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ABSTRACT 
 
Introduction: Magnetic resonance imaging 
(MRI) is a widely used imaging modality in the 
imaging evaluation of carcinoma of cervix. The 
aim of our study was to evaluate the response in 
carcinoma cervix patients following 
chemoradiotherapy by Diffusion weighted 
(DW-MRI) and Dynamic contrast enhanced-
MRI (DCE-MRI). 
Methods: 21 inoperable biopsy proven patients 
(mean age 48.43 years) of carcinoma cervix 
were included in the study. All patients 
underwent MRI (conventional, DW and DCE) 
of the pelvis thrice. Baseline MRI, Post 
chemotherapy MRI after neoadjuvant 
chemotherapy and Post chemoradiotherapy MRI 
after completion of concurrent 
chemoradiotherapy. Post treatment apparent 
diffusion coefficient (ADC) values and Time 
intensity curve (TIC) pattern were compared 
with baseline values.  
Results:  Baseline mean ADC value of all 
patients was 0.82 x10-3 mm2/s. After completion 
of treatment, 18 patients showed complete 
resolution of tumor and showed 0.50 x10-3 

mm2/s increase in mean ADC value from 
baseline MRI which was significantly higher 
than remaining 3 patients with residual tumor 
(0.50 x10-3 mm2/s v/s 0.17 x10-3 mm2/s).  ADC 
threshold value of 1.15 x10-3 mm2/s was 
defined, differentiating the residual tumor from 
the healthy cervical tissue after chemoradiation. 
On post treatment MRI, 17 out of 18 patients 
with complete resolution of tumor showed 
increasing trend of enhancement on TIC and 
only one patient showed plateau pattern. 2 of the 
3 patients with residual tumor showed washout 
pattern and one patient showed plateau pattern. 
Conclusion: ADC values and TIC pattern differ 
in patients with complete response to 
chemoradiotherapy from patients with residual 
tumor, so helps in differentiating residual tumor 
from cancer free cervix. 
 
Keywords: Carcinoma of cervix; 
Chemoradiotherapy; Diffusion weighted MRI; 
Dynamic contrast enhanced MRI; Time 
intensity curve. 
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INTRODUCTION 
Cervical cancer is the 4th most 

common cancer in women in the world for 
both incidence and mortality as per the 
latest data from global cancer statistics 
2018. [1] Accurate tumor staging is essential 
for optimal treatment planning and 
prognosis. Cervical cancer is staged by 
clinical examination according to the 
International Federation of Gynecology and 
Obstetrics (FIGO) staging system. 
According to the new FIGO staging (2018) 
it is recommended that imaging to be used 
when available, to supplement clinical 
findings with respect to tumor size and 
extent. [2] 

Magnetic resonance imaging (MRI) 
has evolved, and is now a widely used 
imaging modality in the initial staging of 
these tumors. [3,4] Conventional MRI has 
limitations when the morphological 
appearance of early recurrent or residual 
disease overlaps with normal pelvic 
anatomy or treatment effects in the pelvis. 
Imaging within three months of therapy is 
particularly challenging to interpret as the 
tumour microenvironment is affected by 
hypoxia, granulation tissue and oedema and 
both residual disease and radiation fibrosis 
show increased T2 signal intensity. [5] 
Previous studies which have correlated the 
post treatment MRI results with 
histopathological findings in patients with 
cervical cancer have shown that 
conventional MRI is limited by false 
positive results with a sensitivity and 
specificity of around 80% and 55% 
respectively for the detection of residual 
disease. [6] Diffusion Weighted-MRI (DW-
MRI) and Dynamic contrast enhanced-MRI 
(DCE-MRI) can be used to overcome these 
limitations and to predict early therapeutic 
response. 

