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Abstract

Objective To review the diagnostic performance of MRI for
detection of parametrial invasion (PMI) in cervical cancer
patients.

Methods MEDLINE and EMBASE databases were searched
for studies providing diagnostic performance of MRI for de-
tecting PMI in patients with cervical cancer. Studies pub-
lished between 2012 and 2016 using surgico-pathological
results as reference standard were included. Study quality
was evaluated using QUADAS-2. Sensitivity and specificity
of all studies were calculated. Results were pooled and plot-
ted in a hierarchical summary receiver operating character-
istic plot. Meta-regression and subgroup analyses were
performed.
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Results Fourteen studies (1,028 patients) were included.
Study quality was generally moderate. Pooled sensitivity
was 0.76 (95% CI 0.67-0.84) and specificity was 0.94 (95%
CI 0.91-0.95). The possibility of heterogeneity was consid-
ered low: Cochran’s Q-test (p = 0.471), Tau? (0.240), Higgins
I? (0%). With meta-regression analysis, magnet strength, use
of DWI, and antispasmodic drugs were significant factors af-
fecting heterogeneity (p < 0.01). Subgroup analysis for studies
solely using radical hysterectomy as reference standard
yielded pooled sensitivity and specificity of 0.73 (95% CI
0.60-0.83) and 0.93 (95% CI 0.90-0.95), respectively.
Conclusions MRI shows good performance for detection of
PMI in cervical cancer. Using 3-T scanners and DWI may
improve diagnostic performance.

Key Points

* MRI shows good performance for detection of parametrial
invasion in cervical cancer.

* Subgroup of studies using only radical hysterectomy showed
consistent resulls.

* Using 3-Tesla scanners and diffusion-weighted imaging may
improve diagnostic performance.

Keywords Cervical cancer - Magnetic resonance imaging -
Meta-analysis - Parametrial invasion - Systemic review

Abbreviations

CE Contrast-enhanced

CT Computed tomography

DWI Diffusion-weighted imaging

FIGO Federation of Gynecology and Obstetrics

FSE Fast spine echo

HSROC  Hierarchical summary receiver operating
characteristic
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MRI Magnetic resonance imaging

PMI Parametrial invasion

PRISMA  Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

QUADAS- Quality Assessment of Diagnostic Accuracy

2 Studies-2

SE Spin echo

TSE Turbo spin echo
T2WI T2-weighted imaging
Introduction

Cervical cancer is the second most common malignancy in
women [1]. One of the most important aspects in the pretreat-
ment evaluation of cervical cancer is parametrial invasion
(PMI) [2]. PMI is known to be associated with prognosis,
and patients with suspected PMI usually will be treated with
primary chemoradiation or adjuvant treatment after surgery
[3]. Therefore, it is crucial to accurately assess PMI in patients
with cervical cancer in order to select the optimal treatment.

Currently, the International Federation of Gynecology and
Obstetrics (FIGO) staging system is widely used for clinical
staging of cervical cancer [4]. FIGO staging is primarily based
on physical examination and further evaluation may be per-
formed using modalities of cystoscopy and proctoscopy.
Errors in clinical FIGO staging have been consistently report-
ed, with understaging and overstaging up to 40% and 64%,
respectively [5]. On the other hand, magnetic resonance im-
aging (MRI) has shown promising results regarding the stag-
ing accuracy of cervical cancer, but it is only recommended,
not required according to the FIGO committee of Gynecologic
Oncology [6].

Until now, there have been two published meta-analyses
assessing the diagnostic performance of MRI for detection of
PMLI. The sensitivity and specificity of MRI were 74% and
82% in the report by Bipat et al. [7], which compared com-
puted tomography (CT) and MRI using studies published
from 1985 to 2002. In a more recent report, MRI showed
sensitivity of 84% and specificity of 92% in studies published
up to 2011 [8]. Although these two meta-analyses showed that
MRI was superior to CT and clinical examination, MRI is still
not being used by some groups (up to 30%) according to a
recent survey [9]. However, as both meta-analyses included
studies in the remote past and with recent technical advances
in MRI such as high magnetic field strength (i.e. 3-Tesla) and
diffusion-weighted imaging (DWI), one could expect that the
diagnostic performance of MRI would have further improved
over the years, possibly providing additional evidence for
MRI to be incorporated in the FIGO staging system.

