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Abstract

Learning objectives Magnetic resonance imaging (MRI) of the pelvis is the most reliable imaging modality for staging, treat-
ment planning, and follow-up of cervical cancer; and its findings may now be incorporated into the International Federation
of Gynecology and Obstetrics Federation (FIGO) 2018 clinical staging of cervical cancer. It is imperative that radiologists
are familiar with the imaging appearance of the different stages of cervical cancer as well as the post-treatment changes and
imaging pitfalls given the respective clinical manifestations, treatment regimens, and prognosis of an accurate diagnosis. In
addition to the different stages of cervical cancer, we address the imaging techniques for diagnosis, staging and treatment
implications as well as the changes of the new FIGO staging system.

Background The use of MRI to diagnose and stage cervical cancer is steadily increasing and the new FIGO stagi ng system,
previously based on clinical examination, now allows the staging or change of staging based on the imaging findings. MRI
can evaluate the extent of disease because of its excellent contrast resolution for pelvic tissues and organs, high accuracy
and detailed elaboration of the cervical/uterovaginal anatomy.

Content Relevant anatomy, including normal MRI appearance of the cervix, parametria and pelvic ligaments; different stages
of cervical cancer on MRI with prognostic and therapeutic implications; MRI sequences, other imaging modalities used in
the staging and follow-up, treatment of different stages and the appearance of the cervix and cervical cancer post-treatment.
Since clinical implications and therapeutic strategies for cervical cancer treatment vary tremendously according to degree
of tumor extension, familiarity with relevant MRI techniques and findings is essential for radiologists.

Summary It is important that radiologists interpreting pelvic MRI are aware with the different stages of cervical cancer to
provide useful information regarding treatment and prognosis. Pitfalls regarding the interpretation of tumor extension can
interfere with an accurate diagnosis and have significant therapeutic implications.

Keywords Cervical cancer - FIGO cervical staging - Cervical cancer staging

Introduction

The International Federation of Gynecology and Obstet-
rics Federation (FIGO) staging system of cervical cancer
was introduced in 1958 and most recently revised in 2018,
reflecting an increased knowledge of cancer biology and
prognostic factors, and thus allowing for improved risk
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stratification. The new 2018 FIGO system highlights the util-
ity of imaging, and permits its use, when available, as part of
clinical staging. This revised staging system recognizes the
importance of tumor size in terms of metastatic risk (stage
IB1, IB2, and IB3 tumors), and incorporates the status of
regional lymph nodes (both radiographically and pathologi-
cally detected) in staging (designated stage IIIC1/C2) [1].

Cervical cancer

Cervical cancer is the second most common cancer in
women worldwide, with approximately 500,000 new cases
and 250,000 deaths annually [2]. In the United States, the
incidence of cervical cancer has significantly decreased
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secondary to robust screening for premalignant lesions with
Pap smears and HPV testing. As a result, 80-90% cases of
cervical cancer are now diagnosed in developing countries,
where screening programs do not exist. Of the patients diag-
nosed with cervical cancer in the United States, approxi-
mately half have never had screening or did not get screened
within 5 years preceding diagnosis [3].

Almost all subtypes of cervical cancer are caused by
human papilloma virus (HPV). Squamous cell carcinoma
accounts for approximately 75% of cervical carcinomas. The
other 25% include adenocarcinomas and adenosquamous
carcinomas (20%), as well as small cell neuroendocrine car-
cinomas (< 5%). Although still infrequent when compared to
squamous cell carcinoma, the incidence of adenocarcinoma
is increasing, which may be in part due to suboptimal detec-
tion of glandular lesions by Pap smear. There is controversy
regarding the significance of histology in terms of outcomes,
and the current staging system does not differentiate between
histologic types (in contrast to uterine corpus cancers). With
the exception of neuroendocrine tumors and other rare sub-
types, management remains largely the same regardless of
histology [4, 5].

Unlike endometrial and ovarian cancer, the staging of
cervical cancer is clinical. In the past, the FIGO staging
system only permitted fairly low-cost testing, such as exam
under anesthesia (EUA), pathology from cervical coniza-
tion, cystoscopy, proctoscopy, IVP, and X-ray of the chest,
to stage the disease. Computed tomography (CT), magnetic
resonance imaging (MRI) and positron emission tomogra-
phy (PET), though commonly utilized in making treatment
decisions, were not part of the previous staging system.
However, recognizing this, the new 2018 FIGO cervical
cancer staging permits imaging and pathological finding to
be incorporated into disease staging, where available [1].

