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Abstract:

Background: Cervical cancer is the third most common female malignancy worldwide. 
Although its incidence has decreased in developed countries due to screening with 
Papanicolaou test, it is still the leading cause of cancer-related female death in 
developing countries. 

Aims: The aim of this study was to determine whether the apparent diffusion 
coefficient (ADC) measurements calculated from diffusionweighted imaging (DWI) 
images had any contribution in differentiation of normal cervical tissue from 
malignant lesions preoperatively, and whether there was any correlation between 
the mean ADC values and tumor type, grade, or stage in malignant lesions. 

Materials &Methods: Mean ADC values in 70 patients who had cervical cancer proved 
histopathologically, and 40 patients with otherwise normal uterus were compared. 
Also in the study group, mean ADC values were compared between histopathologic 
subtypes, tumor grades, and stages. 

Results: In the study group the mean ADC values (0.8827 x 10-3 mm2/s) were 
statistically lower than that of the control group (1.6245 x10-3 mm2/s) (p0.05). There 
was no significant difference between the mean ADC values of the tumor grades 
(p>0.05). The mean ADC values in early stage cervical cancer (0.8460x 10-3 mm2 /s) 
were significantly lower than the mean ADC values in late stage disease (0.9061x 10-3 
mm2 /s) 

Conclusion: In our study, a cut-off ADC value of 1.3 x 10-3 mm2/s  is considered for 
differentiating normal cervix from malignant lesions.DWI & ADC values of cervical 
cancer have 100% specificity & PPV. They also have very good sensitivity & NPV of 
98.5% & 97.5% respectively.ADC value measurements may provide useful information 
in diagnosis of cervical cancer as well as in preoperative assessment of the tumor 
stage.
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Introduction 

Cervical cancer is the worldwide leading 
cause of cancer-related death of women, 
especially in developing countries. 
Cervical carcinoma is the third most 
common gynecologic malignancy and is 
typically seen in middle age women in 
their fourth or fifth decades of life often 

with serious consequences. Presently, 
uterine cervix carcinoma represents a 
significant public health problem.1,2

Cervical carcinoma is a slow-growing 
disease, usually invading the vagina and the 
paracervical space along the parametrium 
and uterosacral ligaments. Also, bladder, 
rectum, pelvic and paraaortic lymph nodes 
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may be invaded.3 The pattern of pelvic dissemination of 
cervical carcinoma restricts the utilization of surgical 
treatment for early stages of the disease, given the lack of 
a safety margin in the resection of tumors which may have 
already affected the paracervical space.4

Magnetic resonance (MR) imaging, although not included 
in FIGO staging system, is now widely accepted as optimal 
for evaluation of important prognostic factors such as 
lesion volume and metastatic lymph node involvement that 
will help determine the treatment strategy. MR imaging 
examination obviates the use of invasive procedures 
such as cystoscopy and proctoscopy, especially when 
there is no evidence of local extension. Transabdominal 
and transvaginal US have a limited role in assessing the 
local extent of the primary cervical tumor. Assessment 
of locally advanced tumor with parametrial and pelvic 
sidewall involvement is suboptimal with US. This is due 
to the small field of view and limited soft tissue contrast 
resolution. Magnetic Resonance Imaging (MRI) is the 
preferred imaging modality because of its ability to assess 
soft tissue in detail, permitting thereby better identification 
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.Brachytherapy and external 
beam therapy are optimized with MR imaging evaluation 
of the shape and direction of lesion growth. Tumorbehavior 
to chemoradiation is also better evaluated with MRI. FIGO 
staging system is used to stage cervical cancer on MRI.5,6 

So, FIGO guidelines were revised in 2009, they become 
more flexible and allowed MRI to be used when available.

Based on recent advances in MRI technique, diffusion-
weighted imaging (DWI) has been applied to pelvic MRI 
protocol. Diffusion-weighted magnetic resonance imaging 
technique whose contrast derives from the random motion 
of water molecules within tissues. The image contrast 
is derived   from inherent difference in restriction of the 
movement of water molecules, so no exogenous contrast 
medium administration is required. Diffusion weighted 
magnetic resonance imaging is a functional imaging tool 
in neurological application, but recent technical  advances 
now allows its use in abdominal and pelvic  applications. 
The use of DWI in other parts of the body is relatively new, 
but very promising for the detection and differentiation of 

benign and malignant lesions, imaging for dissemination 
(i.e. staging) in oncological patients before treatment and 
for follow-up after treatment of cervical tumors. Besides 
this, DWI is thought to be capable of predicting the response 
to chemo-radiotherapy of malignant tumors.7,8

Diffusion-weighted MR imaging studies of cervical cancer 
have been shown to have significantly lower apparent 
diffusion coefficient (ADC) values compared with normal 
tissue. In tumor tissue, increased cellularity compared with 
non-tumor tissue restricts water movement between cells so 
that the tumor retains signal intensity on diffusion weighted 
images with corresponding low values of ADC.     

