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Abstract
Background: Ovarian malignancy is a common malignancy among women and
cause of death. Diagnostic laparotomy and histopathological examination are
the best methods for diagnosis of ovarian malignancy. But it is important to
explore other non-invasive methods pre-operatively for accurate diagnosis and
planning of management. The aim is to assess the impact of addition of DWI &
ADC to the routine conventional MRI sequences in classifying malignant and
benign ovarian lesions and detection of malignant lymph nodes and peritoneal
metastasis. Materials and Methods: A prospective observational study was
done in patients who were diagnosed to have ovarian lesions either solid or
complex cystic by trans-abdominal or transvaginal ultrasonography. MRI pelvis
imaging was done including conventional and diffusion weighted imaging. The
images were reviewed to comment on qualitative and quantitative analysis of
ovarian lesions, lymph nodes and peritoneal deposits. Result: Results were
compared with histopathological examination findings post-surgery which
revealed 18 malignant and 17 benign ovarian lesions out of 35 patients. The
average ADC value for malignant ovarian lesions was 1.0 x 10 -3 mm2/s which
was lower than that of the benign ovarian lesions which was 1.4 x 10-3 mm2/s.
The cut off value below which malignancy was expected is less than 1.1 x 10 -3
mm2/s with 100% sensitivity and specificity. Conclusion: DWI and ADC in
addition to the conventional MRI sequences helps in qualitative and quantitative
analysis of ovarian lesions thus differentiating malignant from benign ovarian
tumors.

INTRODUCTION
Ovarian malignancy is a common malignancy among
women and cause of death. Early diagnosis and
appropriate planning of management can lead to
better prognosis. The time of diagnosis is very
essential as higher the stage of disease worst the
outcome is. Diagnostic laparotomy and HPE
(histopathological examination) are the best methods
for diagnosis of ovarian malignancy. But it is
important to explore other non-invasive methods preoperatively for accurate diagnosis and planning of
management.[1,2,3,4,5,6,7,8,9,10]
There are many risk factors for ovarian malignancy
like age above 50, family history, nulliparity and
previous malignancy. Malignant ovarian tumors are
mostly primary which constitute for about 95%.

Metastasis to ovary can occur from gastric,
colorectal, breast and pancreatic carcinomas.
Malignant ovarian tumors can be of epithelial or nonepithelial origin. Epithelial tumors consists of
endometrioid, serous, clear cell, mucinous and
undifferentiated. Non-epithelial tumors consist of
germ cell tumors and sex cord stromal tumors like
dysgerminoma,
yolk
sac,
teratoma
and
choriocarcinoma. Ovarian tumors can cause local
spread after breaching the capsule with extension into
adjacent structures. They can also cause spread by
lymphatics to paraaortic lymph nodes and
hematogenous spread to other organs.[2,3,12,13,14,15]
Ovarian lesions are usually initially diagnosed on
ultrasonography when the patients present with
various complaints like mass per abdomen, lower
abdominal pain or urinary symptoms due to mass
64
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effect and compression. The patients are then
suggested MRI (Magnetic resonance imaging) which
is gold standard for female pelvis. MRI helps to
assess the location, origin, morphology and signal
intensity characteristics of the lesion. CT (computed
tomography) is usually used to know the distant
metastasis and lymph nodes pre-operatively.
However it cannot characterize the lesion and patient
is exposed to radiation. So it is necessary to explore
other imaging techniques with no radiation and for
better characterization of the lesion as well as
staging.[16,17,18,19,20]
Tumors with malignant potential has a feature of
neovascularization which assumes the metastatic
character of the tumor. DW imaging (Diffusion
weighted imaging) helps in assessing the tissue
cellularity and cell membrane integrity by analyzing
the degree of diffusion of free water molecules. ADC
(Apparent diffusion coefficient) quantifies the
diffusivity of water molecules within tissues. The
increase in tissue cellularity or cell density reduces
ADC value. Tumors with malignant potential usually
have hypercellularity, therefore ADC values help in
differentiation of malignant from benign lesions.[1]
Prior research studies have certified the usefulness of
DWI in various cancers.[21,22]
The study was aimed to assess the impact of addition
of DWI & ADC to the routine conventional MRI
sequences in classifying malignant and benign
ovarian lesions and detection of malignant lymph
nodes and peritoneal metastasis.[23,24]

