Ultrasound Obstet Gynecol 202535 65: 495-502

Published online 25 March 2025 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/uo0g.29205.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited.

Magnetic resonance imaging and ultrasound examination in
preoperative pelvic staging of early-stage cervical cancer:
post-hoc analysis of SENTIX study

D. CIBULA!®, C. KOHLER23, J. JARKOVSKY#, R. KOCIAN!, P. DUNDRS, J. KLATS®,
I. ZAPARDIEL’, F. LANDONI®, F. FRUHAUF!, R. FISCHBACH?, M. BORCINOVA! and

D. FISCHEROVA'!

! Department of Gynecology, Obstetrics and Neonatology, First Faculty of Medicine, Charles University and General University Hospital in
Prague, Prague, Czech Republic; >*Department of Gynecology, Asklepios Clinic Hamburg Altona, Berlin, Germany; 3 Department of
Gynecology, DRK Klinik Berlin Westend, Berlin, Germany; *Institute of Biostatistics and Analyses, Faculty of Medicine, Masaryk
University, Brno, Czech Republic; S Department of Pathology, First Faculty of Medicine, Charles University and General University
Hospital, Prague, Czech Republic; ¢ University Hospital Ostrava and Faculty of Medicine, University of Ostrava, Czech Republic;
7Gynecologic Oncology Unit, La Paz University Hospital, Madrid, Spain; 8 UNIMIB-IRCCS-San Gerardo, Monza, Italy; ° Department of

Radiology, Asklepios Clinic Hamburg Altona, Berlin, Germany

KEYWORDS:

cervical cancer; clinical staging; FIGO; imaging; MRI; ultrasound

ABSTRACT

Objectives SENTIX was a prospective, single-arm,
international multicenter study that evaluated sentinel
lymph node biopsy without pelvic lymph node dissection
in patients with early-stage cervical cancer. We aimed to
evaluate the concordance between preoperative imaging
modalities (magnetic resonance imaging (MRI) and
ultrasound) and final pathology in the clinical staging
of early-stage cervical cancer by post-hoc analysis of the
SENTIX study data.

Methods In total, 47 sites across 18 countries partici-
pated in the SENTIX study. Patients with Stage 1A1/
lymphovascular space invasion-positive to IB2 (Interna-
tional Federation of Gynecology and Obstetrics (FIGO)
classification (2018)) cervical cancer, with usual histologi-
cal types and no suspicious lymph nodes on imaging, were
prospectively enrolled between May 2016 and October
2020. Preoperative pelvic clinical staging on either pelvic
MRI or ultrasound examination was mandatory. Tumor
size discrepancy (< 10mm vs > 10 mm) between imaging
and pathology, as well as the negative predictive value
(NPV) of MRI and ultrasound for parametrial involve-
ment and lymph node macrometastasis, were analyzed.

Results Among 690 eligible prospectively enrolled
patients, MRI and ultrasound were used as the staging
imaging modality in 322 (46.7%) and 298 (43.2%)

patients, respectively. A discrepancy of tumor size
> 10mm was reported between ultrasound and final
pathology in 39/298 (13.1%) patients and between MRI
and pathology in 53/322 (16.5%), with no significant
difference in the accuracy of tumor measurement between
the two imaging modalities. The NPV of ultrasound in
assessing parametrial infiltration and lymph node involve-
ment was 97.0% (95% CI, 0.95-0.99%) and 94.0%
(95% CI, 0.91-0.97%), respectively, and that of MRI
was 95.3% (95% CI, 0.93-0.98%) and 94.1% (95% CI,
0.92-0.97%), respectively, with no significant differ-
ences between the parameters. Ultrasound and MRI
were comparable regarding the tumor size measurement
(P=0.452), failure to detect parametrial involvement
(P=0.624) and failure to detect macrometastases in sen-
tinel lymph node (P=0.876).

Conclusions Pelvic ultrasound examination and MRI had
similar concordance with histology in the assessment of
tumor size and of parametrial and lymph node invasion
in early-stage cervical cancer. Ultrasound examination
should be considered part of preoperative pelvic clinical
staging in early-stage cervical cancer, especially in
limited-resource regions where MRI is wunavailable.
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INTRODUCTION

Cervical cancer is a malignancy for which incidence is
decreasing dramatically in high- and middle-income coun-
tries'. However, it still remains the second most common
malignancy among females worldwide and is the leading
cause of death among females of childbearing age in
low-income regions”, where the most recent management
innovations, such as immunotherapy?, robotic surgery* or
pathological ultrastaging of sentinel lymph nodes (SLNs),
are unavailable. In resource-limited regions, reliable triage
of patients at the time of diagnosis is therefore even more
essential to ensure that the available resources are used
efficiently, especially if curative surgery is possible.

Because the initial spread of cervical cancer is almost
never hematological but mostly infiltrative or lymphatic®,
local pelvic staging is a crucial first step in the manage-
ment. Tumor size, tumor growth outside the cervix and
pelvic lymph node involvement are three preoperatively
assessed parameters that determine the subsequent
clinical management, including selection of the treatment
modality, particularly in early stages of the disease’~1°.

