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Abstract 

Background: Cervical cancer is a major health problem in developing countries like India. Appropriate 

evaluation of disease extent and staging is important as this has an impact on the management, prognosis, and 

outcome.  

Aim Of The Study  To compare magnetic resonance imaging (MRI), computed tomography (CT), and clinical 

examination to evaluate the impact of MRI on target volume delineation as compared to the volumes obtained 

on a CT scan and also to see the effect on staging and prognosis 

Methods: This prospective study was conducted at Bangalore Medical College in collaboration with Apollo 

Hospitals, Bannerghatta Road, Banglore, Karnataka, India, between February 2021 to January 2022. Twenty 

patients diagnosed with locally advanced carcinoma cervix underwent planning CT abdomen and pelvis which 

was fused with T2 weighted MRI images to evaluate the impact of MRI on target volume delineation, to see if 

CT scan along with clinical findings can be a good alternative to MRI scan. 

Results: MRI was better in tumor delineation as compared to CT scan. Additional imaging gave information 

regarding the local extent of the disease and nodal involvement. Upstaging of the disease helped in selecting the 

appropriate treatment modality 

Conclusion: Result in more accurate radiotherapy treatment planning and also provide prognostic information 

that would impact the outcome of treatment and survival. CT with good clinical examination could be used as 

an alternative to MRI where MRI is not feasible. 

 

Keywords: MRI, CT, carcinoma cervix, staging, and Radiotherapy planning 
 

Introduction 

Cervical cancer is a major health problem in 

developing countries like India. Appropriate 

evaluation of disease extent and staging is important 

as this has an impact on the management, prognosis, 

and outcome. The International Federation of 

Gynecology and Obstetrics is the most commonly 

used staging system for carcinoma cervix. Since the 

staging system should be uniform and feasible at all 

centers and also allow for comparison of results from 

different centers,
1
 FIGO has recommended staging to 

be based on clinical findings which include 

assessment of the tumor extent (ie, the extent of local 

disease, tumor size, involvement of cervix, vagina, 

parametrium, and extent into adjacent normal tissue 

like rectum and bladder)along with limited 

radiological investigations which do not include MRI 

about:blank
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and CT scans for staging in carcinoma cervix. 
2 