MATERIALS AND METHODS
The study was done from June 2021 till February
2022 in KIMS (Kempegowda institute of medical
sciences), Bengaluru, Karnataka, India. Thirty-five
patients of varying ages were included in the study
with ovarian lesions either solid or complex cystic
diagnosed by trans-abdominal or transvaginal
ultrasonography. MRI pelvis imaging was done for
all the patients using 1.5T GE SIGNA 16 CHANNEL
MRI unit with body Torso coil, after written consent
was taken. MRI examination included conventional
and diffusion weighted imaging. Inj. Buscopan was
given 20 minutes before MRI to reduce the bowel
movements hence reducing artifacts and improving
the image quality. The exclusion criteria were
patients with past adnexal surgeries or who had
received radiotherapy/ chemotherapy and patients
with contraindication to MRI.

Analysis of Data
Two senior radiologists with 8-12 years of experience
have reviewed the MR images. First location,
morphology and signal intensity characteristics of the
ovarian lesions were described on routine
conventional MR sequences. DWI was then reviewed
to see whether diffusion restriction is present or
absent. Diffusion restriction is considered to be
present when the lesion shows increased signal on T2
and DWI with decreased signal on ADC. 3D ADC
maps were generated using FuncTool software in
Advantage Windows workstation 4.6 GE Healthcare.
The ADC maps was synced with T2W images to
identify solid components of the lesion. The ROI
(region of interest) was placed on the solid
components of lesions and ADC values were
calculated. A ROC (receiver operating characteristic)
curve was obtained to evaluate the diagnostic ability
of the measured ADC values in differentiating
malignant from benign ovarian lesions.

RESULTS
The findings on MRI were compared with HPE
findings post surgery which revealed 18 malignant
and 17 benign ovarian lesions out of 35 patients.
Bilateral ovarian lesions were seen in five patients
but the most suspicious lesion was only taken into
consideration. All the malignant and three benign
ovarian lesions like mature cystic teratoma,
fibrothecoma and endometrioma showed diffusion
restriction.
The average ADC value of malignant ovarian lesions
was 1.0 x 10-3 mm2/s which was much lower than that
of the benign ovarian lesions which was 1.4 x 10 -3
mm2/s. The cut off value below which malignancy is
considered is less than 1.1 x 10-3 mm2/s with a
sensitivity and specificity of 100%. The average
ADC value for malignant lymph nodes was
lower than the non-malignant lymph nodes which
measured 0.97 ± 0.06 x 10-3 mm2/s and 1.27 ± 0.04 x
10-3 mm2/s sequentially. Peritoneal carcinomatosis
was seen in only 3 patients with average ADC value
of 1.0 ± 0.05 x 10-3 mm2/s.
Benign ovarian lesions included six serous
cystadenomas, two mature cystic teratomas, four
mucinous cystadenomas, one fibrothecoma, one
cystadenofibroma, two brenner tumors and one
endometriosis. Malignant ovarian lesions included
six mucinous cystadenocarcinomas, three serous
cystadenocarcinomas, two dysgerminomas, two
granulosa cell tumors, three papillary serous
cystadenocarcinomas and two germ cell tumors.

