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ABSTRACT:

Background: Histological grade is one of the main prognostic
factors in patients with endometrial and cervical carcinoma. DW-MRI
provides important new information non-invasively.

Aim of the Work: to investigate if there is a correlation between
gualitative (visual) and quantitative (ADC value) provided by the
diffusion weighted imaging and the pathological grade of endometrial
and cervical carcinoma in order to reach the appropriate treatment
options.

Patients and Methods: Our study was conducted on twenty
patients with pathologically proven endometrial (n=10) and cervical
(n=10) carcinoma. It stressed on the role of Diffusion MRI in
preoperative grading, aiming to emphasize its role in proper selection
of patient’s management plan. We performed DWI using different b-
values, and quantitative analysis, named apparent diffusion coefficient
(ADC). Areas of restricted water diffusion of uterine malighancy
demonstrated high signal intensity on DWI and lower ADC values on
ADC map.

Results: There was a significant difference (b < 0.01) between
grades (1 and 2) from grade 3 in measuring the ADC values of both
endometrial and cervical carcinoma, while there was no statistically
significant difference between grade 1 and grade 2 or between grade
2 and grade 3. The mean ADC value of well differentiated tumors was
(> 0.9 x 10° mm? sec), while that of poor differentiated tumors was
(< 0.7 x 10 mm?/ sec). We also included in our analysis the size of
the proved uterine cancer and aimed to establish another item that
could reflect the tumor grading, but we zaven’t reached a statistical
significance in the current research; which could be due to the limited
sample size.

Conclusion: Lower ADC values were associated with poorly
differentiated endometrial and cervical tumors. Therefore, the ADC
value may represent a useful marker for assessing the biological
features and grading of the uterine cancers.

Key words: Diffusion, Magnetic Resonance Imaging, cervical
and endometrial, carcinoma

INTRODUCTION:

Uterine cervical cancer is the fourth
most common female malignancy and has a
Most women with

high mortality rate.

cervical cancer are diagnosed before the age
of 50,

Endometrial carcinoma is the most
common gynecological malignancy and the
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sixth most common neoplasm worldwide. It
typically presents with abnormal uterine
bleeding in 75% to 90% of patients ).

Transvaginal Ultrasound has advantage
of being readily available and with low costs
, but sensitivities and specificities of TVU
for the detection of deep myometrial
invasion and cervical stroma invasion are
71-85 % , Due to the small field of view and
limited depth of penetration using high-
frequency vaginal ultrasound probes, TVU is
not considered suited for valid assessment of
pelvic and paraaortic lymph node
metastases®).

CT's poor soft tissue differentiation
limits its use in the local staging of
Endometrial carcinoma. CT is less sensitive
and less specific

in accurately visualizing myometrial
invasion and cervical involvement than
MRI. The sensitivity and specificity of CT in
evaluating myometrial invasion range from
40% to 83% and from 42% to 75%,
respectively @

DW MR imaging with reference to ADC
mapping in detecting cervical stromal invasion
of endometrial cancer. Type 1 cancer: well or
moderately differentiated endometrioid adeno-
carcinoma; type 2 cancer: poorly differentiated
endometrioid, clear cell, serous papillary or
undifferentiated carcinoma ©),

We used image processing software on a
MR post-processing ,Myometrial invasion and
staging were analyzed using T2WI and fused
T2WI-DWI. To assesse the following
parameters: 1) invasion depth, 2) cervical
stromal involvement, 3) bilateral adnexa and
vaginal or other pelvic organ involvement, 4)
presence of enlarged lymph nodes, and 5)
presence of distant metastatic disease ©).

The International  Federation  of
Gynaecology and Obstetrics (FIGO) for the
first time use of MR imaging techniques,to
update cervical carcinoma staging and assess
the important prognostic factors , MRI is the
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imaging modality of choice for staging the
primary cervical tumour ),

Recently new magnetic resonance
imaging  (MRI) technology  provide
functional, tissue-specific, molecular infor-
mation; beyond the excellent anatomical and
contrast resolution with the aid of high
resolution morphological measu rements as
well as quantification can also be
performed®),

-Patients with cervical cancer FIGO
IB1-1VBunderwent chemoradiation, laparo-
scopic staging led to an upstaging of 83% of
cases, improves the prognosis of the primary
chemoradiation ©).

According to the staging system
developed by the Féderation Internationale de
Gynécologie et d’Obstétrique (FIGO), a
locally advanced cervix cancer in down-
staging, The standard treatment is Concurrent
chemoradiotherapy (CCRT), showed survival
benefits , when compared with radiotherapy
alone ©),

-DWI and ADC values provide addi-
tional information to routine pelvic MRI and
improve the specificity of MRI for
myometrial invasion and detecting tumour
extension and thus increasing the
radiologist’s confidence in image interpreta-
tion which will finally reflect on the
patients’ outcome and prognosis 19,

When DW-MRI is used in gynecologic
applications, areas  characterized by
“restricted' diffusion or by low values of the
apparent diffusion coefficient generally
correspond with foci of hypercellularity. By
performing DWI using different b-values,
quantitative analysis by calculating the
apparent diffusion coefficient (ADC) values,
it is possible to display the ADC values as a
parametric map (ADC map). Restricted
water diffusion demonstrates high signal
intensity on DWI and lower ADC values on
ADC map ®9),
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AIM OF THE WORK:

The aim of this study is to investigate if
there is a correlation between qualitative
(visual) and quantitative (ADC value)
provided by the diffusion weighted imaging
and the pathological grade of endometrial and
cervical carcinoma in order to reach the
appropriate treatment options.