Diffusion Weighted-MRI is a 
functional imaging technique, wherein the 
image contrast is derived from inherent 
difference in restriction of the movement of 
water molecules. [7] Quantitative assessment 
of the tumor microenviroment can be 
derived from the apparent diffusion 

coefficient (ADC) which is generated from 
combining serial b-values. The mean ADC 
of cervical cancer is known to increase 
during and after chemoradiotherapy such 
that early alterations in ADC can be used to 
predict early therapeutic response. [8,9] 
Hence, DWI can be used to assess changes 
in tumor cellularity over time in response to 
treatment. [10,11,12]  

Dynamic Contrast Enhanced-MRI 
can be used in the assessment of tissue 
perfusion and oxygenation within the 
tumour microenvironment by using 
gadolinium based contrast agents. The 
ability to evaluate the extent of hypoxia may 
be a useful predictive tool in identifying 
which patients may benefit from additional 
or more aggressive therapies. Imaging 
attention has been centered towards further 
evaluating DCE-MRI as a predictive 
perfusion biomarker Chemoradiation has 
been found to be more effective in tumors 
with higher tissue permeability on dynamic 
MR images than in those with lower tissue 
permeability, resulting in improved local 
control. [13,14,15] 

The present study was undertaken to 
evaluate the morphological and functional 
imaging features of carcinoma cervix and 
response evaluation following 
chemoradiotherapy using conventional MRI 
and functional MRI (DW and DCE-MRI). 
 
2. MATERIALS AND METHODS 
2.1. Patients 

This prospective study was 
conducted after obtaining approval and 
ethical clearance from the Institutional 
Ethical Committee. Informed consent was 
taken by all patients.  

21 inoperable biopsy proven patients 
of carcinoma cervix (mean age of 48.43 
years, age range 32-67 years) were 
evaluated between October 2016 to 
September 2018. Revised FIGO 2018 
guidelines were used to stage the tumor. Of 
the total 21 patients evaluated, 12 were 
clinical FIGO stage IIB, 8 were IIIB and 1 
patient was of stage IIIA. 
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2.2. MRI protocol 
All the patients underwent MRI of 

the pelvis thrice .1st (Baseline) MRI, 2nd 

(Post chemotherapy) MRI after 2 cycles of 

neoadjuvant chemotherapy and 3rd (post 
chemoradiotherapy) MRI after 6-8 weeks of 
completion of 8 weeks of concurrent 
chemoradiotherapy (Figure 1).  

 

 
Figure 1: Treatment protocol and MRI timing study of patients 

 
Multiplanar magnetic resonance 

imaging of the pelvis was done on a 3 Tesla 
MR Scanner (Magnetom Skyra, Siemens), 
using phased array body coil. The 
conventional MR sequences acquired 
included: axial and sagittal fast spin-echo 
(FSE) T2-weighted sequences and axial 
FSE T1-weighted sequences. Sagittal 
images were acquired parallel to the 
endocervical canal and Axial scans were 
planned perpendicular to endocervical 
canal. The parameters used were as follows: 
T2 weighted sequences (TR-5000 to 5200 
ms, TE-97 ms), T1 weighted sequences 
(TR- 580 ms, TE- 20 ms), Field of view 
(FOV) 270 mm to 300 mm and slice 
thickness of 3 mm. 

After acquiring the conventional MR 
sequences of the pelvis, DW-MRI was 
performed in the axial plane using a single 
shot echo-planar diffusion weighted 
sequence (TR- 4400 ms, TE- 69 ms) without 
breath hold at b values of 50, 400 and 800 
s/mm 2 with generation of ADC maps.  

DCE-MRI was then performed. 0.1 
mmol/kg body weight of gadolinium was 
injected with a pressure injector at a rate of 
2ml/sec followed by a bolus of 20 ml saline 
flush. 3D T1W volume interpolated breath-
hold examination (VIBE) sequences were 
used to acquire DCE-MR images through 
the cervical region. Actual imaging time for 
a single dynamic acquisition was 30 
seconds, and six acquisitions were obtained 
in the axial plane (1 before contrast 
injection and 5 after contrast injection) to 
evaluate the contrast enhancement pattern. 
Delayed T1W fat suppressed contrast 
enhanced scans in axial and sagittal planes 
were obtained three minutes after contrast 
administration. 
 
2.3. Image analysis 

Three readers with different 
experience levels in gynecological MRI 
(Reader 1, 3 year; Reader 2, 12 years; and 
Reader 3, 15years) independently reviewed 
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all sequences and formed a consensus 
interpretation of all scans.  

Conventional MR images were 
analysed for tumor size, signal intensity 
characteristics on T1 and T2 weighted 
sequences, local extension, and lymph node 
status. FIGO staging of tumor was assigned 
based on imaging findings. Lymph nodes of 
size ≥ 10mm in short axis were considered 
as involved. 