Table 1: Comparison of Ovarian lesion Characteristics based on HPE Findings using Chi Square Test.
Variable

Category

Nature
Diffusion Weighted Imaging
Lymph Nodes

Benign
n

Complex Cystic
Solid
Diffusion Restriction
Diffusion Facilitation
Absent

15
2
3
14
14

%
88.2%
11.8%
17.6%
82.4%
82.4%

Malignant
n
%
10
8
18
0
11

P-Value

55.6%
44.4%
100.0%
0.0%
61.1%

0.03*
0.001*
0.16
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Present
Absent
Present

Peritoneal Deposits

3
17
0

17.6%
100.0%
0.0%

7
15
3

38.9%
83.3%
16.7%

0.08

* Statistically Significant

Table 2: Comparison of mean ADC values between Benign & Malignant Ovarian Lesions using Mann Whitney Test
HPE
Benign
Malignant
* Statistically Significant

N

Mean

SD

Mean Diff

P-Value

17
18

1.400
1.018

0.134
0.095

0.382

<0.001*

Table 3: Comparison of mean ADC values between Benign & Malignant Lymph Nodes using Mann Whitney Test
Lymph nodes
Benign
Malignant
* Statistically Significant

N

Mean

SD

Mean Diff

P-Value

3
7

1.273
0.973

0.042
0.068

0.300

<0.001*

Table 4: Comparison of the Findings between MRI & HPE among the study samples using McNemar's Test
Finding

MRI
n

%

HPE
n

%

16
19

45.7%
54.3%

17
18

48.6%
51.4%

Benign
Malignant

P-Value
1.00

Table 5: ROC Curve analysis for ADC values for determining the cut-off between Benign & Malignant Conditions
Variable

AUC

ADC Values
1.00
* Statistically Significant

Std. Error

95% Conf. Interval
Lower
Upper

P-Value

Cut off

Sn (%)

Sp (%)

0.00

0.90

<0.001*

≤1.18

100.00

100.00

1.00

DISCUSSION
In most of the patients ovarian lesions are usually
diagnosed very late with extensive metastasis
decreasing the survival rate of the patient. DWI and
ADC in addition to other conventional MR sequences
helps in qualitative as well as quantitative
examination of ovarian lesions thereby increasing the
precision of non-contrast conventional images.
Contrast MRI helps in better characterization of
ovarian lesions which helps in proper diagnosis, but
when contrast media is contraindicated like in renal
failure patients or pregnant individuals, adding DWI
and ADC would be appropriate choice of sequences.
Many studies were done previously to evaluate the
impact of DWI and ADC values in differentiation of
borderline malignant from benign ovarian lesions
which showed notable difference in ADC values
among them.[25,26,27,28]
Ali et al,[1] has done a study which included fifty-one
patients out of which twenty-three were malignant
ovarian tumors and twenty-eight were benign ovarian
tumors. The average 3D ADC values were 1.516 ±
0.6 × 10-3 mm2/s and 0.977 ± 0.3 × 10-3 mm2/s for
benign and malignant ovarian lesions sequentially.
According to their study cut off value for malignancy
was considered to be less than 1.17 × 10-3 mm2/s
showing 75% specificity and 69.9% sensitivity.
Takeuchi et al,[9] conducted a study with a sample
size of 49 revealing 10 benign and 39
malignant/borderline malignant ovarian tumors.
There was remarkable variance among average 2D
ADC values of malignant and benign tumors which
were 1.03 ± 0.19 × 10-3 mm2/s and 1.38 ± 0.30 × 10-3
mm2/s sequentially. The cut off value for malignancy