It is well documented that physical examination
provides inaccurate assessment of tumor size and
parametrial involvement, and it does not provide any
information about the lymph node status'!. Therefore, the
current international guidelines consider an imaging test a
mandatory component for patient triage”> 8. The current
reference standard for pelvic clinical staging is magnetic
resonance imaging (MRI)!2, but this is rarely available in
regions with the highest burden of cervical cancer'3.

In 2008, a single-center cohort study first demonstrated
that ultrasound examination offers similar accuracy to
MRI for staging early-stage cervical cancer'*, a finding
later supported by a prospective multicenter study of
182 patients across four European centers!>. More
recently, the SENTinel lymph node biopsy in cervIX
cancer (SENTIX) study aimed primarily to confirm the
safety of SLN biopsy alone, without systematic pelvic
lymphadenectomy!®.

The aim of this post-hoc analysis of SENTIX study data
was to report and compare the concordance of preopera-
tive MRI and ultrasound assessments with the final patho-
logical results for all three clinically most relevant param-
eters in the preoperative clinical staging of early-stage cer-
vical cancer: tumor size assessment, parametrial invasion
and lymph node involvement. As both imaging tests were
performed in almost equal numbers of patients, this was a
unique opportunity to compare both imaging modalities
for preoperative staging in routine clinical practice.

METHODS
Study design and participants

The SENTIX study was a prospective, single-arm,
international multicenter study conducted as an aca-
demic (Model A) European Network of Gynaecological
Oncological Trial groups (ENGOT) trial (ENGOT-CX2)
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and was led by the Central and Eastern European
Gynecologic Oncology Group (CEEGOG-CX1). The
selection criteria used to assess the quality of participating
sites were published previously'® 7. The protocol was
approved by the institutional review board at the leading
institution (General University Hospital, Prague, Czech
Republic) in June 2016 and was subsequently approved
by the institutional review boards at all participating
institutions. All patients signed written informed consent
according to institutional and federal guidelines before
enrolment. All details regarding the SENTIX protocol
were reported by Cibula etal.'® and are available at
www.clinicaltrials.gov (NCT02494063).

Patients with early-stage cervical cancer were enrolled
prospectively between May 2016 and October 2020
in the SENTIX study if their disease was Stage IA1
with lymphovascular space invasion, IA2, IB1 or IB2
(International Federation of Gynecology and Obstetrics
(FIGO) 2018 classification)'8, if they lacked suspicious
lymph nodes on preoperative imaging, if they had squa-
mous cell carcinoma, adenocarcinoma or adenosquamous
carcinoma, and if their largest tumor diameter was <4 cm
or <2cm for patients scheduled for a fertility-sparing
procedure. All preregistered patients, in whom surgical
treatment was completed, were eligible for this post-hoc
SENTIX analysis. Figure 1 summarizes the inclusion of
preregistered patients in the analysis.

Preoperative staging procedures

Physical examination and an imaging test (MRI or
ultrasound) for pelvic clinical staging were mandatory in
preoperative clinical staging. An invasive cancer diagnosis
was confirmed preoperatively on pathology using a

Patients preregistered in SENTIX
study
(n=816)

Excluded (7 =8):
» « Patient consent withdrawn (72=4)
« Surgery cancelled (7=4)

N

Patients that underwent surgery

(1=808)

Excluded (z=118):

« Second primary cancer (r7=2)
« Other tumor type (7=2)

« Surgery not completed (7=114)*

A 4

Final study population
(1= 690)

Figure 1 Flowchart showing inclusion in post-hoc analysis of
preregistered SENTinel lymph node biopsy in cervIX cancer
(SENTIX) study patients. *Due to intraoperative finding of more
advanced tumor spread or lymph node involvement.
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specimen obtained by biopsy, excision or any conization
technique.

The imaging report was accompanied by a checklist
containing all relevant markers for clinical staging,
including the largest observed tumor size in mm and its
relationship to surrounding structures (i.e. present/absent
parametrial involvement, vaginal involvement and lymph
node involvement).

The imaging modality used was at the investigator’s
discretion, so each site used the method with which they
were most familiar or was most suitable for the individual
patient. At each site, sonographers and radiologists
with experience in gynecological oncology performed the
respective examinations.

Ultrasound imaging

A standardized ultrasound examination was performed by
an experienced examiner (Level 3, European Federation
of Societies for Ultrasound in Medicine and Biology)”.
A combination of an endoluminal high-resolution probe
at 5-9 MHz inserted transvaginally or transrectally and
transabdominal scanning using a convex array probe at
2-9 MHz was used. The minimum technical requirements
included advanced algorithms that allowed investigation
with high-frequency transvaginal and transabdominal
probes at greater tissue depths (such as pulse inversion
or coded excitation). These algorithms are common
in the higher category and are already available in
the intermediate category of ultrasound machines. All
examiners were advised on the recommended literature
source for how to assess the local spread as well as
the lymph nodes in cervical cancer?®, and were also
continuously advised by study management to follow the
latest updates of the recommendation as available?!.

Magnetic resonance imaging

Pelvic MRI was performed according to the institutional
standards with minimum criteria including: (i) 1.5- or
3-Tesla field strength with a pelvic phased-array coil;
(ii) T2-weighted sequences in sagittal, coronal and axial
planes (the axial oblique plane perpendicular to the
long axis of the cervix), T1-weighted sequence in the
axial plane, diffusion-weighted imaging in the axial or
oblique axial plane; and (iii) slice thickness of <4.0 mm
with no gap or a minimal gap of <1.0mm, field of
view 180-240 mm and matrix size 256 x 256 mm. All
examiners were advised on the recommended literature
source for how to assess the local spread as well as the
lymph nodes in cervical cancer and were also continuously
advised by study management to follow the latest updates
of the recommendation as available??.