Diffusion weighted MR images were 
analysed and region of the cervical 
carcinoma and enlarged lymph nodes which 
showed increased signal intensity on high 
’b’ values (b=800 sec/mm2 ) with decrease 
in signal in the corresponding ADC map 
were considered as showing restricted 
diffusion. Multiple (three) quantitative ADC 
values were obtained by placing ROI over 
the lesion avoiding necrotic areas and a 

mean ADC value was finally obtained. 
Axial sections were used for ADC value 
calculation. 

DCE-MR images were used to 
generate time-signal intensity curves (TIC) 
using the mean curve software package 
(Siemens) by placing ROI over the 
enhancing component of the cervical mass. 
In patients with complete resolution of the 
tumor, TICs was generated by placing ROI 
over the cervical stroma. 3 patterns of TICs 
were observed i.e., progressive 
enhancement, initial uptake followed by 
plateau phase towards the later part of the 
study and initial uptake with washout 
towards the later part of the study. 

On baseline MRI tumor size, signal 
characteristics, extension to surrounding 
structures, ADC values, and TIC pattern 
recorded (Figure 2). 

 

 
Figure 2: Baseline MRI in a 52 year female 

 
Baseline MRI (A-F): Sagittal T2W (A) and 
axial T2W(B) MR images of pelvis show 
infiltrating hyperintense lesion in cervix 
extending to upper vagina and bilateral 
parametrium. The lesion shows 
heterogeneous enhancement on post contrast 
scan (C). Axial DW image (D) and 
corresponding ADC map (E) depicts 
cervical lesion to be bright on DWI and dark 
on ADC map suggesting diffusion 
restriction with mean ADC value of 0.59 × 

10-3 mm2/s. TIC(F) obtained by placing ROI 
over the lesion shows initial uptake 
followed by washout towards later part of 
the study.  
 
On post chemotherapy MRI therapeutic 
response was assessed based on change in 
size of tumor, ADC values and 
enhancement pattern compared to baseline 
MRI (Figure 3).  
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Figure 3:Post chemotherapy MRI 

 
Post chemotherapy MRI (A-D): T2W sagittal (A) & axial(B) image shows reduction in size 
of the cervical lesion from baseline scan. The lesion shows diffusion restriction (arrow) on 
ADC map (C) with increase in ADC value to 0.69 × 10-3 mm2/s from baseline MRI. TIC(D) 
shows plateau pattern of enhancement.  
 

 
Figure 4: Post chemoradiotherapy MRI 
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Post CTRT MRI was analysed for any 
residual mass lesion. T2 hyperintense lesion 
showing diffusion restriction was 
considered as residual mass instead of just 
T2 hyperintensity as T2 hyperintensity can 
be present due to post radiotherapy changes. 
If residual mass lesion was present; its size, 
extent, ADC value and enhancement pattern 
were noted and compared with previous 
MRI scans. If residual lesion was not seen, 
then ADC values and enhancement pattern 
of cervical stroma in the region of tumor 

prior to treatment was obtained for 
comparison with the previous two MRI 
scans (Figure 4 and 5).  
 
Post CTRT MRI(A-D): T2 W Sagittal (A) 
& axial (B) images reveal complete 
resolution of tumor. No restricted diffusion 
noted in cervix with further increase in 
mean ADC value to 1.12 × 10-3 mm2/s from 
previous MRI scans(C).  ROI over cervical 
stroma shows progressive enhancement with 
no washout in the TIC (D). 

 

 
Figure 5: Baseline and Post chemoradiotherapy MRI 

 
Baseline (A-C): T2W sagittal (A) image 
show infiltrating hyperintense lesion 
involving cervix and upper vagina. The 
lesion shows diffusion restriction(B) with 
ADC value of 0.73 × 10-3 mm2/s and 
showing  plateau pattern enhancement(C). 
 
Post CTRT MRI (D-F): T2W sagittal (D) 
image show residual lesion in cervix 
(arrow). The lesion shows diffusion 
restriction with mean ADC value of 0.99 × 
10-3 mm2/s (E). Axial DCE image (F) shows 
rim enhancement with TIC depicts plateau 
pattern of enhancement. 
 
STATISTICAL METHODS 

The collected data were transformed 
into variables, coded and entered in 
Microsoft Excel. Data were analyzed and 

statistically evaluated using SPSS-PC-17 
version. 

