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Abstract

Objective To investigate the prediction of response to concur-
rent chemoradiotherapy (CCRT) through a combination of
pretreatment multi-parametric magnetic resonance imaging
(MRI) with clinical prognostic factors (CPF) in cervical can-
cer patients.

Methods Sixty-five patients underwent conventional MRI,
diffusion-weighted imaging (DWI), and dynamic contrast-
enhanced MRI (DCE-MRI) before CCRT. The patients were
divided into non- and residual tumour groups according to
post-treatment MRI. Pretreatment MRI parameters and CPF
between the two groups were compared and prognostic
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factors, optimal thresholds, and predictive performance for

post-treatment residual tumour occurrence were estimated.

Results The residual group showed a lower maximum slope

of increase (MSI;) and signal enhancement ratio (SERy) in

low-perfusion subregions, a higher apparent diffusion coeffi-

cient (ADC) value, and a higher stage than the non-residual

tumour group (p < 0.001, p=0.003, p <0.001, and p < 0.001,

respectively). MSI; and ADC were independent prognostic

factors. The combination of both measures improved the di-

agnostic performance compared with individual MRI param-

eters. A further combination of these two factors with CPF

exhibited the highest predictive performance.

Conclusions Pretreatment MSI; and ADC were independent

prognostic factors for cervical cancer. The predictive capacity

of multi-parametric MRI was superior to individual MRI pa-

rameters. The combination of multi-parametric MRI with CPF

further improved the predictive performance.

Key points

* Pretreatment MSI; and ADC were independent prognostic
factors for post-treatment residual tumours.

* The residual groups showed lower MSI;, higher ADC and
higher stage.

* The predictive capacity of multi-parametric MRI was supe-
rior to individual MRI parameters.

* The combination of multi-parametric MRI with CPF exhib-
ited the highest predictive performance.

Keywords Magnetic resonance imaging - Dynamic
contrast-enhanced MR imaging - Diffusion-weighted
imaging - Cervical cancer - Concurrent chemoradiotherapy

Abbreviations
MRI magnetic resonance imaging
DWI diffusion-weighted imaging
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ADC apparent diffusion coefficient
DCE-MRI  dynamic contrast-enhanced MRI
MSI maximum slope of increase
SER signal enhancement ratio

ROI region of interest

CPF clinical prognostic factor
Introduction

Cervical cancer is the fourth most common cancer and re-
mains a leading cause of death worldwide, despite the intro-
duction of effective screening strategies. Approximately
265,700 women die of cervical cancer every year, with 90%
of deaths occurring in underdeveloped countries [1]. For pa-
tients with advanced cervical cancer, initial concurrent chemo-
radiotherapy (CCRT) is the most effective treatment and may
be the only opportunity to achieve a complete cure. Once
initial treatment fails, further treatment options are severely
limited [2—4]. Thus, accurate prediction of treatment response
as early as possible is critical and may profoundly affect the
prognosis of the patient. Clinical prognostic factors (including
stage, lymph node status, histology and parametrial invasion)
are currently well established to guide therapy selection but do
not always translate into successful treatment outcomes be-
cause of variations in the prognosis of the disease.
Therefore, a reliable early marker of tumour response to ther-
apy must be developed to provide a window of opportunity to
modify and improve treatment strategies immediately.
Overcoming morphological limitations of conventional
magnetic resonance imaging (MRI), functional MRI is a
non-invasive technique and has been more popularly used in
clinical practice. Diffusion-weighted imaging (DWI), a com-
mon functional imaging modality, can probe water molecule
motion in tissue to detect and characterise diseases. Apparent
diffusion coefficient (ADC) is a quantitative parameter of
DWI and may provide information regarding tumour cellular-
ity and proliferation [5—7]. Studies have reported the potential
of DWI in predicting early therapeutic response to CCRT for
cervical cancer [§—10]. Dynamic contrast-enhanced MRI
(DCE-MRI) has been used to non-invasively assess the mi-
crocirculatory perfusion and vascular permeability of the tu-
mour. The maximum slope of increase (MSI) and signal en-
hancement ratio (SER) are two semi-quantitative parameters
that can reflect tumour blood supply and oxygenation status
[11], and thereby predict the therapeutic response to anti-
angiogenic treatment and CCRT in cervical cancer [12, 13].
This study aimed to evaluate the overall predictive value of
response to CCRT through the combination of pretreatment
DWI, DCE-MRI biomarkers and pretreatment clinical prog-
nostic factors (tumour stage, pelvic and para-aortic lymph
nodes, and histological type) in patients with cervical cancer.
A novel predictive paradigm was developed by synergising
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the predictive capacity of pretreatment clinical prognostic fac-
tors and pretreatment multi-parametric MRI.