Therefore, the purpose of our study was to review the lit-
erature published since 2012 to obtain updated diagnostic per-
formance values of MRI for detecting PMI in patients with

cervical cancer using surgico-pathological results as the refer-
ence standard.

Materials and methods

This meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. For this meta-analysis, we formulated
a research question based on the PICOS criteria as the follow-
ing [10]: What is the diagnostic performance of MRI for de-
tection of PMI in patients with cervical cancer, as compared
with surgico-pathological results, in studies published since
2012?

Literature search

A computerised search of MEDLINE and EMBASE data-
bases up to 29 December 2016 was conducted. All synonyms
or related terms were included in the search query as the fol-
lowing: ((‘cervical cancer’) OR (‘cervical carcinoma’) OR
(‘cervical malignancy’) OR (‘cervical neoplasm’) OR (‘cervi-
cal tumor’) OR (‘cervical tumour’) OR (‘cervix cancer’) OR
(‘cervix carcinoma’) OR (‘cervix malignancy’) OR (‘cervix
neoplasm’) OR (‘cervix tumor’) OR (‘cervix tumour’)) AND
((staging) OR (stage) OR (parametrial invasion) OR
(parametrial infiltration)) AND ((magnetic resonance imag-
ing) OR (MRI)). The bibliographies of included articles were
screened to identify other eligible studies. We did not limit the
search to any particular language.

Inclusion criteria

We included studies that met the following PICOS criteria
[10]: (1) patients diagnosed with cervical cancer; (2) index
test used MRI for detection of PMI; (3) for comparison,
surgico-pathological results were available as the reference
standard; (4) the study provided the sensitivity and specificity
of MRI, or the corresponding raw data for constructinga 2 x 2
contingency table; and (5) publication type had to be original
articles.

Exclusion criteria

The exclusion criteria were: (1) published before 1 January
2012; (2) less than ten patients; (3) publication type other than
original articles; (4) MRI was used for evaluation of cervical
cancer, but focused on topics other than detection of PMI; (5)
overlapping patient population; and (6) insufficient data for
reconstruction of 2 x 2 tables (even after attempts to contact
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the authors). If multiple publications with an overlapping
study population were identified, we only included the study
with the largest patient cohort.

Two reviewers (S.W. and C.H.S.) independently performed
the literature search and study selection. When disagreement
was present, consensus was reached after discussion with a
third reviewer (S.Y.K.).

Data extraction and quality assessment

The following data regarding patient, study and MRI charac-
teristics were extracted using a standardised form: (1) patient
characteristics — number of patients, median age and range of
patients, prevalence of PMI, histological subtypes of included
tumours, and FIGO stages; (2) study characteristics — origin of
study (authors, institution and country), publication year, du-
ration of patient recruitment, study design (prospective vs.
retrospective and whether enrolment was consecutive or
not), reference standard, interval between MRI and the refer-
ence standard, blinding to surgico-pathological results, level
of analysis (per-patient or separately analysed for each
parametria); and (3) MRI characteristics — magnet field
strength (3- vs. <3-Tesla), scanner model and manufacturer,
coil type, spin echo (SE) technique (fast SE [FSE] or turbo SE
[TSE] vs. SE), slice thickness (<5 mm vs. >5 mm), acquired
imaging planes for T2-weighted imaging (T2WI), inclusion of
DWTI and contrast-enhanced (CE) MRI, and use of an anti-
spasmodic drug (i.e. scopolamine butylbromide).

We assessed the methodological quality of the selected
studies using the Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2) tool [11].

Both data extraction and quality assessment were per-
formed independently by two previously noted reviewers
(S.W. and C.H.S.) followed by discussion with a third review-
er (S.Y.K.) in case of disagreement.

Data synthesis and analysis

Data from the included studies were reconstructed in 2 x 2
tables (true positive, false negative, false positive and true
negative) and their sensitivity and specificity were calculated.
If diagnostic performance of various MRI protocols was sep-
arately provided, then the one including the most advanced
and comprehensive MRI protocol was selected (T2WI +
DWI > T2WI; endovaginal coil > phased array coil; and
3D >2D). If results by multiple independent readers were
available, we chose the one with higher sensitivity. If diagnos-
tic performance had been assessed both on a per-patient basis
and for both parametria, we used the results of the per-patient
analysis, as the treatment decision making (primary
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chemoradiation vs. radical surgery) is based on whether PMI
is present on at least one side.