PATIENTS AND METHODS:

The current study is a prospective
analysis that included 20 cases with uterine
malignancy (10 patients with endometrial
carcinoma and 10 cases with cervical
carcinoma) after initial biopsy confirmation
for pre-management.

The study was conducted at Ain Shams
University Hospital. The patients were
referred from the gynecology department to
the radiology department (Women’s imaging
unit) in the period from December 2015 to
March 2022.

Study population:

Patients presented with a histologic
diagnosis of endometrial or cervical
carcinoma. MR imaging and DWI suggested
pathology whether benign or malignant had

been correlated with the pathological
specimen. They presented with pre-
menopausal abnormal vaginal bleeding,

postmenopausal bleeding and/ or vaginal
discharge. The standard reference for the
histological grade was the complete
pathologic specimen following hysterectomy
or curettage samples in patients not fit for
surgery.

MR Imaging:

MR imaging was performed on two
devices (FUJIFILM  medical  system)
using a 1.5-T magnet. All the patients
were imaged in the supine position with
the aid of pelvic phased-array coil.
(SENSE XL Torso coil 16 channels).

Imaging Protocol:
Pre-contrast imaging:

Axial T1WI data were obtained in the
axial plane with the following parameters:
repetition time msec/echo time msec, 500/10
msec; field of view, 260x 216 mm; matrix,
263 x171; section thickness, 6 mm with a
1.3-mm intersection gap ; which is useful for
observing extrauterine disease and any other
structural anatomical detail that may
influence the extent of primary surgery..
Axial T2Wis data were obtained with the
following  parameters:  repetition time
msec/echo time msec, 3300/100 msec; field
of view, 288x350 mm; matrix, 292x180;
section thickness, 6 mm with a 1.3-mm
intersection gap; ; which is useful for
observing extrauterine disease and any other
structural anatomical detail that may
influence the extent of primary surgery
Sagittal T2WI data were obtained with the
following  parameters: repetition time
msec/echo time msec, 3000/90 msec; field
of view, 290x290 mm; matrix, 208x205;
section thickness, 4 mm with a 1.5-mm
intersection gap ; which is sensitive to
distinguish superficial from deep myometrial
invasion related to the incidence of nodal
metastasis  and for  presurgical
prognostication of patients who may be
suitable for more conservative treatment
Coronal T2Wis data were obtained with the
following  parameters: repetition time
msec/echo time msec, 5000/90 msec; field
of view, 300 x300 mm; matrix, 272x200;
section thickness, 5 mm with a 1 -mm
intersection gap ; which is suited to detect
and evaluate endometrial cancer within the
endometrial cavity; tumor infiltration into
myometrium, endocervix, and  gross
extension into the parametria; and other
pelvic tumor deposits .

Diffusion study:

= Axial obligue DWI was performed.
Data acquisition was obtained by
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applying three different b factors of 0,
500, and 1000 s/mm?.

= DW Diffusion weighted images were
utilized for calculation of the ADC
values.

= ADC measurements were automatically
calculated by drawing the largest
possible region of interest (ROI) with
focus on the solid component of the
uterine carcinomas. ADC value was
usually expressed in (x 10-3) square
millimeters per second.

Image Analysis:
MR images were analyzed for the following:

a) Tumor signal intensity on T1-, T2-
weighted images.

b) Tumor size on T2-weighted images:
The diameter-based calculation was
done by measuring the largest tumor
diameter in T2 sequences. The
longitudinal diameter (d1) along the
long axis of the endometrial cavity on
the sagittal images and the antero-
posterior diameter (d2: orthogonal to the
longitudinal diameter) was measured on
the sagittal images.

c) Areas of persistent  diffusion
restriction on DW MR Images (b-
value of 1000 seconds/mmz2): diffusion
weighted imaging (DWI) MR sequences
with b=0, b=500 and b=1000, is usually
performed at two or more b values
including low b wvalues (0 or 50
sec/mm?) and a very high b value
(usually ~1000 sec/mm? or 1500 sec/
mm?), according to that a higher b value
can result in stronger diffusion-
weighting. And it has an important role
in assess response qualitatively by
increasing image contrast between the
cancer lesion and benign tissues.

Therefore, Examinations with low b
values suffer significantly from T2
effects (shine through). By contrast,
high b values mostly overcome this
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effect. However, measurements
performed with b value greater than
1,000s/mm?  provide  low-quality
images, with an unfavorable signal-to-
noise ratio and a low spatial resolution.

d) ADC values measurement of the
tumor: The ADC maps were calculated
and mapped by the imaging system
software. To measure normal ADC
values, a circular region of interest
(ROI) was placed on each uterine zone.
The measurements were obtained from
the same parts of each zone. The
calculation of the endometrium was
performed at the fundus level.

The areas of the ROI in my patient
groups of the myometrium, endometrium,
junctional zone, and cervix were 1.4-3.6,
0.7-8.6, 0.6-1, and 0.7-4.3 cm2,
respectively.

Regarding relation between tumor grade
and ADC values in endometrial carcinoma:
the results showed that the mean ADC value
for each histologic grade, which was
0.99+0.03 (G1), 0.92+0.02 (G2), and
0.66+0.04 (G3). Which indicated the inverse
relationship between ADC values and tumor
cellularity in endometrial cancer. the lower
the tumor grade, the wider the SD. While in
the cervical carcinoma show the mean ADC
value for each histologic grade, which was
1.02+0.07 (G1), 0.97+0.07 (G2), and
0.67+0.05 (G3).

