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MR imaging of carcinoma cervix
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Abstract

Cervical cancer is a common gynecological malignancy and a frequent cause of death. Patient outcome depends on tumor 
stage, size, nodal status, and histological grade. Correct tumor staging is important to decide the the treatment strategy. Magnetic 
Resonance Imaging is accepted as a preferred imaging modality to assess the prognostic factors.
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GENITOURINARY AND OBSTETRIC RADIOLOGY

Introduction

Uterine cervical cancer is the third most common malignancy 
affecting the female genital tract in middle age group 
between 45 and 55 years.[1,2] Its incidence is increasing rapidly 
in developing countries. The International Federation of 
Gynecology and Obstetrics (FIGO) staging system updated 
in 2009 [Table 1] is commonly used for treatment planning 
but is inadequate in the evaluation of prognostic factors like 
tumor volume and nodal status.[1,3] Magnetic Resonance 
Imaging (MRI) is the preferred imaging modality because 
of its ability to assess soft  tissue in detail, permitt ing thereby 
bett er identifi cation of stromal and parametrial invasion 
as compared to computed tomography (CT). Radiation 
exposure and inaccuracies in detection of parametrial 
invasion are the other limitations of CT. MRI tells us the 
exact volume, shape, and direction of the primary lesion, 
local extent of the disease, and nodal status accurately, which 
helps the clinician in treatment planning. Tumor behavior 
to chemoradiation is also bett er evaluated with MRI. FIGO 
staging system is used to stage cervical cancer on MRI.[4] 
Histologically, squamous cell carcinoma is the commonest 
type. Other types are adenocarcinoma, adenoid-cystic, 
adenoid-basal, and small cell carcinoma.[5]

MRI protocol

MRI was performed on GE Signa HDxt 1.5 Tesla unit, USA. 
Patient is instructed to fast for 4 h before examination to 
reduce small bowel peristalsis artifacts. Axial T1W images 
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Table 1: FIGO staging for carcinoma of cervix
Stage I Carcinoma is strictly confined to cervix (extension to the corpus 

would be disregarded)

IA Invasive carcinoma diagnosed by microscopy with the deepest 
invasion ≤5 mm and the largest extension ≥7 mm

IA1 Stromal invasion of ≤3 mm in depth and extension of ≤7 mm

IA2 Stromal invasion between 3 and 5 mm and extension of not more 
than 7 mm

IB Clinically visible lesions limited to cervix or preclinical cancer greater 
than stage IA

IB1 Clinically visible lesion ≤4 cm in the greatest dimension

IB2 Clinically visible lesion >4 cm in the greatest dimension

Stage II Carcinoma invades beyond the uterus but not to the pelvic wall or to 
the lower-third of the vagina

IIA Without parametrial invasion

IIA1 Clinically visible lesion ≤4 cm in the greatest dimension

IIA2 Clinically visible lesion >4 cm in the greatest dimension

IIB With obvious parametrial invasion

Stage III Tumor extends to the pelvic wall and/or involves lower-third of the 
vagina and/or causes hydronephrosis or non-functioning kidney

IIIA Tumor involves lower-third of the vagina with no extension to the 
pelvic wall

IIIB Extension to the pelvic wall and/or hydronephrosis or non-functioning 
kidney

Stage IV Carcinoma has extended beyond the true pelvis or has involved 
(biopsy proven) the mucosa of bladder or rectum. A bulbous edema 
does not permit a case to be allotted to stage IV