Anatomy of the cervix

The cervix is the lower portion of the uterus, and typically
measures two to five centimeters in length. Unlike the uter-
ine corpus, the body of the cervix is mainly fibrous, with
little smooth muscle. The cervix connects the lower uterine
segment to the vaginal vault, where the portion that extends
into the vagina is known as the portio vaginalis or ectocer-
vix. The ectocervix is lined by stratified squamous epithe-
lium, while the epithelium of the supravaginal endocervix is
composed of columnar glandular cells. Metaplasia develops
at the squamocolumnar junction, also called the transforma-
tion zone. In this region, under the influence of estrogen and
other factors, and in the setting of high-risk HPV, columnar
cells can transform into squamous cells. This metaplastic
process, in the presence of high-risk HPV, appears to be the
key event of cervical cancer tumorigenesis [3, 6].
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Intraperitoneally, the cervix is covered anteriorly by the
bladder and its peritoneum in the anterior cul-de-sac. The
vesicocervical space is a potential space located between
the cervix and bladder. This potential space extends cau-
dally as the vesicovaginal space and is bound laterally by the
vesicocervical or vesicouterine ligaments, also known as the
bladder pillars. Posteriorly, the peritoneum over the cervix
extends to the cul-de-sac of Douglas, with the lateral mar-
gin being the uterosacral ligaments. Laterally, the cardinal
ligaments extend to the pelvic sidewall. These three-paired
ligaments, namely the vesicouterine, uterosacral and cardi-
nal ligaments, are commonly referred to as the parametrium,
and are traversed by the pelvic ureter [7].

MRI imaging of cervical cancer
Normal appearance of the cervix

The normal cervix demonstrates four distinct layers on
T2WI, best appreciated on sagittal view. The central
endocervical mucosa, which is contiguous with the endome-
trium, appears hyperintense on T2WI. The plica palmatae,
subjacent to the hyperintense mucosa, demonstrates mod-
erately hyperintense T2 signal. The middle fibromuscular
stroma is hypointense on T2WI, and contiguous with the
hypointense junctional zone of the uterus in most women.
The outer fibromuscular stroma demonstrates hypointense
to intermediate intensity T2WI, and is contiguous with the
outer myometrium [8] (Fig. 1).

High-resolution T2-weighted imaging is the mainstay for
tumor detection as it best depicts cervical tumors and their
extension into the uterus, parametrium and adjacent organs.
Cervical cancer typically appears as a hyperintense T2 mass
compared to the background hypointense T2 signal of the
cervical stroma. A visible cervical mass indicates stage IB
or higher, and it can be variable in appearance, often appear-
ing exophytic, infiltrating, or barrel shaped (Figs. 2, 3 and
4). Oblique axial T2WI planned perpendicular to the cervi-
cal long axis provides more accurate assessment of stromal
involvement and parametrial invasion. Fat-suppressed T2
sequences can be helpful for the evaluation of parametrial
involvement [8, 9]. The MRI protocols are tailored per insti-
tution and ours is shown in Table 1.

The role of gadolinium

There is wide variation in the literature regarding use of
IV gadolinium-based agents, however, some studies have
shown that the detection of small tumors may be improved
due to early enhancement relative to cervical stroma on
dynamic contrast-enhanced (DCE) [10] (Fig. 2) MRI is
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Fig. 1 Anatomy of the cervix.
Sagittal T2 Fat-sat shows the
MRI anatomy of the normal
cervix. Hyperintense T2
endocervical canal (black
arrow), hypointense T2 fibrous
stroma (block arrows), and
intermediate T2 signal of
smooth muscle (asterisks).
Please note plica palmatae
subjacent to the endocervical
mucosa (curved white arrow)

CERVIX

Fig.2 Oblique axial T2 (a) and axial T1 post-contrast (b) demonstrate a subtle cervical neoplasm that is poorly defined, mildly hyperintense on
T2 (white arrows) and more conspicuous after administering IV contrast (black arrows). Please note distended vagina with sonographic gel (V)

being used as a tool for the detection of tumor recurrence
and post-radiotherapy changes [11].The use of gadolinium
is helpful in the detection of residual tumor after neoadju-
vant treatment; however, benign conditions such as edema,
inflammation and necrosis induced by radiation could
mimic residual tumor post treatment [12].

