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Introduction

AIM: To determine whether dynamic contrast-enhanced (DCE) magnetic resonance imaging
(MRI) quantitative parameters increase the detectability of MRI-invisible residual cervical
cancer after conisation.

MATERIALS AND METHODS: This retrospective study included 59 patients with MRI-
invisible cervical cancer, but positive conisation pathology. Thirty-five patients were
confirmed to have residual cervical cancer, and 24 patients showed non-residual cervical
cancer. DCE-MRI quantitative parameters were calculated in the anterior or posterior cervix
according to the conisation position. Receiver operating characteristic (ROC) analysis was used
to find the threshold of DCE-MRI parameters in differentiate residual cervical cancer patients
from non-residual cervical cancer patients after conisation.

RESULTS: For patients with residual cervical cancer, the K and V. values were signifi-
cantly higher than in their counterparts with non-residual cervical cancer (0.610+0.395 versus
0.366+0.305/min, p=0.013; and 0.70340.270 versus 0.5404+-0.280%, p=0.028; respectively).
The K" showed the highest area under the ROC curve (AUC) of 0.705 (p=0.004) with a
sensitivity of 67.6% and specificity of 68%.

CONCLUSION: DCE-MRI quantitative parameters increased the detectability of MRI-invisible
residual cervical cancer after conisation.

© 2018 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.

cervical cancer; however, it has been reported” that about
65% of the patients have no residual tumour after conisa-

Cervical cancer is the most common gynaecological tion.It may be suggested that a less radical procedure, such

malignancy and the second most common cause of cancer
death in Chinese women.! In recent years, conisation has
become an important means of diagnosing early-stage
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as a less radical surgery, may be sufficient in this selected
population mostly for fertility-sparing reasons.>*
Conventional magnetic resonance imaging (MRI) based
on morphological changes has some limitations for lesion
detection and characterisation.”” It is not sensitive enough
to assess the residual tumour after conisation during early-
stage cervical cancers. Dynamic contrast-enhanced mag-
netic resonance imaging (DCE-MRI) is a non-invasive im-
aging technique that can characterise tissue vasculature and
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is sensitive to tumour angiogenesis.*° Tumour tissues have
more neovascularisation in contrast to the normal uterus;
hence, the regional blood volume and vascular permeability
differences might be detected by DCE-MRI. A previous study
suggested that DCE-MRI was significant in the discovery
and diagnosis of early breast cancer and even in-situ can-
cer.' In addition, another study also suggested that DCE-
MRI can predict early recurrence of breast cancer;'' how-
ever, the use of DCE-MRI quantitative parameters to help
detect MRI-invisible residual cervical cancer after conisa-
tion has not been explored.

Consequently, the purpose of this study was to investi-
gate the value of DCE-MRI quantitative parameters in
detecting MRI-invisible residual cervical cancer after
conisation.

Patients and methods
Study population

This retrospective study was approved by the institu-
tional review board and the requirement for informed
consent was waived. Fifty-nine patients with MRI-invisible
cervical cancer, but positive conisation pathology, were
enrolled retrospectively into this study from January 2013
to September 2017. The inclusion criteria were as follows:
(1) patients underwent cervical conisation <2 weeks before
MRI, and then radical hysterectomy was performed 1 week
after MRI; (2) patients underwent complete MRI, including
DCE-MRI; (3) no obvious cervical lesions were observed via
MRI after conisation. The exclusion criteria consisted of
failure of DCE-MRI technique or no surgery after the MRI
examination. Patients with cervical lesions that were visible
on MRI were also excluded from this study. Clinical data,
including age and the International Federation Gynecology
and Obstetrics (FIGO) stage of cervical cancer were
recorded.