Quantitative data was expressed in 
mean, standard deviation and the difference 
between two comparable groups were tested 
by student’s t-test (unpaired) or Mann 
Whitney ‘U’ test, while qualitative data 
were expressed in percentage. Pre and post 
treatment groups were compared by 
Wilcoxon Signed Rank test to assess the 
response to treatment. ‘p’ value less than 
0.05 was considered statistically significant. 

The receiver operating characteristic 
(ROC) curve analysis was performed to 
assess the diagnostic performance. 
Sensitivity, specificity, PPV and NPV were 
calculated. Correlation (R value) was 
determined by Spearman’s Rank 
correlation. 
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RESULTS  
Conventional MR imaging was used 

to assess the size of tumor, signal 
characteristics, its extent, lymph node 
enlargement, and other associated findings 
such as pyometra, free fluid or any 
metastasis. On T1 W images cervical 
carcinoma appeared hypointense in 16 out 
of 21 patients (76.2 %) and isointense in the 
remaining 5 patients (23.8 %). On T2 W 
images cervical carcinoma appeared 
hyperintense in all the patients. Of the total 
21 patients, 10 (47.61 %) were FIGO stage 
IIB cervical carcinoma, 2 patients were 

(9.52 %) stage IIIA, 4 (19.04 %) were stage 
IIIB and 5 were stage IIIC1 (23.80 %). 
Diffusion restriction was noted in all 
patients with mean ADC values on baseline 
MRI was 0.82 ± 0.1 x 10-3 mm2/s. 

On post chemotherapy MRI also all 
patients showed restricted diffusion and 
mean ADC value increased by 0.14 x 10-3 
mm2/s to 0.96 ± 0.06 x 10-3 mm2/s from 
baseline MRI. Mean ADC value increased 
by 0.43 x 10-3 mm2/s to 1.25 ± 0.18 x 10-3 
mm2/s on post CTRT MRI from baseline 
MRI (Table 1). 

 
Table 1: Comparison of ADC value on baseline MRI with post chemotherapy and post CTRT MRI (n= 21) 
 1st MRI (Baseline)  2nd MRI (Post chemotherapy) 3rd MRI (Post CTRT)  
 Mean SD Mean SD Mean SD 
ADC value (x 10-3 mm2/s ) 0.82 0.10 0.96 0.06 1.25 0.18 

 
In 3 of patients in whom residual 

tumor was seen on post CTRT MRI, showed 
0.09 x 10-3 mm2/s increase in mean ADC 
value on post chemotherapy MRI from 
baseline MRI compared to 0.15 x 10-3 
mm2/s increase in mean ADC value in 
patients with complete response(n=18). 
(Table.2).  
 
Table 2: Comparison of ADC values in patients of cervical 
carcinoma showing residual tumor with patients showing 
complete resolution on MR imaging  
Residual 
tumor 

No. of 
patients 

Mean ADC value (x10-3 

mm2/s)  
1st 
MRI 

2nd 
MRI 

3rd 
MRI 

Present  3(14.29 %) 0.86 0.95 1.01 
Absent 18(85.71 %) 0.81 0.96 1.31 
 

On post CTRT MRI, complete 
resolution of the tumor was noted in 18 out 
of 21 patients (85.71 %) with an increase in 
mean ADC value by 0.50 x10-3 mm2/s from 
baseline MRI (from 0.81 x10-3 mm2/s to 
1.31 x10-3 mm2/s). Residual tumor was seen 
in 3 patients (14.29 %) with 0.15 x10-3 

mm2/s increase in mean ADC value (from 
0.86 x10-3 mm2/s to 1.01 x10-3 mm2/s). 
Patients with complete resolution of tumor 
showed significant increase in mean ADC 
value on post CTRT MRI compared to 
patients with residual tumor (Table. 2) 
which was found to be statistically 
significant (p < 0.001). 

T2 hyperintensity was noted in all 3 
patients with residual tumor with diffusion 
restriction in the same region of T2 
hyperintensity. But 2 patients with complete 
resolution of tumor also showed areas of T2 
hyperintensity within cervix with no 
evidence of diffusion restriction and ADC 
values similar to other patients with 
complete resolution indicating that observed 
T2 hyperintensity was due to post 
radiotherapy changes rather than residual 
tumor. 