DCE MRI has been shown to be superior to conven-
tional T1WI post gadolinium. A recent study [13] DCE
MRI has value in identifying complete and incomplete
response after neoadjuvant treatment. A time-signal inten-
sity curve steeper than that of myometrium is significantly
associated with the presence of residual tumors, which

is in line with the typical early and strong enhancement
of nontreated cancers. Applying DCE could identify the
absence of residual tumor and potentially avoid unneces-
sary surgery [14].

Diffusion-weighted imaging (DWI)

The detection and evaluation of cervical cancer is typically
carried out on the T2WI, which show the highest anatomical
detail owing to their excellent intrinsic tissue contrast resolu-
tion. A potential pitfall in the evaluation of cervical cancer
is discerning the T2 hyperintense tumor from peritumoral
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Fig. 3 Diffusion-weighted
images (DWI) and apparent dif-
fusion coefficient (ADC) map.
Axial DWI (a) demonstrates
abnormal hyperintense signal
of a cervical mass (white block
arrows) with corresponding
hypointense signal on ADC (b)
representing restricted diffusion
(black block arrows). Compare
with the hypointense ring of
the normal cervix (white thin
arrows) in both DWI (¢) and
ADC (d)

Table 1 MRI protocol used at our institution for cervical cancer staging

Pre-scan preparation
60 ml of surgilube: intravaginal via Foley catheter or catheter syringe
Antiperistaltic agent Glucagon (1 mg): Half dose before study: other half during pre-contrast image acquisition
Technical details
Slice thickness: 4 mm, 3 mm for high-resolution sequences
Field of view (FOV): 24-32 cm
Sequences
3-plane localizer
Axial T1 in/out phase (straight to whole pelvis): TR 175 ms; TE: 1.3/2.5 ms*; slice thickness 5 mm
Axial T2 FRFSE (straight to whole pelvis): TR 6000 ms; TE 120 ms; slice thickness 4 m m
Sagittal T2 FRFSE: (TR 5500 ms; TE 120 ms; FOV 24 cm; slice thickness 4 mm
Oblique T2 FSE (perpendicular to mass-can be axial or coronal oblique): TR 4000 ms; TE 120 ms; slice thickness 4 mm
Oblique DWI non-BH (b800) (perpendicular to mass-can be axial or coronal oblique)
Sagittal oblique DWI Non-BH (b500)
Oblique 3D FSPGR pre and post contrast: TR: 4 ms; TE 1.7 ms; slice thickness 3.6 mm.
Contrast: gadolinium based agent, no timing run required (25 s scan delay)
Oblique 3D fat-sat T1 post-contrast (3 Phases: Image Phases at 0:0, 0:50, 1:35 s)
Sagittal 3D fat-sat T1 post-contrast (to include uterus)
Optional sequences
Oblique 3D Fat-Sat T1 post contrast (perpendicular to mass)
Abbreviations
BH: breath-hold; DWI: diffusion weighted imaging; TR: repetition time; TE: time echo; FOV: field of view
FSE: fast-spin echo
FRFSE: fast recovery fast spin echo
FSPGR: fast spoiled gradient echo
3D: 3-dimensional
*3: tesla
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edema, leading to increased risk of overstaging, based on
incorrect tumor size, and the consequent changes in man-
agement [15].

Diffusion-weighted imaging (DWI) helps differentiate
between tumor tissue and reactive changes. Cervical cancer
demonstrates lower ADC values (i.e., more restricted dif-
fusion) than does the normal cervical tissue (Fig. 3), hence
DWI may allow for more accurate staging of cervical can-
cer by depicting more accurate determination of depth of
invasion and status of nodal involvement [16]. DWI may be
helpful because it can distinguish tumor from peritumoral
edema, improving the accuracy of tumor measurement.
Similarly, DWI may represent a powerful adjunct for dif-
ferentiating between metastatic and non-metastatic lymph
nodes, as it reflects differences in cellularity [17].