Pooled estimates of sensitivity and specificity were calcu-
lated with hierarchical logistic regression modelling including
bivariate modelling and hierarchical summary receiver oper-
ating characteristic (HSROC) modelling [12]. An HSROC
curve with 95% confidence and prediction regions was plotted
to graphically present the results. Publication bias was evalu-
ated by visual inspection of the Deeks’ funnel plot and calcu-
lating the p-value from Deeks’ asymmetry test [13].

Heterogeneity, or in other words the variation in study out-
comes between the included studies, was determined using
various statistical methods. First, Cochran’s Q-test was per-
formed with p <0.05 indicating heterogeneity. Second,
Higgins I test was performed and interpreted using the fol-
lowing criteria: inconsistency index (I?), 0-40%, heterogene-
ity might not be important; 30-60%, moderate heterogeneity
may be present; 50-90%, substantial heterogeneity may be
present; and 75-100%, considerable heterogeneity [14].
Third, we looked for a threshold effect in terms of a positive
correlation between the sensitivity and false-positive rate
among the selected studies. Fourth, tau squared (T°), which
is considered the most informative expression of heterogene-
ity in a meta-analysis, was calculated [15].

Meta-regression analysis was performed to investigate the
cause of heterogeneity using the following variables: (1) study
design (prospective vs. retrospective); (2) ethnicity (Asian vs.
non-Asian); (3) prevalence of PMI (>16.7% [median value of
study population] vs. <16.7%); (4) magnet field strength (3-
vs. <3-Tesla); (5) coil type (phased-array or endovaginal coil
vs. others); (6) SE technique (FSE/TSE vs. SE); (7) slice
thickness (<5 mm vs. >5 mm); (8) T2WI planes (included
both axial oblique and sagittal planes vs. not included), (9)
inclusion of DWI; (10) inclusion of CE MRI; and (11) use
of an antispasmodic drug. In addition, subgroup analysis
was planned for studies solely using radical hysterectomy as
the reference standard.

The ‘midas’ module in Stata 10.0 (StataCorp LP, College
Station, TX, USA) and ‘mada’ package in R software version
3.2.1 (R Foundation for Statistical Computing, Vienna,
Austria) were used for statistical analyses with p <0.05 indi-
cating statistical significance.

Results
Literature search

The systematic literature search yielded 1,195 articles. Among
them 379 were duplicates and 785 were excluded based on the
review of the abstract alone. Full-text reviews were performed
for the remaining 31 articles and 17 were excluded for the
following reasons (see Online Supplementary Table 1): (1)
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_5 Records identified through databases searching (n=1195):
‘é MEDLINE (n=316), EMBASE (n=879)
!
]
c
7}
3
Removed duplicate articles (n=379)
o l’ Records excluded (n=785):
£ Letters/editori; (334)
§ Records screened based on tifle and | g::;migifzség)“ide'i"95/°°"se"5”5’
5] abstract (n=81 6) Case report/series (80)
v ¢ Not in the field of interest (279)
o Full-text articles assessed for eligibility 3 Records excluded (n=17):
= (n=31) Not in the field of interest (13)"
:.§ Unable to construct 2x2 table (2)
= ¢ overlapping study population (2)
o
Studies included in qualitative synthesis
(n=14)
3 v
o
3 Studies included in quantitative
2 synthesis (n=14)

Fig.1 Flow diagram showing study selection process. * = MRI was used
for staging but parametrial invasion was not separately assessed (n=6),
criteria for determination of parametrial invasion was tumour size (n = 3)
or visibility of tumour (n=2), MRI was used to assess parametrial
invasion but was correlated only with clinical FIGO staging (n=2)

not in the field of interest (n = 13); (2) overlapping population
(n=2); and (3) insufficient data to reconstruct 2 X 2 contin-
gency tables (n=2). Ultimately, 14 original articles including
a total of 1,436 patients were included [16-29]. Figure 1
shows the detailed study selection process.

Characteristics of included studies

The patient characteristics are described in Table 1. The size of
the study population ranged from 25 to 298 patients and the
prevalence of PMI ranged from 4.0% to 43.3%. The patients
had a median age of 34.4-57.8 years. The studies mostly
included only adeno- or squamous subtypes, but other histo-
logical subtypes constituted 0.9-6.6% in five studies, and in
one study the subtype was not mentioned. The FIGO stages
varied among the studies, including only stages ITA or lower
in eight, including advanced stages of IIB or greater in five
and not explained in one.

