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Abstract: Background: To compare the changes of dynamic contrast-enhanced magnetic resonance imaging (DCE-
MRI) quantitative parameter in cervical cancer patients with and without lymph node metastasis. Methods: Fifty-
eight patients with cervical cancer underwent DCE-MRI before operation, twenty-eight of those cases presented
with lymph node metastasis, and thirty cases presented without lymph node metastasis. All cases had diagnoses
confirmed by pathology. DCE-MRI parameters were calculated for the tumour. Additionally, apparent diffusion co-
efficient (ADC) value was analyzed. Then, all patients were followed for two year. Results: The K™ and V_ value
were significantly higher in the tumour with lymph node metastasis than in the tumour without lymph node me-
tastasis (1.446+0.129 vs. 1.047+0.114 min?, p = 0.023; and 0.730+0.038 vs. 0.571+0.045%, p = 0.010; re-
spectively). In addition, the ADC value also showed a significant difference between the two groups (0.694+0.020
vs. 0.776+0.035%x10° mm?/s, p = 0.044). During the two-year follow-up period, there were two cases of distant
metastases in patients with lymph node metastasis. Conclusion: K" and V_ of DCE-MRI are useful for predicting
the probability of lymph node metastasis in cervical cancer patients. In addition, the ADC value is an effective and
necessary supplementation for predicting lymph node metastasis.
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Introduction

Cervical cancer is the most common gyneco-
logical malignancy, and the second most
frequent cause of cancer death in Chinese
women [1]. Generally, patients with risk factors,
such as positive lymph nodes, parametrial inva-
sion or a positive vaginal margin are regarded
as being at a “high risk” of recurrence [2].
Although the status of lymph nodes is not
included in the International Federation Gyne-
cology and Obstetrics (FIGO) stages, it remains
an important factor in determining the appro-
priate treatment plan, and is consistently asso-
ciated with poor survival [3]. Unfortunately, a
significant portion of patients present with clini-
cally and radiographically silent lymph node
metastasis at time of diagnosis. The study of
risk factors related to lymph nodes can help to
identify patients who are more likely to have
lymph node involvement, to assess the progno-
sis and to guide individualized radiotherapy [4,
5].

Dynamic contrast-enhanced magnetic reso-
nance imaging (DCE-MRI) is a non-invasive
imaging technique that can characterize tissue
vasculature and is sensitive to differences in
blood volume and vascular permeability that
can be related to tumour angiogenesis [6]. In
cervical cancers, several studies reported that
DCE-MRI could potentially evaluate the meta-
static potential of enlarged lymph nodes on MR
imaging [7]. Until now, few studies have report-
ed the value of DCE-MRI quantitative parameter
of tumour to predict lymph node metastasis.

To that end, the current study seeks to evaluate
the potential of DCE-MRI quantitative parame-
ter to identify lymph node metastasis in cervi-
cal cancer patients.

Patients and methods
Study population

This retrospective study was approved by our
institutional review board and the requirement
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Figure 1. (A-D) A 25-year-old woman in cervical cancer (FIGO staging Ib) with
lymph node metastasis. Axial TAW image shows no enlarged lymph node in
the left pelvic cavity (A). Axial ADC map, the tumor is clearly defined with a
low signal (B). Estimated DCE parameters are as follows: K" = 1,280 min*
(C),V,=0.997% (D). (E-H) A 65-year-old woman in cervical cancer (FIGO stag-
ing Ib) without lymph node metastasis. Axial TAW image shows an enlarged
lymph node (E). Axial ADC map, the tumor is clearly defined with a low signal
(F). Estimated DCE parameters are as follows: K" = 0.298 min* (G), v, =
0.352% (H).

for informed consent was
waived. We retrospectively
studied 58 patients with cer-
vical cancer who had under-
gone operation at the Jiangsu
Province People’s Hospital
between January 2013 and
December 2016. All patients
were staged according to
the 2009 FIGO staging sys-
tem. All tissue specimens and
slides were examined by ex-
perienced pathologists. The
lymph node metastasis that
were pathologically confirmed
either underwent operation
resection. All patients had
complete MR imaging, includ-
ing DCE-MRI before opera-
tion. Clinical and pathological
data, including age, FIGO st-
age, histological type, tumour
volume and carcinoembryo-
nic antigen (CEA) were exam-
ined. Patients with the foll-
owing criteria were excluded:
(a) patients receiving any neo-
adjuvant treatment; (b) DCE-
MRI not included in the MRI
of the pelvic; (c) patients who
were lost to follow-up; or (d)
images showing unacceptab-
le distortion due to artefacts
from metallic clips around the
tumour.