MRI technique

All imaging examinations were performed with 3 T MRI
scanners (MAGNETOM TrioTim; Siemens, Erlangen, Ger-
many) using a 16-element pelvic phased-array coil. As per
the standard pelvic MRI protocol, the images obtained
included transverse T1-weighted turbo spin-echo (TSE)
images (993 ms repetition time [TR]/26 ms echo time [TE],
3.5 mm section thickness, 250 field of view [FOV]) and
transverse (4,430 ms TR/129 ms TE, 3.5 mm section thick-
ness, 250 FOV), coronal (4,000 ms TR/77 ms TE, 4 mm
section thickness, 300 FOV), and sagittal (4,000 ms TR/129
ms TE, 3 mm section thickness, 250 FOV) 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 a diffusion module. Diffusion was
measured using b-values of 1,000 s/mm?. After a routine
MRI examination, a three-dimensional (3D) T1-weighted
gradient recalled echo sequence was undertaken to ac-
quire DCE-MRI data. This protocol was performed with
parameters (5.32 ms TR/1.85 ms TE, 3.5 mm section
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thickness, 250 FOV, 15° flip angle). After two acquisitions, a
bolus of Gd-diethylenetriaminepenta-acetic acid (Gd-DTPA
0.1 mmol/kg; Magnevist, Bayer, Berlin, Germany) was
injected at a rate of 3 ml/s through a 20 G antecubital
intravenous line. A bolus injection was undertaken with a
MRI-compatible power injector (Spectris; Medrad, Pitts-
burgh, PA, USA) followed by a 15 ml saline flush. The DCE-
MRI was continued for 4 min after the Gd-DTPA injection.

Image analysis

Two experienced genitourinary radiologists with 6 and 9
years of experience in pelvic MRI, respectively, evaluated
the data independently, blinded to all clinical information
and the pathological results. A consensus was adopted if the
two radiologists offered different opinions.

MRI-invisible cancer is here defined as a cervical cancer
that was not seen on the T2-weighted images, DWI/ADC
images, or contrast-enhanced T1-weighted images after
conisation (Fig 1a,b,d,e). The size of the tumour, histological
type, lymph node metastasis, and lymphovascular invasion
were analysed in the hysterectomy specimen.

For DCE-MRI quantitative parameter measurements,
pharmacokinetic analysis was carried out using non-
commercial software, Omnikinetics (GE Healthcare,
Shanghai, China) with the two-compartment extended tofts
model. A fully automated image-based individualised AIF
(iAIF) estimation method was used as the AIF estimation
method. The parameters including the volume transfer
constant between blood plasma and
extracellular—extravascular space (EES; K'""), rate constant
between EES and blood plasma (Kep), volume of EES space
per unit volume of tissue (Ve), and fractional blood plasma
volume per unit volume of tissue (Vp) were derived from the
entire ROI of each patient. The radiologists manually drew
ROIs along contours of the anterior or posterior cervix ac-
cording to the conisation position, extending 5 mm to the
myometrium. After each ROI placement, colour-coded,
pixel-wise, parametric perfusion maps of K", and Kep
were generated with sample patients as shown in Fig 1g—f.

Statistical analysis

Statistical analysis was performed using the PASW sta-
tistical software (version 18.0; SPSS, Chicago, IL, US). Values
are presented as mean + SD. DCE-MRI quantitative param-
eters were compared using the independent-samples t-test.
For the receiver operating characteristic (ROC) analyses, the
area under the ROC curve (AUC) was calculated and AUCs
were compared using non-parametric methods'? and
optimal thresholds were obtained by maximising the You-
den index.”” A p-value of <0.05 was regarded as significant.

Results

Patients and clinicopathological features

A total of 59 patients were included in the present study.
All patients underwent cervical conisation <2 weeks before
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Figure 1 A 35-year-old woman with MRI-invisible residual cervical cancer but positive conisation pathology. (a) Axial DWI and (b) ADC map, (d)
sagittal T2-weighted, and (e) contrast-enhanced images show no visible cancer. (c) Axial DWI shows a metastatic lymph node. (f) The colour-
coded K™ map and (g) K., map show that a heterogeneous abnormal intensity was identified.

the MRI examination and then underwent a radical hys-
terectomy and pelvic lymphadenectomy. Of these, 34 pa-
tients (median age, 42.1 years; range, 28—64 years) were
confirmed as having residual cervical cancer at surgery, and
25 patients (median age, 44.1 years; range, 29—63 years)
showed non-residual cervical cancer. Of those with residual
cervical cancer, 30 (88.2%) patients were FIGO stage Ib and
four (11.8%) were stage Ila. There were 29 (85.3%) patients
with squamous cell carcinoma and five (14.7%) with
adenocarcinoma. Lymph node metastasis was detected in

nine (25.7%) patients, and lymphovascular invasion was
found in four (11.4%) patients. The clinical and pathological
characteristics of all 34 patients with residual cervical
cancer were shown in Table 1.