The study characteristics are described in Table 2. Articles
originated from Asian countries in seven studies, and from
non-Asian countries in the other seven. Regarding study de-
sign, six studies were prospective and eight were retrospec-
tive. Patient recruitment was consecutive in seven studies, but
was not explicitly mentioned in the other seven. Eight studies
solely used radical hysterectomy specimens as the reference
standard; three used radical hysterectomy or trachelectomy;
and others were based on surgery (without details of the type
of operation), radical hysterectomy or biopsy, and histopatho-
logical correlation or multidisciplinary decision based on im-
aging (initial and follow-up), clinical examination and treat-
ment change. Only one study analysed the right and left

parametria separately, whereas all other studies performed
analysis on a per-patient basis.

The MRI characteristics are described in Table 3. Six stud-
ies used only 3-Tesla scanners; six used only 1.5-Tesla scan-
ners; one used either 1.5- or 3-Tesla scanners; and one used a
1-Tesla scanner. With regard to coil type, one study used an
endovaginal coil, two used phased array or body coils, and the
remaining studies used only phased-array coils. All studies,
except for one that was not explicit, used TSE or FSE se-
quences. Only two studies used a slice thickness >5 mm; it
was <5 mm in the remaining studies. Both axial oblique and
sagittal planes were included in the MRI protocol in half of the
studies. DWI was used in two studies, CE-MRI in five, and
both DWI and CE-MRI were used in three. Antispasmodic
drugs were used in eight studies, not used in one, and use
was not reported in five.

Quality assessment

The distribution of QUADAS-2 scores in the 14 included
studies is shown in Fig. 2. The quality of the studies was
generally moderate, with 12 (86%) studies satisfying more
than four of the seven domains [30]. The details for each
domain are provided in the Online Supplementary Material.

Heterogeneity among the included studies

Based on the Q-test, heterogeneity was not likely to be present
among the 14 studies (p=0.127). The Higgins I” statistics
showed that there may be moderate heterogeneity in terms
of the sensitivity (> =49.29%) and specificity (I =51.16).
However, the coupled forest plot of the sensitivity and speci-
ficity demonstrated no threshold effect through visual assess-
ment (Fig. 3). In addition, no threshold effect was demonstrat-
ed between the sensitivity and false-positive rate (Spearman
correlation coefficient=-0.042 [95% CI —0.560-0.500]).
When heterogeneity was assessed in terms of the diagnostic
o0dds ratio (DOR), Cochran’s Q-test (p = 0.471), Tau? (0.240),
and Higgins I? (0%) all suggested that heterogeneity is not
likely to be present.

Diagnostic accuracy of MRI for detection of parametrial
invasion

For all 14 studies, the pooled sensitivity was 0.76 (95% CI
0.67-0.84) with a specificity of 0.94 (95% CI 0.91-0.95). In
the HSROC curve, there was only a small difference between
the 95% confidence and prediction regions, again implying
that the heterogeneity among the included studies was low
(Fig. 4). The area under the HSROC curve was 0.94 (95%
CI 0.92-0.96). The Deeks’ funnel plot and the results of the
Deeks’ asymmetry test showed that the likelihood of publica-
tion bias was low (p=0.31) (Fig. 5).
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Table 1  Patient characteristics
Study Institution Duration of patient No. of No. of Prevalence Age,y Other” FIGO
recruitment patients patients with of PMI (%) histology  stage
(year.month) PMI Median Range (%)
Bleker et al. Academic Medical Center 2003.1-2011.1 203 34 16.7 43*  23-69 2.5 IB1-IIA
[16]
Bourgioti  Aretaicion Hospital, 2009.4-2014.3 115 15 13.0 44.7% NR 0.9 <lIB
etal.[17]  University of Athens
Downey The Institute of Cancer 2013.5-2014.8 25 1 4.0 344*% 2453 0 <IIB
etal.[18]  Research and Royal
Marsden NHS
Foundation Trust
Epstein Lund University Hospital, 2007.9-2010.4 182 13 7.1 46.3 NR 0 1A2-TA
etal.[19]  Catholic University of the
Sacred Heart, Charles
University, Lithuanian
University of Health
Sciences Hospital
Kitajima Kobe University Graduate 2011.12-2013.2 30 13 433 57.8% 27-88 0 IBI-IV
et al.[20] School of Medicine
Kong et al.  Ajou University Hospital 2000.2-2015.3 298 64 21.5 NR 2472 0 1B
(21]
Kraljevi¢ »Sestre milosrdnice« University 2006.1-2008.12 33 4 12.1 54.5 3575 3 1TA-IIB
etal.[22]  Hospital Center, University
of Zagreb
Lee et al. Seoul National University 2003-2011 190 19 10.0 49*% 2578 1.1 IB1
[23] Hospital
Moloney Cork University Hospital 2011.1-2013.12 33 5 15.2 44 NR 0 IB-IA
et al. [24]
Park etal.  Samsung Medical Center 2010.1-2012.12 152 37 243 51 26-80 0 TA-TTA
[25]
Shin etal.  Seoul St. Mary's Hospital 2009.8-2010.11 45 18 40.0 54.5%  29-88 NR >IB
[26]
Shweel Minia University 2009.2-2010.8 30 8 26.7 45%  40-65 6.6 1B-IVA
etal.[27]
Weietal.  Anhui Provincial Tumor 2012.1-2013.3 29 8 27.6 56.6* 30-83 O IA-IIB
[28] Hospital
Yu et al. Peking Union Medical 2009.4-2010.9 71 3 42 47+ 28-71 0 NR
[29] College Hospital