The correlation between DWI features and recurrence-
free survival is well known [18]. The response to neoad-
juvant therapy can be assessed qualitatively by observing
high-signal intensity on high-b-value DW and quantitatively
with ADC value measurement. Some failed to demonstrate a
‘cutoff” ADC associated with complete response [19]; other
studies [20, 21] have found a significant difference for median
ADCs between cervical cancer and normal cervix before
treatment and in responders versus nonresponders to neoad-
juvant treatment. Overall, DWI may help identify patients at
greater risk of early recurrence after treatment and has the
potential ability to help differentiate between complete and
incomplete response to neoadjuvant treatment [11].

MRI staging of cervical cancer

Stagel

Stage IA  Invasive carcinoma that can be diagnosed
only by microscopy, with maximum depth of

invasion <5 mm.

1A1 Measured stromal invasion <
3 mm in depth.
1A2 Measured stromal invasion >
3 mm and <5 mm in depth.
Stage 1B Invasive carcinoma with a measured depth of
stromal invasion>5 mm, or with a clinically
visible tumor, limited to cervix (Fig. 4):

1BI A clinically visible tumor <2 cm
in greatest dimension, or a sub-
clinical (i.e. microscopic) lesion
with >5 mm depth of stromal

invasion
1B2 Invasive carcinoma>?2 cm and
<4 cm in greatest dimension.
1B3 Invasive carcinoma>4 cm in

greatest dimension.

There is a limited role for imaging of stage IA tumor
since these tumors are identified histologically and by defini-
tion are not clinically visible. MRI and additional imaging
(PET, see below) is typically performed for larger stage IB

Fig.4 Stage IB: Earliest detectable stage on imaging. Axial T2 (a)
demonstrate a stage IB1 tumor disrupting the T2 stroma and measur-
ing less than 2 cm (arrows). Sagittal T2 (b) shows a stage IB2, hyper-
intense cervical cancer (asterisk) measuring 2 cm. Axial T2 (¢) dem-

onstrates a stage IB3, a 5 cm cervical cancer with papillary fronds (T)
without vaginal invasion. Note vaginal distention with sonographic
gel (V). Pathology of the IB3 mass was consistent with villonodular
subtype of cervical cancer
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tumors (e.g. IB2 and IB3), and is also commonly performed
for smaller clinical lesions (e.g. IB1-IB2) in patients plan-
ning on undergoing uterine/fertility-sparing radical trache-
lectomy to better define the extent of endocervical tumor.

Stage ll

Tumor is seen beyond the cervix into the upper two thirds of
the vagina (ITA) or into the parametrium (IIB).

IIA Extension into the upper two thirds of the vagina
(Fig. 5)

— [IIAI <4 cm greatest dimension.
— IIA2 4 cm greatest dimension.

IIB  Parametrial invasion, but not extending to the pelvic
sidewall (Fig. 6).

Parametrial invasion is indicated by disruption of the nor-
mal hypointense signal of the cervical stromal ring, often
seen as a spiculated tumor—parametrium interface, nodular
tumor extension into the parametrium, or tumor encasement
of the periuterine vasculature.

The preservation of the hypointense stromal ring on
T2WTI has a highly negative predictive value for parametrial
invasion [22]. The disruption of the cervical stromal ring
could be erroneously overstaged as parametrial invasion. To
avoid this pitfall, it is important to remember that the deline-
ation of the cervical fibromuscular stroma and the parame-
tria is the thin T2 intermediate/hypointense outer margin of
the cervix, rather than the more hypointense cervical stroma

Fig.5 Stage ITA. Axial T2 (a) shows stage [1A1l (<4 cm), and axial
T2 (b) shows stage IIA2 (>4 cm) cervical neoplasms (T) in two dif-
ferent patients. The tumors have T2 intermediate/hyperintense signal
and extend into the upper vagina with gel (curved arrow), however,
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(Fig. 6). When tumor involves the portio vaginalis, disrup-
tion of the vaginal wall is also suggestive of parametrial
involvement [13].

The specificity of MRI in detecting parametrial invasion
decreases with larger tumors, particularly when tumor size
is greater than 4 cm. This results from peritumoral edema,
which manifests as T2 hyperintense signal that gives the
appearance of cervical stromal disruption [23, 24].