Statistical Analysis:

e Computer software package SPSS
(version 12 windows) was used in the
analysis.

e Results are expressed as mean (as a
measure of central tendency) + standard
deviation (as measures of variability) or
number (%).

e Comparison between mean values of
ADC in the studied groups was
performed using T test.
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e P value <0.05 was considered significant
and < 0.01 was considered highly
significant.

MRI can accurately assess prognostic
indicators in patients who were treated by
assessing: the tumor size, parametrial
invasion, pelvic sidewall, and lymph node
invasion.

RESULTS:

The study group consisted of 20 patients
with uterine malignancy (10 cases

endometrial carcinoma & 10 cases cervical
carcinoma) and the results were analyzed as
follows:

(Endometrial carcinoma)

Fifteen patients with pathologically
proven endometrial carcinoma with their age
ranged between 65 to 92 years (mean age
78.5£9.76 SD) (Diagram 1). 7 patients
(70%) complain  of post-menopausal
bleeding, while 3 patients (30%) complain
of menometrorrhagia.

M <50 years ™ >50 years

Diagram (1): Age distribution of endometrial carcinoma.

Histopathological types of endometrial carcinoma in the studied group: (Diagram 2)
* 8 patients with endometrioid adenocarcinoma.

* 1 patient with clear cell carcinoma.

* 1 patient with undifferentiated carcinoma.

B Endometroid adenocarcinoma
m Clear cell carcinoma

Oundifferentiated carcinoma

Diagram (2): Histological types of endometrial carcinoma.

In all cases, the tumor intensity was iso
to hypointense on T1WIs, of intermediate
signal intensity (SI) on T2WIs, showed
restricted diffusion of persistent bright SI on

Diffusion WIs, and low SI on ADC map.
The mean ADC value (10°mm?/second) of
the included endometrial cancer in our study
was 0.84+0.17.
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Table (1): Endometrial carcinoma grades.

Tumor Grade

Endometrial Ca

No %
Grade | 2 20%
Grade Il 2 20%
Grade Il 6 60.0%

(Table 1) This table shows that the
different tumor grades among the 10
endometrial carcinoma patients was highest

in grade 11l by 60% ,and lower by 20% in
both grade | and grade 1.

Table (2): Relation between tumor grade and ADC values in endometrial Carcinoma.

Endometrial carcinoma grades Grade | Grade 11 Grade 111

ADC Value (x10) expressed in Mean+SD 0.99+0.03 0.92+0.02 0.66+0.04

mm2/second Range 0.96-1 0.9-0.93 0.62-0.7
This table shows that the mean ADC  endometrial carcinoma, which was >0.9

value for each histologic grade, which was
0.99+0.03 (G1), 0.92+0.02 (G2), and
0.66%0.04 (G3). Which indicated the inverse
relationship between ADC values and tumor
cellularity in endometrial cancer. the lower
the tumor grade, the wider the SD.

Table 3 shows relation between ADC

x10% in well differentiated tumors with mean
ADC value 0.95+0.05 x1073, while it was
usually <0.9 x10° in poor differentiated
tumors with mean ADC value 0.66+0.04x10°
%, Which indicated the inverse relationship
between ADC values and tumor cellularity

values in well and poor differentiated
Table (3): Comparison between well and poor differentiated endometrial carcinoma according to their
ADC values.
Well differentiated Poor Chi Square test
differentiated | X2/F P value
ADC category <0.9 0 (0%) 4 (100%) 15.00 0 0.0001
>0.9 6 (100%) 0 (0%)
ADC Value (x103) Mean+S D 0.95+0.05 0.66+0.04 15311 0.0001
expressed in mm#/second Range 09-1 0.62-0.7

Statistical analysis of the ADC values of
different tumor grades showed that there was
no statistically significant  difference
between grade 1 and grade 2 (P>0.05) , and
between grade 2 and grade 3 (P>0.05), while
there was significant difference between
grades (1 and 2) from grade 3. i.e.: there was
significant difference (P>0.01) between well
differentiated & poor differentiated tumors.
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Cervical carcinoma:

Fifteen patients with pathologically
proven cervical carcinoma with their age
ranged between 44 to 92 years (mean age
51.40£15.90 SD). 3 patients (30%) complain
of post-menopausal bleeding, while 7
patients (70%) complain of
menometrorrhagia.
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B <50 years

® 550 years

Diagram (3): Age distribution of cervical carcinoma.

Histopathological types of cervical carcinoma in the studied group: (Diagram 4)

* 7 patients with squamous cell carcinoma.

* 2 patients with Adenocarcinoma. 1 patient with spindle cell tumor.

10

0 |

B Squamous cell carcinoma
@ Adenocarcinoma

OSpindle cell tumour

Diagram (4): Histological types of cervical carcinoma.

Studied cervical carcinoma displayed
comparable MR signal intensity to those
described  earlier ~ with  endometrial
carcinoma in T1, T2 and Diffusion weighted
images. The appearance of noninvasive
endometrial carcinoma on MRI s
characterized by a normal or thickened
endometrium, with an intact junctional zone

Table (4): Cervical carcinoma grades.

and a sharp tumor-myometrium interface.
Invasive  endometrial ~ carcinoma  is
characterized disruption or irregularity of the
junctional zone by intermediate signal
intensity mass on T2-weighted images .The
mean ADC value (10°mm?/second) of
cervical cancer in cases included in our
study was 0.90+0.18.