Clinical stagings may be adequate for evaluating 

local disease extent, but does not take in to account 

the involvement of the uterus, lymph nodes or distant 

metastasis. It has been reported in the literature that 

MRI is superior to CT scan and clinical examination 

for assessing the tumor and involvement of the 

uterine body. As patients with carcinoma cervix 

belong to the lower socioeconomic strata where 

MRI/CT is not feasible and also as MRI/CT may not 

be available in all centers it is not possible to do these 

routinely for staging and management. Hence 

evaluation in the form of less expensive imaging and 

thorough clinical examination would be a good 

alternative that could be carried out. 
3
Though the 

findings on CT, MRI, or PET examinations are not 

mandatory for FIGO staging could be of additional 

benefit and provide extra information that would 

result in stage migration, help appropriate selection 

of treatment modality (operability, chemotherapy & 

radiotherapy ), and will result in more accurate 

radiotherapy treatment planning and also provide 

prognostic information that would impact on the 

outcome of treatment and survival. Prognostic factors 

like the stage at presentation, tumor diameter, tumor 

volume, lymph node metastasis, lymphatic vascular 

space invasion, deep stromal invasion, microscopic 

evidence of parametrial invasion, cell type, and 

hemoglobin level, have an impact on survival 
4 

Therefore the revised FIGO staging 2009 has 

included imaging with MRI in addition to clinical 

staging where resources permit. In patients with 

carcinoma cervix, a CT scan is primarily used to 

evaluate the size of the tumor to detect enlarged 

lymph nodes, obstruction of the ureter, and any 

distant metastases to the lung or liver.MRI has better 

soft tissue contrast resolution than CT scans and has 

the capability of acquiring images in multi-planar 

dimensions. It is useful in determining the size of the 

tumor and in detecting parametrial invasion, bladder, 

and rectal invasion 
5
. It also helps in assessing the 

presence of enlarged lymph nodes, and obstruction of 

the ureter, and to detect lung or liver metastases. The 

conventional two-radiation therapy technique has 

some shortcomings. Many studies have shown 

inadequate coverage and the chance of geographical 

miss in conventional methods when this was assessed 

with cross-sectional imaging modalities like 

computed tomography (CT) or magnetic resonance 

imaging (MRI).
6  

Methods: This prospective study was conducted at 

Bangalore Medical College in collaboration with 

Apollo Hospitals, Bannerghatta Road, Banglore, 

Karnataka, India, between February 

2021 to January 2022. Twenty patients diagnosed 

with locally advanced carcinoma cervix underwent 

planning CT abdomen and pelvis which was fused 

with T2 weighted MRI images to evaluate the impact 

of MRI on target volume delineation, to see if CT 

scan along with clinical findings can be a good 

alternative to MRI scan. During this period,20 

women with locally advanced biopsy-proven 

squamous cell carcinoma cervix underwent, T2-

weighted MRI in addition to planning CT scan were 

enrolled in this study. Approval from the institutional 

research and ethics committee was obtained. All 

suitable subjects were explained about the study and 

were provided with informed consent with details of 

the study. After reading it and the clarification of any 

doubts, they were enrolled in the study after 

obtaining their written informed consent. Inclusion 

criteria: Female patients of more than 18 years of 

age, Diagnosed to have squamous cell carcinoma 

cervix IIA- IIIB[ FIGO staging], Being planned for 

treatment with radical chemo-irradiation, ECOG0-1, 

Willing to participate in the trial.Exclusion criteria: 

previous irradiation to the pelvis, another malignant 

disease. All patients underwent treatment simulation, 

before initiation of radiotherapy. Patients either 

underwent conventional radiotherapy planning with 

conventional technique or conformal radiotherapy 

technique (3DCRT, IMRT). Immobilization with 

Vacloc was done in patients who were undergoing 

conformal radiotherapy. Patients are simulated supine 

with arms on the chest, knees, and lower legs 

immobilized, and anterior and lateral tattoos marked 

with radio-opaque material, aligned with lasers to 

prevent lateral rotation. Planning CT scans were 

taken from the level of the diaphragm to 5 cm 

beyond the vaginal introitus. Imaging was performed 

in these 20 patients to assess tumor size, locoregional 

extent, and pelvic nodal status and these Images were 

used for radiotherapy planningintravenous contrast is 

used to outline pelvic blood vessels to be used pelvic 

nodes in CTV delineation. It may also enhance the 

GTV primary. Oral contrast was given to all patients 

to outline the bowel.MRI scans were performed on a 
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3-T MR scanner (Intera Achieva) according to the 

Radiology department protocol for pelvic 

malignancies, Axial T2 weighted HR images were 

primarily assessed. Imaging parameters for the T2W 

HR images are given below. Repetition time (TR) 

3625 ms, echo time (TE)100 ms, echo train length 

12, bandwidth 21.78kHZ, field of view 32 cm, slice 

thickness 3 mm, gap 0mm, number of excitations 3, 

no phase wrap, matrix 352x293.The investigational 

imaging MRI was compared with CT imaging to 

compare the target volume delineation and evaluate 

the impact of MRI on target volume as compared to 

the volumes obtained on a CT scan in terms of 

assessment of   GTV Primary (Cervical tumor, 

involvement of uterus, vagina, and parametrium) and 

GTV Lymph nodes. The study also looked at any 

change in the staging of the disease based on 

additional information from image modalities which 

will change the management and prognosis in these 

patients. The attempt was made to see if a CT scan 

along with clinical findings can be a good alternative 

to an MRI scan. Another objective was to look at the 

possibility of a reduction in treatment volume based 

on MRI when compared to CT-based planning. 

Evaluation was also done to check the possibility of 

avoiding invasive procedures like cystoscopy based 

on MRI/CT findings. 

Statistical Analysis 

A descriptive analysis and frequency distribution of 

the patient characteristics was done. Fisher's Exact 

test was done to find out the relationship between 

prognostic factors and image findings.PABAK was 

done to compare different imaging modalities (CT 

versus MRI). Paired T-test was used for tumor 

volume comparison. 