The purpose of this study is to establish the ADCs of invasive 
cervical carcinoma compared with non-tumor cervical 
epithelium and to determine the sensitivity and specificity 
of diffusion weighted MR imaging in conjunction with 
T2 weighted MR imaging in detecting invasive cervical 
carcinoma, to analyse Apparent Diffusion Coefficient from 
Diffusion Weighted Images can be used for differentiation 
of tumor histologic type, grade or stage in cervical 
malignancy, to propose a cut off ADC for differentiating 
Benign from Malignancy & to find diagnostic accuracy by 
obtaining Histopathological diagnosis in each patient and 
correlating with MRI  findings.

Materials and Methods

This prospective study was done in the Department of 
Radio-diagnosis in collaboration with the Department of 
Obstetrics and Gynecology in Mahatma Gandhi Memorial 
Medical College & M. Y. Hospital, Indore, Madhya Pradesh, 
India after getting approval by ISRB (Institutional Scientific 
Review Board). A total of 70 patients who were referred to 
our department with strong clinical suspicion of cervical 
cancer and those already diagnosed by ultrasonography, 
biopsy, PAP smear underwent non-contrast Magnetic 
Resonance Imaging evaluation of pelvis using 1.5 T 8 
channel MRI scanner from November 2013 to October 
2015. Post-operative cases, post chemoradiotherapy, patient 
with general contraindication to MRI (such as those with 
pacemakers, cochlear implants and other electromagnetic 
implants in body and claustrophobic patients) were 
excluded from the study. A written informed consent was 
obtained from all patients undergoing MRI. 

A dedicated QDbody array coil was used for imaging the 
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female pelvis.

Table 1: Average ADC Values Of Normal VS Cervical 
Cancer

S. N. Type Of 
Lesion

No. Of 
Patient Mean Adcvalue

1 Normal Cervix 
(Control) 40 1.6245x10-3 mm2/s

2 Cervical 
Cancer (Cases) 70 0.8827x10-3 mm2/s

Table 2: Distribution Of Histological Sub-Types
S. N. Histologic types No. of cases %

1 Squamous cell carcinoma 58 82.8
2 Adenocarcinoma 11 15.8
3 Adenosquamous 1 1.4

Total 70 100

Table 3: Average Adc Values Of  Histologic Types

S. N. Type of Lesion No. of 
Lesions Mean ADC Value

1 Squamous cell 
carcinoma 58 0.8748 x 10-3mm2/s

2 Adenocarcinoma 11 0.9370 x 10-3mm2/s
3 Adenosquamous 1 -

Table 4: Comparison Of Mean ADC Values For Early 
And Late Stage Cervical Cancer

S. N. Stage Mean ADC Value

1 Early Stage (I-IIA) 0.8460x10-3 mm2/s

2 Late Stage (IIB-IV) 0.9061x 10-3 mm2/s

Table 5: Associated Findings (Complications) In MRI

S. N. Type Of Lesion No. Of 
Cases

% Of 
Cases

1 Bladder Wall Thickening 19 27
2 Bowel involvement 9 13
3 Hydronephrosis 27 38.5
4 Pyometra 21 30
5 Metastatic lymph nodes 24 34
5 Liver metastasis 5 7
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Fig 1: Axial & SAG T2 showing normal anatomy of 
cervix. DWI  & ADC map showing no restricted diffu-

sion in normal cervix with 
Mean ADC 1.7 x 10-3

Fig 2a & 2b: Shows Endophytic growth & Exophytic 
growth in cervix

Fig 3: Axial & COR T2 shows well lobulated exophytic 
T2 hyperintense , T1 hypointense mass in cervix with 
no parametrial invasion. DWI showed restricted dif-
fusion with ADC value 0.578 x 10 -3. It was staged as 

FIGO - STAGE IB2 and on histopathology found to be 
Squamous cell carcinoma of cervix

Fig 4: SAG, COR & Axial T2 shows hyperintense 
mass in cervix invading into upper vagina with no 

parametrial invasion. DWI showed restricted diffusion 
with ADC value 0.935 x 10 -3.It was staged as FIGO 

- STAGE IIA and on histopathology found to be 
Adenocarcinoma of cervix.
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Fig 5: COR, SAG & Axial T2 images shows multiple 
hyperintense cystic lesions of varying sizes in cervical 
region with no restriction diffusion in DWI. On histo-
pathology, reported as Adenoma malignum of cervix.