Tumor Grade Cervical Ca
No %
Grade | 2 20%
Grade Il 6 60%
Grade IlI 2 20%

Table (4) This table shows that the
different tumor grades among the 10 cervical
carcinoma patients was highest in grade 2 by

60%, and lower by 20% in both grade 1 and
grade 3.
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Table (5): Relation between tumor grade and ADC values in cervical Carcinoma

Cervical carcinoma grades Grade | Grade Il Grade Il
ADC Value (x10 3) expressed in Mean+SD 1.02+0.07 0.97+0.07 0.67+0.05
mm?/second Range 098-1.1 09-11 0.62-0.7

Table (5) and Diagram (5) show the mean ADC value for each histologic grade, which
was 1.02+0.07 (G1), 0.97£0.07 (G2), and 0.67£0.05 (G3).

ADC Value (x1073) expressed in mm?/second

1.20 1.02

-

Grade I Grade IT Grade III

Diagram (5): ADC values of different cervical carcinoma grades

Table 6 and Diagram 6 show relation mean ADC value 0.99+0.07 x103, while it
between ADC values in well and poor was usually <0.9x10° in poor differentiated
differentiated cervical carcinoma, which was  tumors with mean ADC value 0.67+0.05x1073,
>0.9x1072 in well differentiated tumors with

Table (6): Comparison between well and poor differentiated cervical carcinoma according to their
ADC values.

Well Poor Chi Square test
differentiated differentiated Xz P value
ADC category <0.9 0 (0%) 3 (100%) 15.000 | <0.001**
>0.9 7 (100%) 0 (0%)
ADCValuex10 3 Mean+SD 0.99+0.07 0.67+0.05 9.551 | <0.001**
expressedinmm?2second Range 09-11 0.62-0.7

ADC Value (x107%) expressed in mm?/second

0.99

well-differentiated poor-differentiated

Diagram (6): Comparison between well and poor differentiated cervical carcinoma according to
their ADC values.
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Statistical analysis of the ADC values of
different tumor grades showed that there was
no statistically significant  difference
between grade 1 and grade 2 (P>0.05), and
between grade 2 and grade 3 (P>0.05), while
there was significant difference between
grades (1 and 2) from grade 3. i.e.: there was
significant difference (P<0.01) between well
differentiated & poor differentiated tumors.

Uterine and

cervical):

When dividing the 20 patients into 3
groups according to their pathologic grade,

carcinoma (endometrial

(G1, n=9; G2, n=11; G3, n=10) the higher
grade tumors tend to have lower ADC
values, while lower grade tumors tend to
have higher ADC values. Table (7) shows
the mean ADC values in different grades in
uterine carcinoma (Endometrial & Cervical)
with mean ADC value 1.0£0.05 for Grade |,
0.95+0.07 for Grade Il and 0.66+0.04 for
Grade Ill. Therefore, well differentiated
tumors (Grade | & I1) usually have ADC
values >0.9, while poor differentiated
tumors (Grade I11) usually have ADC values
<0.9.

Table (7): Relation between ADC values and different tumor grades in both Endometrial & Cervical

Carcinomas.
Grade | Grade 11 Grade 111 Chi-square test
n=4 n=8 n=28 X2 P-value
ADC category <0.9 0 (0.0%) 0 (0.0%) 8 (100.0%) 30.000 <0.001**
>0.9 4 (100.0%) 8 (100.0)% 0 (0.0%)
ADC Mean+SD 1.0+0.04 0.95+0.06 0.66+0.03 158.045 <0.001**
Range 096-11 09-1.1 0.62-0.7

When dividing the 20 patients into 2
groups well-differentiated (n=13) & poor
differentiated (n=7) according to their
pathologic grade, well differentiated tumors
tend to have higher ADC values, while poor
differentiated tumors tend to have lower

ADC values. Table (8) shows the different
mean ADC values of well and poor
differentiated tumors in uterine carcinoma
(Endometrial & Cervical) which was
0.94+0.07 in well differentiated tumors and
0.66%0.04 in poor differentiated tumors.

Table (8): Mean ADC values of well and poor differentiated tumors in uterine carcinoma (Endometrial

& Cervical).
Well differentiated Poor differentiated Chi-square test
n=13 n=7 X? P value
ADC category <0.9 0 (0.0%) 7 (100.0%) 30.000 <0.001**
>0.9 13 (100.0%) 0 (0.0%)
ADC Mean+SD 0.94+0.07 0.66+0.04 16.415 <0.001**
Range 09-11 0.62-0.7

ADC Value (x10 3) expressed in
mmg?/second:

Statistical analysis of the ADC values of
different tumor grades in uterine carcinoma
(Endometrial & Cervical) showed that there
was no statistically significant difference
between grade 1 and grade 2 (P>0.05), and
between grade 2 and grade 3 (P>0.05), while
there was significant difference between
grades (1 and 2) from grade 3. i.e.: there was

significant difference (P>0.01) between well
differentiated & poor differentiated tumors.

Correlation between uterine Tumor
size & grading:

Tumor size is an important prognostic
factor that is particularly helpful in directing
adjuvant radiation therapy. During the study
analysis; an extra attention was drawn to
find out if there is a correlation between
tumor size and the tumor grade, according to
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us; the tumor size for endometrial and
cervical cancer showed a trend to be larger
in grade 3 tumors than grade 1& 2; however,
this did not reach a statistical significance.

The 10 cases were included in that
assessment and findings were presented in
(Table 9).

Table (9): Correlation between Tumor size and Tumor grade in the studied patients.

Grade | Grade Il Grade 111
n=2 n=3 n=>5
Tumor Size Mean+SD 1.5+2.5 1.5+2.0 412
Range 1-2 2-3 2-6

Relation between Parametrial invasion &
ADC value:

When dividing the 20 patients into 2
groups invasion (n=6) & non-invasion
(n=14) according to their ADC value, Non-
invasion have higher ADC values, while
Invasion have lower ADC values, there was

highly statistically significant with p-value
(p<0.001). (Table 10 and Diagram 12)
show the different mean ADC values of non-
invasion and invasion in uterine carcinoma
(Endometrial & Cervical) which was
0.98+0.08 in non-invasion and 0.69+0.05 in
invasion.