FIGO International Federation of Gynecology and Obstetrics, PMI parametrial invasion, NR not reported

* Mean

 Other than squamous cell carcinoma or adenocarcinoma

Heterogeneity exploration using meta-regression
and subgroup analyses

The results of meta-regression analysis are shown in Table 4.
Among the different variables evaluated, only magnet field
strength, use of DWI and administration of antispasmodic
drugs were significant factors affecting the heterogeneity (p
<0.01 for all three variables). Regarding magnet field strength,
studies using 3-T MRI scanners showed higher sensitivity
(0.84 [95% CI1 0.76-0.93]) but similar specificity (0.94 [95%
CI 0.91-0.98]) compared with studies using MRI scanners
with 1.5-T or lower (sensitivity of 0.66 [95% CI 0.55-0.77]
and specificity 0f 0.94 [95% CI 0.91-0.97]). Studies that used
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DWI demonstrated higher sensitivity (0.82 [95% CI 0.70—
0.94]) and specificity (0.97 [95% CI 0.95-0.99]) compared
with studies that did not (sensitivity of 0.72 [95% CI 0.62—
0.82] and specificity of 0.91 [95% CI 0.89-0.93]). A statistical
comparison was limited regarding the use of antispasmodic
drugs, as there was only one study that did not use this drug
[20]. Other factors, including study design (p =0.97), ethnic-
ity (p=0.17), prevalence of PMI (p=0.15), coil type (p=
0.11), slice thickness (p=10.17), T2WI planes (p=0.42) and
inclusion of CE MRI (p=0.61) were not significant factors
affecting the heterogeneity. SE technique (FSE/TSE vs SE)
was not included as a covariate in the meta-regression analysis
as there was no study that did not use FSE/TSE sequences.
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Table 2 Study characteristics
Study Year Country Study design Consecutive MRI Reference standard ~ MRI- Reference Level of
enrolment blinded to reference standard analysis
reference standard blinded to
standard interval MRI
Bleker 2013 The Netherlands Retrospective NR Yes RH NR NR Patient
et al.
[16]
Bourgioti 2016 Greece Prospective ~ NR Yes RH (94/115) or RT  NR NR Patient
et al. (21/115)
[17]
Downey 2016 UK Prospective  Yes Yes RH or RT NR NR Parametrium
etal.
[18]
Epstein 2013 Sweden, Italy,  Prospective  Yes Yes RH (164/182) or RT <2 wks NR Patient
et al. Czech (18/182)
[19] Republic,
Lithuania
Kitajima 2014 Japan Retrospective  NR Yes Histopathological NR NR Patient
et al. correlation*®
[20] (13/30) or
multidisciplinary "
(17/30)
Kong 2016 South Korea Retrospective NR NR RH NR NR Patient
et al.
(21]
Kraljevic 2013 Croatia Prospective  Yes Yes RH NR NR Patient
etal.
[22]
Leeetal. 2014 South Korea Retrospective Yes Yes RH <4 wks Yes Patient
(23]
Moloney 2015 Ireland Prospective  Yes Yes RH NR NR Patient
etal.
[24]
Park et al. 2015 South Korea Retrospective Yes Yes RH 1-30d NR Patient
(23]
Shin et al. 2013 South Korea Retrospective  NR Yes RH 1-38d Yes Patient
[26]
Shweel 2012 Egypt Prospective  Yes Yes RH(16/30) or <30d Yes Patient
et al. colposcopic
[27] vaginal biopsy
(14/30)
Weietal. 2013 China Retrospective NR NR Surgical treatment* ~ NR No Patient
(28]
Yuetal 2015 China Retrospective Yes Yes RH 3-7d No Patient
[29]

