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Abstract
Tumor recurrence is a major cause of nasopharyngeal carcinoma (NPC) treatment failure. Diffusion-weighted imaging (DWI) is used
for a variety of cancers, but few data are available for NPC.
The aim of the study was to investigate the DWI features of recurrent NPC after radiotherapy and apparent diffusion coefficient

(ADC) thresholds for the diagnosis of recurrent NPC.
This was a retrospective study of 160 patients with NPC treated by radiotherapy at the Cancer Hospital affiliated to Guangxi

Medical University from May 2012 to March 2015. The patients were divided into the local recurrence (n=39), fibrosis (n=51), clivus
recurrence (n=22), and clivus nonrecurrence (n=48) groups. The patients underwent magnetic resonance imaging (MRI), enhanced
MRI, and DWI. Receiver operating characteristics curves were used to determine sensitivity, specificity, and negative predictive
values.
ADC values were significantly different between the recurrence and fibrosis groups (P< .0001). Using ADC threshold values of

0.887�10�3mm2/s for local recurrence, the area under the curve (AUC) of DWI was 0.967 (87.2% sensitivity and 94.1% specificity),
compared with 0.732 for routine MRI (71.8% sensitivity and 74.5% specificity) (P< .001). Using ADC threshold values of 1.018�
10�3mm2/s for the diagnosis of clivus recurrent NPC, the AUC of DWI was 0.984 (95.5% sensitivity and 91.7% specificity) compared
with 0.558 for routine MRI (63.6% sensitivity and 47.9% specificity) (P< .001).
DWI has a higher diagnostic value for recurrent NPC than MRI. DWI can increase the diagnosis sensitivity and specificity of locally

recurrent NPC.

Abbreviations: ADC= apparent diffusion coefficient, AUC= area under the curve, CT= computed tomography, DWI = diffusion-
weighted imaging, MRI = magnetic resonance imaging, NPC = nasopharyngeal carcinoma, PET = positron emission tomography,
ROC = receiver operating characteristics, ROI = regions of interest, TSE = T1-weighted turbo spin-echo.
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1. Introduction

Nasopharyngeal carcinoma (NPC) is a common cancer type in
Southern Asia, with an incidence accounting for approximately
40% of the world’s new cases, according to the World Health
Organization’s GLOBOCAN 2012 data.[1,2] NPC is very
sensitive to radiotherapy and/or adjuvant chemotherapy. After
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standard treatments, the recurrence rates of stages T1-T2, T3,
and T4 NPC are 1%, 6%, and 17%, respectively.[3] The 5-year
survival rate of patients with skull base involvement is only
26.9%, and the 5-year survival rate is decreased to 7.7% if the
patients are with involvement of both the anterior and posterior
groups of cranial nerves.[4,5]

Tumor recurrence is still one of the most important causes of
treatment failure for NPC patients. After radiotherapy, most
patients with NPC still have a local lump, which has to be
differentiated from residual tumor, fibrosis, and recurrence.
Approximately 42.9% of the recurrent NPCs are at the clivus of
the skull base.[6] Early identification of recurrent NPCs is
important to reduce mortality.
For the diagnosis of NPC recurrence, the most direct method is

nasopharyngoscopic needle biopsy,[6] but growth and invasion
patterns of the recurrent NPC, inflammation after radiotherapy,
and scars canmake it difficult to obtain appropriate biopsies from
the nasopharynx.[6] Even in the case that the conditions for
nasopharyngoscopic needle biopsy are met, misdiagnosis can still
occur due to sampling bias. In addition, the structures of the skull
base are very deep and the anatomical structures are very
complex. Therefore, the diagnosis of skull base recurrence of
NPC mainly depends on long-term imaging follow-up.[6] The
application of 18F-FDG and positron emission tomography
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(PET)/computed tomography (CT) has great importance in the
diagnosis and localization of NPC recurrence, differential
diagnosis of residual lesions, assessment of the changes after
radiotherapy, clinical staging of the recurrent NPC, selecting
treatment strategies, and assessment of treatment effective-
ness.[7,8] Nevertheless, such methods also have several limitations
such as relatively high medical expenses, high false positive and
false negative rates, availability, and radiations.[7,8] Conventional
CT and/or magnetic resonance imaging (MRI) also have
significant limitations for the early identification of recurrent
lesions from nasopharyngeal fibrosis post radiotherapy in the
area of the nasopharynx and skull base.[9] Therefore, an accurate
noninvasive method to detect recurrence during follow-up after
NPC is needed.
Diffusion-weighted imaging (DWI) is a functional imaging