Surgical procedures and pathological examination

All patients underwent SLN biopsy, followed by hysterec-
tomy/trachelectomy (radical or simple) or conization. The
protocol for SLN detection was as published previously'”.
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on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

497

The type of radical hysterectomy performed (with parame-
trectomy type B, C1 or C2) was at the discretion of
the attending surgeon, based on patient prognostic risk
factors’.

Patients in whom SLN was not detected or was only
detected unilaterally and patients with intraoperative
detection of a more advanced disease stage (>IB2)'®
were excluded from the study after surgery and were sub-
sequently managed according to institutional guidelines.

At each center, a dedicated pathologist with substantial
experience in gynecological oncology assessed the patho-
logical specimens. The description of the pathological
assessment was defined previously?3. The comprehensive
pathological report was accompanied by a checklist
summarizing all relevant markers, including final TNM
stage, histological type based on the 2014 World Health
Organization classification, tumor size in mm in three
dimensions (two measurements of horizontal dimensions
and the depth of invasion), relationship to surrounding
structures (parametrial involvement (including depth of
invasion in mm), vaginal involvement (present/absent)
and involvement of surgical margins (both parametrial
and vaginal, including distance to the surgical margin))
and presence/absence of lymphovascular space invasion.
After intraoperative processing by frozen section, all SLNs
were sent for ultrastaging’. The quality of pathological
processing of SLNs was assessed centrally, as previously
reported’*. Based on the FIGO guidelines'®, N1 stage
was based on the extent of lymph node involvement, as
micrometastatic (MIC) or macrometastatic (MAC). Pres-
ence of isolated tumor cells (ITCs) was also documented.

Statistical analysis

Descriptive statistics were used to summarize the
demographic and clinical characteristics of the cohort;
absolute and relative frequencies for categorical variables
were applied. For each category assessment, the final
pathological finding was compared with the outcome as
assessed by the imaging test.

The accuracy (or concordance) of MRI and ultrasound
examination in assessing tumor size was evaluated in
terms of discrepancy (<10mm ws >10mm) between
imaging and pathological finding. Accuracy was calcu-
lated separately for ultrasound and MRI measurements.
Statistical comparison of the accuracy between ultra-
sound and MRI examinations was performed using the
chi-square test to determine any statistically significant
differences.

Negative predictive value (NPV) was defined as the ratio
of patients with truly negative imaging (MRI or ultra-
sound) results to the total population. Comparative anal-
yses of the NPV for ultrasound and MRI were conducted
for both parameters (parametrial invasion and lymph
node involvement). The NPV of each imaging modal-
ity was calculated and compared using the chi-square
test to determine any statistically significant differences.
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Two-sided a=0.05 was adopted as the level of statisti-
cal significance. All analyses were performed using SPSS
version 25.0.0.1, 2019 (IBM Corp., Armonk, NY, USA).

RESULTS
Cohort characteristics

A total of 816 patients who fulfilled the preoperative
inclusion criteria, based on preoperative staging by MRI
or ultrasound examination, and were scheduled for
curative treatment, were preregistered in the SENTIX
study. After excluding 126 patients for the reasons
indicated in Figure 1, 690 patients were included in the
post-hoc analysis of the presented study.

Of the 690 patients, the majority had preoperative
Stage IB1 (345 (50.0%)), and 536 (77.7%) underwent
radical hysterectomy. Ultrasound and MRI examinations
were performed as a single imaging test in 298 (43.2%)
and 322 (46.7%) patients, respectively, while 70 (10.1%)
patients underwent both imaging tests. All patients had
negative parametrial involvement and non-suspicious
lymph nodes based on the preoperative clinical staging.
The clinicopathological characteristics of all included
patients are presented in Table 1.

Tumor size assessment

For tumor size assessment, the maximum pathological size
was compared with the maximum tumor size measured
in the imaging test. The data from all 690 patients were
included in the analysis.

The difference in tumor size between imaging and
pathology was <10.0mm in 585 (84.8%) patients,
10-19.9mm in 76 (11.0%) patients and >20 mm in 29
(4.2%) patients (Figure 2, Table 2). Overall, a postopera-
tive tumor size increase > 10 mm was observed in 13.1%
(39/298) and 16.5% (53/322) of patients after staging on
ultrasound and MRI scans, respectively, with no signif-
icant difference in the accuracy of tumor measurement
between the two imaging methods (P = 0.452).

Parametrial involvement

In the analysis of parametrial involvement, we used
data from 536 patients in whom parametrectomy
was performed, with data from ultrasound, MRI and
both methods available in 216, 258 and 62 patients,
respectively. One patient was excluded due to a protocol
deviation because parametrial infiltration was detected
preoperatively on imaging, thus the patient should not
have been enrolled in the study. Based on the final patho-
logical results, parametrial involvement was found in 25
patients, the majority of whom had a postoperative tumor
size of 2—4 cm (16/25) and 6/25 had a tumor >4 cm in
size. Of the 25 patients, the depth of parametrial invasion
was 1-2.5 mm in nine patients and > 5 mm in five; the size
of invasion was not available in seven and was not mea-
surable (microscopic) in four. Ultrasound examination
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and MRI failed to detect parametrial involvement in nine
(4.2%) and 15 (5.8 %) patients (Figure 2, Table 2), respec-
tively, with corresponding NPVs of 97.0% (95% CI,
0.95-0.99%) and 95.3% (95%CI, 0.93-0.98%),
respectively. No significant difference in NPV between
the two imaging methods was observed (P =0.624).