IVA Spread of cancer to adjacent organs

IVB Spread to distant organs
FIGO: International federation of gynecology and obstetrics
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are obtained from the kidney to perineum using 256 × 256 
matrix, 32 cm fi eld of view (FOV), 4 mm slice thickness, 
1 mm interslice gap, and 2 number of excitation (NEX). This 
is optimal for evaluation of the pelvis and lower abdomen 
for lymphadenopathy and hydronephrosis. High-resolution 
T2W images of pelvis are acquired in axial, sagitt al, and 
coronal planes using 512 × 256 matrix, 24 cm FOV, 4 mm slice 
thickness, 1 mm interslice gap, and 2 NEX for the evaluation 
of primary tumor spread. It allows the evaluation of tumor 
extension to the body of uterus, vagina, parametrium, 
rectal wall, and urinary bladder wall. Oblique axial T2W 
images planned perpendicular to the long axis of cervix 
give more accurate assessment of stromal involvement 
and parametrial invasion. Fat-suppressed sequences can 
be useful for the evaluation of parametrial involvement. 
Post-contrast images are obtained in axial, coronal, and 
sagitt al planes, and are useful to identify bladder and rectal 
wall invasion, fi stulas, and in the detection of recurrent 
tumor. Routine post-contrast images can overestimate 
stromal and parametrial invasion.[6] Dynamic images 
obtained 30-60 seconds after gadolinium injection are 
helpful for the assessment of smaller tumors which are not 
visible on T2W images as they show increased early contrast 
enhancement relative to the cervical stroma.[7]

Normal cervix

The cervix is divided into supravaginal and vaginal 
portions by fornices; the supravaginal portion is lined 
by columnar cells and the vaginal portion by squamous 
cells.[4,6] MRI anatomy of the cervix is best delineated on 
T2W image [Figure 1] as it outlines the four major zones 
of cervix. From center to periphery, these are high signal 
intensity endocervical canal, intermediate signal intensity 
plicae palmatae, low signal intensity fi brous stroma, and 
intermediate signal intensity outer smooth muscle.[4]

MRI fi ndings

Mortality with invasive cervical cancer is unexpectedly high 

and is around 30%. These patients expire from recurrent or 
persistent disease.[8] Hence, early detection of the disease, 
its correct staging, and treatment are of great importance. 
Tumors generally originate from the squamocolumnar 
junction, and this is why, exophytic masses are common 
in younger females whereas endocervical masses are 
common in older females.[1] T2W images play a crucial role 
in identifi cation of the primary tumor and assessment of its 
extent.[9] Acquisition in axial, sagitt al, and coronal planes 
is suffi  cient for staging in most of the cases. These masses 
show intermediate to high signal on T2W images. Early 
tumor can be identifi ed on dynamic contrast-enhanced 
images.[10] Diffusion-weighted images have some role 
in making the diagnosis. Tumor tissue has signifi cantly 
low apparent diff usion coeffi  cient value as compared to 
nontumor tissue.[9]

Tumor Spread

Stage I tumor is limited to cervix. Stage IA is microscopic 
disease and is not visible on MRI.  A visible tumor clinically 
stage the patient as IB or higher [Figures 2 and 3]. Peripheral 
T2-hypointense stroma is maintained in IB.[1,4]

Stage II is considered when the tumor extends beyond the 
cervix. Involvement of the upper two-third of the vagina is 
seen as segmental loss of the normally seen T2-hypointense 
vaginal wall and is staged as IIA [Figure 4]. According 
to revised FIGO staging, if the tumor size is ≤4 cm, it 
is stage IIA1 and if it is >4 cm, it is stage IIA2. In stage 
IIB, the tumor disrupts the normally seen hypointense 
peripheral stroma on T2W images and extends in the 
parametrium [Figure 5].[1,4] Intact T2-hypointense stroma 
ring has a high negative predictive value for parametrial 
invasion and is between 94% and 100%.[6] Confident 
diagnosis of parametrial invasion is made when one sees 
the spiculated tumor-parametrial interface, soft  tissue mass 
in parametrium, encasement of periuterine vessels, and 
ureter.[11-13] MRI sometimes can overstage large tumors due 
to edema or infl ammation caused by tumor compression, 
which should be kept in mind while planning treatment.[11]

Figure 1: Normal cervix. The four major zones are very well depicted 
on T2W images. High signal intensity endocervical canal, intermediate 
signal intensity plicae palmatae, low signal intensity fi brous stroma, 
and intermediate signal intensity outer smooth muscle are indicated 
by white arrow, black arrow, white arrow-head, and black arrow-head, 
respectively