Results 

Twenty patients, diagnosed with locally advanced 

carcinoma cervix underwent planning CT scan of 

abdomen pelvis and T2 Weighted MRI pelvis. Data 

were collected and analyzed. Most of the patients 

belonged to the age group between 40 to 50 years (12 

out of 20 patients). Among them, 2 patients were 

below the age of 40 and 4 patients were in the age 

group of 50 to 60 years and 2 patients were above 60 

years. The main presenting complaint was white 

discharge per vaginum (13 out of 20 patients ) 

bleeding per vaginum (11 out of 20 patients ) and low 

backache (10 out of 20 patients )  Among 20 patients, 

15 were clinically staged as FIGO stage IIIB and 

patients belonged to FIGO stage IIB. Primary tumor 

assessment was done by clinical examination and 

different modalities of imaging like ultrasonography, 

CT abdomen pelvis, and MRI pelvis.

 

Graph :1 Lower uterine segment involvement assessment 

 

Graph 1 shows MRI showed lower uterine segment involvement in 6 out of 20 patients and CT scan showed 

uterine involvement in only one patient 
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Graph:2 Assessment Of Parametrial Extension 

 

Table All 20 patients showed parametrial involvement on clinical examination, while MRI showed involvement 

in 18 patients. Clinically parametrial involvement was up to the pelvic sidewall in 15 out of 20 patients while 

this was seen only in 1 patient on MRI. For the remaining 14 patients with clinical 3B disease, there was bulky 

parametrial disease on MRI but this was not the up to pelvic sidewall.CT scan showed parametrial involvement 

in 18 of the 20 patients, not extending up to the pelvic side wall, but it was difficult to make out the extent of 

parametrial involvement on CT scan. 

Graph :3 Assessment of pelvic lymphadenopathy 

 

Graph :3 Detection of pelvic lymphadenopathy was assessed by these imaging modalities and a comparison was 

done between USG abdomen, CT, and MRI done in only 17 patients as only 17 patients had undergone USG 

abdomen in our study. The comparison was done between CT, abdomen, and MRI pelvis in detecting pelvic 

nodes in 20 patients. CT and MRI had similar findings and Ultrasonography estimated pelvic lymphadenopathy. 

 

 

 

 

 

 

 



Dr. Lavanya Gopinath et al International Journal of Medical Science and Current Research (IJMSCR) 
 

 

 
Volume 6, Issue 5; September-October 2023; Page No 244-251 
© 2023 IJMSCR. All Rights Reserved 
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

P
ag

e2
4

8
 

Graph:4 In assessing bladder involvement 

 

 

Graph:4 CT scan showed loss of fat plane with the bladder in 2 patients and one of these patients had a tumor 

abutting the bladder on MRI. Tumor abutting bladder was seen in 6 patients on both CT scan and MRI, 3 

patients on CT scan only, and 2 others on MRI only. Cystoscopy was normal in all these patients. There were 2 

patients, one with bladder mucosal irregularity and another one with trigonal edema on cystoscopy, the biopsy 

from the lesion was negative for malignancy. Imaging did not pick up these 2 changes. The patient with bladder 

mucosal irregularity had findings of tumor abutting bladder on MRI but normal findings on CT. 

Graph:5 Target volume delineation based on CT and MRI 

 

 

Table 1 Volume of cervical growth based on CT and MRI 

 Mean volume 

Tumor volume on CT scan 79.8 

Tumor volume on MRI scan 59.7 

Difference 20.02 
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Table 1 &  Graph:5 Mean volume of primary growth 

measured by CT scan was 79.8 cm3 and MRI was 

59.7 cm3 with a difference of 20.02 cm3, which was 

statistically significant by Paired t-test. The posterior 

extent of the primary lesion was up to the level of S2 

and beyond in a total of 18 patients with 11 patients 

having tumors up to the level of S2,6 patients up to 

the level of S3 and 1 patient beyond S3. The position 

of the uterus was retroverted in one patient and was 

beyond the posterior border of the conventional four-

field box technique which was kept at the S2/S3 

junction. Therefore the conventional field would have 

resulted in gross tumour being beyond the target 

volume in 12 patients, having inadequate tumour 

volume margin in 7 patients and therefore would 

have been inadequate in 19 out of 20 patients. It was 

found that disease progression in 6 out of 9 patients, 

who had anteroposterior (AP) tumor diameter of 

more than 4 cm . There was only 1 patient, who had 

disease progression out of 8 patients, with an AP 

diameter less than 4 cm. Statistical analysis with 

Fisher,s exact- showed significant p-value (0.05). 