was considered to be less than 1.15 which had 80%
specificity and 74% sensitivity.
Li et al,[10] has done a study which included 127
patients with 46 benign and 81 malignant ovarian
lesions. The average 2D ADC values were 1.69 × 103
mm2/s ± 0.25 SD and 1.03 × 10-3 mm2/s ± 0.22 SD
for benign and malignant lesions sequentially. The
cut off value for malignancy was considered to be
less than was 1.25 × 10-3 mm2/s which showed 90.1%
sensitivity and 89.9% specificity.
Zhang et al,[2] has done a study including 191 patients
revealing 202 ovarian lesions (74 benign and 128
malignant). According to their study cut off value for
malignancy was considered to be less than 1.2 × 10 -3
mm2/s.
Few benign tumors such as endometriomas and
mature cystic teratomas show reduced ADC values
because of their morphological characteristics as
stated by many previous research articles. This is
because of presence of more collagen-producing
fibroblastic cells and abundant network of collagen
fibres in extracellular matrix limiting the movement
of water molecules.[30,31,32]
Fujii et al,[11] has done a study including 123 ovarian
lesions revealing 42 malignant and 81 benign lesions.
They suggested that DW imaging and ADC values
were not beneficial in differentiating benign from
malignant ovarian lesions. This is because the benign
lesions in their study predominantly included
eighteen mature cystic teratomas, seven fibromas and
twenty-four endometriomas which showed low ADC
values leading to an absence of difference among the
ADC values of malignant and benign lesions.
Our study had a limitation as the number of cases are
less. A future comparative study is recommended
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with more sample size and better pathological
distribution to appraise the diagnostic ability of ADC
maps in ovarian cancer. ROI and inter-observer
variableness can affect ADC values, hence proper
standardized methods should be established and
followed.[33,34,35]

CONCLUSION
DWI and ADC in addition to the conventional MRI
sequences helps in qualitative and quantitative
analysis of ovarian lesions thus differentiating
malignant from benign ovarian tumors.

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Ali RF, Nassef HH, Ibrahim AM, Chalabi NAM, Mohamed
AM. The Role of Diffusion Weighted Imaging in suspected
cases of ovarian cancer. Egypt J Radiol Nucl Med.
2020;51(1):1-1.
Zhang P, Cui Y, Li W, Ren G, Chu C, Wu X. Diagnostic
accuracy of diffusion-weighted imaging with conventional
MR imaging for differentiating complex solid and cystic
ovarian tumors at 1.5T. World J Surg Oncol. 2012;10:237.
doi: 10.1186/1477-7819-10-237.
Ahmad KA, Abdrabou A. The significance of added ADC
value to conventional MR imaging in differentiation between
benign and malignant ovarian neoplasms. The Egypt J Radiol
Nucl Med. 2014;45(3):997-1002.
Fan X, Zhang H, Meng S, Zhang J, Zhang C. Role of
diffusion-weighted magnetic resonance imaging in
differentiating malignancies from benign ovarian tumors. Int
J Clin Exp Med. 2015;8(11):19928-37.
Pi S, Cao R, Qiang JW, Guo YH. Utility of DWI with
quantitative ADC values in ovarian tumors: a meta-analysis of
diagnostic test performance. Acta Radiol. 2018;59(11):13861394. doi: 10.1177/0284185118759708.
Meng XF, Zhu SC, Sun SJ, Guo JC, Wang X. Diffusion
weighted imaging for the differential diagnosis of benign vs.
malignant ovarian neoplasms. Oncol Lett. 2016;11(6):37953802. doi: 10.3892/ol.2016.4445.
Kim HJ, Lee SY, Shin YR, Park CS, Kim K. The Value of
Diffusion-Weighted Imaging in the Differential Diagnosis of
Ovarian Lesions: A Meta-Analysis. PLoS One.
2016;11(2):e0149465. doi: 10.1371/journal.pone.0149465.
Rockall AG. Diffusion weighted MRI in ovarian cancer. Curr
Opin
Oncol.
2014;26(5):529-35.
doi:
10.1097/CCO.0000000000000112.
Takeuchi M, Matsuzaki K, Nishitani H. Diffusion-weighted
magnetic resonance imaging of ovarian tumors:
differentiation of benign and malignant solid components of
ovarian masses. J Comput Assist Tomogr. 2010;34(2):173-6.
doi: 10.1097/RCT.0b013e3181c2f0a2.
Li W, Chu C, Cui Y, Zhang P, Zhu M. Diffusion-weighted
MRI: a useful technique to discriminate benign versus
malignant ovarian surface epithelial tumors with solid and
cystic components. Abdom Imaging. 2012;37(5):897-903.
doi: 10.1007/s00261-011-9814-x.
Fujii S, Kakite S, Nishihara K, Kanasaki Y, Harada T, Kigawa
J, et al. Diagnostic accuracy of diffusion-weighted imaging in
differentiating benign from malignant ovarian lesions. J Magn
Reson
Imaging.
2008;28(5):1149-56.
doi:
10.1002/jmri.21575.
Katayama M, Masui T, Kobayashi S, Ito T, Sakahara H,
Nozaki A, et al. Diffusion-weighted echo planar imaging of
ovarian tumors: is it useful to measure apparent diffusion
coefficients? J Comput Assist Tomogr. 2002;26(2):250-6. doi:
10.1097/00004728-200203000-00015.
Torre LA, Trabert B, DeSantis CE, Miller KD, Samimi G,
Runowicz CD, Gaudet MM, Jemal A, Siegel RL. Ovarian
cancer statistics, 2018. CA Cancer J Clin. 2018;68(4):284296. doi: 10.3322/caac.21456.