Materials and methods
Patient Population

The study was approved by the institutional review board and
all patients provided a written informed consent. Between
December 2014 and January 2016, 74 patients with suspected
cervical cancer were prospectively enrolled. They underwent
pretreatment multi-parametric MRI, CCRT and MRI follow-
up. Inclusion criteria were as follows: (a) uterine cervical can-
cer confirmed by biopsy, and the time interval between biopsy
and baseline MRI no longer than two weeks; (b) tumour max-
imal diameter > 1.0 cm; (c¢) no previous radiation or chemo-
therapy; and (d) no contraindications for CCRT or MRI ex-
amination. We excluded three patients with pathologically
proven endometrial carcinoma, four patients with a tumour
maximal diameter < 1.0 cm and two patients with a history
of CCRT for cervical cancers. Finally, 65 patients with uterine
cervical cancer were analysed. Based on pretreatment biopsy,
they included 59 patients with squamous cell carcinoma, five
patients with adenocarcinoma and one patient with
adenosquamous carcinoma. The age of the patients ranged
from 31 to 75 years with a mean age of 48.3 years. Staging
was performed according to the FIGO (International Federation
of Gynecology and Obstetrics) staging system [14]. There were
three stage I patients, 38 stage Il patients, 20 stage III patients
and four stage IV patients.

Concurrent chemoradiotherapy (CCRT)

All patients were treated with a combination of external beam
radiotherapy (EBRT) and intracavitary brachytherapy (ICR).
EBRT was delivered to the entire pelvis at a total dose of 46-
50 Gy (1.8-2 Gy dose daily, five times per week), accompa-
nied by concurrent chemotherapy (40 mg/m? cisplatin, five
cycles weekly). ICR was initiated after an EBRT dose of 46-
50 Gy and was delivered twice a week in eight fractional doses
of 4 Gy at each point. Overall CCRT for each patient lasted
8 weeks. Based on radical radiotherapy and chemotherapy,
each treatment protocol selection was individualised accord-
ing to tumour extent, lymph node involvement, and general
patient condition.

MRI protocol

All patients underwent routine pelvic MRI, DWI, and DCE-
MRI before initiating CCRT (pretreatment) and one month
after completion of CCRT (post-treatment). MRI was per-
formed using a 3.0 T MRI system (Signa Excite HD, GE,
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Milwaukee, WI, USA) with an 8-channel phased array coil.
All patients were injected intramuscularly with 20 mg hyo-
scine butylbromide 10 minutes prior to MR scanning to pre-
vent gastrointestinal motility. The bladder was half-filled to
improve lesion visibility. Patients were in the supine position
and breathed freely during acquisition. The scanning range
was from the aortic bifurcation to the inferior margin of the
pubic symphysis. Scanning parameters were as follows: axial
fast spin-echo (FSE) T1-weighted images (T1WI) (repetition
time [TR]/echo time [TE]: 400 ms/7.3 ms, NEX: 2, slice thick-
ness/gap: 8 mm/1 mm, field of view [FOV]: 380 x 380 mm,
acquisition matrix: 384 x 256 mm); axial and sagittal fat sup-
pression (FS) fast spin-echo (FSE) T2-weighted images
(T2WI) (TR/TE: 4000 ms/130.2 ms, NEX: 2, slice thick-
ness/gap: 5 mm/1 mm, FOV 380 x 224 mm, acquisition ma-
trix: 240 x 240 mm). Axial DWI was obtained using the echo
planer imaging sequence with a diffusion gradient b factor of 0
and 800 s/mm? (TR/TE: 2000 ms/56.1 ms, NEX: 4, slice
thickness/gap: 8 mm/1 mm, FOV 380 x 342 mm, acquisition
matrix: 384 x 342 mm). DCE-MRI was performed using liver
acquisition with volume acceleration-extended volume
(LAVA-EV) sequence (TR/TE: 6.1 ms/1.1 ms, NEX: 1, slice
thickness/gap: 4 mm/-2.0 mm, FOV: 260 x 260 mm; acquisi-
tion matrix: 256 x 128 mm) before and immediately after in-
travenous injection of 0.2 mmol/kg contrast agent (Gd-DTPA,
Bayer Schering, Berlin, Germany) at a rate of 2.0 ml/s, then
repeated at 30, 60, 90, 120, 150, and 180 s into the examina-
tion, followed by a saline flush. The total acquisition time for
this sequence was 22-30 s.