Vaginal involvement by the cervical mass is best evalu-
ated at the time of clinical examination. On MRI, vaginal
involvement manifests as disruption of the normal hypoin-
tense T2 W vaginal wall by hyperintense or intermediate
signal of the tumor. Post-contrast TIWI is helpful in dem-
onstrating hypoenhancing tumor within the vagina. The use
of vaginal gel is commonly used in pelvic protocols. The use
and potential benefits have not been widely tested, though a
study [25] showed that when vaginal gel is utilized, there is
improved accuracy in staging of early cervical cancer. In our
experience, distending the vagina with sonographic gel helps
in the evaluation of vaginal involvement by tumor (Fig. 4).

Stage lll

Tumor involves the lower third of the vagina or pelvic side-
wall. The updated 2018 FIGO staging system designates
involvement of the regional lymph nodes as stage IIIC
(whether identified by imaging or pathology).

IIIA  No extension into pelvic sidewall, tumor extends into
the lower third of the vagina (Fig. 7).

Bladder

Rectum

there is no parametrial extension. Note intact T2 hypointense cervical
stroma and vaginal wall surrounding the tumor in both cases (block
white arrows)
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Fig.6 Stage IIB. Axial T2 images in two different patients (a, b)
show disruption of the T2 hypointense cervical stroma (block black
arrows) by cervical cancer (T). Note portions of preserved T2 hypoin-
tense stroma (thin arrows). Compare to sagittal T2 (c¢) and corona]
T2 (d) in stage IIA, showing a cervical mass (T) with preserved T2

IIIB  Extension into the pelvic sidewall or ureteral involve-
ment with hydronephrosis caused by tumor. The pres-
ence of pelvic sidewall invasion is indicated by tumor
extension into the iliac vasculature, internal obturator,
piriformis or levator ani muscles. A dilated ureter,
obstructed by tumor is considered pelvic sidewall
invasion (Fig. 7).

When tumor extends into the inferior third of the
vagina, a more complex and extensive strategy
for radiation therapy planning is needed [26]. The
accuracy of MRI in determining vaginal invasion
ranges from 83 to 94%. The decreased accuracy is
a result of vaginal wall edema, which can mimic
tumor involvement. Again, this would be best
resolved on clinical exam [23].

IIIC Involvement of pelvic and/or para-aortic lymph

nodes, regardless of tumor size and extent (Fig. 8).

d

hypointense outer margin of the fibromuscular stroma and no exten-
sion into the parametria (block white arrows). Please also note “hazi-
ness” adjacent to the cervix which may be confused with tumor
involvement (curved arrow)

— 11l C1 Pelvic lymph node metastasis only.
— IIIC2 Para-aortic lymph node metastasis.

* The notations r (imaging) and p (pathology) are used
to indicate the method used to allocate the case to Stage
IIIC. For example, if imaging shows pelvic lymph node
metastasis, the stage is IIIC1r, and if confirmed with
pathology, IIIC1p.

Stage IV
The tumor extends into the bladder or rectum (biopsy proven
bladder or rectal mucosal involvement) and/or beyond the

true pelvis.

IVA  Extension into adjacent bladder or rectum (Fig. 9)
IVB Distant metastases (Fig. 9).
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Fig.7 Stage Ill in three different patients. Sagittal T2 (a) demon-
strates stage IIIA of a biopsy-proven tumor-extending into the lower
third of the vagina (block white arrow). Note obstruction of the cor-
pus uteri (¥). Axial T2 (b) shows a different heterogeneous cervical
mass (T) extending abutting the left internal obturator muscle (block

Fig.8 Example of pelvic adenopathy. An enlarged heterogeneous
left common iliac lymph node consistent with malignant adenopathy
(arrow). The morphology of the lymph node such as round shape,
heterogeneous signal, necrosis and spiculated margins are associated
with malignant lymph nodes regardless of size

@ Springer

black arrow), consistent with pelvic side-wall involvement (stage
IIIB). Axial T2 (c) shows obstruction of the left ureter (arrowhead) by
the cervical mass (T), also consistent with pelvic side-wall invasion
(stage 11IB)

Tumor involvement of the bladder is depicted as disrup-
tion of the hypointense bladder wall by the mass. Direct
invasion of the rectum by the cervical mass is uncommon,
as the pouch of Douglas separates the posterior fornix of
the vagina from the rectum. Rectal invasion is indicated by
disruption of the T2 hypointense rectal wall by hyperin-
tense tumor, which can then protrude into the rectal lumen
[27] (Fig. 9b).

