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Abstract: This study investigates the application value of diffusion-weighted magnetic resonance imaging in predict-
ing cervical cancer radiosensitivity. Twenty-five patients who were newly diagnosed as cervical cancer and accepted
simple radiotherapy were included in this study. Before external irradiation, 20 GY and at the end of irradiation,
routine 1.5 T MRI and diffusion-weighted magnetic resonance imaging scanning were carried. Apparent diffusion
coefficient (ADC) value of primary tumor was measured. Its correlation with tumor regression rate was analyzed.
ADC values of before irradiation, 20 GY and at the end of irradiation was (0.93 + 0.14) x 10° mm?/s, (1.25 + 0.17)
x 10° mm?/s and (1.55 + 0.13) x 10° mm?/s, respectively. There were statistical significant differences (P < 0.01).
D-value of ADC values between before and 20 GY external irradiation was (0.33 + 0.16) mm?/s. The tumor volume
before and at the end of external irradiation were (37.48 + 26.83) cm?® and (4.41 + 3.72) cm? respectively, with
tumor regression rate of before and after external irradiation of (0.86 + 0.11). ADC values of before irradiation, 20
GY and at the end of irradiation did not correlate with tumor regression rate. D-value of ADC values between before
and 20 GY external irradiation positively correlated with tumor regression rate (r = 0.423, P = 0.035). ADC value of
cervical cancer increased after radiotherapy and early changes of ADC value was positively correlated with tumor
regression rate, thus, ADC value could be used as a potential prediction factor for cervical cancer radiosensitivity.
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Introduction

Cervical cancer (CC) is the fourth most com-
mon malignancy in women worldwide [1, 2],
with 85% of cases occurring in developing
countries, where cervical cancer is a leading
cause of cancer death in women [3, 4].
Radiotherapy is often used in the management
of patients with cervical cancer as definitive
therapy for those with locally advanced disease
(stages IB2 or to IVA) or for those who are
poor surgical candidates [5]. In recent years,
with the development and improvement of
radiotherapy techniques, CC radiotherapy effec-
tiveness is significantly increased. However,
recurrence in irradiation field accounts for the
majority of the failure treatment cases. There-
fore, predicting CC radiosensitivity before or in
early stage of radiotherapy and giving individu-
alized comprehensive treatment according to

different sensitivity, is an important way to
improve the efficacy of radiotherapy.

It is found that part of the malignant tumors
begins to retreat after a period of radiation
ending in clinical and it is difficult to predict
radiotherapy sensitivity using anatomical and
morphological techniques. Tumor tissue func-
tion changes often appear before tumor tissue
volume changes, as a result, tissue function
is a better predictive index for therapeutic
sensitivity [6, 7]. The technology of diffusion-
weighted magnetic resonance imaging (DWI)
is an imaging method using MRI to observe
microscopic diffusion motion of water mole-
cules in living tissue. By applying diffusion-
weighted gradient pulses to a conventional
magnetic resonance sequence, the signal can
be made sensitive to the level of localized water
diffusibility, which can be quantified as the
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apparent diffusion coefficient (ADC). It has
been proved that DWI can be used as a
surrogate biomarker of tumor cellularity by
observing the water mobility within tumors
[8-10]. And following anti-cancer treatment,
significant changes in water diffusion due to
alterations in tumor cell density will be detect-
ed by DWI too [11, 12]. In addition, as a non-
invasive technology, DWI can provide physiolog-
ical function information before morphological
change while routine sequential MRI cannot [7,
13]. As a result of the aforementioned advan-
tages, DWI might be an ideal predictor of tumor
radiosensitivity.

In this study, ADC value of primary tumor was
measured and its difference and correlation
with tumor regression rate were analyzed in
order to investigate the application value of
DWI in predicting CC radiosensitivity.

Materials and methods
Patients’ data

A total of 25 cases of patients who were newly
diagnosed as CC and admitted to Fujian Cancer
Hospital from January 2010 to May 2012 were
enrolled in this study. They all were confirmed
by pathology and among them 22 cases were
squamous cell carcinoma, 3 cases were adeno-
carcinoma. They aged from 38-70 years old,
with an average of 52 years old. According to
International Federation of Gynecology and
Obstetrics (FIGO) Stage, 2 cases were stage |
A, 12 cases were stage Il B, 2 cases were stage
Il Aand 9 cases were stage Il B. Patients those
were pregnant or with radiotherapy contraindi-
cations, hysterectomy history, pelvic irradiation
history and MRI contraindication were exclud-
ed.

Prior written and informed consent were
obtained from every patient and the study was
approved by the ethics review board of Fujian
Cancer Hospital.

