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Abstract

Background: Carcinoma of the uterine cervix is the third
most frequently diagnosed malignancy in women worldwide.
It remains aleading cause of cancer-related death for women
in developing countries. Conventional MRI has an established
role in gynecologic imaging. However, increasing clinical
demand for improved lesion characterization and disease
mapping to optimize patient management has resulted in the
incorporation of newer sequences, such as diffusion-weighted
imaging (DWI).

Aim of Sudy: The aim of this study isto evaluate the role
of DW-MRI in the diagnosis of cervical carcinoma

Patients and Methods: Thisis a descriptive exploratory
(case-series) study that included 20 female patients diagnosed
with cervical cancer, Pelvic MR, DWI and DCE- MR were
done for al patient. The study was conducted in El-Demerdash
Hospital from March 2019 — Feb. 2020.

Results: This study group consisted of 20 female patients
diagnosed with cancer cervix, Pelvic MR with DWI and
DCE-MR were done for all patients. Lesionsin al cases were
seen restricted on DWI (high signal intensity in DWI with
low ADC map) with hetrogenous patterns was seen in (17/20,
85%) cases, homogenous patterns was seen in (2/20, 10%)
and mural pattern in (1/20,5%) case. Al lesions showgd loy
ADC mapsfrom 0.6 t0 1.2 (x10 mm /sec), <Q.8 x10 mm /
sec was seen in 5 cases (25%) and =0.8 x10 mm /sec was
seen in 15 cases (75%). A total 20 cervical cancer lesions, 5
lesions were stage 1A (25%), 10 lesions were stage 11B(10%),
4 |esions were stage IVA (20%) and 1 lesion was stage IVB
(5%) of figo classification.

Conclusion: DW!I is apotentially useful adjunct to con-
ventional MRI in the evaluation of gynecologic tumors, thus
improving the overall diagnostic accuracy, tumor staging.
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Introduction

CEVICAL cancer isthe third most common cancer
in women worldwide [1]. It remains a leading cause
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of cancer-related death for women in developing
countries[2].

Conventional MRI has an established role in
gynecologic imaging. However, increasing clinical
demand for improved lesion characterization and
disease mapping to optimize patient management
has resulted in the incorporation of newer sequenc-
es, such as diffusion-weighted imaging (DWI) [4].

DWI is anoninvasive technique that enables
the assessment of morphologic and physiologic
changesin asingle examination. It also allows for
a quantitative evaluation of ADC from images with
different b-values|[5].

Thistechniqueis afunctional tool that relies
on tissue water displacement to create a contrasted
image. For correct evaluation and avoidance of
pitfalls, the generated images must be interpreted
alongside anatomical sequences. The apparent
diffusion coefficient (ADC) map is also needed to
reduce image misinterpretation [6].

DWI can provide excellent tissue contrast,
making it an excellent choice in cases where con-
trast administration is not possible. Furthermore,
the additional scanning timeisrelatively short [7].

DWI isapotentially useful adjunct to conven-
tional MRI in the evaluation of gynecologic tumors,
thus improving the overall diagnostic accuracy,
tumor staging, prediction of response to therapy,
and treatment follow-up [8].

DWI and ADC map help in differentiation of
benign from malignant zones of cervix without
exogenous contrast [8]. The measurement of ADC
value in patient with cervical cancer is an important
factor for assessing response to chemoradiotherapy

(9]
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Aim of the work:

To evaluate the role of diffusion weighted mag-
netic resonance imaging (DW-MRI) in the diagnosis
of cervical carcinoma.

Patients and M ethods

The study group consisted of 20 female patients
diagnosed with cervical cancer radiologically,
Pelvic MR, DWI and DCE- MR were done for all
patient. The patient's age ranged from 30 to 87
years old. The study was conducted in Radiology
Department at Ain Shams University Hospitals.
While, patients with contraindications to MRI were
excluded from the study.

MRI imaging:

MR imaging were performed on 1.5 T machine
(Achieva, Philips medical system, Eindhoven,
Netherlands) using phased array pelvic coil. All
the patients were imaged in the supine position
with head first and were asked not to move during
examination.

Imaging protocol:

T2 -weighted image in axial, sagittal and coronal
planes. DW-MRI will be acquired in the axial plane
prior to administration of contrast medium. Dy-
namic contrast-enhanced MRI: Post contrast T1
fat sat images will be obtained immediately after
manually injected gadolinium.

Satistical analysis:

Data were analyzed using Statistical Program
for Social Science (SPSS) version 20.0. Quantita-
tive data were expressed as mean + standard devi-
ation (SD). Qualitative data were expressed as
frequency and percentage.