MRI magnetic resonance imaging, NR not reported, PMI parametrial invasion, RH radical hysterectomy, R7 radical trachelectomy

* No details provided on histopathological correlation

T Multidisciplinary decision based on imaging (initial and follow-up), clinical examination and treatment change

¥ No details provided on surgical procedures

As some studies used methods other than radical hysterec-
tomy as the reference standard, additional subgroup analysis
was performed to obtain the diagnostic performance values
using studies that solely used radical hysterectomy as the ref-
erence standard. The pooled sensitivity estimates for the eight
included studies was 0.73 (95% CI 0.60-0.83) with specificity
of 0.93 (95% CI 0.90-0.95). The area under the HSROC
curve was 0.94 (95% CI 0.91-0.96).

Discussion

In our meta-analysis, we assessed the diagnostic performance
of MRI for detection of PMI in patients with cervical cancer.
The pooled sensitivity and specificity of the included studies
were 0.76 (95% C1 0.67-0.84) and 0.94 (95% CI 0.91-0.95),
respectively. Moreover, the summary estimates using a sub-
group of studies (n = 8) that solely used radical hysterectomy
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Fig. 2 Grouped bar charts show risk of bias (left) and concerns for applicability (right) of 14 included studies assessed with QUADAS-2

as the reference standard showed consistent results with a ~ 74% and 84%, respectively. Furthermore, in the study by
pooled sensitivity and specificity of 0.73 (95% CI 0.60—  Bipat et al. [7], the publication period (1985-1991 vs. 1992—
0.83) and 0.93 (95% CI 0.90-0.95), respectively. The overall 1997 vs. 1998-2002) was demonstrated not to have influ-
sensitivity estimates for MRI in detecting PMI have not shown  enced the sensitivity of MRI. The studies included in our
substantial improvement from those in previous meta-  study (n=14) do not overlap with the studies included in the
analyses by Bipat et al. [7] published in 2002 and Thomeer  prior meta-analysis, and therefore represent the performance
et al. [8] published in 2013, which reported sensitivities of ~ of MRI using more recent techniques. For instance, FSE or

Studyid : SENSITIMITY (95%Cl) Sudid : SPECAOITY (95% Q)
| l
| |
14 Mooney Fetd 2015 . : 0.40 [0.05 - 0.85) Micney F et al 2015 . : 0386 [0.67-0.9)
) | -
13 Bleker SMet a 2012 —8— | 0.50 [0.32- 0.68] Bleker SMet a 2012 —8 - 092(0.86-0.95]
| |
12 leeJvetd2om e 063(038-0.84) Lee JY etal 2014 —to— 095(0.90-0.98)
| |
11 EpstenEetd 2013 — 069[039-091] Epstein E et al 2013 —ot 092[0.86-0.95]
| [
10 Bourgioti C et d 2016 —5:— 0.73[045-0.92) Bourgicti C et 32016 —{—5‘— 097(0.91-0.99]
! I
O Kelpi?Zetad 2013 ’I‘ 0.75[0.19-0.99] Kraljevi? Z et a 2013 | L 097[0.82-1.00]
L o |
8 KongTWeta 2016 —lq— 0.78 (066 - 0.87) Kong TW et al 2016 —g—l 089(0.85-0.93)
l |
7  Pakled2015 —1e— 0.81[065-0.92] ParkJ et al 2015 T8 097[0.91-0.99]
| |
6 KitjmaKetal 2014 —t 0.85[055-0.98) Kitgjima K et al 2014 *— 088(0.64-0.99)
| |
5 Wei C et al 2013 b e 0.88[047-1.00] WeiC et al 2013 . 1.000.83 - 1.00]
| |
4  ShinYRetal 2013 —:—Q— 0.89[0.65-0.99] Shin YRet al 2013 . : 0.85(0.66 - 0.96)
3 YuX etal 2015 4=—0¢ 1.00[029- 1.00] Yu X etal 2015 —=—0— 097[0.90- 1.00]
| . l o
2 DowneyK et al 2016 | . 1.00 {0.03 - 1.00] DowneyK et al 2016 ﬁ—Q 1.00[0.86 - 1.00]
I ) o
1 ShveelMAeta 2012 —t—® 1.00 [0.63- 1.00] Shweel MA et d 2012 . t 086[0.65-0.97)
| |
| |
| (
COMBNED q> 076067 - 0.84] COMBINED ? 0.94[0.91-0.95]
| Q=2563, df =13.00, p= 002 I Q=2662 df =13.00, p= 0.01
| |
: 12=4929(18.05 - 80.53) l 12=51.16 2129-8103)