Radiological results

Table 2 summarises the results of DCE-MRI quantitative
parameters. K™ and V. value showed a significant dif-
ference between patients with residual cervical cancer and
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Table 1
Patient and pathological characteristics with residual cervical cancer after
conisation

After conisation

Cervical cancer (+)

No. patients 34
Median age (years) 42.6+9.0
Size (cm) 2.24+1.34
FIGO stage

Ib 30

Ila 4

Histological type
Squamous cell carcinoma
Adenocarcinoma

Lymph node metastasis
Lymphovascular invasion

o

N O N

Data are the mean + standard deviation.
FIGO, International Federation Gynecology and Obstetrics.

their counterparts with non-residual cervical cancer: The
K0S yalue was significantly higher in patients with resid-
ual cervical cancer patients (0.610+0.395 versus
0.366+0.305/min, p=0.013), and V. value were also signif-
icantly higher in residual cervical cancer patients
(0.703+0.270 versus 0.540+0.280%, p=0.028); however, Kep
and V,, values showed no significant difference between
patients with residual cervical cancer and those with non-
residual cervical cancer (p>0.05). Fig 2 illustrates the
comparison of K" and V. values in patients with residual
cervical cancer and those with non-residual cervical cancer.

The ROC analysis was used to find the reasonable
threshold of K" and V, to differentiate patients with re-
sidual cervical cancer patients from those with non-residual
cervical cancer (Table 3). The K" showed the highest
AUCs with 0.705 (p=0.013), with sensitivity of 67.6% and
specificity of 68%. The V. showed the highest AUCs with
0.659 (p=0.038), with sensitivity of 52.9% and specificity of
80%, respectively. K" showed a significantly higher AUC
than V. (Fig 3).

Discussion

The present study evaluated the usefulness of perfusion
parameters derived from DCE-MRI in the detection of MRI-
invisible residual tumours after conisation in cervical can-
cers. The present results showed that residual cervical

Table 2
Results of quantitative parameters of DCE-MRI
After conisation p-Value
Cervical cancer (+) Cervical cancer (—)
K" (/min) 0.610+0.395 0.366+0.305 0.013°
Kep (/min) 0.664+0.281 0.523+0.246 0.050
Ve (%) 0.703+0.270 0.540+0.280 0.028°
Vp (%) 0.325+0.065 0.423+0.100 0.656

Data are the mean + standard deviation.
@ Comparisons of K" and V. between residual cervical cancer patients
and non-residual cervical cancer patients after conisation: p<0.05.
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cancer patients had higher K@ and V. values than those
with non-residual cervical cancer.

Conisation is the primary treatment for IA1 cancers and
has low recurrence rates if resection margins are clear.'
When treated with radical hysterectomy after a diagnostic
conisation, no residual tumour is found in 65% of these
patients. Therefore, less radical surgeries may be used in
patients with early-stage cervical cancer mostly for fertility-
sparing reasons, under strict eligibility criteria; in this
subgroup identification of residual tumour after conisation
may be of value.