Figure 2 (A, B): A 50-year-old female with squamous cell carcinoma 
of cervix (stage IB1). Axial and sagittal T2W images reveal 
hyperintense mass confi ned to cervix (white arrows in A and B)

BA

BA
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Stage III is defined as tumor extension to the lower 
third of the vagina or lateral pelvic wall with associated 
hydronephrosis. Involvement of lower third of the vagina 
without extension to pelvic wall is IIIA [Figure 6]. Rarely, 
one may see the infiltration of posterior bladder wall 
without extension to the bladder mucosa. Stage IIIB is 
considered when the tumor is less than 3 mm from the side 
wall, causes hydroureter, infi ltrates the obturator internus, 
pyriformis, and levator ani muscles, encases the iliac vessels, 
and destroys the pelvic bones [Figure 7]. [10,12]

Presence of bladder or rectal mucosa involvement or 
distant metastasis upgrades the tumor to stage IV. In 

stage IVA, bladder and rectal invasion is suggested by 
the presence of focal or diff use disruption of the normally 
seen T2-low signal intensity wall, irregular or nodular 
wall, and presence of an intraluminal mass [Figure 8]. 
Bulbous edema sign, which is hyperintense thickening of  
the bladder mucosa on T2W images, is an indirect sign of 
invasion and should be evaluated with care for associated 
tumor nodule [Figure 9].[1,11] Accuracy of MRI for bladder 
and rectal wall invasion increases with contrast-enhanced 
images as compared to T2W images.[7] Distant spread 
of tumor to the liver, lung, bones, peritoneum, and soft  
tissue is defi ned as stage IVB [Figure 10]. Rarely, adrenals, 
spleen, kidneys, pancreas, and gastrointestinal tract are 
involved.[14]

Figure 6: A 65-year-old female with poorly differentiated squamous 
cell carcinoma (stage III A). Hyperintense mass infi ltrating the vaginal 
fornices and extending caudally to lower third of the vagina along the 
the anterior and posterior vaginal walls (white arrow). Collection in 
endometrial cavity is seen as hyperintensity (black arrow)

Figure 3 (A, B): A 39-year-old female with carcinoma cervix (stage IB2). 
Polypoidal cervical mass is seen extending in endometrial cavity (black 
arrow in B). Preserved peripheral hypointense stromal ring (white arrow 
in A) is well seen on T2W sequence

BA

Figure 5 (A, B): Squamous cell carcinoma in a 40-year-old female 
(stage IIB). Mass in cervix causing disruption of outer T2-hypointense 
stromal ring (white arrow in A) with extension into parametrium and 
abutting the parametrial vessels (black arrow in B)

BA

Figure 4 (A, B): A 49-year-old female with adenocarcinoma of uterine 
cervix (stage IIA). Sagittal and axial T2W images show ill-defi ned  
hyperintense mass in the cervix (white arrow in A) and extending into 
upper third of the vagina along the the anterior and posterior walls (black 
arrows in A and B)

BA

Figure 7 (A, B): Cancer of uterine cervix in  a 65-year-old female (stage 
IIIB). Axial and coronal T2W images show intermediate signal intensity 
cervical tumor with parametrial invasion and involvement of distal 
ureters bilaterally (white arrows in A and B)

A B
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Lymph Node Involvement

Lymph node metastasis initially occurs to pelvic nodes, 
which then subsequently spreads to retroperitoneal and 
supraclavicular nodes. Paracervical and parametrial nodes 
are fi rst to be involved, followed by spread to external iliac 
nodes by lateral route, internal iliac nodes by hypogastric 
route, and lateral sacral and sacral promontory nodes by 
presacral route.[6,13] Although pelvic lymph node metastasis 
is not considered in FIGO staging, it is one of the important 
prognostic factors and presence of a positive node indicates 
poor prognosis in each stage. Presence of metastatic 

para-aortic or inguinal node is classified as stage IVB 
disease. Identifi cation of diseased node on imaging is based 
on size and morphology. A lymph node having transverse 
diameter >10 mm is abnormal. Morphological criteria that 
indicate pathological lymph node are border irregularity, 
heterogeneity of signal on T2W images, and presence of 
necrosis [Figure 10B].[15]