Table (10): Relation between ADC value (x10%) expressed in mm?/second and parametrial invasion in

both Endometrial & Cervical Carcinomas.

Parametrial invasion Chi-square test
Invasion Non-Invasion
n==6 n=14 X2 P-value
ADC category <0.9 6 (100%) 0 (0%) 15.522 <0.001**
>0.9 0 (0%) 14 (100%)
ADC Mean+SD 0.69+0.05 0.98+0.08 8.151 <0.001**
Range 0.62 - 0.75 0.91-1.1

ADC Value (x107%) expressed in mm?/second

0.98

Invasion

Non-Invasion

Diagram (7): Relation between ADC value (x1073) expressed in mm?/second and parametrial invasion
in both Endometrial & Cervical Carcinomas.

Relation between Tumor size & ADC
value:

When dividing the 20 patients into 2
groups Tumor size <4cm (n=13) & Tumor
size >4cm (n=7) according to their ADC
value, Tumor size <4cm have higher ADC
values, while Tumor size >4cm have lower
ADC values, there was highly statistically
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significant with p-value (p<0.001). Table
(11) shows the different mean ADC values
of Tumor size <4cm and Tumor size >4cm
in uterine carcinoma (Endometrial &
Cervical) which was 0.96+0.08 in Tumor
size <4cm and 0.68+0.05 in Tumor size
>4cm.
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Table (11): Relation between ADC value (x107®) expressed in mm?/second and Tumor size
“cm” in both Endometrial & Cervical Carcinomas.

Tumor Size Chi-square test
<4 cm >4 cm
N=13 N=7 X2 P-value
ADC category <0.9 0 (0%) 7 (100%) 15.848 <0.001**
>0.9 13 (100%) 0 (0%)
ADC Mean+SD 0.96+0.08 0.68+0.05 8.662 <0.001**
Range 0.91-1.1 0.62-0.8
ADC Value (x107%) expressed in mm?/second
1 _
0.8
06
04
0.2 -
0
Tumor Size <4cm Tumor Size 24cm
Diagram (8):  Relation between ADC value (x10-3) expressed in mmz2/second and Tumor size “cm”

in both Endometrial & Cervical Carcinomas.

Relation between Tumor Stage &
ADC value.

Statistical analysis of the ADC values of
different tumor stage in uterine carcinoma
(Endometrial & Cervical) showed that there
IS no statistically significant difference

between stage 1, stage 2 and Stage 3

(P>0.05), while there was significant
difference between stage (I, 1l and II)
compared to grade IV. i.e.. there was

significant difference (P<0.01).

Table (12): Relation between ADC value (x10-3) expressed in mm2/second and Tumor Stage in both

Endometrial & Cervical Carcinomas.

Tumor Stage Chi-square test
Stage | Stage Il Stage 1l Stage IV
N=7 N=7 N=4 N=2 X2 P-value
ADC category <0.9 0 (0%) 0 (0%) 2 (50%) 2 (100%) 13.750 0.003*
>0.9 7 (100%) 7 (100%) 2 (50%) 0 (0%)
ADC Mean+SD 1.02+0.05 | 0.97+0.07 | 0.89+0.08 | 0.67+0.04 | 69.681 | <0.001**
Range 094-11 091-11 0.67-0.84 0.62-0.7
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0.8 1
0.6 1
04 1
0.2 1

ADC Value (x107%) expressed in mm?/second

Stage |

Stage Il

Stage Il Stage IV

Diagram (9): Relation between ADC value (x10%) expressed in mm?/second and
Tumor Stage in both Endometrial & Cervical Carcinomas.

DISCUSSION:

Histological grade is one of the main
prognostic factors in patients with uterine
cancer; preoperative prediction of the grade
using histographic analysis of ADC maps
may provide necessary clinical information
and guide clinicians with more accurate
staging and subsequent management (2,

MR imaging plays an important role in
the patient’s journey from the initial
evaluation of disease extent to treatment
selection and follow-up ®.

Though MRI not included in FIGO
clinical staging system, the FIGO staging
committee in 2009 has advised the
incorporation of cross-sectional imaging
techniques (MR imaging & CT) into the
evaluation and treatment planning of
patients(3),

Diffusion weighted magnetic resonance
imaging (DW-MRI) is now part of the
standard imaging protocols for accurate
diagnosis of uterine malignancies®4).

Recently, Quantitative analysis of
maximum ADC (difference) value of uterine
cervical cancer was considered for the
assessment of the grade of tumor
differentiation since it provides valuable
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information on tumor microcirculation and
perfusion (19,

The aim of our study was to investigate
whether the apparent diffusion coefficient
(ADC) wvalues of uterine cancer differ
according to the histologic grade of the
tumor and to find out whether diffusion
weighted imaging is needed to assess the
grade of endometrial or cervical carcinoma.

In this study we prospectively evaluated
20 cases presented with different grades of
endometrial (n=10) and cervical (n=10)
carcinoma. Results were correlated to the
pathologic grading.

Until now, several investigators have
explored the value of diffusion-weighted
magnetic resonance imaging (DWI) for
preoperative tumor grading of endometrial
Carcinoma.

Our results showed that uterine cancer
of higher grade tended to have lower ADC
values as compared with cancer of lower
grade.