14. Penny SM. Ovarian Cancer: An Overview. Radiol Technol.
2020;91(6):561-575.
15. Bonekamp S, Corona-Villalobos CP, Kamel IR. Oncologic
applications of diffusion-weighted MRI in the body. J Magn
Reson Imaging. 2012;35(2):257-79. doi: 10.1002/jmri.22786.
16. Moteki T, Ishizaka H. Evaluation of cystic ovarian lesions
using apparent diffusion coefficient calculated from reordered
turboflash MR images. Magn
Reson
Imaging.
1999;17(7):955-63. doi: 10.1016/s0730-725x(99)00036-3.
17. Thomassin-Naggara I, Toussaint I, Perrot N, Rouzier R,
Cuenod CA, Bazot M, et al. Characterization of complex
adnexal masses: value of adding perfusion- and diffusionweighted MR imaging to conventional MR imaging.
Radiology.
2011;258(3):793-803.
doi:
10.1148/radiol.10100751.
18. Nakai G, Matsuki M, Inada Y, Tatsugami F, Tanikake M,
Narabayashi I, et al. Detection and evaluation of pelvic lymph
nodes in patients with gynecologic malignancies using body
diffusion-weighted magnetic resonance imaging. J Comput
Assist
Tomogr.
2008;32(5):764-8.
doi:
10.1097/RCT.0b013e318153fd43.
19. Umemoto M, Shiota M, Shimono T, Hoshiai H. Preoperative
diagnosis of ovarian tumors, focusing on the solid area based
on diagnostic imaging. J Obstet Gynaecol Res.
2006;32(2):195-201.
20. Thomassin-Naggara I, Daraï E, Cuenod CA, Fournier L,
Toussaint I, Marsault C, et al. Contribution of diffusionweighted MR imaging for predicting benignity of complex
adnexal masses. Eur Radiol. 2009;19(6):1544-52. doi:
10.1007/s00330-009-1299-4.
21. Medeiros LR, Freitas LB, Rosa DD, Silva FR, Silva LS,
Birtencourt LT, et al. Accuracy of magnetic resonance
imaging in ovarian tumor: a systematic quantitative review.
Am J Obstet Gynecol. 2011;204(1):67.e1-10. doi:
10.1016/j.ajog.2010.08.031.
22. Sohaib SA, Sahdev A, Van Trappen P, Jacobs IJ, Reznek RH.
Characterization of adnexal mass lesions on MR imaging.
AJR Am J Roentgenol. 2003;180(5):1297-304. doi:
10.2214/ajr.180.5.1801297.
23. Javadi S, Ganeshan DM, Qayyum A, Iyer RB, Bhosale P.
Ovarian Cancer, the Revised FIGO Staging System, and the
Role of Imaging. AJR Am J Roentgenol. 2016;206(6):135160. doi: 10.2214/AJR.15.15199.
24. Garcia Prado J, González Hernando C, Varillas Delgado D,
Saiz Martínez R, Bhosale P, Blazquez Sanchez J, et al.
Diffusion-weighted magnetic resonance imaging in peritoneal
carcinomatosis from suspected ovarian cancer: Diagnostic
performance in correlation with surgical findings. Eur J
Radiol. 2019;121:108696. doi: 10.1016/j.ejrad.2019.108696.
25. Schmidt S, Meuli RA, Achtari C, Prior JO. Peritoneal
carcinomatosis in primary ovarian cancer staging: comparison
between MDCT, MRI, and 18F-FDG PET/CT. Clin Nucl
Med.
2015;40(5):371-7.
doi:
10.1097/RLU.0000000000000768.
26. Michielsen K, Vergote I, Op de Beeck K, Amant F, Leunen
K, Moerman P, et al. Whole-body MRI with diffusionweighted sequence for staging of patients with suspected
ovarian cancer: a clinical feasibility study in comparison to CT
and FDG-PET/CT. Eur Radiol. 2014;24(4):889-901. doi:
10.1007/s00330-013-3083-8.
27. Baboli M, Zhang J, Kim SG. Advances in Diffusion and
Perfusion MRI for Quantitative Cancer Imaging. Curr
Pathobiol Rep. 2019;7(4):129-141. doi: 10.1007/s40139-01900204-7.
28. El Ameen NF, Eissawy MG, Mohsen LA, Nada OM,
Beshreda GM. MR diffusion versus MR perfusion in patients
with ovarian tumors; how far could we get?. Egypt J Radiol
Nucl Med. 2020 Dec;51(1):1-1.
29. Oh JW, Rha SE, Oh SN, Park MY, Byun JY, Lee A.
Diffusion-weighted MRI of epithelial ovarian cancers:
correlation of apparent diffusion coefficient values with
histologic grade and surgical stage. Eur J Radiol.
2015;84(4):590-5. doi: 10.1016/j.ejrad.2015.01.005.
30. Koh DM, Collins DJ. Diffusion-weighted MRI in the body:
applications and challenges in oncology. AJR Am J
Roentgenol.
2007;188(6):1622-35.
doi:
10.2214/AJR.06.1403.