Impact on Treatment and Therapeutic 
Options

Error rates in clinical examination are signifi cantly high, 
hence clinical staging may not be accurate in each and every 
patient.[6] Important parameters that the clinicians want to 
know are accurate size of the tumor, status of parametrium, 
pelvic side walls, presence of lymph nodes, and spread to local 
and distant organs [Table 2]. MRI answers all these questions. 
Identifi cation of early disease from advanced disease is crucial 
for treatment planning.[11] Standard treatment for stage IA1 is 
cervical conization or total hysterectomy. In total hysterectomy, 
removal of uterus, cervix, adjacent tissue, and small cuff  of 
the upper vagina in a plane outside the pubocervical fascia 
is performed. Pelvic lymphadenectomy is generally not 
advisable because the risk of pelvic lymph node metastasis 
is less than 1%. In stage IA2, modifi ed radical hysterectomy 
with bilateral pelvic lymph node dissection is recommended 
because the risk of pelvic lymph node metastasis increases to 
5%. In modifi ed radical hysterectomy, uterus, cervix, 1-2 cm of 
upper vagina, paracervical tissue, and medial half of cardinal 
ligament and uterosacral ligament are removed.[16] Stages 

Figure 8 (A-C): Squamous cell carcinoma in two different 
patients (stage IVA). Sagittal T2W image shows a large mass arising 
from the cervix and involving the uterine myometrium (white arrow 
in A) with invasion in the rectum demonstrated as loss of T2-low 
signal intensity rectal wall (black arrow in A). Also note the infi ltration 
in posterior bladder wall (white arrow-head in A), better seen in the 
second patient on T2 and post-gadolinium image (white arrow heads 
in B and C)

A B

C

Figure 9 (A, B): Poorly differentiated adenocarcinoma in a 54-year-old 
lady. Recurrent mass infi ltrating left posterolateral bladder wall with 
hyperintense thickening of the bladder mucosa on T2W images, 
typically called bulbous edema sign (white arrows in A and B). Note 
the infi ltration of mesorectal fascia and extension in the mesorectum 
(black arrow in A)

BA Figure 10 (A-C): A 54-year-old female with squamous cell carcinoma 
(stage IVB). Sagittal (A), axial (B), and coronal (C) T2W images reveal 
cervical mass infi ltrating the corpus and upper vagina and adherent to 
the bladder and rectal wall (white arrows in A and B). Nodular peritoneal 
deposits are demonstrated on axial and coronal images (black arrows  
in B and C). Note the enlarged lymph node along left internal iliac 
vessels (white arrow-head in B)

BA

C
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IB and IIA are treated either with combined external beam 
radiation and brachytherapy (BT) or radial hysterectomy 
and bilateral pelvic lymph node dissection. Eff ectiveness of 
both these treatments is equal, and the survival rate in both 
varies between 80% and 90%. Concurrent chemotherapy with 
cisplatin has been shown to improve the patient survival. 
External beam radiotherapy (EBRT) delivers homogeneous 
dose to the primary tumor in cervix, local tumor extension 
in parametrium, uterosacral ligaments, and vagina, draining 
regional lymph nodes, and known areas of lymph node 
involvement. It improves the effi  cacy of subsequent BT by 
shrinking the tumor. EBRT dose to the planning treatment 
volume is between 45 and 50.4 Gy in 1.8 Gy fractions. BT is 
a critical component of radiotherapy (RT) and is generally 
performed using an intracavitary approach. High dose 
delivery of 80 Gy or more to the target area is possible 
with BT, which cannot be delivered with EBRT alone. 
Intensity-modulated radiation therapy (IMRT) is useful when 
high dose is required to treat the disease in regional lymph 
nodes. It decreases the dose to bowel, bladder, and bone 
marrow. It also reduces the gastrointestinal and hematologic 
toxicity.[17] Radiation therapy with concurrent chemotherapy 
is the standard treatment for stage IIB, III, and IVA tumors. 
Patients without nodal disease or with disease limited to the 
pelvis are treated with pelvic RT, concurrent cisplatin-based 
chemotherapy, and BT. Patients with positive para-aortic 
and pelvic nodes are treated with extraperitoneal lymph 
node dissection followed by extended fi eld RT, concurrent 
cisplatin-based chemotherapy, and BT. Stage IVB patients 
are incurable and cisplatin-based chemotherapy is the 
primary treatment off ered to these patients. Localized RT 
can provide eff ective relief from pain caused by metastasis 
to distant organs. Recurrent disease limited to pelvis aft er 
radical hysterectomy is treated with aggressive RT. Recurrent 

