
Introduction

Cervical cancer is one of the most common gynecologic

malignant tumors. Patients in the underdeveloped coun-

tries account for nearly 80% of the patients in the whole

world. In China, the number of new cervical cancer cases

is about 75,000 each year and about 34,000 people die

from this disease each year [1]. Cervical squamous carci-

noma is one of the main threats to Chinese women's

health, accounting for more than 90% in cervical cancer.

In the traditional treatment, the recognized and preferred

treatment for middle-advanced patients with cervical can-

cer in Stages IIb to IVa is radiotherapy. However, in recent

years, a series of large-scale randomized clinical studies

[2-8] showed that synchronic chemoradiotherapy based

on cisplatin can significantly improve the survival rate of

patients with middle-advanced cervical cancer as com-

pared with pure radiotherapy. Synchronic chemoradio-

therapy based on cisplatin has become a standard treat-

ment for middle-advanced patients with cervical cancer.

Weekly treatment with small dose of cisplatin has been

widely accepted due to its convenience and good thera-

peutic effect. The international standard weekly therapy

scheme of cisplatin is intravenous injection of 40 mg/m2

cisplatin once weekly for a total of six times. However,

in the clinical practice, effective detection of the sensitiv-

ity and tolerance of tumor cells to radiotherapy is the key

to the clinical treatment. MRI has many imaging charac-

teristics such as high resolution on soft tissues, multi-di-

rection, multi-parameter, and multi-sequence, which can

clearly display the pelvic anatomic structures. It has more

advantages than other imaging examinations, especially

in the diagnosis, staging, and prognostic assessment of

cervical cancer [9]. With the performance of chemora-

diotherapy, cell necrosis, loss of volume, and fuzzy

boundary happens in the primary tumors, while different

degrees of hyperemia, edema, degeneration, and fibrosis

occur in the surrounding tissues after radiation exposure.

Sometimes, the residual tumor after radiotherapy is diffi-

cult to be morphologically identified [10, 11]. The onco-

logic basic researches have confirmed that tumor cells

have higher proliferation, smaller extracellular space,

higher cell density, and more limited hydrone diffusion

movement than cells in normal tissues. As a functional

imaging method of MRI, diffusion weighted imaging

(DWI) can provide microscopic pathological changes in

tissues according to the diffusion ability of hydrone in dif-

ferent tissues, so as to distinguish tumor from normal tis-

sues. Thus, it has gradually become a conventional

scanning sequence for the early detection and assessment

of pelvic lesions [12, 13]. The apparent diffusion coeffi-
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Summary
Objective: This study aimed to explore the predictive value of the apparent diffusion coefficient (ADC) of diffusion weighted imag-

ing (DWI) in evaluating the therapeutic effects of synchronic chemoradiotherapy of cervical squamous cell carcinoma by using the
functional imaging of 1.5T MR. Materials and Methods: Fifty patients with cervical squamous cell carcinoma receiving synchronic
chemoradiotherapy in the present hospital from October 2010 to February 2014 were enrolled in this study. MRI examination was per-
formed on each patient before and after chemoradiotherapy. Eleven patients received an additional MRI examination when the in vitro
cumulative radiation dose reached 36 Gy. The mean tumor ADC values of DWI sequence were measured before, under, and after
chemoradiotherapy. At the end of the treatment, patients were divided into complete remission (CR) and partial remission (PR) groups
on the basis of the residual tumors. Then the tumor ADC values and their changes before and after the treatment were analyzed using
independent sample t-test. Results: At the end of the treatment, 32 patients achieved CR and 18 patients achieved PR. The tumor ADC
values increased gradually with the treatment, showing significant difference between before, under, and after the treatment (p < 0.01).
The mean tumor ADC values were remarkably higher in CR group than in PR group (p < 0.001). Conclusion: The ADC values of MR
functional imaging DWI can reflect the hydrone diffusion movement of tumor after the treatment, so that it is able to identify CR and
PR in the patients, providing a new way and method for evaluating the therapeutic effects of cervical squamous cell carcinoma.
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cient (ADC) values generated can be used to quantita-

tively assess the lesions according to the microstructure

of tissues and the pathophysiological states [14]. This

study retrospectively analyzed 50 patients with cervical

squamous carcinoma who had intact clinical data and had

been confirmed by pathology, so as to explore the appli-

cation value of 1.5T MRI and DWI imaging in the syn-

chronic chemoradiotherapy of cervical squamous cell

carcinoma.

Materials and Methods

Clinical data
Fifty patients with cervical squamous cell carcinoma receiving

synchronic chemoradiotherapy in the present hospital from Oc-
tober 2010 to February 2014 were enrolled in this study. The pa-
tients were aged from 32 to 78 years, with a median age 52 years.
All patients were in clinical Stages from Ib1 to IVa, including two
cases of Ib1, four cases of IIa, 22 cases of IIb, 11 cases of IIIa,
eight cases of IIIb, and three cases of IVa. No patient had received
any tumor-related treatment before receiving synchronic chemora-
diotherapy. This study was conducted in accordance with the dec-
laration of Helsinki and with approval from the Ethics Committee
of Baotou Center Hospital. Written informed consent was also ob-
tained from all participants.