Fig 6: Complications: (A) Pyometra, (B) Bilateral Hy-
droureter,  (C) Parametrium Invasion, (D) Pelvic Wall 

Invasion, (E) Urinary Bladder Invasion, (F) Bowel 
Invasion

Fig 7: COR & Axial T2 shows multiple enlarged 
bilateral iliac group of lymph nodes showing restricted 
diffusion on DWI suggestive of metastatic lymph nodes

Discussion & Result

Cervical cancer is the worldwide leading cause of cancer-
related death of women, especially in developing countries.  
It is typically seen in younger and middle aged women, 
often with serious consequences.

Diffusion-weighted MRI, first used for the early diagnosis 
of stroke in neuroradiology, is a technique that acquires 
an image during a single breath-hold and does not require 
contrast medium. In the past, this technique was limited to 
cranial examinations because of its sensitivity to cardiac, 
respiratory, and peristaltic movements; however its usage 
has spread among other body parts after the development 
of fast MRI sequences, like eco-planar imaging (EPI). 
Muller et al. first reported  in  1994  on  diffusion-weighted  
MRI  of  normal  hepatic,  splenic,  and muscular tissues, 
as well as on focal and diffuse hepatic diseases, and 
obtained significant results. In these studies it was shown 
that apparent diffusion coefficient (ADC) values of normal 
tissues and lesions can be measured using diffusion-
weighted images, and the differences in ADC values can be 
used in the differential diagnosis.

Magnetic Resonance Imaging with high soft-tissue 
resolution is the most valuable imaging modality in the 
assessment of tumour size, depth of cervical invasion and 
extent of locoregional spread in the treatment planning of 
cervical cancer. DWI, which has recently been used in the 
diagnosis of malignant lesions, can distinguish the normal 
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uterine cervix from cervical cancer and benign lymph 
nodes from malignant ones.9

With this background, we attempt to determine the ADCs 
of invasive cervical carcinoma compared with non-
tumor cervical epithelium and determine the sensitivity 
and specificity of diffusion weighted MR imaging in 
conjunction with T2 weighted MR imaging in detecting 
invasive cervical carcinoma 

Statistical analysis

Mean ADC values in the patient group & control group 
were compared. Also, in the study group, comparisons of 
mean ADC values between histopathological subtypes, 
tumor grades & stages were made. A t-test was used to 
analyse comparisons and a p value< 0.05 was accepted as 
statistically significant.

In the present study, the most common age group 
encountered was the fifth decade (40-49years) constituting 
28.5% of cases with mean age of 52 years. The most 
common presenting complaint with which the patients 
presented was bleeding per vaginum which was present 
in 70% of cases followed by foul smelling discharge per 
vaginum seen in 30% of cases. These observations are in 
concordance with medical literature.

Majority of cervical tumors were solid in appearance 
(98.5%). Majority of cervical tumour in our study were 
presented as mass lesion accounting 95.7% of cases. 
All cases of cervical cancer were T1 hypo-isointense 
lesions.Maximum number of cervical tumours were T2 
hyperintense lesions (74%) and showed restricted diffusion 
(98.5%).Most of the lesions in our study had poorly 

defined, irregular margins constituting 85.7% of cases. 
These findings were also seen in study of Thomeer MG 
etal. (2013)10, Tuna Demirbas et al. (2014)11, Jung Jae Park 
et al (2015).12

Analysis of DWI & estimation of ADC is done by 
measuring the amount of signal loss between images 
obtained using different b-values. This calculation is 
usually done automatically by the scanner software, using 
a mono-exponential fit between tissue signal intensity and 
the b-values used. Calculation of the ADC (reported in 
units of x 10-3 mm2/sec) requires a minimum of 2 b-values. 
Using more than 2 b-values will improve the accuracy of 
the calculation, but requires a longer scan time. An ADC 
map is calculated using the difference in signal intensity 
of each voxel of the diffusion-weighted images created 
for each b-value. ADC maps provide information about 
true diffusion. In this study, we used 3 b values (50, 300 
& 600), with gradients applied in all the three directions. 
These are the same sequence parameters that were used by 
Naganawa S. et al. (2005)13, Tuna Demirbas et al. (2014)11, 
VaidaAtstupėnaitė et al. (2011)14, Liu Ying et al. (2009).15

In our study, lesions were identified using T2W & DWI 
sequences. Then, the lesions were characterized based 
on their appearance in these sequences. Cervical cancer 
showed hyper-intensity on T2-weighted images. They 
showed significant restriction of diffusion that appears 
bright on DWI and appears hypointense on ADC maps 
and the ADC value of these lesions is calculated from the 
corresponding ADC maps. This was also seen in the study 
by Tuna Demirbas et al. (2014), Naganawa S et al. (2005)13, 
Payne GS et al (2010)16.