disease aft er defi nitive irradiation is generally treated with 
anterior pelvic exenteration. In pelvic exenteration, urinary 
bladder, rectum, vagina, ovaries, fallopian tube, and all 
other supporting tissue in the pelvis are removed. A urinary 
conduit, a transverse or sigmoid colostomy, and a neovagina 
are created.[16]

Post-treatment Appearance

Aft er surgery, one can observe the normal lower two-third  of 
the vagina, seen as low signal intensity muscular wall on T2W 
images. Sometimes, a fi brotic scar is present. Post-radiation, 
the cervix loses its normal zonal anatomy and exhibits 
homogeneously low signal intensity stroma on T2W images 
which is a reliable indicator of tumor-free cervix [Figure 11].[14]

Recurrent Tumor

Tumor recurrence is defi ned as development of new local 
tumor or metastasis at least 6 months aft er the treated lesion 
has regressed [Figure 12]. Tumor stage, size, histological 
fi ndings, depth of stromal invasion, and nodal status at initial 
presentation are the risk factors for recurrence.[13,14] It usually 
occurs in the pelvis at vaginal cuff , cervix, parametrium, 
pelvic lateral walls, bladder, and rectum within 2 years of 
completion of the primary treatment. Tumor can also recur 
in local or distant lymph nodes and in at-risk organs for 
metastasis. Challenge to the radiologist is to diff erentiate 
between post-radiation changes and recurrent tumor. 
MRI has high sensitivity but low specifi city for recurrent 
disease. Dynamic contrast imaging increases the accuracy 
by identifying the early enhancing, intermediate to high 
T2-signal intensity recurrent mass lesion.[6] A fi brotic scar 
appears as low signal intensity on T2W images.

Conclusion

MRI is very useful in local staging of the disease. It is 
a valuable tool in assessing the spread of the tumor to 
local and distant lymph nodes. It also assesses the disease 

Table 2: Essential elements to be included in the report
Tumor status–limited to cervix or spread to parametrium

Accurate size of the tumor

Status of distal ureters and pelvic side walls

Spread of the tumor to local and distant organs (urinary bladder, rectum, vagina, 
liver, bones peritoneum, etc.,)

Involvement of pelvic and para-aortic lymph nodes

Figure 11 (A, B): Hyperintense mass in the cervix and upper vagina on 
pre-treatment. T2W sagittal image (white arrow in A) in a 42-year-old 
female. Homogeneous T2-hypontense stroma in the same patient 
treated with radiotherapy (white arrow in B)

A B
Figure 12 (A, B): Operated case of Ca cervix in a 71-year-old female. 
Sagittal T2W image (A) shows intermediate signal intensity recurrent 
mass at vaginal vault (white arrow). Oblique axial T1 fat-suppressed 
post-gadolinium image (B) shows homogeneous enhancement of the 
mass (white arrow) with secondary deposit in the anterior column of 
left acetabulum (black arrow)

A B
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response to chemoradiation and diff erentiates residual 
or recurrent disease from radiation fi brosis. Thus, MRI is 
valuable in deciding the treatment strategies.
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