This showed a significant association between 

anteroposterior diameter > 4cm with disease 

progression. Significance of tumor volume more than 

50 mm3 and disease progressionIn 6 out of 12 

patients with tumor volume more than 50 cm3 had 

disease progression, compared to only one out of 5 

patients with tumor diameter less than 50 cm3 had 

disease progression. This Appears to be significant 

but was not statistically significant due to less 

number of patients. Relationship between tumor 

volume and nodal status. 8 out of 15 patients with 

tumor volume, more than 50 cm3 had pelvic 

lymphadenopathy, compared to only one out of 5 

patients with a tumor diameter less than 50 cm3. This 

Appears to be significant but was not statistically 

significant due to less number of patients. 

Discussion 

Uterine cervical neoplasm is a major health problem 

in developing countries like India. Appropriate 

evaluation of disease extent and staging is important 

as this has an impact on the management, prognosis, 

and outcome. 
7
 The International Federation of 

Gynecology and Obstetrics is the most commonly 

used staging system for carcinoma cervix. Since the 

staging system should be uniform and feasible at all 

centers and also allow for comparison of results from 

different centers, FIGO has recommended staging to 

be based on clinical findings which include 

assessment of the tumor extent (ie, the extent of local 

disease, tumor size, involvement of cervix, vagina, 

parametrium, and extent into adjacent normal tissue 

like rectum and bladder)along with limited 

radiological investigations which do not include MRI 

and CT scans for staging in carcinoma cervix. 

Clinical staging may be adequate for evaluating local 

disease extent but does not take into account the 

involvement of the uterus, lymph nodes, or distant 

metastasis. It has been reported in the literature that 

MRI is superior to CT scan and clinical examination 

for assessing the tumor size and involvement of the 

uterine body.All patients with carcinoma cervix 

should be jointly evaluated with detailed history and 

physical examination by the Radiation and 

Gynecologic oncologist.
8
Examination under 

anesthesia provides a better assessment of primary 

tumor in early-stage disease. In all patients with stage 

IIB and more advanced disease and in those patients 

who have a history of urinary or lower 

gastrointestinal tract complaints, cystoscopy or rigid 

recto sigmoidoscopy is recommended to rule out 

local infiltration.In cervical cancer, a tumor is 

visualized as a soft tissue mass on CT imaging, 

which often results in enlargement of the cervix. 

Generally, there will be non-homogenous 

enhancement around the tumor following contrast 

administration with areas of necrosis and ulceration 

seen as hypodense areas within it. Evidence of 

parametrial soft tissue mass, any irregularity of the 

lateral margins of the cervix, and obliteration of 

periureteral fat planes are indicators that suggest 

parametrial invasion, but these are not definitive 

indicators. Therefore it is difficult to make out 

parametrial infiltration on CT imaging.
9
 Creasman 

WT et.al (ACRIN6651 /GOG intergroup study), in 

their study comparing MRI, CT, and clinical 

examination for delineating early cervical cancer, 

reported that MRI was superior to CT and clinical 

examination in assessing tumor size.
10

  In a 

prospective study by Eifel PJ, et al, which included 

208 women, most with stage IB diseases underwent 

pretreatment MRI and CT It was found that MRI 

correlated more closely with surgicopathologic 

findings than CT or physical examination. This study 

also showed that there was an overestimation of 

tumor size in both imaging modalities. 
11 

All 20 

patients showed parametrial involvement on clinical 
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examination, while MRI showed involvement in 18 

patients. Clinically parametrial involvement was up 

to the pelvic side wall in 15 out of 20 patients while 

this was seen only in 1 patient on MRI.For the 

remaining 14 patients with clinical 3B disease, there 

was bulky parametrial disease on MRI but this was 

not up to pelvic sidewall.CT scan showed parametrial 

involvement in 18 of the 20 patients, not extending 

up to the pelvic side wall, but it was difficult to make 

out the extent of parametrial involvement on CT 

scan. Therefore in our study, the local tumor extent 

into parametrium was more on clinical assessment 

than what was detected on both imaging modalities. 