Image analysis

All imaging analyses were performed by two radiologists
(W.Y. and J.W.Q., with 15 and 32 years of experience in
gynaecological imaging, respectively) on a GE ADW 4.4
post-processing workstation with the FUNCTOOL software.
Both radiologists were blinded to the clinical and pathological
information of the patients. Any discrepancies were resolved
by consensus.

An axial slice with the largest solid portion of tumour was
selected on DWI by referring to the T2-weighted imaging
(T2WI). The regions of interests (ROIs) were drawn manually
along the margin of the tumour on this slice, carefully
avoiding cystic, necrotic or haemorrhagic tumour regions,
and copied to the corresponding ADC map. The average
ADC value was automatically generated and recorded as the
tumour ADC.

The semi-quantitative parameters were calculated accord-
ing to the following equation [15]: 1) the maximum slope of
increase (MSI) = (SIpax — SIpre)/SIpre; and 2) signal enhance-
ment ratio (SER) = (Slyax — Slpre)/(Shiase — Skpre). (SI, signal
intensity; Sl., SI before contrast administration; Slyax,

maximum SI among enhanced acquisitions; Slj,g, SI of late
acquisitions).

A sagittal section with the largest solid portion of the tu-
mour was selected for acquisition of the time-signal intensity
curve (TIC), MSI and SER on DCE-MRI. Because of
intratumoural heterogeneous perfusion, approximately 50-
70 mm? round or round-like ROIs were manually placed both
in a low- and high-enhancement subregion separately and
were selected based on visual analysis of images according
to a previous study [16], carefully avoiding cystic, necrotic or
haemorrhagic tumour regions. In cases of small tumours, two
different adjacent slices were used to place the two ROIs.

Tumour size was determined by the longest diameter mea-
sured in three axes, according to the FIGO staging system
[14]. Pelvic and para-aortic lymph nodes were considered
positive if they measured > 1.0 cm in the short axis on fat
suppression (FS) fast spin-echo (FSE) T2-weighted images.

Pretreatment clinical classification and post-treatment
response

Combined clinical prognostic factors were dichotomised into
unfavourable (stage III or IV, positive lymph nodes or non-
squamous carcinomas) versus favourable (stage I or II, nega-
tive lymph nodes and squamous carcinomas) categories. Each
clinical prognostic factor was weighted equally.

Treatment response was classified as non-residual and re-
sidual tumour groups [17]. All posttherapy MRIs were
reviewed by one radiologist (W.Y.) and radiation oncologists
in consensus. A non-residual tumour was defined as no tu-
mour found on T2WI and complete disappearance of both the
hyperintense tumour area on DWI and the enhanced tumour
area on DCE-MRI at one month after completion of the ther-
apy. A residual tumour was defined as a visible residual tu-
mour on T2WI, a hyperintense area on DWI, or an enhanced
area on DCE- MRI.