00 10 06 1.0
SENSITVITY SPECIAICITY

Fig. 3 Coupled forest plots of pooled sensitivity and specificity. bottom right corners. Horizontal lines indicate 95% Cls. Studies are
Numbers are pooled estimates with 95% confidence intervals (Cls) in number (1-14) from bottom to top in descending order of sensitivity
parentheses. Corresponding heterogeneity statistics are provided at the

@ Springer



538

Eur Radiol (2018) 28:530-541

SROC with Prediction & Confidence Contours

1.0900 O
OF
=
=
=
‘@ 0.5+
=
()
()
O Observed Data
Summary Operating Point
@ SENS=0.76[0.67 - 0.84]
SPEC = 0.94[0.91 - 0.9!
— SROC Curve
AUC =0.94 [0.92-0.96]
— 95% Confidence Contour
- 95% Prediction Contour
0.0 T 1
1.0 0.5 0.0

Specificity

Fig. 4 Hierarchical summary receiver operating characteristic curve of
the diagnostic performance of MRI for detection of parametrial invasion
in cervical cancer. Each numbered circle represents each included study in
order of descending sensitivity, as annotated in Fig. 3

TSE sequences were used in 13 of 14 studies in our meta-
analysis, while only 17 of 36 used them in the analysis by
Thomeer et al. [8]. In addition, all but one of the studies used
1.5- or 3-Tesla MRI scanners in our study, while only 24 of 36
studies in the meta-analysis by Thomeer et al. [8] used such
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scanners. Although the sensitivities of 74-84% reported in the
previous two studies and ours can be considered good, it is
still discouraging that there has been no remarkable improve-
ment over decades, given the rapid advancement in MRI tech-
nology. However, the updated performance values of MRI in
our study are consistent with previously reported values,
showing better diagnostic accuracy than CT (sensitivity of
55%) and clinical examination (sensitivity and specificity of
40% and 93%, respectively), and on the basis of these results,
MRI should be the preferred modality for detection of PMI in
patients with cervical cancer.

One of the strengths of the current meta-analysis is the
relatively low degree of heterogeneity between the included
studies. Except for the results from Higgins I” statistics, which
suggested that there may be moderate heterogeneity (I =
49.29% and 51.16% for sensitivity and specificity, respective-
ly), all other results from various statistical methods indicated
that the possibility of heterogeneity was low. On the other
hand, in the earlier meta-analysis by Thomeer et al. [8], sub-
stantial heterogeneity was thought to be present among the
studies assessing the diagnostic performance of MRI (I =
72.93% and 70.94%, respectively). The degree of heterogene-
ity in meta-analyses is important, as it may affect the general
applicability of the results [14, 15]. Therefore, the small de-
gree of heterogeneity among the studies in the current meta-
analysis suggest that the good performance of MRI for detec-
tion of PMI may be generally applicable, and provide addi-
tional evidence for MRI to be used as a crucial modality in the
FIGO staging system.

Several variables with regard to the MRI techniques were
evaluated as potential sources of variation in the diagnostic
performance of MRI. Magnet field strength, use of DWI se-
quences and administration of antispasmodic drugs were sta-
tistically significant factors, whereas coil type, slice thickness,
imaging planes and use of CE-MRI sequences were not.
Regarding magnet field strength, a previous meta-analysis re-
ported that higher magnetic field (>1.5- compared with <1.5-
T) had a positive influence on detecting PMI in cervical cancer
[8]. In our meta-analysis, we found that even at a greater
threshold (3- vs. <3-T), higher field strength still demonstrates
incremental value in the detection of PMI (p <0.01). The
pooled sensitivity was higher in studies using 3-T scanners
than those using <3-T machines (0.84 vs. 0.66, respectively).
We speculate that the improved performance when using 3-T
scanners may be attributed to the higher spatial resolution,
greater signal-to-noise ratio (for tumour and for cervical stro-
ma), and greater tumour-to-cervical stroma contrast-to-noise
ratio compared with using 1.5-T [31]. In addition, the pooled
sensitivity and specificity were higher in studies that used
DWI than in those that did not (0.82 vs. 0.72 for sensitivity;
and 0.97 vs. 0.91 for specificity; p < 0.010). Although T2WI
provides a high contrast between cervical cancer (high signal
intensity) and cervical stroma (low signal intensity) for
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Table 4 Results of meta-regression analysis of MRI for detection of
parametrial invasion (PMI) in cervical cancer