Between CT and MRI findings, the tumor was better 

seen on MRI and the findings correlated better with 

clinical findings than CT scan.
12

 Fuller AF, et.al in 

their study among 23 patients, pretreatment 

evaluation with MRI reported a sensitivity of 87.0% 

and a specificity of 79.0% with 3 false negative 

reports for detecting vaginal involvement.
13

 In a 

study by Nahhas WA, et.al the efficacy of MRI in 

detecting lower uterine segment involvement was 

found to be superior with a   specificity of 99.0%.In 

our study, MRI was found superior to CT in detecting 

lower uterine involvement. MRI showed lower 

uterine segment involvement in 6 out of 20 patients 

and CT scan showed uterine involvement in only 1 

patient. Detection of lower uterine segment 

involvement is important as this is associated with a 

bad prognosis and this cannot be made out on clinical 

examination.Multiple studies have shown that the 

accuracy of CT scans in staging cervical cancer 

ranges from 63% to 88%.(27).
14 

  In the detection of 

lymph nodes the accuracy is found to be 77% to 85%. 

y of 93%(28).In his study, Boyce JG, et al. compared 

pretreatment examination under anesthesia (EUA), 

transrectal ultrasonography (TRUS), and MRI in 

assessing tumor volume and staging in 60 patients 

with invasive carcinoma of the cervix. It was found 

that MRI was superior in assessing the tumor extent 

and lymph node enlargement when compared to 

TRUS and EUA.
15 

The tumor was better seen and it 

was easy to delineate on MRI.Most of the time, it 

was difficult to make out tumors from surrounding 

normal cervical stroma with a CT scan and therefore 

could have been overestimated. 3D Conformal 

radiotherapy uses a set of fixed radiation beams that 

are shaped using the projection of target volume and 

have a uniform intensity across the field. The use of 

intensity-modulated radiotherapy confines the high-

dose portions of the radiation field to nontraditional 

shapes. IMRT has been shown to reduce normal 

tissue irradiation and has been associated with 

reduced acute and chronic toxicity compared with 

3DCRT.
16

 Accurate delineation of GTV and CTV is 

an important advantage of image-based 

planning.Thus addition of MRI is likely to give a 

better and accurate tumor volume delineation which 

would in turn translate into an appropriate dose to the 

tumor with more sparing of the normal tissues. 
17

 

Posterior extent of the primary lesion and change in 

conventional field borders based on imaging findings. 
18

 The commonly used field borders for the lateral 

fields were the anterior aspect of the symphysis and 

the S2/S3 interspace.
19

  Ports defined by these 

guidelines will not always be suitable for patients 

presenting with different stages and local extent of 

disease.Based on intra-operative measurements, 

Hacker NF. et al opined that the entire anterior sacral 

silhouette should be included in the lateral field in 

patients with locally advanced carcinoma cervix, due 

to the posterior extension of the tumor.
20 

Conclusions  

This pilot project done to compare T2 W MRI to CT 

imaging in volume delineation for radiotherapy 

planning in carcinoma cervix showed that imaging 

modalities have a role in accurate delineation of gross 

tumor volume (GTV). Though the findings on CT, 

MRI, or PET examinations are not mandatory for 

FIGO staging they could be of additional benefit and 

provide extra information that would result in stage 

migration, help appropriate selection of treatment 

modality, result in more accurate radiotherapy 

treatment planning and also provide prognostic 

information that would impact on the outcome of 

treatment and survival. Image-based planning would 

in turn translate into an appropriate dose for the 

tumor with more sparing of the normal tissues. It 

would also reduce geographical miss during 

treatment planning.MRI appears to be better than CT 

for locoregional disease assessment, especially for 

primary tumor and adjacent soft tissue extension.CT 

with good clinical examination could be used as an 

alternative to MRI where MRI is not feasible. Bowel 

and bladder preparation is required before CT and 

MRI for better fusion with more accurate delineation 

of the target and OAR. 
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