Several prognostic factors for early-stage cervical cancer
include tumour size, lymphovascular invasion, lymph node
metastasis, and depth of stromal invasion. Tumour size is of
great importance because it is the only factor that can be
determined preoperatively and is used in planning surgical
procedures.”” 7 Reportedly, if the long-axis diameter of
cervical cancer exceeds 20 mm, the tumour is associated
with worse long-term survival rates.'®' In the present
study, the median sizes of MRI-invisible residual cervical
cancers were 2.24+1.34 cm (range: 0.7—6 cm), and the
maximum size can reach 6 cm. MRI-invisible residual cer-
vical cancers had a relatively high risk of lymph node
metastasis (9/34) and lymphovascular invasion (4/34).
Fig 1c shows a metastatic lymph node. Therefore, it is vital
to rapidly and accurately identify MRI-invisible residual
cervical cancers. These are very difficult to identify solely on
the basis of conventional MRI. DCE-MRI is a dynamic image
acquisition performed after the administration of an intra-
venous bolus of gadolinium-based contrast agent. DCE-MRI
can accurately reflect tumour angiogenesis.’’ Recent
research has reported that DCE-MRI parameters can be used
in the diagnosis of early oesophageal cancer and increase
the cure rate of the disease.”! Moreover, DCE-MRI param-
eters are used widely in assessing early therapeutic re-
sponses, including cervical cancer.’” To the authors’
knowledge, the value of DCE-MRI quantitative parameters
in the detection of MRI-invisible residual cervical cancers
has not yet been explored.

In the present study, residual cervical cancer patients
had higher K" and V. values than non-residual cervical
cancer patients. Angiogenesis is the basis of tumour growth,
invasion, metastasis, and recidivism.2> Lesions with higher
vascular permeability adhere more strongly to tumour tis-
sue. K" was found to be correlated with vascular
permeability, and hence angiogenesis within residual cer-
vical cancer. Similarly, with respect to the contrast agent
exchange constant Ve, 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.’* This loss of
function leads to a larger interstitial space, which is re-
flected by a higher V. value. The Kep and V), value showed no
significant difference between patients with residual cer-
vical cancer and those with non-residual cervical cancer. In
addition, Kep was found to be affected solely by the contrast
medium concentration and fractional volumes in the
tumour EES and might thus more accurately reflect the
tumour capillary permeability.”> The present results
showed that Kep is close to the established threshold
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Figure 2 Boxplots showing Ktrans and V. in residual cervical cancer patients and non-residual cervical cancer patients. (a) Ktrans and (b) Ve
were significantly higher in patients with residual cervical cancer than in those with non-residual cervical cancer (0.610+0.395 versus
0.366-+0.305/min, p=0.013; and 0.703+0.270 versus 0.5404-0.280%, p=0.028, respectively).

(p=0.050). This finding must be validated in a larger cohort
Ta"le,3 o o ) of patients and must be interpreted with care. Therefore,
Effectiveness of DCE-MRI quantitative parameters for discriminating residual K Iso h tain diff tial di ti 1 .
cervical cancer patients from non-residual cervical cancer patients 1 ep May a SlO a¥ﬁ a cer alrllt lfferentia 't;]agtr}iosf;c Xa ue 11}
arge samples. These results concur wi e findings o
Variable Cut-off value AUC Sensitivity (%) Specificity (%) p-Value other authors.21
KI2" (fmin) >1.356 0.705 67.6 68 0.008 There are several limitations to the present study. First,
Ve (%) 1329 0.659 52.9 80 0.038 the patients undergo cervical conisation before the MRI
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Figure 3 ROC curves displaying the diagnostic performance for Ktrans and V. in discriminating residual cervical cancer patients from non-
residual cervical cancer patients. For Ktrans, ROC analysis shows a highest AUC of 0.705 (p=0.008), with the optimal cut-off point of 1.356/
min, sensitivity of 67.6% and specificity of 68%. V. resulted in an AUC of 0.659 (p=0.038), with the optimal cut-off point of 1.329%, sensitivity of

52.9% and specificity of 80%.

examination, distortion of the cervix, local haemorrhage,
oedema, and inflammatory changes caused by conisa-
tion.”® This might have some adverse influence on the
estimation of the diagnostic ability of DCE-MRI; however,
an attempt was made to control the time of conisation and
all of the patients had the same conisation condition
before MRI to reduce the data error. Second, the scope of
the whole anterior or posterior cervix is too large to affect
the accuracy of the data. This research is preliminary, and
future studies will require larger sample sizes and further
study.

In conclusion, the present preliminary results suggest
that DCE-MRI quantitative parameters may be used to in-
crease the detectability of MRI-invisible residual cervical
cancer after conisation.
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