Murakami et al.(6) stated that ADC
value is inversely related to the tumor
cellularity and consequently may suggest
tumor grading and aggressiveness®),

Similarly in 2007, Tamai et al.(?
performed a study on 30 female patients and
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concluded that The ADC values of
endometrial cancers of higher grade showed
tendency to decrease compared to those of
lower grade. According to their results; the
mean ADC value of endometrial cancer was
(0.88 +/- 0.16), which was significantly
lower (P < 0.01) than that of normal
endometrium (1.53 +/- 0.10). The mean
ADC value for each histologic grade was
0.93 +/- 0.16 (G1), 0.92 +/- 0.13 (G2), and
0.73 +/- 0.09 (G3)1",

Going in the same path; another study
was performed in 2013 and stated that The
standard deviation for ADC values was
found to be significantly different between
the grades of endometrial carcinoma
(P=0.03). It was significantly different
between grades 1 and 3 (P=0.03), and
between grades 2 and 3 (P=0.018), but not
between grades 1 and 2 (P=0.818)(12,

However, the diagnostic value of DWI
with quantitative ADC in grading of the
endometrial carcinoma has been
controversial (18,

In 2011 Rechichi et al. 9 observed
that the ADC value in endometrial cancers
did not show a significant relationship with
tumor grade.

Also in 2011, Bharwani et al. @0
performed a study on 23 female patients
with histologically proved endometrial
cancer aiming to correlate the ADC value
with the histological tumor grade. The study
concluded that there was considerable
overlap and no statistically significant
difference between tumor grades for mean
ADC or minimal ADC values.

In my study, the results were similar to
finding of Tamai et al. ") and Woo et al.
(12) with the mean ADC value of endometrial
cancer of (0.84 + 0.15 x10°%) mm?/sec. The
mean ADC value for each histologic grade
was 0.99 + 0.02 (G1), 0.92 + 0.01 (G2), and
0.66 % 0.03 (G3).

| observed that; there was no
statistically significant difference between

grade 1 and grade 2, and between grade 2
and grade 3, while there was significant
difference between grades (1 and 2) from
grade 3. i.e.: there was significant difference
(P < 0.01) between well differentiated &
poor differentiated tumors.

Several factors may be the cause of
discrepant results as the selection and
positioning of the ROIs, therefore, | believe
the presence of macroscopic cystic or
necrotic areas within the tumor which are
more frequently seen in higher grade uterine
cancers could justify the higher frequency of
voxels with high ADC values within the
tumor bulk @1,

In 2009, Lin et al,®, performed a
study on 32 female patients with
pathologically proven cervical cancer and
concluded that The ADC value of cervical
cancer represents tumor cellular density,
thus evaluating the pathologic grading of
tumor and presented mean ADC value of
cervical cancer (0.88 +/- 0.15 x 103
mm?/sec). Higher grade tumors tend to have
lower ADC values and higher cellular
density. The apparent diffusion coefficient
value of different pathologic grade varied
significantly (b = 0.000); the ADC value of
grade 3 tumors was statistically lower than
that of grade 1 tumors (b = 0.000) and also
grade 2 tumors (b = 0.014), and the ADC
value of grade 2 tumors was statistically
lower than that of grade 1 tumors (b =
0.000). The mean ADC value for each
histologic grade was 1.09 +/- 0.16 (G1), 0.86
+/- 0.10 (G2), and 0.71 +/- 0.05 (G3).

Also, another study was done in 2015
showed that the mean ADC value of cervical
cancer was (0.849 +/- 0.157). The mean
ADC value for each histologic grade was
1.091 +/- 0.37 (G1), 0.859+/-0.133 (G2),
and 0.807 +/- 0.11 (G3). Thus there was a
significant difference between G1 and G2 (P
= 0.03) and G1 and G3 (P = 0.001) but no
significant difference between G2and G3 (P
=0.56) ).
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My results were similar to Liu Y, et al.
15 in finding no statistically significant
difference between grade 1 and grade 2, and
between grade 2 and grade 3, while there
was significant difference between grades (1
and 2) from grade 3.

i.e.: there was significant difference (b <
0.01) between well differentiated & poor
differentiated tumors with mean ADC value
of cervical cancer (0.90 £ 0.16). The mean
ADC value for each histologic grade was
1.02 + 0.06 (G1), 0.97 £ 0.06 (G2), and 0.67
+ 0.04 (G3).

We have to admit that our patient
population was relatively small, yet this did
not limit us from deriving the inclusion,
exclusion criteria and differentiating high
from low-grade uterine carcinoma, further
investigation that includes a larger
population is warranted to strengthen the
statistical power.

Although imaging of the female pelvis
with the echo planar sequences is limited by
many artifacts, however these artifacts were
not an obstacle during our performance of
pelvic DWI. We used a pelvic phase array
body coil to improve the imaging quality.
Thus, for all cases, the artifacts and
deformation of the DW imaging were low;
hence, the imaging fulfilled the requirements
needed to make the diagnosis.

Tumor size is an important prognostic
factor that is particularly helpful in directing
adjuvant radiation therapy in patients without
staging lymph node biopsies®@).

Cranio-caudal tumor extension s
particularly important for determining the
feasibility of organ-sparing surgery of early
cervical cancer, and for potential sparing of
the uterine corpus in radiation therapy®®,

In 2014, Berretta, et al.%) stated that
grading and endometrial tumor dimension is
related. In particular, a maximum correlation
was noted between well differentiated and
highly undifferentiated cancer in relation to
tumor size.
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In patients selected for trachelectomy, it is
preferable to leave some healthy cervical
stroma in situ so that the risks of cervical
incompetence, infection, premature rupture of
membranes and premature delivery in
subsequent pregnancies are reduced @),

Most surgeons require 1 cm of tumor
free cervix proximal to the tumor but some
will accept 5-7 mm. Therefore, pre-
operative assessment with MRI to determine
the maximum tumor diameter, volume and
degree of endocervical extension is of major
importance 9.