MR imaging technique

All imaging examinations we-
re performed with 3.0T MR
scanners (MAGNETOM Trio-
Tim; Siemens, Erlangen, Ger-
many) using a 16-element
pelvic phased-array coil. As
per the standard pelvic MRI
protocol at our institution, the
images obtained included tr-
ansverse Tl-weighted turbo
spin-echo (TSE) images (TR/
TE, 993/26 msec; section th-
ickness, 3.5 mm; field of view
[FOV], 250) and transverse
(TR/TE, 4430/129 msec;
section thickness, 3.5 mm;
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FOV, 250), coronal (TR/TE, 4000/77 msec;
section thickness, 4.0 mm; FOV, 300), and sag-
ittal (TR/TE, 4000/129 msec; section thick-
ness, 3.0 mm; FOV, 250) T2-weighted TSE
images of the uterus. Then single-shot echo-
planar imaging (TR/TE, 6600/91 msec; section
thickness, 2.6 mm; FOV, 250) was performed
with diffusion-module. Diffusion was measured
by using b values of 1000 s/mm?. After a rou-
tine MR examination, a 3D, T1-weighted gradi-
ent recalled echo sequence was prescribed to
acquire DCE-MRI data. This protocol was per-
formed with parameters (TR/TE, 5.32/1.85;
slice thickness, 3.5 mm; FOV, 250; flip angle,
15°). After two acquisitions, a bolus of Gd-
diethylenetriaminepenta-acetic acid (Gd-DTPA
0.1 mmol/kg; Magnevist, Bayer, Berlin, Ger-
many) was injected at a rate of 3 ml/s through
a 20 G antecubital intravenous line. Bolus injec-
tion was performed with an MR-compatible
power injector (Spectris; Medrad, Pittsburgh,
PA) followed by a 15-ml saline flush. The DCE-
MRI was continued for 4.0 minutes after the
Gd-DTPA injection.

Image analysis

All images were analyzed by consensus by two
genitourinary radiologists (with 6 and 9 years of
experience in pelvic MR imaging, respectively)
who were all clinical information and the refer-
ence standard. A consensus was adopted if dif-
ferent opinions were provided by the two
radiologists.

For each cervical cancer evaluated, the follow-
ing were recorded: tumour volume, lymph node
size on MR imaging, and ADC value. Tumour vol-
ume was calculated as the summation of all of
the areas of the tumour on axial T2-weighted
images multiplied by the slice interval [8].
Lymph node size was defined as the maximum
diameter measured with a caliper tool on axial
T1-weighted images. Apparent diffusion coeffi-
cient (ADC) maps were also analyzed qualita-
tively. Mean values of ADC were measured at
the corresponding maps.

For DCE-MRI parameter measurements, phar-
macokinetic analysis was carried out using
noncommercial software, Omnikinetics (GE
Healthcare, Shanghai, China) with the two-com-
partment Extended Tofts model. A fully auto-
mated image-based individualized AIF (iAIF)
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estimation method was used as the AIF estima-
tion method. The parameters including the vol-
ume transfer constant between blood plasma
and extracellular-extravascular space (EES)
(Kars min?), rate constant between EES and
blood plasma (Kep, min), volume of EES space
per unit volume of tissue (V,) and fractional
blood plasma volume per unit volume of tissue
(vp) were derived from the entire ROI for each
patient. The radiologists manually drew ROls
along contours of the tumour, covering the
whole lesion with the exclusion of the necrosis,
peripheral fat and blood vessels based on
T2-weighted images as a guide. After each ROI
placement, color-coded, pixel-wise, parametric
perfusion maps of Ktans, Kep, V,and Vp were gen-
erated with sample patients as shown in Figure
1.

Follow-up

All patients were routinely examined at 3-6
month intervals for the first 2 years following
operation. Patients underwent a thorough ph-
ysical examination, laboratory analysis, com-
puted tomography (CT) scan and MR examina-
tion if necessary to detect recurrent disease.
Lymph node recurrence was clinically diag-
nosed when enlarged lymph nodes were
detected as compared with preoperative imag-
es. Two-year follow-up was completed for all 58
patients after operation.