67
International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN (O): 2687-5365; ISSN (P): 2753-6556

31. Whittaker CS, Coady A, Culver L, Rustin G, Padwick M,
Padhani AR. Diffusion-weighted MR imaging of female
pelvic tumors: a pictorial review. Radiographics.
2009;29(3):759-74. doi: 10.1148/rg.293085130.
32. Zhao SH, Qiang JW, Zhang GF, Ma FH, Cai SQ, Li HM, et
al. Diffusion-weighted MR imaging for differentiating
borderline from malignant epithelial tumours of the ovary:
pathological correlation. Eur Radiol. 2014;24(9):2292-9. doi:
10.1007/s00330-014-3236-4.
33. Yuan X, Guo L, Du W, Mo F, Liu M. Diagnostic accuracy of
DWI in patients with ovarian cancer: A meta-analysis.

Medicine
(Baltimore).
2017;96(19):e6659.
doi:
10.1097/MD.0000000000006659.
34. Padhani AR, Liu G, Koh DM, Chenevert TL, Thoeny HC,
Takahara T, et al. Diffusion-weighted magnetic resonance
imaging as a cancer biomarker: consensus and
recommendations. Neoplasia. 2009;11(2):102-25. doi:
10.1593/neo.81328.
35. Mukuda N, Fujii S, Inoue C, Fukunaga T, Tanabe Y, Itamochi
H, Ogawa T. Apparent diffusion coefficient (ADC)
measurement in ovarian tumor: Effect of region-of-interest
methods on ADC values and diagnostic ability. J Magn Reson
Imaging. 2016;43(3):720-5. doi: 10.1002/jmri.25011.

68
International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN (O): 2687-5365; ISSN (P): 2753-6556