In 2014, Downey, et al. ?° stated that
tumor size correlates with histopathological
cervical grade (b< 0.0001) using a combined
T2- and diffusion-weighted endo-vaginal
MRI technique at 3.0 T.

Conclusion

Lower ADC values were associated
with poorly differentiated endometrial and
cervical tumors. Therefore, the ADC value
may represent a useful marker for assessing
the biological features and grading of the
uterine cancers.

Conflicts of Interest: The authors state
that the publishing of this paper is free of
any conflicts of interest.

REFERENCES:

1. Ferlay J, Soerjomataram |, Dikshit R, et al.
Cancer incidence and mortality worldwide:
Sources, methods and major patterns in
GLOBOCAN 2012. International journal of
cancer2015; 136(5):E359-386.

2. Jemal A, Bray F, Center MM, Ferlay J, Ward
E, Forman D. Global cancer statistics. CA: A
Cancer Journal for Clinicians. 2011; 61(2):69-
90.

3. Patni, N., Burela, N., Pasricha, R., Goyal, J.,
Soni, T. P., Kumar, T. S., & Natarajan, T.
(2017). Assessment of three-dimensional
setup errors in  image-guided  pelvic
radiotherapy for uterine and cervical cancer
using kilovoltage cone-beam computed




10.

11.

The Role Of Diffusion Weighted Magnetic Resonance Imaging In Grading Of Cervical ....

tomography and its effect on planning target
volume margins. Journal of Cancer Research
and Therapeutics, 13(1), 131.

Haldorsen, I. S., & Salvesen, H. B. (2016).
What Is the Best Preoperative Imaging for
Endometrial Cancer? Current Oncology
Reports, 18(4), 25-29.

Lin G, Huang YT, Chao A, Lin YC, Yang
LY, Wu RC, Lu HY, Ng SH, Ng KK, Lai
CH. Endometrial cancer with cervical stromal
invasion: diagnostic accuracy of diffusion-
weighted and dynamic contrast enhanced MR
imaging at 3T. European radiology. 2017
May;27(5):1867-76.

Guo, Y., Wang, P., Wang, P., Gao, W., Li, F.,
Yang, X., ... Guo, Z. (2017). Myometrial
invasion and overall staging of endometrial
carcinoma: assessment using fusion of T2-
weighted magnetic resonance imaging and
diffusion-weighted =~ magnetic  resonance
imaging. OncoTargets and Therapy, 10,
5937-5943.
https://doi.org/10.2147/0TT.S145763

Balleyguier, C., Sala, E., Da Cunha, T,
Bergman, A., Brkljacic, B., Danza, F., ...
Kinkel, K. (2011). Staging of uterine cervical
cancer with MRI: guidelines of the European
Society of Urogenital Radiology. European
Radiology, 21(5), 1102-1110.
https://doi.org/10.1007/s00330-010-1998-x

Horvath, K., & Godeny, M. (2015). [New
opportunities, MRI biomarkers in the
evaluation of gynaecological cancer]. Magyar
onkologia, 59(3), 216-227.

Tong, D. K.-H., Kwong, D. L. W., Law, S,
Wong, K. H., & Wong, J. (2008). Cervical
Nodal  Metastasis from Intrathoracic
Esophageal Squamous Cell Carcinoma is not
Necessarily an Incurable Disease. Journal of
Gastrointestinal Surgery, 12(10), 1638-1645.

Semelka, R., Shawky, K., AbdelMoniem, S.,
& Tantawy, H. F. (2015). Role of mri and
diffusion mri in evaluation of pelvic masses
of gynaecological origin. Zagazig University
Medical Journal, 20(5).

Motoshima S, Irie H, and Kudo S, Diffusion-
weighted MR imaging in gynecologic
cancers, J GynecolOncol .2011; 22(4): 275-
287.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Woo S, Cho JY, Kim SY, Kim SH.
Histogram analysis of apparent diffusion
coefficient map of diffusion-weighted MRI in
endometrial cancer: a preliminary correlation
study with histological grade. Acta Radiol.
2013.

Patel S, Liyanage S, Sahdev A, Rockall A,
Reznek R. Imaging of endometrial and
cervical cancer. Insights Imaging 2010; 1(5-
6):309-328.

Sala E, Rockall A, Kubik-Huch RA.
Advances in magnetic resonance imaging of
endometrial cancer. European radiology
2011;21(3):468-473

Liu Y, Bai R, Sun H, Liu H, Wang D.
Diffusion-weighted  magnetic  resonance
imaging of uterine cervical cancer. J Comput
Assist Tomogr. 2009 Nov-Dec; 33(6):858-62.

Murakami R, Sugahara T, Nakamura H, et al.
Malignant supratentorial astrocytoma treated
with  postoperative  radiation  therapy:
prognostic value of pretreatment quantitative
diffusion-weighted MR imaging Radiology
2007; 243:493.

Tamai K, Koyama T, Saga T, et al. Diffusion-
weighted MR imaging of uterine endometrial
cancer. Journal of magnetic resonance
imaging: JMRI 2007; 26(3):682-687.

Nakamura K, Imafuku N, Nishida T, et al.
Measurement of the minimum apparent
diffusion coefficient (adcmin) of the primary
tumor and cal25 are predictive of disease
recurrence for patients with endometrial
cancer. GynecolOncol 2012;124:335-339.

