high-risk prostate cancer? Eur Urol.
2012;62(1): 68-75.

Budiharto T, Joniau S, Lerut E, Van Den Bergh L,
Mottaghy F, Deroose CM, et al. Prospective
evaluation ofl1C-choline positron emission
tomography/computed tomography and diffusion-
weighted magnetic resonance imaging for the nodal
staging of prostate cancer with a high risk of lymph
node metastases. Eur Urol. 2011; 60(1): 125-30.
Contractor K, Challapalli A, Barwick T, Winkler M,
Hellawell G, Hazell S, et al. Use of [ 11C]choline
PET-CT as a noninvasive method for detecting pelvic
lymph node status from prostate cancer and
relationship with choline kinase expression. Clin
CancerRes.2011; 17(24): 7673-83.

Eiber M, Beer AJ, Holzapfel K, Tauber R, Ganter C,
Weirich G, et al. Preliminary results for
characterization of pelvic lymph nodes in patients
with prostate cancer by diffusion-weighted MR-
imaging. Invest Radiol. 2010;45(1): 15-23.

Kim B, Breau RH, Papadatos D, Fergusson D,
Doucette S, Cagiannos I, et al. Diagnostic accuracy of
surface coil magnetic resonance imaging at 1.5 T for
local staging of elevated risk prostate cancer. Can
Urol Assoc J.2010;4(4): 257-62.

Heesakkers RA, Hovels AM, Jager GJ, van den
Bosch HC, Witjes JA, Raat HP, et al. MRI with a
lymph-node-specific contrast agent as an alternative
to CT scan and lymph-node dissection in patients
with prostate cancer: a prospective multicohort study.
Lancet Oncol. 2008; 9(9): 850-6.

Heebell S, Solvig J, Borre M. Prostate cancer: To scan
or not to scan for lymph node involvement? Scand J
Urol Nephrol. 2007;41(6): 501-6.

Wang L, Hricak H, Kattan MW, Schwartz LH,
Eberhardt SC, Chen HN, et al. Combined endorectal
and phased-array MRI in the prediction of pelvic
lymph node metastasis in prostate cancer. Am J
Roentgenol. 2006; 186(3): 743-8.

Harishinghani M, Barentsz J, Hahn P, Deserno W,
Tabatabaei S, van de Kaa C, et al. Noninvasive
detection of clinically occult lymph-node metastases

56

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

in prostate cancer. N Engl J Med. 2003; 348(25):
2491-9.

Harisinghani MG, Barentsz JO, Hahn PF, Deserno W,
de laRosette J, Saini S, et al. MR Lymphangiography
for Detection Of Minimal Nodal Disease In Patients
With Prostate Cancer: Does Postcontrast imaging
alone suffice for accurate characterization. Acad
Radiol. 2002; 66:2003—2003.

Woo S, Kim SY, Kim SH, Cho JY. Identification of
bone metastasis with routine prostate MRI: A study of
patients with newly diagnosed prostate cancer. Am J
Roentgenol. 2016;206(6): 1156—63.

Vargas HA, Schor-Bardach R, Long N, Kirzner AN,
Cunningham JD, Goldman DA, et al. Prostate cancer
bone metastases on staging prostate MRI: prevalence
and clinical features associated with their diagnosis.
Abdom Radiol.2017;42(1):271-7.

Venkitaraman R, Venkitaraman R, Cook G, Cook G,
Dearnaley DP, Dearnaley DP, et al. Whole-body
magnetic resonance imaging in the detection of
skeletal metastases in patients with prostate cancer. J
Med Imaging Radiat Oncol. 2009; 53: 241-7.
Venkitaraman R, Cook GJR, Dearnaley DP, Parker
CC, Huddart RA, Khoo V, et al. Does Magnetic
Resonance Imaging of the Spine Have a Role in the
Staging of Prostate Cancer? Clin Oncol. 2009; 21(1):
39-42.

Woo S, Suh CH, Kim SY, Cho JY, Kim SH. The
Diagnostic Performance of MRI for Detection of
Lymph Node Metastasis in Bladder and Prostate
Cancer: An Updated Systematic Review and
Diagnostic Meta-Analysis. AJR Am J Roentgenol.
2018 Mar; 210(3): W95-109.

Wang SC, McCarthy LP, Mehdi S. Isolated Hepatic
Metastasis from Prostate Carcinoma. Urol Case
Reports. 2017 Jan 6; 10: 51-3.

Jacobs MA, Macura KJ, Zaheer A, Antonarakis ES,
Stearns V, Wolff AC, et al. Multiparametric Whole-
body MRI with Diffusion-weighted Imaging and
ADC Mapping for the Identification of Visceral and
Osseous Metastases From Solid Tumors. Acad
Radiol.2018;p. 1-10.

Biederer J, Hintze C, Fabel M. MRI of pulmonary
nodules: technique and diagnostic value. Cancer
Imaging. 2008 May 19; 8(1): 125-30.

Namasivayam S, Martin DR, Saini S. Imaging of
liver metastases: MRI. Cancer Imaging. 2007 Feb 1;
7(1):2-9.

Fortuin AS, Smeenk RJ, Meijer HIM, Witjes AJ,
Barentsz JO. Lymphotropic nanoparticle-enhanced
MRI in prostate cancer: Value and therapeutic
potential. Curr Urol Rep. 2014; 15(3).

Saksena MA, Saokar A, Harisinghani MG.
Lymphotropic nanoparticle enhanced MR imaging
(LNMRI) technique for lymph node imaging. Eur J
Radiol. 2006; 58(3): 367-74.

de Rooij M, Hamoen EHJ, Witjes JA, Barentsz JO,
Rovers MM. Accuracy of Magnetic Resonance
Imaging for Local Staging of Prostate Cancer: A
Diagnostic Meta-analysis. Eur Urol. 2016; 70(2):
233-45.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