Parameter Category No. of LRT Chi- p value
studies square
Study design Prospective 6 0.06 0.97
Retrospective 8
Race Asian 7 3.51 0.17
Non-Asian 7
Prevalence of >16.7 7 3.78 0.15
PMI (%)
<16.7 7
Magnet field 3 6 14.35 <0.01
strength (T)
<15 7
Coil type Phased-array or 12 4.33 0.11
endovaginal
Others 2
Slice thickness <5 12 3.49 0.17
(mm)
>5 2
T2WI planes Includes AO/S 7 1.74 0.42
Others 7
DWI Used 5 10.66 <0.01
Not used 9
CE-MRI Used 8 0.61 0.74
Not used 6
Antispasmodic ~ Used 8 61.87 <0.01
agents
Not used 1

LRT likelihood ratio test, DWI diffusion-weighted imaging, 72WI T2-
weighted imaging, CE contrast-enhanced

evaluation of PMI, DWI has been considered to have the
potential for added value, as cervical cancer manifests with
higher signal intensity on DWI with corresponding lower ap-
parent diffusion coefficient values compared with the normal
cervical stroma [32]. However, it is crucial to note that no
study included our meta-analysis used DWI alone, but inter-
pretation of PMI in studies using DWI was based on compre-
hensive evaluation of both T2WI and DWI. DWI by itself
suffers from poor spatial resolution and anatomical detail,
but using DWI as an adjunct to T2WI may improve the diag-
nostic performance of detecting PMI in cervical cancer. The
use of antispasmodic drugs was also shown to be a significant
factor affecting heterogeneity (p < 0.01). However, further sta-
tistical analysis was limited due to the fact that only one study
reported that they did not use antispasmodic drugs. Therefore,
caution is needed when interpreting the effect of antispasmod-
ic drugs. Nevertheless, antispasmodic drugs are well known to
decrease bowel motion artefacts from peristalsis, and are used
in the majority of ESUR members for this reason [33].

Our meta-analysis had some limitations. First, it included
only a relatively small number of articles (n= 14). However,

this was mainly due to the fact that we only included studies
since 2012 so that there was no overlap with previous meta-
analyses in order to obtain updated diagnostic performance
values. Nevertheless, we were able to acquire pooled esti-
mates with relatively low heterogeneity from the included
studies. Second, there was a lack of patients with advanced
disease in most studies. Specifically, only five (35.7%) of the
14 studies included patients with FIGO stage IIB or higher.
Pooling studies mostly including patients with low or inter-
mediate stage disease may have led to a bias toward decreased
sensitivity. This bias may have been more evident as the five
studies that included high-stage disease had a relatively small-
er number of patients (n =29-45). Third, there were six stud-
ies that included patients that did not undergo radical hyster-
ectomy. Therefore, we performed a subgroup analysis for
studies that solely used radical hysterectomy as the reference
standard, and obtained consistent results. Fourth, we used the
performance values from the reader with highest experience
when there were multiple readers. However, the inter-reader
agreement was substantial or almost perfect with kappa values
of 0.735 (between 20 and 11 years’ experience by Yu et al.
[29]), 0.82 (between 14 and 4 years by Shin et al. [26]) and
0.86 (between 9 and 3 years by Park et al. [25]) [34]. Fifth, it
should be noted that the ethnicity of the study population was
based on the nationality of the institution. Although this may
be generally correct, there could have been a minor population
of non-Asian patients who underwent MRI examinations in
hospitals in Asia, or vice versa.

Conclusion

MRI shows good performance for detection of PMI in patients
with cervical cancer with a pooled sensitivity of 0.76 and
specificity of 0.94. The use of 3-T scanners and DWI may
further improve diagnostic performance.
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