Lymph node involvement

All patients included in the trial underwent surgical lymph
node staging. Lymph node involvement of any size was
found in 101 (14.6 %) patients in the study cohort; for all
these patients, the preoperative imaging showed negative
lymph nodes. The largest extent of metastasis in the SLN
was classified as ITC, MIC and MAC in 23 (3.3%), 37
(5.4%) and 41 (5.9%) patients, respectively (TableS1).
MAC was found in 18 (6.0%) patients who underwent
preoperative staging with ultrasound examination and in
19 (5.9%) who underwent MRI (Figure 2, Table 2), with
corresponding NPVs of 94.0% (95% CI, 0.91-0.97%)
and 94.1% (95% CI, 0.92-0.97%), respectively. No
significant difference in NPV between the two imaging
methods was observed (P =0.876).

DISCUSSION

In this post-hoc analysis of data from the multicen-
ter SENTIX study including 690 prospectively enrolled
patients with early-stage cervical cancer, we demonstrated
that ultrasound examination is comparable with MRI
in assessing key parameters evaluated routinely in pelvic
clinical staging. Notably, both modalities showed similar
accuracy in tumor size measurement and comparable
NPVs in detecting parametrial invasion and MAC lymph
node involvement. Both methods were highly reliable
for predicting the absence of parametrial involvement
(NPV > 95%), though both showed similar lower NPVs
for lymph node staging, by missing N1 status (metastases
>0.2mm) in 11.3% of patients. Furthermore, both
imaging modalities tended to underestimate tumor size
(by > 10 mm in approximately 15% of patients).

In its early stages, cervical cancer is characterized by
local spread by direct invasion into the adjacent tissue or
via lymphatic channels. Distant hematogenous metastases
in tumors without lymph node involvement are therefore
extremely rare. This explains why pretreatment pelvic
staging is vital in triaging patients for further clinical
management. According to joint European guidelines,
MRI or ultrasound examination of the pelvis is recom-
mended for pelvic staging®, with additional imaging tests
such as positron emission tomography performed only
secondarily to exclude distant spread in locally advanced
tumors and/or in those with lymph node involvement’.

The use of ultrasound examination for clinical staging
of cervical cancer has been debated since the 1990s2°, with
the feasibility and reliability of ultrasound examination
often being challenged because of its dependency on
special expertise, which is limited to a few sites only,
or the lack of data on ultrasound examination staging

Ultrasound Obstet Gynecol 20255 65: 495-502.
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Table 1 Clinicopathological characteristics of study cohort, overall and according to preoperative imaging method
All patients MRI only Ultrasound only MRI + ultrasound

Characteristic (n=690) (n=322) (n=298) (n=70)
Age

<40 years 285 (41.3) 136 (42.2) 123 (41.3) 26 (37.1)

41-60years 320 (46.4) 153 (47.5) 133 (44.6) 34 (48.6)

> 61 years 85 (12.3) 33 (10.2) 42 (14.1) 10 (14.3)
BMI

<25 kg/m? 395 (57.2) 192 (59.6) 164 (55.0) 39 (55.7)

25-29.9 kg/m? 162 (23.5) 76 (23.6) 68 (22.8) 18 (25.7)

> 30 kg/m? 133 (19.3) 54 (16.8) 66 (22.1) 13 (18.6)
ECOG-PS

0 664 (96.2) 312 (96.9) 285 (95.6) 67 (95.7)

1 26 (3.8) 10 (3.1) 13 (4.4) 3 (4.3)

2 0 (0) 0 (0) 0(0) 0(0)
Diagnostic procedure®

Biopsy 294 (42.6) 140 (43.5) 125 (41.9) 41 (58.6)

Conization 418 (60.6) 188 (58.4) 176 (59.1) 30 (42.9)

Trachelectomy 2 (0.3) 0 (0) 2 (0.7) 0(0)
Tumor stage (preoperative)

IA1+LVSI 36(5.2) 15 (4.7) 19 (6.4) 2(2.9)

A2 70 (10.1) 37 (11.5) 31 (10.4) 2(2.9)

IB1 345 (50.0) 166 (51.6) 142 (47.7) 37 (52.9)

IB2 239 (34.6) 104 (32.3) 106 (35.6) 29 (41.4)
Tumor type

Squamous cell carcinoma 480 (69.6) 212 (65.8) 221 (74.2) 47 (67.1)

Adenocarcinoma HPV-related 202 (29.3) 106 (32.9) 73 (24.5) 23(32.9)

Adenosquamous carcinoma 7 (1.0) 4(1.2) 3 (1.0) 0 (0)

NA 1(0.1) 0 (0) 1(0.3) 0(0)
Maximum tumor size (preoperative)

<2cm 447 (64.8) 215 (66.8) 191 (64.1) 41 (58.6)