Statistical analysis

Statistical analysis was performed using the
PASW statistical software (version 18.0; SPSS,
Inc., Chicago, IL, USA). Values are presented as
mean + SD. Quantitative data (age, tumour vol-
ume, lymph node size, ADC value, DCE-MRI
parameters) were compared using the Inde-
pendent-Samples Test. An x? test FIGO stage,
histological type, CEA, distant metastasis was
used to compare qualitative data between the
groups in terms of lymph node metastasis (+/-).
A p value < 0.05 was regarded as significant.

Results
Patients and clinicopathological features

Atotal of 58 patients were included in the pres-
ent study. Of those, 38 (65.5%) patients were
FIGO stage Ib, 15 were (25.9) stage lla, 4 were
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Table 1. Patient and pathological characteristics

Lymph node Non-lymph node

metastasis (28) metastasis (30) P value

Median age (range) 44.849.2 46.7+9.5 0.432

FIGO stage 0.446
Ib 19 19
lla 6 9
Ilb 2 2
b 1 0

Histological type 0.259
Squamous cell carcinoma 25 29
Adenocarcinoma 3 1

CEA > 4.0 ng/mL 6 2 0.098

Distant metastasis 2 0 0.084

Data are the mean + standard deviation.

Table 2. Results for MR imaging with and without lymph node metastasis

Lymph node  Non-lymph node

metastasis (28) metastasis (30) | ‘2

Tumour volume (cm?) 13.6+18.1 9.7+9.3 0.306
Lymph node size on MR imaging (cm) 1.1+0.6 0.9+0.4 0.291
ADC (x10° mm?/s) 0.694+0.020 0.776+0.035 0.044"

Data are the mean * standard deviation. “Comparisons of ADC value with and without

The clinical and patho-
logical characteristics
of all 58 patients are
shown in Table 1.

Radiological results

Table 2 summarizes the
size and volume of the
tumour between with
and without lymph node
metastasis. Tumour vol-
ume and lymph node
size on MR imaging sh-
owed no significant dif-
ference between the
two groups (P > 0.05).
Additionally, the ADC
value showed a signifi-
cant difference between
the two groups (P <
0.05): ADC value was
significantly increased
in the tumour with ly-
mph node metastasis
(P =10.044).

lymph node metastasis: P < 0.05.

Table 3. Results of pharmacokinetic parameters of dynamic contrast-en-
hanced MR imaging in tumours with and without lymph node metastasis

Table 3 summarizes the
results of DCE-MRI tu-
mour parameters. In the
tumour, K™ and v_ va-

Lymph node Non-lymph node Pval lue showed a significant

. . ue
metastasis (28) metastasis (30) difference between the
Kvens (min) 1.446+0.129 1.047+0.114 0.023" two groups (P < 0.05)
K., (min*) 1.750+0.179 1.732+0.133 0.935 (Figure 1): K'a"s value
V. (%) 0.730+0.038 0.571+0.045 0.010* was significantly incre-
V. (%) 0.092+0.031 0.080£0.030 0.770 ased in the tumour with

Data are the mean + standard deviation. *Comparisons of K@ with and without lymph

node metastasis: P < 0.05.

(6.9) stage llb, and 1 was (1.7) stage lllb. There
were 54 (93.1) cases of squamous cell carcino-
mas and 4 (6.9) adenocarcinomas. 28 patients
(median age, 44.8 years; range, 25-64 years)
exhibited lymph node metastasis, and 30
patients (median age, 46.7 years; range, 30-65
years) did not exhibit lymph node metastasis. 6
(21.4) cases had CEA > 4.0 ng/mL in patients
with lymph node metastasis, and 2 (6.6) cases
had CEA > 4.0 ng/mL in patients without lymph
node metastasis. During the two-year follow-up
period, there were two cases of distant metas-
tases in patients with lymph node metastasis.
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lymph node metastasis
(P=0.023),and v, value
was also significantly
increased in the tumour
with lymph node metastasis (P = 0.010).
However, the kep and v, value showed no signifi-
cant difference between the two groups (P >
0.05).

Discussion

Cervical cancer is clinically classified according
to the FIGO clinical staging system, which does
not include evaluation of lymph node status. In
fact, lymph nodes are the most important site
of recurrence for patients with cervical cancer.
While there are a number of factors to consider
in the calculation of overall and disease-specif-
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ic survival, a recent multivariate analysis dem-
onstrated that lymph node metastasis repre-
sented the only significant independent prog-
nostic indicator for all outcomes, including
overall survival, disease-specific survival, and
local recurrence.