Statistical analysis

Statistical analysis was performed using SPSS 17.0 (SPSS
Inc, Chicago, IL, USA). All continuous variables were
expressed as the means + standard deviation (SD) and 95%
confidence intervals (CI). A P value less than 0.05 was con-
sidered statistically significant. Comparison of MSI, SER,
ADC, FIGO stage, lymph nodes status and histological type
between non-residual and residual tumour groups was per-
formed using one-way analysis of variance or the Pearson
chi-square test, as appropriate. Receiver operating character-
istic (ROC) analyses were conducted to determine cut-off
values. Diagnostic performances of variables in predicting
the occurrence of post-treatment residual tumours were eval-
uated and compared. Uni- and multivariate logistic regression
were used to analyse the prognostic factors.
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Results

Pretreatment clinical prognostic factors (CPF: FIGO stage,
lymph node status and histological type) and MRI parameters
of post-treatment non-residual and residual tumour groups in
patients with cervical cancer are shown in Table 1. At one
month after CCRT completion, 44 of 65 patients had no resid-
ual tumours, and the remaining 21 women had residual tu-
mours on MRI. There was a significantly higher FIGO stage
in residual tumours than in non-residual tumours (p <0.001).
No significant differences in lymph node status and histologi-
cal type were found between the two groups (p =0.629 and
p=0.955). Lower pretreatment MSI and SER in low-perfusion
subregions (0.47 +0.33 vs. 1.37+0.87, p<0.001; 0.76 +0.32
vs. 1.02+£0.28, p=0.003, respectively) and a significantly
higher ADC value (1.10£0.23 vs. 0.84 £0.11, p < 0.001) were
found in post-treatment residual tumours than those in non-
residual tumours. However, MSI and SER in high-perfusion
subregions and tumour size were not significantly different

between the two groups (»p =0.32, p=0.33, and p=0.078,
respectively; Table 1 and Fig. 1).

Univariate logistic regression showed that for pretreatment
MSI and SER in low-perfusion subregions, the ADC and
FIGO stages were significantly correlated with the occurrence
of post-treatment residual tumours. Furthermore, multivariate
analysis revealed that only MSI in low-perfusion subregions
and ADC were independent prognostic factors. The lower
MSI and SER in low-perfusion subregions and higher ADC
have higher risk ratios for residual tumour occurrence. As
stage increases in disease, pretherapy stage III-IV tumours
tended to have a more unfavourable clinical outcome (71%;
17/24 patients) than those in patients with early-stage disease
(10%; 4/41 patients; Tables 1 and 2).

ROC curve analysis yielded a cutoff MSI value of 0.62 and
SER value of 0.72 in low-perfusion subregions and a cutoff
ADC 0f 0.9 x 10 mm?/s for distinguishing post-treatment re-
sidual tumour occurrence from the non-residual tumour. The
area under the curve (AUC) of MSI in low-perfusion

Table 1 Comparisons of

Non-residual (n=44)

Residual (n=21) p value

pretreatment MRI parameters Parameters
and clinical prognostic factors
between post-treatment MRI parameters