 

 
Figure 6. The ROC curve of ADC values in assessing the 
efficiency of  chemoradiotherapy (area under the curve 0.98, p 
< 0.01) 
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The receiver operating characteristic 
(ROC) curve analysis was done based on 
our observations. In our study when the 
ADC threshold value was 1.15 x 10-3 
mm2/s, we could distinguish between 
residual tumor tissue and tumor free cervical 
tissue after chemoradiotherapy, with a 
sensitivity of 92.3% and specificity of 100 
% and the area under the curve was 0.98 
(Fig. 6).  
 

 
Fig 7: The receiver operating characteristic (ROC) curve 
analysis to assess diagnostic performance of ∆ADC(increase in 
mean ADC value) 
 

Diagnostic value of increase in mean 
ADC value in differentiating patients with 
complete resolution from patients with 

residual disease was analysed using receiver 
operating characteristic (ROC) curve. When 
an increase in mean ADC value of 0.19 x 
10-3 mm2/s was taken as the cut-off value to 
differentiate patients with complete 
response from patients with residual disease 
after chemoradiotherapy, the sensitivity and 
specificity were 100 % and 75% 
respectively and area under the curve was 
0.95 (Fig. 7). 

Majority of the cervical carcinoma 
patients (17 out of 21) showed washout 
pattern of enhancement on baseline MRI 
and 4 patients showed plateau pattern of 
enhancement on dynamic contrast enhanced 
MR imaging. On post chemotherapy MRI, 9 
out of 21 patients  showed plateau pattern of 
enhancement and remaining 12 patients 
washout pattern of enhancement. On post 
CTRT MRI, 17 of the 18 patients with 
complete resolution of tumor showed 
increasing trend of enhancement and one 
showed plateau pattern of enhancement. 
None of the patients showed washout 
pattern of enhancement. In 3 patients with 
residual tumor, one patient showed plateau 
pattern of enhancement and 2 patients 
showed wash out pattern of enhancement on 
post CTRT MRI. None of the patients 
showed increasing trend of enhancement 
(Table 3). 

 
Table 3: TIC curves in patients (n = 21) 

Pattern of 
enhancement  

1st MRI (Baseline) 2nd MRI (Post CTH) 3rd MRI (Post CTRT) 
No. of patients No. of patients No. of patients 
complete 
response 

Residual 
tumor 

Complete 
response 

Residual 
tumor 

Complete 
response 

Residual 
tumor 

Increasing trend 0 0 0 0 17 (94.45 %) 0 
Plateau 4 (22.22 %) 0 8 (44.44 %) 1 (33.3 %) 1 (5.55 %) 1 (33.3 %) 
Wash-out 14 (77.77%) 3 (100 %) 10 (55.55 %) 2 (66.6 %) 0 2 (66.6 %) 

 
DISCUSSION  

In tumors, changes in morphology 
are now known to be preceded by 
alterations at molecular level indicative of 
cellular disruption and death and are 
amenable to earlier detection. Studies have 
shown that functional imaging like DW-
MRI and DCE-MRI can be used to pick up 
these early changes at the molecular level 

and thereby help in predicting early 
therapeutic response. 

We have prospectively evaluated 21 
biopsy proven cases of squamous cell 
carcinoma of cervix considered for radical 
chemoradiation based on FIGO staging. 
Hence, the study population consisted of 
patients with locally advanced cervical 
cancer. 
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DW-MR imaging studies in patients 
of cervical cancer has shown cancerous 
tissue to have significantly lower apparent 
diffusion coefficient (ADC) values 
compared to normal tissue. [1, 16-23] In our 
study mean ADC values of all patients on 
baseline MRI was 0.82 ± 0.1 x 10-3 mm2/s. 
Our patients baseline mean ADC values 
were significantly lower than the mean 
ADC values of normal cervical tissue in 
control group of many studies with values 
ranging from 1.33 to 2.09 x 10-3 mm2/s. [16-