The ADC value of cervical cancer is less than that of the 
normal uterine cervix (P < 0.05).

Table 6: Review of studies on DW imaging in cervical cancer patients.

Author Journal Year of Publication ADC (×10–3mm2 /s)
Cervical cancer Normal cervix

Naganawa S. [13] (b- 
value 0, 300, 600) EurRadiol. 2005 1.09 ± 0.20 1.79 ± 0.24

Zhang V. [17] Ai Zheng 2007 0.97 ± 0.13 1.71 ± 0.14
Xue HD. [18] Clin Med Sci J 2008 0.98 ± 0.17 1.73 ± 0.31
McVeigh PZ. [19] EurRadiol 2008 1.09 ± 0.20 2.09 ± 0.46

Liu Y.[20] J Comput Assist 
Tomogr. 2009 0.88 ± 0.15 1.50 ± 0.16

Chen J. [21] Eur J Radiol. 2010 1.110 ± 0.175 1.593 ± 0.151
Payne GS.[16] GynecolOncol. 2010 1.117 ± 0.183 1.724 ± 0.195
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Mean ADC value of cervical cancer in our study was 
0.8827x10-3mm2/s. Mean ADC value of Normal cervix  in 
our study was 1.6245 x10-3 mm2/s. Benign lesions generally 
have an ADC value of >1.3 x 10-3 mm2/s. Malignant lesions 
generally have an ADC value of <1.3 x 10-3 mm2/s. So the 
proposed cut-off value in our study is 1.3 x 10-3 mm2/s. The 
same values were also obtained by various previous studies 
by Tuna Demirbas et al. (2014)11, VaidaAtstupėnaitė et al. 
(2011)14, Liu Ying et al. (2009)15 and similar results were 
obtained in studies shown in table 6.

Most common histopathological subtype in our study was 
Squamous cell carcinoma which constituted 82.8% of total 
study population followed by Adenocarcinoma (15.8%). 
These observations are in accordance with the literature.

Mean ADC value of Squamous cell carcinoma in our 
study was 0.8748x10-3mm2/s. Mean ADC value of 
Adenocarcinoma in our study was 0.9370x10-3mm2/s. There 
was a significant overlap between ADC values of Squamous 
cell carcinoma & Adenocarcinoma of cervix. Hence ADC 
values are inconclusive in differentiating between them (P 
value > 0.05). These same results were obtained in study 
by Tuna Demirbas et al. (2014)11, Liu Ying et al. (2009).15

Most common adjacent structure invaded were vagina 
(78.5%), parametrium (61.5%). Least common structures 
involved were bladder and bowel.

In this study, most common associated complication of 
cervical cancer were the hydronephrosis (27%), metastatic 
lymph nodes(24%), pyometra (21%) & bladder wall 
infiltration(19%). Less common complications were bowel 
infiltration (9%) & liver metastasis (5%).

Most common metastatic lymph node were the obturator 
(seen in 18.5% of total patients) and iliac group of lymph 
nodes in our study which is in concordance with the study 
of Kasuya G et al (2013).22

Mean ADC value of EARLY STAGE and LATE STAGE 
cervical cancer in our study were 0.8460x10-3mm2/s and 
0.9061x10-3 mm2/s respectively. ADC values of early stage 
was slightly less compared to LATE STAGE. However 
definite ADC cut-off values could not be established as 
there was overlap between ADC values of EARLY STAGE 
& LATE STAGE of cervical cancer & hence ADC values 
are inconclusive in differentiating between them(P value 
>0.05). Similar findings were seen in study by Tuna 

Demirbas et al. (2014)11.

DWI & ADC values of cervical cancer have 100% specificity 
& PPV. They also have very good sensitivity & NPV of 
98.5% & 97.5% respectively. The slight drop in sensitivity & 
NPV of ADC values is due to misinterpretation of adenoma 
malignum (minimally differentiated adenocarcinoma) 
as chronic cervicitis which showed higher ADC values 
resulting in false negative diagnosis.

Conclusion 

In our study, a cut-off ADC value of 1.3 x 10-3 mm2/s  
is considered for differentiating normal cervix from 
malignant lesions.DWI & ADC values of cervical cancer 
have 100% specificity & PPV. They also have very good 
sensitivity & NPV of 98.5% & 97.5% respectively. ADC 
value measurements may provide useful information in 
diagnosis of cervical cancer as well as in preoperative 
assessment of the tumor stage.
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