Results

The included 20 patients ages ranged between
(30-87) years (mean age: 54.55+15.49), 50% of
patients were <55 years and 50% of them were
>55 years.

Theirregular vaginal bleeding (35%), postmen-
opausal bleeding (65%) were the presentation of
the study.

The size of lesion ranged between 2cm to 5¢cm
(70%) and >5cm (30%) of size lesion (cm ).

Table (1): Signal intensity of T1 and T2 in conventional MRI.

Signal intensity T1 T2
|sointense 3 14
Low 17 1
High 0 5
Total 20 20

On T1 weighted images, isointense signal in-
tensity was found in 3 cases (15%), low signal
intensity was found in 17 cases (85%). On T2
weighted images, hyperintens signal intensity was
found in 5 cases (25%), isointense signal intensity
was found in 14 cases (70%), low intense signal
intensity was found in 1 cases (5%0). On T1 post
contrast enhancement, heterogeneous enhancement
was found in 17 cases (85%), homogenous enhance-
ment was found in 2 cases (10%) and mural en-
hancement was found in 1 case (5%).

Lesionsin all cases were seen restricted on
DWI (high signal intensity in DWI with low ADC
map) with hetrogenous patterns was seen in (17/20,
85%) cases, homogenous patterns was seen in
(2/20, 10%) and mural pattern in (1/20, 5%) case.

Table (2): DWI signal intensity distribution of the study group.

DWI Frequency Percent

Restricted 20 100

Table (3): Quantitative ADC value (x10'3mm2/sec) distribution

of the study group.
-3 2
ADC Value (x10 mm /sec) No. %
<0.8 xlo’zmmz/sec 5 25
>0.8 x10 “mm’/sec 15 75
Total 20 100
Range (Mean+SD) 0.6-0.9 (0.79+0.08)

All Ie%ons §howed low ADC maps from 0.6 to
1.2 (x10 "'mm /sec) and the mean was 0.6-0.9
(0.79+0.08).

All lesions extended to the upper 1/3 of vagina
(100%) and (10%) of cases extended to lower 1/3
of vagina.

The parametial invasion was seen in 15 cases
(75%).

Lymp nodes involvement was seen in 17 of
cases (85%).

A total 20 cervical cancer lesions, 5 lesions
were stage 1A (25%), 10 lesionswere stage | 1B
(10%), 4 lesions were stage | VA (20%) and 1 lesion
was stage | VB (5%) of figo classification.

A Female patient 67 years old presenting with
vagina bleeding of two months duration (Fig. 1).
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(A): Axial T2 (B): Post contrast T1
(C): Sagiital T2 (D): Corona T2
(E): DWI

(F): ADC

Fig. (1): DWI imagein Fig. (E,F) revealed the presence of ill defined soft tissue mass lesion measuring 2.8x3.3x4.3cm extending
downwards into the upper 2/3 of the vagina, no parametrial invasion. It shows high signal on DI wj

ith homogenous
pattern and low signal on the corresponding ADC maps (Fig. F). ADC value was (0.836 x 10 mm /s) The patient
was diagnosed as cancer cervix with extensions as described, stage I1awith lymph nodes.
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A female patient 39 years old presenting with vaginal bleeding (Fig. 2).

(A): Axial T2 (B): Post contrast T1
(C): Sagiital T2 (D): Coronal T2
(B): DWI (F): ADC

Fig. (2): DWI image Fig. (E,F) revealed the presence of ill defined soft tissue mass lesion measuring 4.2x4.8x5.4 cm, extending
to upper one third of vaginawith bilateral parametrial extension, The cervical lesions show high signal pn DYVI with
homogenous pattern, and low signal on the corresponding ADC maps (Fig. F). ADC valuewas (0.7 x10 mm /s). The
patient was diaghosed as cervical carcinoma with extensions as described, stage stage I 1b.
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A female patient 49 years old presenting with
vaginal bleeding (Fig. 3).