The preferred route for rectal invasion is via the utero-
sacral ligaments [28]. False positives occur when tumor
abuts the rectum or bladder wall without mucosal inva-
sion or when bladder wall edema mimics tumor involve-
ment (i.e. bullous edema). Bullous edema commonly noted
cystoscopically or on imaging, does not constitute IVA
disease [29]. The accuracy of MRI ranges between 71
and 100% for bladder, and 88-91% for rectal invasion,
respectively. MRI has also demonstrated a high negative
predictive value (up to 100%) for exclusion of bladder and
rectal invasion, therefore, the need for cystoscopy and
endoscopic staging procedures is not mandated by FIGO
if the staging MRI is negative for tumor involvement of
these structures [30].
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Fig.9 Stage IV. Sagittal T2
demonstrate large cervical
tumors (T) with internal gas and
fluid (¥) in different patients.
Bladder wall invasion (a) shown
by disruption of the normal
bladder wall (black arrowheads)
by tumor extending into the
lumen (thin arrows). Rectal

wall invasion (b) in a different
cervical mass extending into

the rectal lumen (block arrow).
Compare to the preserved rectal
wall more superiorly (curved
arrow). Axial CT chest (¢) dem-
onstrates mediastinal adenopa-
thy (block black arrow)

Clinical staging and implications of MRI

The revised FIGO staging now incorporates imaging evalu-
ation in addition to clinical examination, according to avail-
able resources. MRI is the best method of radiologic assess-
ment of primary tumors greater than 10 mm and has the
ability to identify additional prognostic factors, which can
guide the choice of treatment modality.

Treatment of cervical cancer depends on the stage
(Table 2). Prognostic factors are taken into considera-
tion when considering the radicality of surgery, whether
a fertility-sparing procedure is an option, and whether
chemo-radiation would be the preferred primary treatment.
Principally, it is best to avoid radical surgery, followed by
adjuvant chemo-radiation (for negative prognostic factors
such as lymph node metastases), as the short- and long-
term complications from this can be significant. Surgical
treatment is the preferred modality for the treatment of
small, early Stage 1B1/IB2 and ITA1 lesions. Depending
on the substage, this could include cone biopsy + simple
extrafascial hysterectomy, versus radical hysterectomy or

radical trachelectomy (for uterine/fertility preservation)
for larger lesions. Lesion size (i.e. IB1 vs. IB2) suggests
whether fertility-sparing and minimally invasive surgery
are appropriate options [31]. More advanced lesions (e.g.
IB3 and higher), are typically treated with chemo/radiation
therapy. Imaging provides valuable clinical information
during treatment planning [32, 33].

A shortcoming of the previous FIGO clinical staging
system is the accurate assessment of parametrial invasion,
tumor size, depth of invasion, and lymph node metasta-
ses by low-cost means (e.g. exam under anesthesia, [VP).
These are key factors in predicting the need for adjuvant
chemo-radiation therapy after radical surgery, which, as
outlined above, is a circumstance clinicians aim to avoid.
Accordingly, when available, the 2018 FIGO staging sys-
tem permits imaging to assess for these factors. Studies
have shown an estimated error rate with clinical staging
of up to 25% for stage I and II disease, and 40% for more
advanced stages. Additionally, there is a high inter and
intra-observer variation in clinical pelvic examination
[34]. An accurate pretreatment evaluation of parametrial
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Table 2 Revised FIGO Staging