non-residual and residual tumour size (cm) 5.48+1.07 (4.32-6.51) 5.79+1.32 (4.58-7.01) 0.078
tumour groups in patients MSIy 1.91+0.24 (0.91-1.51) 1.87 +0.56 (0.46-0.83) 0.32
with cervical cancer SERy, 1.2740.43 (092-1.05) 1244089 (0.53-0.85) 0.33
MSI, 1.37+0.87 (1.10-1.63) 0.47+0.33 (0.33-0.61) <0.001
SER. 1.02+0.28 (0.93-1.10) 0.76+0.32 (0.62-0.93) 0.003
ADC 0.84+0.11 (0.81-0.87) 1.10+0.23 (0.98-1.20) <0.001
CPF
FIGO stage <0.001
1B 3 0
IIA 4 0
1B 30 4
1A 1 2
1B 6 11
IVA 0 2
IVB 0 2
Lymph node 0.629
Negative 33 14
Positive 11 7
Pelvic LN 10 (8 11, 2 1) 3@, 11V)
Para-aortic LN 1 (1D 4211, 2 IV)
Histology 0.955
Squamous 40 19
Adenocarcinoma 4 (211, 2 IIB) 1 (IIB)
Adenosquamous 0 1 (IVA)
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MSIy;: maximum slope of increase (MSI) in high-perfusion subregions; SERy;: signal enhancement ratio (SER) in
high-perfusion subregions; MSI;: MSI in low-perfusion subregions; SER;: SER in low-perfusion subregions;
ADC: apparent diffusion coefficient; CPF: clinical prognostic factors; FIGO: International Federation of
Gynecology and Obstetrics; LN: Lymph node. 95% confidence interval (CI) in parentheses
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Fig. 1 Box-plot of pretreatment MSI and SER values in low-perfusion
subregions and ADC value in non-residual and residual tumour groups

subregions was larger than that of SER (Tables 3, 4, and 5 and
Figs. 2, 3 and 4).

Diagnostic performances of MRI, CPF and combined
MRI/CPF parameters for predicting post-treatment residual
tumour occurrence are shown in Table 3. The sensitivity, spec-
ificity and positive and negative predictive values (PPV and
NPV) were 95.2%, 76.2%, 89.1% and 84.2%, respectively, for
MSI in low-perfusion subregions and 87.5%, 81.8%, 69.2%
and 92.3%, respectively, for ADC, in predicting post-
treatment residual tumour occurrence. A combination of
MSI in the low-perfusion subregions and ADC improved the
diagnostic performance with 96.2%, 85.7%, 93.2% and
85.7%, compared with individual MRI parameters alone.

For individual clinical prognostic factors (stage, lymph
node status and histological type), sensitivities and specific-
ities were inferior in predicting outcomes. Combined clinical
prognostic factors also displayed poor prediction, with a lower
sensitivity of 74.7% and lower specificity of47.6%, compared
with multi-parametric MRI.

The combination of multi-parametric MRI and clinical
prognostic factors exhibited the highest predictive perfor-
mance, with a sensitivity of 97.2%, specificity of 93.1%,
PPV of 93.2% and NPV of 85.7%, compared with multi-
parametric MRI or the combined clinical prognostic factors
alone.

Discussion

Because of early occult symptoms, most cervical cancer pa-
tients are diagnosed with locally advanced cervical cancer at
the time of treatment and are therefore unsuitable for surgical
staging [18]. CCRT is often the only possible treatment.
Clinical prognostic factors have been deemed suboptimal in
predicting outcomes, owing to outcome variability within
each prognostic factor [19, 20]. Moreover, given tumour het-
erogeneity, it is unlikely that all cancers will respond in the
same way to a specific therapy [21]. In the present study,
multi-parametric MRI was used to reflect different aspects of
tumour properties to predict the short-term response to CCRT
in cervical cancer and to improve discrimination between non-
residual and residual tumours.

The present study showed that a higher ADC value was
significantly associated with the occurrence of a residual tu-
mour, which is supported by previous studies [8—10]. Dzik-
Jurasz et al. [22] and Patrick et al. [23] explained that an
increased ADC value could act as a marker of tumour necro-
sis, which could be apt to chemoradiotherapy resistance and
poor therapy response.

In this study, pretreatment MSI and SER in high-perfusion
subregions were not significantly different between the two
groups, but MSI and SER in low-perfusion subregions were
significantly associated with the presence of a residual tu-
mour, which is supported by a previous study [24]. Mayr
et al. [25] also validated that the low-enhanced regions more
accurately predicted treatment response within the heteroge-
neous tumour compared with the high-enhanced regions.
Yamashita et al. [16] showed that poorly enhanced areas on
dynamic MR images contained fewer capillaries and more
abundant fibrous tissues, which are likely to contribute to
therapy resistance because the lack of blood supply limits
the exposure of the tumour cells to chemotherapy. In addition,
low-perfusion subregions could contain hypoxic cells, which
are known to possess some radioresistance [26, 27].
Unfortunately, the present study did not examine the histology
and molecular markers of these regions, and we only can
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Table 2 Univariate and
multivariate logistic regression
analyses for MRI parameters and
CPF in estimating post-treatment
residual tumours