DWI images Fig. (E,F) revealed the presence
of ill defined soft tissue mass lesion measuring
7x7.2x5.1cm, extending to lower 1/3 of vagina and
it infelterate the Urinaruy bladder and rectum with

(A): Axial T2

(C): Sagiital T2

(E): DWI
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bilateral parametrial invasion, Bilateral external
iliac lymph nodes are seen. The cervical lesions
show high signal on DWI with homogenous pattern,
and low signal on the corresponding ARC maps
(Fig. F). ADC valuewas (0.6 x10 mm /s). The
patient was diagnosed as cancer cervix with exten-
sions as described, stage IVa

(B): Post contrast T1

(D): Corona T2

(F): ADC

Fig. (3): DWI images Fig. (E,F) revealed the presence of ill defined soft tissue mass lesion measuring 7x7.2x5.1cm,
extending to lower 1/3 of vaginaand it infelterate the Urinaruy bladder and rectum with bilateral parametrial
invasion, Bilateral external iliac lymph nodes are seen. The cervical lesions show high signal on DWI
with.homggenous pettern, and low signal on the correspondmg ADC maps (Fig. F). ADC value was (0.6
x10 'mm /s), The patient was diagnosed as cancer cervix with extensions as described, stage IVa.
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Discussion

Cevical cancer isthe third most common cancer
in women worldwide [1]. In Egypt, cervical cancer
ranks as the second most frequent cancer after
breast cancer [3].

This study was conducted at the Radiology
Departement in Ain Shams University Hospitals.
This study group consisted of 20 female patients
diagnosed with cancer cervix, Pelvic MR with
DWI and DCE-MR were done for all patients. The
patient's age ranged from 30 to 87 years old. Ten
patients (50%) were <55 years and ten (50%) were
>55 years with mean age 54.5 years. The clinical
presentations of women with cervical cancer are
abnormal vaginal bleeding, vaginal discomfort,
mal odorous discharge and dysuria[10]. In our study,
the clinical presentations were postmenopausal
bleeding (13/20, 65%), vaginal bleeding (7/20,
35%).

Cervical carcinomaisisointensein T1 compared
with pelvic muscles and high signal in T2 relative
to the low signal of the cervical stroma[11]. Re-
garding the signal intensity of the cervical lesions
at TIWIsin this study, hypointense T1 signal was
seen in 17/20 (85%) cases and iso-intense signal
in 3/20 (15%) cases. Hyper intense T2 signal was
seen in (5/20, 25%) cases, intermediate signal
intensity in (14 /20, 70%) and low signal intensity
T2in (1/20,5%). Thiswasin agreement with Patel
et al., 2010 who reported cervical tumorsto give
iso to high signal compared to cervical stromaon
T2. However, delineation of the tumor can be
challenging in young patients with intermediate
signal cervix, especialy in those with small tumors
[12].

In Dynamic contrast-enhanced MRI (DCE-
MRI) showed heterogeneous post-contrast enhance-
ment in 17/20, (85%), homogenous post-contrast
enhancement in 2/20 (10%) and mural enhancement
in 1/20 (5%) cases. In Abdelsalam et al. [13], study
The hypointense T1 signal was seen in 34/70
(48.5%) cases, iso-intense signal in 28/70 (40%)
cases, hyper-intense T1 signal was seen in 6/70
(8.5%) cases.

T2WIs showed hyper-intense signal in 62/70
(88%) cases and intermediate signal in 2/70 (2.8%)
cases and heterogeneous signal intensity in 6/70
(8.5%). Heterogeneous post-contrast enhancement
was seen in 40/70, (57%), homogenous post-
contrast enhancement in 20/70 (28.5%) and mural
enhancement in 4/70 (9%) cases.

In qualitative analysis of DWI, the tumors cells
appeared hyperintense (bright) at high b-value as

water movement is restricted and hence reduced
ADC valuesin ADC maps [14]. In this study all
lesions showed diffusion restriction (high signa
intensity in DWI and low signal intensity in ADC
maps) with hetrogenous patterns was seen in (17/20,
85%) cases, homogenous patterns was seen in
(2/20, 10%) and mural pattern in (1/20,5%) case.
DWI can yield quantitative information that pro-
vides unique tumor characteristics. To our knowl-
edge, the performance of DWI in the characteriza-
tion of cervical carcinoma has been investigated
only in afew studies. Naganawa et a ., 2008 applied
DWI to cervical carcinoma and found that the
mean ADC value of cervical cancer lesions
(1.09+£0.20 x10 mm /s) was|owey than that of
normal cervix (1.79 £ 0.24 x10 mm /s), Although
the cohort used in that study contained a very small
population (n=12) of cervical carcinoma, the result
showed the potential ability of measuring the ADC
value to differentiate between normal cervix and
cervical cancer.