2-4cm 242 (35.1) 106 (32.9) 107 (35.9) 29 (41.4)

NA 1(0.1) 1(0.3) 0 (0) 0 (0)
Parametrectomy type

B 171 (24.8) 113 (35.1) 42 (14.1) 16 (22.9)

c1 259 (37.5) 86 (26.7) 133 (44.6) 40 (57.1)

Cc2 106 (15.4) 59 (18.3) 41 (13.8) 6 (8.6)

NA/not done 154 (22.3) 64 (19.9) 82 (27.5) 8 (11.4)
Lymph node status (final pathology)

MAC 41 (5.9) 19 (5.9) 18 (6.0) 4(5.7)

MIC 37 (5.4) 17 (5.3) 13 (4.4) 7 (10.0)

ITC 23 (3.3) 6(1.9) 16 (5.4) 1(1.4)

Negative 589 (85.4) 280 (87.0) 251 (84.2) 58 (82.9)
Parametrial involvement (final pathology)t

No 510/536 (95.1) 243/258 (94.2) 207/216 (95.8) 60/62 (96.8)

Yes 26/536 (4.9) 15/258 (5.8) 9/216 (4.2) 2/62 (3.2)f
Vaginal involvement (final pathology)

Yes 14 (2.0) 11 (3.4) 3 (1.0) 0 (0)

No 605 (87.7) 292 (90.7) 249 (83.6) 64 (91.4)

NA/not done 71 (10.3) 19 (5.9) 46 (15.4) 6 (8.6)
Maximum tumor size (final pathology)

<2cm 438 (63.5) 208 (64.6) 192 (64.4) 38 (54.3)

2-4cm 224 (32.5) 104 (32.3) 93 (31.2) 27 (38.6)

>4cm 28 (4.1) 10 (3.1) 13 (4.4) 5(7.1)

Median (mm) 15.0 (1.0-40.0) 15.0 (1.5-38.0) 14.0 (0.1-40.0) 17.0 (5.2-41.6)

Data are given as 7 (%), #/N (%) or median (95% CI). *In 24 patients (3.5%), both biopsy and conization were performed. Only if
performed. $One patient enrolled as a protocol deviation due to parametrial infiltration detected preoperatively on imaging. BMI, body
mass index; ECOG-PS, Eastern Cooperative Oncology Group performance status; HPV, human papillomavirus; ITC, isolated tumor cells;
LVSI, lymphovascular space invasion; MAC, macrometastasis; MIC, micrometastasis; MRI, magnetic resonance imaging; NA, not available.
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of pelvic lymph nodes?’. We are aware of only one
international prospective multicenter study that enrolled
182 patients (FIGO Stages [A2—IIA) across four European
sites, all with extensive expertise of ultrasound imaging
in gynecological cancer, in which the authors concluded
that the agreement between histology and ultrasound
examination was significantly better for assessing residual
tumor after cone biopsy (P <0.001) and for parametrial
invasion (P <0.001) compared with the results obtained
by MRI®,

Those findings, as well as the findings of this study,
are very encouraging because ultrasound examination has
several advantages over MRI, not just the much lower
cost, which makes it an attractive imaging alternative,
even in regions with good MRI availability. Ultrasound
examination can be performed in a shorter timeframe than
MRI, is widely available in gynecological clinics, does not
require patient preparation and lacks contraindications.
In routine clinical practice, ultrasound examination can be
performed using the all-in-one approach, i.e. by one team
involved in planning and performing surgery, allowing
for more effective and tailored management.

MRI, on the other hand, is recommended traditionally
to assess the pelvic extent of the disease because of
its excellent soft-tissue contrast, although fasting and
administration of antispasmodic agents are advised

Cibula et al.

in the current European guidelines, and conventional
two-dimensional MRI is advised to be combined with
diffusion-weighted imaging to merge morphological and
functional sequences®®. MRI limitations are related to the
longer timeframe required to perform the examination,
noise, limited availability in some regions, higher costs,
claustrophobia and contraindications regarding metal
implants, for example.

The three main parameters that are assessed routinely in
the pretreatment workup of cervical cancer (tumor size,
parametrial involvement and lymph node involvement)
are crucial for making decisions about clinical man-
agement. International clinical practice guidelines agree
that surgery is a treatment of choice in the early stages
of cervical cancer, and that definitive chemoradiother-
apy is recommended for locally advanced disease® 27, In
addition, in the early stages, tumor size is an important
determinant of the type of cervical procedure, the type of
lymph node staging and options regarding fertility-sparing
treatment.

The threshold for deciding between simple and radical
hysterectomy is currently a depth of invasion of 5mm
(T1a2/T1b1), which is expected to shift to a tumor size of
<2 cm and limited stromal invasion based on the outcome
of the SHAPE trial®8.

13.1%
(39/298)

16.5%
(53/322)

4.2%
(9/216)

5.9%
(19/322)

6.0%
(18/298)

5.8%
(15/258)

Figure 2 Illustrations depicting ultrasound examination and magnetic resonance imaging methods. Percentage of patients with (a) incorrect
preoperative assessment of tumor size (undermeasured by > 10 mm), (b) failed detection of parametrial invasion and (c) macrometastatic

lymph node involvement are shown.