Stage Description
1 Carcinoma strictly confined to cervix (extension to uterine corpus disregarded), diagnosed only by microscopy
1A
1Al Measured stromaL invasion <3 mm in depth
1A2 Measured stromal invasion>or=3 mm and <5 mm in depth
1B
IB1 Invasive carcinoma > 5 mm depth of stromal invasion, and <2 c¢m in greatest dimension
1B2 Invasive carcinoma >2 cm and <4 cm in greatest dimension
1B3 Invasive carcinoma >4 cm in greatest dimension
II Carcinoma invades beyond uterus, but has not extended onto lower third of vagina or pelvic wall
ITA1 Involvement limited to upper two-thirds of vagina without parametrial involvement, Invasive carcinoma <4 cm in greatest dimension
ITA2 >4 cm in greatest dimension
1B
1IB With parametrial involvement, but not up to pelvic wall
I Carcinoma involves lower third of vagina and/or pelvic wall and/or causes hydronephrosis or nonfunctioning kidney and/or involves
pelvic and/or para-aortic lymph nodes
IIA
1A Carcinoma involves lower third of vagina, no extension to pelvic wall
111B
1B Extension to the pelvic wall and/or hydronephrosis or nonfunctioning kidney (unless known to be due to another cause)
1Ic
Ic Involvement of pelvic and/or para-aortic lymph nodes, irrespective of tumor size and extent (with r (imaging) and p (pathology)
notations)
1IC1 Pelvic lymph node metastasis only
cz Para-aortic lymph node metastasis
v Carcinoma extends beyond true pelvis or involves (biopsy proven) the mucosa of the bladder or rectum
IVA
IVA Spread to adjacent pelvic organs
IVB
IVB Spread to distant organs

invasion is crucial for both treatment planning and patient
outcome [35].

A recent meta-analysis [22] of 3254 patients studied in
40 papers revealed that the pooled sensitivities for the detec-
tion of parametrial invasion and advanced disease in cervical
carcinoma are significantly higher for MRI than for clinical
exam, although the specificities of both are high and com-
parable. Despite the heterogeneity among the studies, they
concluded that MRI is significantly better at excluding para-
metrial invasion and advanced disease compared to clinical
examination.

Tumor size is also essential for prognosis and subse-
quent patient management [17]. Clinically visible lesions,
and those with larger dimensions, are allocated to Stage
IB and subgroups bases on the maximum diameter of
the lesion. However, extension to the uterine corpus is
disregarded for staging purposes at it does not in itself
alter either the prognosis or management. Tumor volumes
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measured on MRI have been shown to give an accurate
representation of true pathological tumor diameter within
the cervix when compared with the anatomic pathologi-
cal specimen. The FIGO measurement on EUA correlates
poorly with average MR tumor diameter [36].

In a retrospective study [37] of 183 patients between
2003 and 2006, pretreatment staging MRI changed both
the initial FIGO clinical staging and treatment planning
and achieved a greater impact in higher tumor stages. In
addition to more accurate tumor size and parametrial inva-
sion assessment, MRI plays an important role in obese
patients, who are generally more difficult to examine clini-
cally. Besides staging, MRI can also help identify patients
who may be candidates in deciding fertility-preserving
surgery with radical trachelectomy by identifying a cer-
vical length greater than 2.5 cm and tumor which is less
than 2 cm in size and greater than 1 cm from the internal
os [38].
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Assessment of lymphadenopathy

Lymph nodal involvement is one of the most important
prognostic factors in cervical cancer (Fig. 8). Pelvic lym-
phadenectomy is performed as a component of radical sur-
gery given the high frequency of lymph node involvement
[38, 39]

Although not part of the previous FIGO staging, it is
recognized that the presence of lymph nodal metastases
decreases the overall 5-year survival rates by 35-40% [40].
It was also found to be an important predictor for local
control and, in one series [41], lymph nodal involvement
was the most important predictor of overall survival. This
and similar data led to changes in the 2018 FIGO staging
system, with the presence of regional lymph nodes metas-
tases designated as stage IIIC [42].

The traditional accepted MRI criteria for diagnosing
metastatic pelvic lymph nodes is a shortest axis lymph
node of greater than 1 cm, which has revealed a relevantly
low sensitivity (30-73%). Overall, the sensitivity and
specificity for detection of lymph node metastases by MRI
widely ranges from 38-89% and 78-99%, respectively.
Additional features that can be used to identity suspicious
nodes include round shape, irregular margins, heterogene-
ous T2 signal, or the presence of necrosis [43].

DWI has emerged as a new technique for detecting
pelvic lymph metastases in patients with cervical cancer.
Additionally, the quantitative assessment can be performed
by the measurement of the ADC. However, despite multi-
ple studies that analyzed the feasibility of diagnosing met-
astatic adenopathy, the findings are inconclusive [44, 45].