Radiation schedule

All the 25 cases of CC patients all underwent
simple pelvic radiotherapy. Detailed radiation
therapy schedule was as follows. The patients
were firstly treated with electron linear acceler-
ator 6-18 MVX ray (Elekta Oncology Systems
Ltd, Crawley, UK) conventional lead block exter-
nal irradiation for all aspects of pelvic. The
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four-field radiotherapy prescribed dose (DT)
was 30 GY/15 F-40 GY/20 F. Then changed to
anteroposterior field plus central lead block
external irradiation and the DT was 30 GY/15
F-40 GY/20 F. High dose rate °Ir intracavitary
brachytherapy was carried out during the same
period of central lead block and the frequency
of brachytherapy was once per week and the A
point DT was 35-42 GY/5-6 F.

MRI scanning

Conventional MRI and DWI scanning were
carried out before, 20 GY and at the end of
external irradiation. Signa 1.5 T Excite Ill HD
superconducting magnetic resonance imaging
(GE, Fairfield City, USA) was used for MRI and
DWI scanning. For conventional MR scanning, 8
channel phased-array surface coil pairs were
adopted and external-body surface coil was
applied for DWI scanning. Conventional MRI
sequence scanning included axial TIWI FSE,
axial T2WI FSE, sagittal FSE T2WI and axial
DWI. MRI. Spin echo planar imaging (SE-EPI)
sequence was taken for DWI scanning. Cross-
section, sagittal and coronal 3D-LAVA scanning
was taken after injection of contrast agent
GD-DTPA (1.5 ml/s, 0.1 mmol/kg). The scan
range was 2 cm from the lower edge of pubic
symphysis up to abdominal aortic bifurcation
level. The data were transferred to ADW 4.2
workstation (GE, Fairfield City, USA) for image
post-processing and ADC value measurement.

MRI data processing

Primary CC ADC value was measured on the
ADC fusion maps these with b values of O and
800 s/mm?. Region of interest (ROI) that sele-
cted was as close as possible to 3/4 the
maximum cross-sectional area of parenchyma
tumor and the necrosis area was avoided. In
the process of external irradiation and at the
end of external irradiation, if the primary tumor
has retreated completely while cervical proto-
type was visible, normal cervical tissue ADC
value was measured in the same position. Data
were processed by an physician-in-charge or
above MRI diagnostician and a radiotherapeu-
tic physicians with double blind method, and
the average value was taken. The value that
with great difference was determined after
discussion. Primary CC size and signal changes
on cross-section and sagittal T2WI-FSE images
were observed. Primary CC was outlined and
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Figure 1. T2WI, DWI and ADC images of cervical tumor at different times of radiosensitivity. T2WI, DWI and ADC
images before treatment (A-C) indicated that the cervical mass with the volume of 54.60 cm?® showing a high signal
on T2WI-FSE, a high signal on DWI and the ADC value was 0.894 x 10° mm?/s. T2WI, DWI and ADC images at 20
GY of therapy (D-F) argued that high signal area on T2WI-FSE of the cervical mass shrunk greatly (23.7 cm?®) and
DWI high signal had shrunk, additionally, the ADC value was 0.967 x 10 mm?/s. T2WI, DWI and ADC images after
radiotherapy (G-1) showed that the cervical shape was normal and the high signal on T2WI-FSE almost disappeared
with the volume of 2.00 cm?3. DWI high signal area regressed and the ADC value was 1.700 x 10 mm?/s.

the tumor volume was calculated quantitative-
ly. Tumor regression rate = tumor volume before
external irradiation-tumor volume after exter-
nal irradiation)/tumor volume before external
irradiation.

Statistical analysis

All statistical analyses were performed using
SPSS version 16.0 (SPSS Inc, Chicago, IL, USA)
for Windows. The D-value of ADC value between
external irradiation (20 GY) and before radio-
therapy was set as R value. Statistical analysis
was performed on ADC value of before, 20 GY
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and at the end of irradiation, R value and tumor
regression rate. T test was used for difference
analysis and Spearman’s test was adopted for
correlation analysis. Two sided test with P value
less than 0.05 was considered as statistically
significant.

Results
ADC value variation
To make sure of the change of ADC value, ADC

values were recorded and compared. Scanning
time of external irradiation for 20 GY was 12-18
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days after the start of irradiation, with the
median time of 14 days. The scanning time at
the end of external irradiation was 45-60 days
after the start of irradiation, with the median
time of 49 days. The ADC values of before, 20
GY and at the end of external irradiation were
(0.93+£0.14) x 103 mm?/s, (1.25 + 0.17) x 103
mm?/s and (1.55 + 0.13) x 10 mm?/s, respec-
tively (Figure 1). ADC value showed a progres-
sive increase tendency with the increase of
external irradiation dose. T test showed that
there were significant differences while mutual
compared. The comparative values of before
and 20 GY irradiation, before and the end
of external irradiation, 20 GY irradiation and
the end of external irradiation were-10.508,
-19.257 and -12.540, respectively, all with P
value less than 0.01. R value was (0.33 + 0.16)
x 10 mm?/s. To sum up, these results showed
that ADC value changed significantly at differ-
ent times of the radiotherapy.