In DCE-MRI, a dynamic image acquisition is per-
formed after the administration of an intrave-
nous bolus of gadolinium-based contrast agent.
DCE-MRI can accurately reflect tumour angio-
genesis. Histologically, lymphatic vessels and
blood vessels are both thin walled and tubular
structures surrounded by endothelial cells and
it is often not possible to accurately differenti-
ate them without elastic tissue staining. As a
result, the term “lymphovascular” is usually
used [9]. So far, DCE-MRI has been used mostly
for breast and brain tumour [10], has a high
predictive value for the metastasis and progno-
sis of tumour, both of which are known to affect
the response to and outcome of radiotherapy
[11]. In addition, several studies also have
reported that DCE-MRI is useful to differentia-
te the metastatic lymph nodes from benign
lymph nodes [12, 13]. However, the correlation
between the quantitative parameter of tumour
and the lymph node metastases was not unex-
pected. Our results, using 3T MR equipment
with high temporal resolution DCE-MRI, demon-
strated that the K™ and V_ value were signifi-
cantly higher in the tumour with lymph node
metastasis than in the tumour without lymph
node metastasis, while Kep and Vp value showed
no significant difference between the two
groups. K" correlate with vascular permeabil-
ity, we would propose that leisions with higher
vascular permeability are more adherent to
lymph node metastasis. In addition, with res-
pect to the contrast agent exchange constant
V., it has been shown that the loss of function
of cell-cell adhesion molecules, such as e-cad-
herin, is a crucial step in tumour progression,
both regional and metastatic [14]. This loss of
function leads to a larger interstitial space,
which is reflected by a higher V, value. Con-
sequently, DCE-MRI parameters may potential-
ly be used to differentiate patients whether
with or without lymph node metastasis. How-
ever, this finding certainly needs to be validated
in a greater cohort of patients and interpreta-
tion has to be done with care.

Diffusion weighted imaging (DWI) is a noninva-
sive technique based on molecular diffusion
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that, when combined with conventional T2WiI,
enables the assessment of morphologic and
physiologic changes in a single examination. It
also allows for a quantitative evaluation of ADC
from images with different b-values [15, 16].
Rita Lucas et al. [17] found that the combina-
tion of T2WI and DWI could predict tumor recur-
rence with a higher sensitivity. Our results
showed that a difference between the two
groups was found for the ADC value (P < 0.05).
It is possible that ADC value is especially sensi-
tive to tumour changes being associated with
lymphatic channel dissemination. Similar to
DCE-MRI, the approach may serve to provide
the surgeon more accurate information at the
time of operation, thereby improving the preci-
sion of the dissection.

We also evaluated tumour volume and lymph
node size on MR imaging and concluded that
there is no meaningful statistical correlation
between the two groups. CEA as an oncofetal
antigen is expressed during embryonic devel-
opment but not in normal adult tissues.
Neoplastic transformation, however, may rein-
duce CEA expression. A strong correlation
between tumour burden and initial serum lev-
els has been reported for cervical carcinoma
[48, 19]. A preoperative CEA level > 4.0 ng/ml
was reported to be associated with the early
distant metastasis [20]. In our study, there was
no significant correlation between CEA level
and lymph node metastasis (P > 0.05). The
result is not in line with the finding of other
authors, perhaps because of a lack of number
in patients.

Despite advances in multimodal therapeutic
modalities, prognosis of cervical cancer re-
mains poor [21-23]. The presence of lymph
node metastasis has been specifically recog-
nized as an important unfavorable prognostic
factor for cervical cancer and a major cause of
death [24]. During the two-year follow-up peri-
od, there were two cases of distant metastases
in patient with lymph node metastasis, and a
long-term follow-up are needed to assess the
potential of DCE-MRI to predict survival.

There are several limitations in our study. First,
our study had a small number of patients.
Second, the two-year follow-up period was
short, and we did not evaluate the correlation
between preoperative DCE-MRI parameters
and prognosis. Further studies are needed on
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this aspect. Finally, although the tumour have
heterogeneous contrast uptake, we used the
contrast uptake of the whole ROl within the
tumour in the analysis. In future studies, for
example, histogram analysis may be recom-
mended to quantify the heterogeneity of intra-
tumor contrast uptake to differentiate between
them [6, 25].

In conclusion, our preliminary results suggest
that K" and V_ of DCE-MRI are useful for pre-
dicting the probability of lymph node metasta-
sis in cervical cancers, and that the ADC value
is an effective and necessary supplementation
for predicting lymph node metastasis. As such,
the application of this technology has the
potential to improve identification of lymph
node metastasis, which may improve outcomes
in overall survival, disease-specific survival,
and recurrence.
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