23] 
The mean ADC of cervical cancer is 

known to increase during and after 
chemoradiotherapy such that early 
alterations in ADC can be used for 
predicting early therapeutic response. In our 
study patients with residual tumor showed 
0.09 x 10-3 mm2/s increase in mean ADC 
values on post chemotherapy MRI from 
baseline MRI. Patients with complete 
response showed 0.15 x 10-3 mm2/s increase 
in mean ADC values which was found to be 
statistically significant (p < 0.05). Somoye 
G et al. conducted a study to assess 
prognostic values of DW-MRI and 
compared pretreatment ADC values with 
mid treatment ADC values after 2 weeks of 
chemoradiotherapy. They found that 
patients with good outcome showed greater 
increase in mean ADC values compared to 
patients with bad outcome. [24] These early 
change in ADC values can be used to 
predict in which women the tumor would 
not show complete resolution show no 
complete resolution or subsequently recur 
so as to discontinue ineffective treatment 
and use appropriate aggressive treatment.  

On post CTRT MRI, mean ADC 
value was 1.25 ± 0.18 x 10-3 mm2/s with 
increase in mean ADC value of 0.43 x 10-3 
mm2/s from baseline MRI. Many studies 
also showed similar increase in mean ADC 
values after chemoradiotherapy. [10,19-23]  

After chemoradiotherapy, patients 
with complete resolution of tumor are 
known to show greater increase in mean 
ADC values from baseline MRI as 
compared to patients with residual disease. 

[11,21] Our study also showed a similar result 
(0.5 x10-3 mm2/s v/s 0.17 x10-3 mm2/s). 
Atstupenaitel V et al[11] in their study 
observed that increase in mean ADC value 
in responders were 0.46 ± 0.17 x10-3 mm2/s 
compared to 0.08 ± 0.17 x10-3 mm2/s  in 
non-responders after chemoradiotherapy. 
Study conducted by Liu Y et al [21] to 
investigate DWI in predicting and 
monitoring the response of carcinoma 
cervix to chemoradiotherapy also showed 
similar observations with patients with 
complete response to chemotherapy 
showing 0.44 x10-3 mm2/s increase in mean 
ADC value compared to 0.27 x10-3 mm2/s in 
patients with partial response or static 
disease after chemoradiotherapy.  

From our study, threshold ADC 
value of ≥ 1.15 x 10-3 mm2/s can be used to 
differentiate patients with complete 
response from patients with residual disease 
after chemoradiotherapy with a sensitivity 
of 92.3% and specificity of 100 %.  

DWI also helps in differentiating 
post radiotherapy changes from residual 
tumor as both these entities show increased 
T2 hyperintensity. Residual tumor shows 
diffusion restriction, where as post 
radiotherapy changes do not. [25,26] In 2 of 
our patients who showed T2 hyperintensity 
in cervical region on post CTRT, MRI did 
not show any diffusion restriction on DW-
MRI  confirming T2 hyperintensity was due 
to post radiotherapy changes rather than 
residual tumor.  

Pattern of time-signal intensity curve 
(TIC) derived from dynamic contrast 
enhanced MR imaging can be used for 
differentiating cervical cancer from cancer 
free cervical tissue. [15,27] Based on our 
study, initial uptake with washout pattern of 
enhancement was relatively specific for 
malignant lesion and progressive 
enhancement pattern was in favour of 
cancer free cervix. Plateau pattern of 
enhancement was also more in favour of 
malignancy. None of our patients showed 
progressive enhancement pattern on 
baseline MRI and 17 out of 18 patients with 
complete response following 
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chemoradiotherapy showed progressive 
enhancement pattern suggesting its high 
specificity for cancer free cervix. To the 
best of our knowledge no studies have 
described the types of TIC in carcinoma 
cervix patients. Types of TIC were well 
established in the assessment of breast and 
adnexal masses with Type III TIC is 
specific for malignancy and type I TIC 
favours no malignancy. [27, 28] Type II TIC is 
intermediate. We got similar results in our 
study suggesting that types of TIC can be 
used for detection of malignancy in cervix. 
However, further studies with large study 
population required for the better 
understanding of type of TIC in assessment 
of cervical malignancy. 
 
CONCLUSION 

We conclude that the functional MR 
techniques of diffusion-weighted and 
dynamic contrast enhanced imaging can 
provide additional information regarding the 
tissue characteristics of cervical carcinoma. 
Diffusion restriction, ADC values and TIC 
pattern differ in patients with complete 
response to chemoradiotherapy from that of 
patients with residual tumor, hence helps in 
identifying patients with residual tumor.  
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