Rechichi G, Galimberti S, Signorelli M, et al.
Endometrial cancer: correlation of apparent
diffusion coefficient with tumor grade, depth
of myometrial invasion, and presence of
lymph node metastases. Am J Roentgenol
2011;197:256-262.

Bharwani N, Miquel ME, Sahdev A, et al.
Diffusion-weighted imaging in the assessment
of tumour grade in endometrial cancer. The
British  journal of radiology 2011;
84(1007):997-1004.

Jimenez-Ayala M, Jimenez-Ayala Portillo B,
Iglesias E, et al. Endometrial adeno-

639




22.

23.

24.

25.

640

Mosab M. Taib Tifoor, et al,

carcinoma: prevention and early diagnosis.
Monogr Clin Cytol 2008; 17:1-91.

Lin G, Ng KK, Chang CJ, et al. Myometrial
invasion in endometrial cancer: diagnostic
accuracy of diffusion-weighted 3.0-T MR
imaging--initial experience. Radiology 2009;
250(3):784-792.

Exner M, Kuhn A, Stumpp P, Hockel M,
Horn L, Kahn T and Brandmaier P. Value of
diffusion-weighted MRI in diagnosis of
uterine cervical cancer: a prospective study
evaluating the benefits of DWI compared to
conventional MR sequences in a 3T
environment. Acta Radiol. 2015.

Otero-Garcia, Maria Milagros et al. “Role of
MRI in Staging and Follow-up of
Endometrial and Cervical Cancer: Pitfalls and
Mimickers.” Insights into Imaging 2019;
10(1): 1-22.

Peter de Boer, Maaike C.G. Bleeker, Anje M.
Spijkerboer, Agustinus J.A.J. van de Schoot,
Shandra Bipat, Marrije R. Buist, Coen R.N.
Rasch, Jaap Stoker, and Lukas J.A. Stalpers.
Eur J Radiol Open. 2015; 2: 111-117.

26.

27.

28.

29.

Berretta R, Silvio Patrelli T, Migliavacca C,
Rolla M, Franchi L, Monica M, Modena A
and Gizzo S. Assessment of tumour size as a
useful marker for surgical staging of
endometrial cancer. 2014: 2407-2412.

Rob L., Skapa P., Robova H. Fertility-sparing
surgery in patients with cervical cancer.
Lancet Oncol.2011; 12:192—200.

Lakhman Y., Akin O., Park K.J., Sarasohn
DM., Zheng J., Goldman DA., Sohn MJ,
Moskowitz CS, Sonoda Y, Hricak H, Abu-
Rustum NR. Stage IB1 cervical cancer: role
of preoperative MR imaging in selection of
patients  for  fertility-sparing  radical
trachelectomy. Radiology.2013; 269:149-
158.

Downey K, Shepherd J, Attygalle A, Hazell
S, Morgan V, Giles S, Ind T and deSouza N.
Preoperative imaging in patients undergoing
trachelectomy for cervical cancer: Validation
of a combined T2- and diffusion-weighted
Endovaginal MRI technique at 3.0 T.
Gynecol Oncol. 2014 May; 133(2): 326-332.




The Role Of Diffusion Weighted Magnetic Resonance Imaging In Grading Of Cervical ....

pa Ll Ay g (e Gl pn il p3 s B LI Al pahilitall (il g geall) g0
*xylalie .u;\a.:w\).ﬂ dAb**u.ﬁS\ dana A g ¥ gl cudal) el daaa caa

1 sl A jal) ASLeal) o) yais Aalaal) o g8l bkt *
e (e Aaala ccalall IS cApa i) AadY) ik

ol iy (s s (e (ysilan ) (mpall (B At N A1) Jal gal) aal o8 Apmdll dsjall sdasial)
Al e Aege b ilaglaa HLIY) Jalaay usdalinall (1 )0 peaill Jgy aa )l i

sl b iy 3 (ADC Jiadl) oS5 (5 ) o058 Bl dllin IS 13 Laa il sl (a gl
Assdiall #3d @ljba J) dssasll dal e aa ) Gie Gla e s aa il e e a0 SLIENL (5 ) sl

O 5 (10 233) pa U Aty (o oy il Uy o 0y o Wil 50y jal siad) A8y kg pda sal
Al Gangy ¢ Aalyall J8 Cuiatll 3 i) asdalinadl (il o peaill 50 e ais (10 = ) pall Gie
¢Adlise P ad aladiuly bl cp by seail) Uy sl Gy pall dallee dhadd anliall HLEAY) oy e
3 L) ABUS aa ) 8 Apall Bl 00 Al elpal) Ll (glalie <o jedal g allall HLEEY) Jalra (cans ¢ (oS Jala
U LYY (alne o 5 msnlalindl (sl g pesill e ille

caall e (2 5 1) cpiall 0w 0,01 > dibas) AYa A dic) dilas] AV 3 A allia IS sauilidl)
s 5 i) a5 s ADC Aasd Jasie IS 3 daall 5 2 el G sl (S 5 OV Cptaall (s Ailiaa)
al Luad (a.ﬁU/zeaf)10XO7>)$)§§5\S}M\6\)5;‘X\M;\JISM‘(2\43\.'1/2(;.‘\3]OX09<)
éhﬂsejﬂ\mw&u\u&ﬁ\wcbu\é\hﬁ&hjs_m.d\e;)ﬂuu:yen\_ﬁﬂ;qum
sl Al ana Can 0585 Of (S 35 ¢ Jall Gl 8 dilian) Lpeal )

8 (ellAl el A a5l i 5 aa N Dlday o)) b dadsiad) g alall LY Jalre o Cidasi ) s AabAl)
ol il s Citai g A 5l sall Ciland) 2yl 5380 Ladle ADC e Jics

641