Table 2 Preoperative diagnostic performance of ultrasound and magnetic resonance imaging (MRI) for assessment of parametrial invasion,

lymph node (LN) involvement and tumor size

Parameter Ultrasound only MRI only P* MRI + ultrasound
Parametrial tumor invasion (confirmed by final pathology)t 0.624
Yes 9/216 (4.2) 15/258 (5.8) 2/62 (3.2)§
No 207/216 (95.8) 243/258 (94.2) 60/62 (96.8)
Macrometastatic LN involvement (confirmed by final pathology) 0.876
Yes 18/298 (6.0) 19/322 (5.9) 4/70 (5.7)
No 2807298 (94.0) 303/322 (94.1) 66/70 (94.3)
Discrepancy in tumor sizef 0.452
<5mm 219/298 (73.5)  235/322 (73.0) 49/70 (70.0)
5-9.9 mm 40/298 (13.4) 34/322 (10.6) 8/70 (11.4)
10-19.9 mm 26/298 (8.7) 41/322 (12.7) 9/70 (12.9)
>20mm 13/298 (4.4) 12/322 (3.7) 4170 (5.7)

Data are given as 7n/N (%). *Comparison between ultrasound only and MRI only. +Only patients with completed surgery included.
1Difference in maximum tumor size between preoperative imaging and pathology. §One patient enrolled as a protocol deviation due to

parametrial infiltration detected preoperatively on imaging.
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A prospective study of 182 patients showed comparable
size assessment using MRI and ultrasound examinations
for small and large tumors'®. This is in agreement with this
study, in which we found no significant difference in the
accuracy of tumor size undermeasurement between these
imaging methods in our group of 690 patients (P = 0.452).

Parametrial invasion was frequently the primary cause
of staging inaccuracy in previous studies'>??. Because
parametrial positivity is considered a high-risk prognostic
factor, affected patients should be referred for defini-
tive chemoradiation, instead of combining radical surgery
and adjuvant radiotherapy. Three recent meta-analyses of
studies using histological results as a reference concluded
that ultrasound examination and MRI had similar diag-
nostic performance for assessing parametrial infiltration
in cervical cancer, with a pooled sensitivity of 62-78%
and a specificity of 91-96%3%32, In this study, parame-
trial infiltration was found on pathology in only 25/536
patients (NPV, 95.3%) who underwent parametrectomy,
with the proportion of parametrial-positive cases (NPV of
preoperative parametrial assessment) not significantly dif-
ferent between patients undergoing preoperative staging
by ultrasound and MRI examination (P = 0.624).

As for parametrial involvement, surgical treatment
is not recommended for lymph node-positive patients
and accurate preoperative lymph node staging could
help avoid unnecessary surgical morbidity and direct
patients to definitive chemoradiotherapy?3. Previously,
only a few studies focused on lymph node assessment
by ultrasound examination; many of which did not
perform SLN biopsy followed by ultrastaging?> 31> 32,34,
Two recently published meta-analyses on ultrasound for
detecting lymph node involvement reported a sensitivity
of 43-52% and a specificity of 95-96%, compared
with 57% and 93%, respectively, for MRI3'> 32, In this
study, we detected lymph node involvement in 101
patients, in which the largest size was ITC, MIC and
MAC in 23 (3.3%), 37 (5.4%) and 41 (5.9%) patients,
respectively. Notably, MRI and ultrasound examination
showed comparable NPVs in the assessment of MAC in
this study (P =0.876).

Operator dependency is a critical factor when consider-
ing the reliability of an imaging method or comparing two
methods. Although the accuracy of an ultrasound exam-
ination is undoubtedly influenced by the expertise of the
operator performing it, MRI, despite being considered less
operator-dependent because of its standardized protocols,
still requires a high level of skill for accurate interpreta-
tion, especially in complex cervical cancer cases. Both
modalities, therefore, present unique challenges in ensur-
ing consistent and reliable preoperative triage of patients
with cervical cancer, and the choice between them may
depend on the availability of skilled operators.

Recent studies have explored interobserver agreement
and the impact of experience on ultrasound in gynecologi-
cal cancers. Palsdottir et al.>> demonstrated similar ability
of experienced and less experienced ultrasound examiners
to correctly identify cervical cancer, but the experienced
examiners were better at excluding parametrial invasion.
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Fischerova etal.? evaluated interobserver agreement of

lymph node assessment in patients with ovarian cancer.
The probability of correct classification of 380 video
clips ranged from 0.956 to 0.975 and was not affected by
the level of ultrasound experience of the examiner. The
likelihood of correct classification increased with image
quality and diagnostic confidence, and it was affected by
anatomical region.

One of the limitations of the current study is that
the outcome applies only to the group of patients with
early-stage cervical cancer, so does not allow for full gen-
eralizability to other cohorts, as the included cohort had
a low rate of parametrial and lymph node involvement.
Although the fact that only one imaging method was
required in each patient can be viewed as a limitation,
we believe that this translates into an advantage. Each
participating site was instructed to choose the method for
which they had the greatest expertise, the method used
in routine clinical practice or the method they considered
to be most suitable for the individual patient. In previous
studies in which both imaging modalities were required
in each patient, investigators were forced to compare one
method, which they used routinely and had good experi-
ence, with the second method, for which they had more
limited expertise. The key strengths of this study are the
size of the group, the multicenter setting and the standard-
ization of procedures in a prospective study, including
preoperative imaging and pathological assessment.