In astudy of Hoogendam et al. [8] where the
mean ADC of uterjne cervical cancer of 20 cases
was (0.9 x10 "mm /sec). In a study conducted by
Kuang et al., [15] to evaluate the potential value of
apparent diffusion coefficient (ADC) measurement
in the assessment of cervical cancer on 112 patients
with cervical cancer underwent DWI in addition
to routine MR imaging at 3.0-T MRI, the ADCs
of cervical cancer were significantly Jower than
those of normal cervix (1.7x10 mm /sec). Ina
study carried out by McVeigh et al. [16], diffusion-
weighted MRI was performed in 47 patients with
cervicd cargi nomaal.5-T system with ab-value
of 600s’'mm, the megn ADC (MADC) of cervical
carcinomas (0.89x10 mm /sec) w_%ssignzificantly
lower than normal cervix (1.6x10 mm /sec). A
study carried out by J. Magn et al., [17], the mean
ADC valuesfor cgrvi cal carcinomawere (0.916x
10-3+0.15 SD mm /s), Nakmuraet al., 2012 studied
80 cervical cancer patients who underwent pelvic
MRI within the 2 to 4 weeks before radical hyster-
ectomy. They re_gortedzthat the mean ADC value
was (0.852 x10 “mm /s). They also found that
well differentiated tumors had higher ADC valyes
than poorlysdifferzentiated tumors (1.2x10 mm /s
vs. 1.1 x10 mm /s) (p=0.01), While vast mgjority
of studies have imaged early stage tumors wit_g
ADC values ranging between (0.86-1.38x10
mm /sec). In our study we measured the ADC
valyes of cervical carcinomawas (0.6-0.9 x10
mm /sec). We found that the mean ADC value of
cervical carcinomawas lower than that of nhormal
cervical tissue, which wasin agreement with pre-
vious studies.
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Accurate assessment of parametrial infiltration
is essential for the decision making in management
of cervical cancer. Clinical assessment of parame-
trial and pelvic side wall invasion has areported
accuracy of only 29-53%. While an experienced
clinician can usually detect gross parametrial in-
vasion, early invasion usually goes undetected [6].

DW!I isavery promising technique that can
help with detection and staging of cervical cancer.
Most authors agreed that by using conventional
MRI, avisible cervical tumor indicates stage Ib or
higher [18].

However, the detection of carcinomain situ
and early stage invasive cervical carcinoma (1a)
still remains a challenge. While Charles-Edwards
et al., [19] reported that DWI with an endovaginal
technique had potential value for improving tumor
detection in stage laand Ibl disease, particularly
in patients with cone biopsy where granulation
tissue makes interpretation of the T2-weighted
images difficult.

In our study to demonstrate the extension of
the tumor and the staging we demonstrated the
extenstion of tumor to the vagina, parametrial
invasion and lymph nodes metastasis. The cervical
lesions extension to the upper 1/3 was seen in (19
/20, 90%) cases and to the lower 1/3 was seenin
(2/20, 10%) cases. Also parametrial invasion was
seen in (15 /20,75%), And lymph nodes involve-
ment was seen in (17/20,85%). Although pelvic
lymph node metastasis is not considered in figo
staging, it is one of the important prognostic factors
and presence of a positive node indicates poor
prognosisin each stage [20]. Risk of nodal metas-
tasis increases with tumor size, depth of stromal
invasion, lymphovascular invasion and parametrial
disease [21].

Kim et al., [21] found that malignant nodes
showed significantly less ADC values than those
3elicitgd by non-malignant nodes (O.7E_5§1 x10

mm /s+0.1137 versus 1.0021 x10 mm /s
+0.1859; p<.001) in patients undergoing lymph
node dissection forzcervical cancer. They used b=0
and b=1000s/mm . Nakai et al., [22] evaluated
nodal status at 1.5T. In this study, the number of
detected nodes improved.Our results were similar
to Nakai et al., [22] concerning the superior ability
of DW-MRI in detection of lymph nodes.

By measuring primary tumor ADC, lymph node
ADC and lymph node long and short axis diameter,
Lin et a., [23] were able to increase their sensitivity
in the detection of metastatic lymph nodes from
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25% to 83%. In our study DWI was more specific
than the pre-contrast T2W1 in the assessment of
lymph node metastasis (100%). Staging of cancer
cervix isvery important to treatment as the treat-
ment depends on the stage, surgical treatment is
the preferred modality for the treatment of small,
early stage 1b1/1b2 and 11A1 lesions. More ad-
vanced lesions (eg1lb3 and higher) are treated with
chemo/radiation therapy so imaging provides val-
uable clinical information during treatment Plan-
ning [24].

In the present study, the staging of cancer cervix
according to figo classification was figo llawas
seen in (5/20,25%), figo |1b was seen in (10/20,
40%), figo IVawas seen in (4/20, 20%), figo 1V
was seen in (1/20,5%).

Conclusion:

DWI isapotentially useful adjunct to conven-
tional MRI in the evaluation of gynecologic tumors,
thus improving the overall diagnostic accuracy,
tumor staging.
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