Table 3 Diagnostic performance
of MRI, CPF and combined MR/
CPF parameters for predicting
post-treatment residual tumour
occurrence

Table 4 Multi-parametric MRI
for estimating the probability of
post-treatment residual tumour
occurrence

@ Springer

Parameters OR 95% CI p
Univariate analysis
MRI parameters
MSI. 43.73 9.75-193.97 <0.001
SER. 24 5.78- <0.001
ADC 29 6.66-106.99 <0.001
CPF parameters
FIGO stage (I-1I vs. III-IV) 0.10 0.03-0.33 <0.001
Lymph node (positive vs. negative) 1.34 0.42-4.25 0.629
Histology (squamous vs. non-squamous) 1.05 0.000-5.45 0.955
Multivariate analysis
MRI parameters
MSI. 36.795 1.574-859.992 0.025
SER. 0.993 0.030-33.266 0.997
ADC 0.034 0.003-0.454 0.011
CPF parameters
FIGO stage (I-1I vs. III-1V) 3.958 0.519-30.200 0.185

OR: odds ratio; CI: confidence interval; CPF: clinical prognostic factors; MSI; : MSI in low-perfusion subregions;
SER;: SER in low-perfusion subregions; ADC: apparent diffusion coefficient

Parameters Cutoff value  AUC p Sensitivity ~ Specificity =~ PPV NPV
MRI
MSI. 0.62 0.92 <0.001  952% 76.2% 89.1%  84.2%
SER;, 0.72 0.73 <0.001  93.5% 57.1% 82.4%  85.7%
ADC 0.90 0.88 <0.001 87.5% 81.8% 692%  92.3%
Combined MRI — — — 96.2% 85.7% 932%  85.7%
CPF
FIGO stage — 0.81 <0.001 71.5% 71.4% 84.5%  62.5%
Lymph node — 0.55 0.57 29.5% 76.2% 722%  34.0%
Histological type — 0.51 0.96 57.1% 9.5% 67.8%  33.3%
Combined CPF — — — 74.7% 47.6% 784%  71.4%
Combined MRI-CPF ~ — — — 97.2% 93.1% 932%  85.7%
AUC: area under the curve; PPV: positive predictive value; NPV: negative predictive value
MRI parameter description No. of patients ~ No. of residual tumours ~ Percentage
Favourable MSI; >0.62 and ADC<0.90 32 1 3%
Intermediate MSI;. >0.62 and ADC >0.90 18 5 28%
or MSI; <0.62 and ADC<0.90
Unfavourable ~ MSI; <0.62 and ADC > 0.90 15 15 100%

Note: MRI favourable indicates no MRI parameters beyond the threshold; MRI intermediate indicates that one
MRI parameter was beyond the threshold; MRI unfavourable indicates that both MRI parameters were beyond the

threshold
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Table 5 Combined multi-

parametric MRI and CPF for MRI Favourable CPF Unfavourable CPF

estimating the probability of

post-treatment residual tumour No. of No. of residual Percentage  No. of No. of residual Percentage

occurrence patients tumours patients tumours
Favourable 22 0 0% 10 1 10%
Intermediate 6 17% 12 4 33%
Unfavourable 2 2 100% 13 13 100%

Note: Favourable CPF: stage I-11, negative lymph node and squamous carcinoma; Unfavourable CPF: stage I1I-IV
or positive lymph node or non-squamous carcinoma

hypothesise about the possible mechanisms leading to residual
tumours. Additional studies are necessary to address this
issue.