Radiotherapy
External exposure on cavitas pelvis: all of the 50 patients re-

ceived radiotherapy by using intensity modulated conformal ra-
diation therapy (IMRT) and linear accelerator. The irradiation
bomb was six MV X-ray and the irradiation dose was 1.8 Gy to
2.0 Gy each time for five times a week, with a total dose of 45 to
50 Gy. High-dose rate afterloading scheme (radioactive source
was 192Ir) was applied with a dose of five Gy each time for four to
five times. The scheme was performed using HDR afterloading
machine. No external exposure was performed for patients on the
day of intracavitary afterloading therapy. The total treatment time
was six to seven weeks and the total irradiation dose of external
exposure and intracavitary therapy was 75 Gy to 85 Gy at termi-
nal A and 50 Gy to 55 Gy at terminal B of the treatment.

Chemotherapy regimens
Cisplatin-based drugs were used weekly during the external ex-

posure on cavitas pelvis. 40 mg/m2 cisplatin was applied for
chemotherapy one time weekly.

MRI examination
MRI examination was performed on each patient by using 1.5T

MRI system. T1 weighted imaging (T1WI), T2 weighted imaging
(T2WI), and T2WI fat-suppression sequence was normally used
for plain scan to evaluate the tumor size. By the measurement of
mean tumor ADC values of DWI before, under and at the end of
the treatment, the changes of the tumor ADC values were ob-
served. MRI examination on each patient was performed before
the treatment (at one to two weeks before the treatment) and at
the end of the treatment. Among the 50 patients, 11 patients also
received an additional MRI examination under the treatment when
the external exposure was accumulated to 36Gy.

Statistical analysis
All the data were statistically analyzed with SPSS 13.0, the

ADC values of the groups met the normal distribution, the paired
t-test method was used to perform the pair comparison of ADC
values among the data before, during and after the treatment;

based on the conditions of tumor regression, the patients were di-
vided into two groups after the treatment: complete remission
(CR) and partial remission (PR), the independent sample t-test
was used for the intergroup ADC value comparison, with the test
level as α = 0.05.

Results

Tumor size
Before the synchronic chemoradiotherapy, the tumor vol-

ume ranged from 2.033 cm3 to 294.45 cm3, with a mean vol-

ume of 37.31 cm3. Under the treatment, the tumor volume

ranged from 0 to 55.17 cm3, with a mean volume of 6.25 cm3.

However, at the end of the treatment, the residual tumor vol-

ume was 0 to 17.95 cm3, with a mean volume of 0.86 cm3.

Shrinkage of tumor volume
The shrinkage of tumor volume ranged from about 51.0%

to 100%, with the mean shrinkage of 84.62 ± 14.08%. At

the end of the treatment, the shrinkage of tumor volume

ranged from about 69.0% to 100%, with a mean shrinkage

of 97.95 ± 4.96%.

Tumor response to the synchronic chemoradiotherapy
At the end of the synchronic chemoradiotherapy, 32 pa-

tients achieved CR and 18 patients achieved PR. No patient

had progressive disease (PD) or stable disease (SD).

Tumor ADC values
Each patient received DWI examination before and after

the synchronic chemoradiotherapy. Eleven cases had an ad-

ditional DWI examination under the treatment. Before the

treatment, the tumor of each patient showed hyperintense in

DWI examination. Those received MRI examination under

the treatment (n = 11) showed tumors that shrunk in differ-

ent degrees but with hyperintensity, although it was

markedly lower than that before the treatment. As the treat-

ment ended, eight cases of the residual tumor DWI showed

hyperintensity and ten cases showed isointensity in the PR

group (n=18), while in the PR group (n=32), the original

tumor area DWI showed isointensity in 11 cases and hy-

pointensity in 21 cases. The tumor ADC values increased

with the performance of synchronic chemoradiotherapy,

which showed significant differences between before,

under, and after the treatment (p < 0.05 for every two

groups, Tables 1-3).

Table 1. — The tumor ADC values of the 50 patients before
and after treatment.
Groups No. of ADC t value P value

cases (×10-3mm2/s)

Before treatment 50 1.06±0.13
-13.45 0.000

After treatment 50 1.63±0.23

Data are shown as mean ± SD.
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Discussion

Cervical cancer is the most common gynecologic malig-

nant tumor, among which squamous cell carcinoma ac-

counts for about 85%. In this study, the subjects were all

with squamous carcinoma, eliminating the influences of the

pathological types on the therapeutic effect. Cervical squa-

mous carcinoma is sensitive to radiotherapy. Thus, radia-

tion therapy can be used to treat all clinical stages of

cervical cancer. Clinically, patients with cervical cancer in

early stage (Stages I to IIA) may be treated with surgical

complete excision, which may achieve good effect and high

cure rate. Patients can also be treated with pure radical ra-

diotherapy, whose curative effect and prognosis are similar

to those of surgery. However, patients with middle-advance

cervical cancer (IIb or above) cannot achieve complete re-

moval of lesions. Therefore, in the current standard treat-

ment of cervical cancer, synchronic chemoradiotherapy is

the first choice for patients with middle-advance cervical

cancer.