In conclusion, our post-hoc analysis of data from
patients who were prospectively enrolled in the SENTIX
trial has shown that ultrasound examination is com-
parable with MRI in the pretreatment assessment of
all three clinically relevant parameters for the manage-
ment of patients with early-stage cervical cancer, namely
tumor size assessment and the assessment of parame-
trial invasion and lymph node involvement. Ultrasound
examination should be considered as part of preopera-
tive pelvic staging in early-stage cervical cancer, especially
in limited-resource regions where MRI is unavailable.
Both methods tended to underestimate the tumor size
and missed N1 lymph node metastases in 11.3% of
patients.

ACKNOWLEDGMENTS

This work was supported by The Charles University
in Prague, Czech Republic (UNCE/24/MED/018); by
the Charles University Research program Cooperatio—
Maternal and Childhood Care, Neonatology; by the
institutional grant of The General University Hospital
in Prague, Czech Republic (CZ-DRO-VFN64165); by
a grant from the Czech Health Research Council
(NV19-03-00023); and by grants from the Ministry of
Education, Youth and Sports of the Czech Republic (BBM
L.M2023033; EF16_013/0001674). The funders had no
role in the design of the study; in the collection, analyses
or interpretation of data; in the writing of the manuscript;
or in the decision to publish the results. We thank the
investigators from all 47 sites participating in the SENTIX

Ultrasound Obstet Gynecol 20255 65: 495-502.



502

trial. We also thank all the medical specialists, data and
case managers, secretaries, study coordinators and other
people involved in the SENTIX trial. We also thank
Nicholas D. Smith for English language editorial services.
Open access publishing facilitated by Univerzita Karlova,
as part of the Wiley—CzechELib agreement.

REFERENCES

1.

10.

11.

15.

16.

Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer | Clin. 2018;68(6):394-424.

. Arbyn M, Weiderpass E, Bruni L, et al. Estimates of incidence and mortality

of cervical cancer in 2018: a worldwide analysis. Lancer Global bhealth.
2020;8(2):e191-¢203.
Sherer MV, Kotha NV, Williamson C, Mayadev J. Advances in immunotherapy for
cervical cancer: recent developments and future directions. Int | Gynecol Cancer.
2022;32(3):281-287.

. Wallin E, Floter Radestad A, Falconer H. Introduction of robot-assisted radical

hysterectomy for early stage cervical cancer: impact on complications, costs and
oncologic outcome. Acta Obstet Gynecol Scand. 2017;96(5):536-542.

. Dundr P, Cibula D, Nemejcova K, Ticha I, Bartu M, Jaksa R. Pathologic protocols

for sentinel lymph nodes ultrastaging in cervical cancer. Arch Pathol Lab Med.
2020;144(8):1011-1020.

. Hockel M, Kahn T, Einenkel J, et al. Local spread of cervical cancer revisited: a

clinical and pathological pattern analysis. Gynecol Oncol. 2010;117(3):401-408.

. National Comprehensive Cancer Network (NCCN). Clinical Practice Guidelines in

Oncology. Cervical cancer guidelines version 1.2024. 2023. https://www.nccn.org
Iprofessionals/physician_gls/pdf/cervical.pdf

Cibula D, Raspollini MR, Planchamp F, et al. ESGO/ESTRO/ESP Guidelines for the
management of patients with cervical cancer — Update 2023*. Int ] Gynecol Cancer.
2023;33(5):649-666.

Querleu D, Cibula D, Abu-Rustum NR. 2017 update on the Querleu-Morrow
classification of radical hysterectomy. Ann Surg Oncol. 2017;24(11):3406-3412.
Cibula D, Slama ], Dostalek L, et al. Tumour-free distance: a novel prognostic
marker in patients with early-stage cervical cancer treated by primary surgery. Br
J Cancer. 2021;124(6):1121-1129.

Qin Y, Peng Z, Lou J, Liu H, Deng F, Zheng Y. Discrepancies between clinical
staging and pathological findings of operable cervical carcinoma with stage
IB-IIB: a retrospective analysis of 818 patients. Aus N Z | Obstet Gynaecol.
2009;49(5):542-544.

Otero-Garcia MM, Mesa-Alvarez A, Nikolic O, et al. Role of MRI in staging
and follow-up of endometrial and cervical cancer: pitfalls and mimickers. Insights
Imaging. 2019;10(1):19.

. Hilabi BS, Alghamdi SA, Almanaa M. Impact of magnetic resonance imaging on

healthcare in low- and middle-income countries. Cureus. 2023;15(4):e37698.

. Fischerova D, Cibula D, Stenhova H, et al. Transrectal ultrasound and magnetic

resonance imaging in staging of early cervical cancer. Int | Gynecol Cancer.
2008;18(4):766-772.

Epstein E, Testa A, Gaurilcikas A, et al. Early-stage cervical cancer: tumor delineation
by magnetic resonance imaging and ultrasound — a European multicenter trial.
Gynecol Oncol. 2013;128(3):449-453.

Cibula D, Dusek J, Jarkovsky J, et al. A prospective multicenter trial on sentinel
lymph node biopsy in patients with early-stage cervical cancer (SENTIX). Int
] Gynecol Cancer. 2019;29(1):212-215.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Cibula et al.