Tumor regression condition

In order to calculate the cervical tumor anatom-
ic form shrinkage, tumor volume at different
times was calculated. According to axial and
sagittal T2WI-FSE images results, primary CC
lump of mid and at the end of external irradia-
tion had shrunk than that of before irradiation.
High intensity signal on T2WI-FSE decreased
gradually after irradiation and T2WI-FSE show-
ed isointensity and low intensity signals. By
sketching CC primary tumor contour, CC tumor
volume was calculated. Average tumor volume
before irradiation was (37.48 + 26.83) cm? and
the mean tumor volume after irradiation was
(4.41 + 3.72) cm®. Ratio of reduced primary CC
volume (D-value of tumor volume before and
after irradiation) and CC volume before irradia-
tion, i.e. the final tumor regression rate was
0.86 + 0.11. The D-value of ADC value between
mid external irradiation (20 GY) and before
radiotherapy, namely R value, had a positive
correlation to tumor regression rate (r = 0.423,
P =0.035). In conclusion, we considered that in
early stage of the radiotherapy, the more signi-
ficantly ADC values increased in DWI images,
the more regression the tumor will be at the
end of radiotherapy.

Discussion

Research of DWI technology in diagnosis of
malignant tumor is very mature. According to
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Yang et al. and Naganawa et al., DWI can iden-
tify CC and normal cervical perfectly [8, 10]. Lei
Mo et al. show that, quantitative ADC value
analysis also helps to assess CC pathological
type and grading [14]. Our previous study
showed that, ADC value of CC metastatic
lymphadenopathy is lower than these of normal
lymph node and reactive hyperplasia lymph
node [15]. However, studies of DWI in tumor
radiosensitivity prediction are rare. Early stud-
ies in animal and cell models suggest that DWI
has potential prediction in tumor curative effect
[16, 17]. Theilmann et al. had studied on che-
motherapy reaction in patients with breast can-
cer liver metastases. Their result showed that
ADC value changed little in patients with poor
treatment response, while ADC value changed
obviously in patients with good treatment
response, indicating that DWI can predict che-
motherapy response [18]. Kun Cao et al. show
that average ADC value variation range in CC
residual after radiochemotherapy group is
lower than that of non residue group. They
argue that ADC value variation can be the judg-
ment index of whether a CC lesion is easy to
have residual after radiochemotherapy [19].

The results in this study showed that CC pri-
mary tumor volume reduced gradually with ra-
diotherapy dose accumulation, and instead, its
ADC value increased while radiotherapy dose
accumulated. This result was similar to those of
Naganawa et al. and Yun Zhang et al. [10, 20],
reflecting reduction in tumor cell density and
water molecules moving obstacle after radio-
therapy. D-value of ADC between before irradia-
tion and 20 GY external irradiation had a posi-
tive correlation to CC primary tumor regression
rate, which, was consistent with Harry’s results
[24]. This result indicated that at early radio-
therapy period (median time of this study was
14* days after the stat of radiotherapy); the dif-
ference in ADC value might be used to predict
radiosensitivity of CC. In practice, if we used
this technology and had predicted that some
CC was not sensitive to radiotherapy, we can
timely use radiosensitizers; combine with che-
motherapy or biologic therapy. Meanwhile, we
can switch with intensity modulated radiothe-
rapy by increasing single dose, or even create
clinical intervention conditions such as sur-
gery.

Mardor et al. show that ADC value of brain
tumor before radiotherapy is related to tumor
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volume shrink, indicating DWI technology may
used as non invasive tool for tumor curing
efficacy prediction before the start of therapy
[22]. However, our study showed that CC ADC
value before treatment was not related to
tumor regression rate. This contradiction might
be due to the lack of observing tumor regres-
sion time or the sample size enrolled in our
study was not big enough. Kim et al. indicate
that ADC value decrease again during prostate
cancer recurrence, thus, ADC value can be
sued for recurrence prediction [23]. In the pres-
ent study, all the 25 cases of CC patients were
followed up, and MRI scanning was performed
in 2 patients with primary lesion recurrence.
The scanning time were 7 and 19 months after
radiotherapy respectively and ADC value decr-
eased again. The ADC values of before, at the
end of radiotherapy and tumor recurrence in
the two patients were (0.96 x 103, 1.26 x 103
and 0.98 x 10 mm?/s) and (0.93 x 103, 1.65
x 103, and 1.12 x 10° mm?/s), respectively.
Therefore, we considered that DWI technology
might have certain application value in monitor-
ing and diagnosis of tumor recurrence.

In short, DWI scan as a conventional imaging
diagnosis for malignant tumor, is hopeful to be
widely used in predicting early tumor radiother-
apy sensitivity without invasion, both in eco-
nomics and practical aspects of considerable
research value.
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