Synchronic chemoradiotherapy refers to the treatment of

chemotherapy that is carried out during continuous radio-

therapy. Chemotherapy is used to improve the sensitivity

of radiation therapy and in coordination with radiotherapy

to kill cancer cells. Its underlying mechanism may include:

1) inhibition of cell repair on radiation injury, which may

reduce tumor cell proliferation; 2) shrinking the tumor vol-

ume and improving anoxia state, so as to increase tumor

sensitivity to radiotherapy; 3) Leading more G0 cells to

enter into the cell cycle, causing tumor cell cycle synchro-

nization, so as to increase the effect of radiotherapy [8].

Previous studies have confirmed that cisplatin-based syn-

chronic chemoradiotherapy can significantly improve the

survival rate of the patients, as compared with pure radio-

therapy, and reduce the risk of death by 30% to 50%. Thus

it has now become a standard treatment for middle-ad-

vanced cervical cancer. All patients enrolled in this study

received standard synchronic chemoradiotherapy in the

present hospital, among which mostly were in middle-ad-

vanced stage (Stages IIB to IIIB), accounting for 82%

(41/50). Synchronic chemoradiotherapy achieved a re-

sponse rate (CR+PR) of 100% in this study.

MRI possesses excellent resolution on soft tissues, thus

it can be used for scanning at multi-position and multi-se-

quence, so as to observe the signal changes of the lesions.

It can clearly diagnose the tumors and their invasive scope,

providing more reliable information for the diagnosis, stag-

ing, and evaluating the prognosis of cervical cancer. It is

now recognized as the first imaging examination method

for cervical cancer [15]. However, for the living tissues, the

functional changes often occur significantly prior to the

morphologic changes.

DWI is an MR functional imaging, which can quantita-

tively reflect the hydrone diffusion kinestate in living body.

Diffusion refers to Brownian motion of hydrone caused by

thermal motion [16]. Usually, tissues with rich water con-

tent, high level of microcirculation perfusion, and larger

extracellular space have lower degree of limited diffusion,

which would lead to lower DWI image signal intensity and

higher ADC values. On the contrary, tissues with high cell

density and small extracellular space have elevated degrees

of limited hydrone diffusion, so that their DWI images dis-

play high signal intensity and low ADC values. Thus, DWI

images and ADC values can reflect the microscopic mo-

tional characteristics of hydrone in tissues, and thereby pro-

viding information on the function and metabolism of the

tissues [17, 18]. Tumor has high cell proliferation and cell

density and small extracellular space, leading to obviously

limited hydrone diffusion. Based on this, DWI quantita-

tively analyzes the different motion state of hydrone to dis-

tinguish tumor and normal tissues through ADC values.

With the performance of the treatment, tumors show necro-

sis and retraction and the cell density decreases gradually,

leading to the extracellular space enlarged and ADC values

increased gradually. Naganawa et al. [19] studied the tumor

ADC values of cervical cancer before, under, and one

month after the chemoradiotherapy and found that tumor

ADC values significantly increased in patients with com-

plete remission but not in patients with partial remission or

residual tumor under the treatment. Kuang et al. [20] stud-

ied 75 patients with cervical cancer who received DWI

scanning before radiotherapy, two weeks after the begin-

ning of radiotherapy, and at the end of radiotherapy, re-

spectively. Their results showed that the proportion of

increased tumor ADC values in the group without residual

tumor is significantly higher than that in the group with

residual tumor at the early stage of radiotherapy. The pres-

ent findings showed that the tumor ADC values in CR and

PR groups under the treatment were significantly higher

than those before the treatment. The mean tumor ADC val-

ues increased with the performance of the treatment, show-
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Table 2. — The tumor ADC values of the 11 patients be-
fore, under, and after treatment.
Groups No. of ADC t value p value

cases (×10-3mm2/s)

Before treatment 11 0.99 ± 0.15 -5.28a 0.000

Under treatment 11 1.43 ± 0.22 -6.63c 0.000

After treatment 11 1.64 ± 0.22 -4.26b 0.002b

Data are shown as mean ± SD. a = comparison between before the treatment and

under the treatment; b = comparison between after treatment and under treatment;
c = comparison between before treatment and after treatment.

Table 3. — The tumor ADC values in CR and PR groups
Groups No. of ADC t value P value

cases (×10-3mm2/s)

CR 50 1.71±0.27
3.88 0.000

PR 50 1.48±0.18

Data are shown as mean ± SD.
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ing significant difference between before, under, and after

treatment (p < 0.05), consistent with the literature reported.

Conclusion

ADC value of MR functional imaging DWI can reflect

the post-treatment hydrone diffusion kinestate in tumor and

identify complete remission and partial remission of tumor,

providing a new way and method for the assessment of

tumor curative effect. It conduces to predict the short-term

prognosis of tumors and provides strong support and help

for clinical implementation of individualized treatment and

improves the prognosis of the patients.
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