Cibula D, Kocian R, Plaikner A, et al. Sentinel lymph node mapping and
intraoperative assessment in a prospective, international, multicentre, observational
trial of patients with cervical cancer: The SENTIX trial. Eur ] Cancer.
2020;137:69-80.

Bhatla N, Berek JS, Cuello Fredes M, et al. Revised FIGO staging for carcinoma of
the cervix uteri. Int | Gynaecol Obstet. 2019;145(1):129-135.

Education and Practical Standards Committee, European Federation of Societies for
Ultrasound in Medicine and Biology. Minimum training recommendations for the
practice of medical ultrasound. Ultraschall Med. 2006;27(1):79-105.

Fischerova D. Ultrasound scanning of the pelvis and abdomen for staging of
gynecological tumors: a review. Ultrasound Obstet Gynecol. 2011;38(3):246-266.
Fischerova D, Frithauf F, Burgetova A, Haldorsen IS, Gatti E, Cibula D. The role
of imaging in cervical cancer staging: ESGO/ESTRO/ESP Guidelines (Update 2023).
2024;16(4):775.

Valentini AL, Gui B, Micco M, et al. MRI anatomy of parametrial extension to
better identify local pathways of disease spread in cervical cancer. Diagn Interv
Radiol. 2016;22(4):319-325.

McCluggage WG, Judge MJ, Alvarado-Cabrero I, et al. Data set for the reporting
of carcinomas of the cervix: recommendations from the International Collaboration
on Cancer Reporting (ICCR). Int ] Gynecol Pathol. 2018;37(3):205-228.
Nemejcova K, Kocian R, Kohler C, et al. Central pathology review in SENTIX,
a prospective observational international study on sentinel lymph node biopsy
in patients with Early-Stage Cervical Cancer (ENGOT-CX2). Cancers (Basel).
2020512(5):1115.

Palsdottir K, Fridsten S, Blomqvist L, et al. Interobserver agreement of transvaginal
ultrasound and magnetic resonance imaging in local staging of cervical cancer.
Ultrasound Obstet Gynecol. 2021;58(5):773-779.

Manganaro L, Lakhman Y, Bharwani N, et al. Staging, recurrence and follow-up
of uterine cervical cancer using MRI: Updated Guidelines of the European
Society of Urogenital Radiology after revised FIGO staging 2018. Eur Radiol.
2021;31(10):7802-7816.

NCCN. Guidelines Version 1.2023. 2023. https://www.nccn.org/professionals
/physician_gls/pdf/cervical.pdf

Group CCT. A Randomized Phase III Trial Comparing Radical Hysterectomy and
Pelvic Node Dissection vs Simple Hysterectomy and Pelvic Node Dissection in
Patients With Low-Risk Early Stage Cervical Cancer (SHAPE).

Landoni F, Maneo A, Cormio G, et al. Class II versus Class III radical hysterectomy
in stage IB—IIA cervical cancer: a prospective randomized study. Gynecol Oncol.
2001;80(1):3-12.

Alcazar JL, Garcia E, Machuca M, et al. Magnetic resonance imaging and ultrasound
for assessing parametrial infiltration in cervical cancer. A systematic review and
meta-analysis. Med Ultrason. 2020;22(1):7.

Woo S, Atun R, Ward ZJ, Scott AM, Hricak H, Vargas HA. Diagnostic
performance of conventional and advanced imaging modalities for assessing
newly diagnosed cervical cancer: systematic review and meta-analysis. Eur Radiol.
2020;30(10):5560-5577.

Tian Y, Luo H. Diagnostic accuracy of transvaginal ultrasound examination for local
staging of cervical cancer: a systematic review and meta-analysis. Med Ultrason.
2022;24(3):348-355.

Cibula D, Dostalek L, Hillemanns P, et al. Completion of radical hysterectomy does
not improve survival of patients with cervical cancer and intraoperatively detected
lymph node involvement: ABRAX international retrospective cohort study. Eur
J Cancer. 2021;143:88-100.

Fischerova D, Cibula D. The role of ultrasound in primary workup of cervical
cancer staging (ESGO, ESTRO, ESP cervical cancer guidelines). Ceska Gynekol.
2019;84(1):40-48.

Fischerova D, Pesta M, Blazko M, et al. OC12.08: observer-reality agreement
for tumour spread and prediction non-resectability in ovarian cancer (ISAAC
study, imaging study on advanced ovarian cancer). Ultrasound Obstet Gynecol.
2023;62(51):29-30.

SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

lall Table S1 Lymph node involvement in 690 patients with early-stage cervical cancer, according to

postoperative stage

© 2025 The Author(s). Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

Ultrasound Obstet Gynecol 20255 65: 495-502.


https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf

	Magnetic resonance imaging and ultrasound examination in preoperative pelvic staging of early-stage cervical cancer: post-hoc analysis of SENTIX study
	Objectives
	Methods
	Results
	Conclusions
	INTRODUCTION
	METHODS
	Study design and participants
	Preoperative staging procedures
	Ultrasound imaging
	Magnetic resonance imaging
	Surgical procedures and pathological examination
	Statistical analysis
	RESULTS
	Cohort characteristics
	Tumor size assessment
	Parametrial involvement
	Lymph node involvement
	DISCUSSION
	ACKNOWLEDGMENTS
	References