Because of abnormal microvasculature, tumours show a
higher signal intensity in DCE-MRI compared with normal
tissues. The temporal changes in signal intensity obtained by
DCE-MRI imply permeability and perfusion of the tumour
microenvironment, both of which profoundly affect therapy
outcomes in cervical cancer [28-30]. As one of the DCE-
MRI-derived microcirculation variables, MSI is closely relat-
ed to blood velocity and directly reflects blood flow. SER
shows strong correlation with blood volume. Therefore, MSI
and SER may be considered effective prognostic indicators to
determine the potential efficacy of CCRT [31-33].

Using multi-parametric MRI, the prediction of the thera-
peutic response to CCRT could be further improved, com-
pared with individual MRI parameters alone. The estimated
probability of residual tumour occurrence was almost 100% in
patients with both MRI parameters going beyond the thresh-
olds (MSI in low-perfusion subregions < 0.62 and ADC >
0.9 x 10'3mm2/s); a residual tumour was present in 28% of
patients with one parameter going beyond threshold; and a
residual tumour was present in 3% of patients with neither
parameter going beyond threshold.
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Fig. 2 ROC curves of MSI and SER values in low-perfusion subregions
for distinguishing post-treatment residual tumour occurrence from non-
residual tumour

The present study showed that the combination of multi-
parametric MRI with clinical prognostic factors (CPF) may
create new opportunities for improving prognostic abilities.
In patients with unfavourable multi-parametric MRI, despite
favourable CPF, the probability of residual tumour occurrence
increased from 10% to 100%. In patients with unfavourable
CPF and favourable multi-parametric MRI, the probability of
residual tumours decreased from 71% to 10%. These results
strongly suggest that MRI parameters are superior to CPF in
predicting outcomes; MRI parameters play a more important
role and CPF is a key complement. The combination of CPF
and MRI is a promising tool and offers a window of opportu-
nity to modify initial treatment regimens to improve clinical
outcomes. Indeed, early prediction of failure of ongoing stan-
dard therapies ought to be implemented with more aggressive
treatments, such as radiation dose intensification, changes in
concurrent therapy or addition of novel clinical trial therapies.
Second, prediction of success may avoid unnecessarily in-
tense or experimental therapies in patients with a low risk of
failure, reducing morbidity and healthcare costs.

Our study has several limitations. First, because of the
small population of patients, especially those with non-
squamous carcinoma, further validation with a larger number

ROC Curve
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Fig. 3 ROC curve of ADC values for distinguishing post-treatment re-
sidual tumour occurrence from non-residual tumour
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Fig. 4 MR images of a 63-year-
old woman with cervical
squamous cell carcinoma of stage
1IB before concurrent
chemoradiotherapy. Axial
T1-weighted imaging and sagittal
T2-weighted imaging (a and b)
show the tumour with an irregular
heterogeneous iso- and
hyperintensity in the uterine
cervix (arrow). Axial
diffusion-weighted imaging (c)
shows the tumour with an
obvious hyperintensity (arrow).
Corresponding ADC map (d)
shows a decreased ADC value.
Sagittal dynamic
contrast-enhanced MRI (¢) shows
the tumour with obviously
heterogeneous enhancement.
Corresponding time-signal
intensity curves (f) of regions of
interest (ROIs) show persistent
and slow increase in
low-perfusion subregions of the
tumour (ROI;) and show a rapid
increase and a persistent plateau
in high-perfusion subregions
(ROL)

of patients is necessary. Second, we detected a complete re-
sponse to CCRT based on post-treatment MRI instead of pa-
thology. It must be emphasised that CCRT-induced changes
on imaging can sometimes mimic the presence of a residual
tumour. The follow-up period was short and we did not eval-
uate such clinical endpoints as overall survival rate or
progression-free survival. These limitations will have to be
addressed in a future study.

In conclusion, MSI in low-perfusion subregions and ADC,
both from pretreatment multi-parametric MRI, were indepen-
dent prognostic factors for post-CCRT residual tumours in
patients with cervical cancer. The combination of multi-
parametric MRI with pretreatment clinical prognostic factors
could significantly improve the predictive performance of the
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response to CCRT and be a promising tool for the personalised
treatment of cervical cancer.
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