Fig. 10 Treatment response.
Sagittal T2 (a) demonstrates

a large cervical mass (T)
obstructing the corpus uteri

(C) before treatment. Sagittal
T2 (b) after radiation demon-
strates resolution of the mass
and new visualization of the T2
hypointense cervical stroma (¥*).
Note improved obstruction of
the corpus (C) and small cervix
post-radiation (block arrows)

In a recent meta-analysis [46], in regards of the perfor-
mance of DWI in lymph node metastases in 1021 patients,
DWI appears useful for differentiation between metastatic
and benign lymph nodes in patients with uterine cervical
cancer. Given the heterogeneity of the studies analyzed
and lack of a standard protocol among the institutions,
large, multi-centric and prospective studies with standard-
ized diffusion protocols are still needed for further change
in routine clinical applications.

Assessment of treatment response

Role of MRI

MR imaging is 78% accurate in evaluation of tumor
response; in 22% of patients, however, benign conditions are
not distinguishable from tumor [8]. There is no consensus
in the reviewed literature regarding indication of MRI for
routine follow-up of cervical carcinoma after chemoradia-
tion or surgery. After trachelectomy, MRI at 6 months and
1 year is advised due to high recurrence rate fertility sparing
[41] [47].

MR criteria for a complete response include: (a) No
lesion seen in the cervix or in the adjacent anatomic areas,
(b), homogeneous hypointense cervical stroma and (c)
homogeneous and delayed intravenous contrast uptake of
the cervix [26] (Fig. 10).
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Fig. 11 Pitfall of residual tumor. Axial T2 pre-treatment (a) shows a
large tumor (T) with parametrial extension (black arrow) and corre-
sponding FDG avidity on PET-CT (white arrow) (b). Axial T2 post-
treatment (c¢) demonstrates improvement of the mass with heteroge-

Role of PET-CT

Combining metabolic PET images with anatomic CT
has proven highly accurate in identifying the presence of
regional lymph node involvement as well as extrapelvic dis-
ease extension. PET-CT has been found to be useful for
initial staging, assessment of therapy response, and detec-
tion of recurrence in patients with cervical cancer [48]
(Figs. 11, 12). The initial staging may be improved by pro-
viding information on extrapelvic and para-aortic sites, such
as thoracic adenopathy, lung, bone, peritoneum, omentum,
adrenal gland, and liver and also helps in treatment planning
with external beam radiotherapy for patients with locally
advanced cervical cancer [34].

Role of PET-MRI

In general, FDG-PET is combined with low-dose CT
images. The contrast resolution of CT is inferior to that
of MRI, therefore, if local treatment is suspected based on
PET-CT, MRI is necessary for adequate treatment plan-
ning. The pitfalls of MRI alone in the detection of residual
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Treated cervix
with air fluid

neous residual signal in the right parametrium (arrowhead). PET-CT
post treatment done simultaneously (d) demonstrates no FDG activ-
ity (circle), compatible with complete response. Please note fiducials
(white arrow)

or persistent disease is complicated by the false-positive
results that can occur by inflammation-induced edema,
necrosis and post-radiation induced fibrosis. The combi-
nation of MRI and FDG-PET results in a more accurate
diagnosis, staging and follow-up of cervical cancer [49].
Additionally, FDG-PET is able to assess lymph node metas-
tasis, potentially resulting in better treatment decisions after
radiation treatment [50].

Conclusion

The staging system of cervical cancer remains clini-
cal, but the new revised 2018 FIGO staging systems also
permits, when available, imaging and pathology data to
assign or change the stage. MRI is the modality of choice
for local-regional staging of cervical cancer, evaluating
the response to treatment and detecting tumor recurrence
and potential complications. The combination with PET
or PET-CT and other imaging modalities can also depict a
more accurate detection of pathological lymph nodes, pro-
viding important information about prognostic factors in this
disease.
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Fig. 12 Pitfall of residual
tumor. Axial T2 (a) demon-
strates a hyperintense cervical
mass in the right posterolateral
cervix before treatment (block
white arrow). Axial T2 (b) of
the same patient after treat-
ment demonstrates abnormal
intermediate T2 signal (block
black arrow) with correspond-
ing enhancement shown (thin
white arrows) (c), concerning
for residual tumor. PET-CT (d)
performed shortly after demon-
strates no FDG uptake (circle)
at the level of the cervix, adja-
cent to a fiducial marker (curved
arrow) consistent with complete
response
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