technique that can provide information about the tissues
biophysical properties, based on the Brownian motion of water
molecules in biological tissues. The apparent diffusion coefficient
(ADC) can be measured, which is sensitive to certain parameters
such as cell organization, cell density, microstructure, and
microcirculation.[10,11] At present, DWI has been used in
abdominal areas, vertebral bodies, limbs, joints, breasts, and
other parts of the body,[10,12–16] but few study reported its use in
recurrent NPC.
Therefore, the purpose of this study was to investigate the DWI

features of recurrent NPC after radiotherapy, the changes of the
nasopharynx and skull base after radiotherapy, and ADC
thresholds for the diagnosis of recurrent NPC.
2. Materials and methods

2.1. Study design

This was a retrospective study of 1175 consecutive patients with
NPC treated with radiotherapy at the Cancer Hospital affiliated
to Guangxi Medical University from May 2012 to March 2015.
All these patients were treated with radical radiotherapy at least
6 months before. All patients with NPC treated with radiothera-
py and without chemotherapy were included. The exclusion
criteria were loss to follow-up; missing data; metal artifacts
affecting MRI; or they did not undergo any clinical management
despite suspicion of NPC recurrence.
This study was approved by the ethics committee of Guangxi

Medical University affiliated cancer hospital. An informed
consent was obtained from each patient.
2.2. Grouping of the patients

The patients were categorized into 4 groups: clivus recurrence
group, local recurrence group, fibrotic group, and clivus
nonrecurrence group. The patients were categorized into the
local recurrence group (patients with local NPC recurrence after
radiotherapy) if they met one of the following criteria: the
primary tumor disappeared after radiotherapy, whereas MRI re-
examination at ≥6 months later showed that the lesion at the
nasopharynx had reappeared or increased and pathological
examinations of the biopsies confirmed tumor recurrence; the
primary tumor disappeared after radiotherapy; MRI re-exami-
nation at ≥6 months later showed that the lesion at the
nasopharynx had reappeared or increased, but was not
confirmed by pathological examinations; nevertheless, re-treat-
ment with radiotherapy resulted in tumor regression (DWI
scanning was conducted before re-treatment).
2

The patients were categorized into the fibrosis group if the
pathological examinations of the needle biopsies at ≥12 months
after radiotherapy confirmed fibrosis, or if MRI re-examinations
showed one of the following criteria: the morphology of the
nasopharynx was stable and not changed and the patients were
highly suspected to be with NPC recurrence, but follow-up
imaging after radiotherapy did not show the suspicious lesion.
The patients were categorized into the clivus recurrence group if

they met the following criteria: MRI before treatment showed the
NPC involvement of the clivus of the skull base, whereasMRI after
the initial treatments showed that the lesions at the nasopharynx
and skull base regressed or disappeared; the MRI at ≥6 months
after radiotherapy showed that the lesions at the nasopharynx and
skull base had reappeared or increased, with the features of signals
and enhancement that were similar to the pre-treatmentMRI; and
biopsies of the nasopharynx confirmed NPC recurrence.
The patients were categorized into the clivus nonrecurrence

group if they met the following criteria: pathological examina-
tions confirmed that the patients were with NPC, pre-treatment
MRI showed the NPC involvement of the clivus, and MRI after
treatments showed that the lesions at the nasopharynx and skull
base had regressed or disappeared and multiple MRI re-
examinations at ≥6 months after treatments showed no new
lesion at the nasopharynx or clivus, and the clinical and
laboratory examinations showed no evidence of recurrence.

2.3. Imaging protocol

All patients were conventionally scanned with T1-weighted
imaging (axial, coronal, and sagittal), fat suppressed T2-weighted
imaging coronal, and axial DWI using a 1.5 T clinical MRI
system (Magnetom Avanto, Siemens, Erlangen, Germany) using
a standard combined head and neck coil. The scanned region
extended from the upper edge of the suprasellar cistern to the
lower edge of the third cervical vertebrae. Additional scans were
conducted if necessary. T1-weighted turbo spin-echo (TSE)
images in the axial, coronal, and sagittal planes (repetition time
[TR]/echo time [TE]=957ms/19ms; field of view (FOV)=24�
24cm; slice thickness=5.0cm; slice gap=1.0mm; frequency
matrix=256�256), T2-weighted fat-suppressed turbo spin-echo
(TSE) MRI in the axial plane (TR/TE=6760ms/91ms; FOV=
24�24cm; slice thickness=5.0mm; slice gap=1.0mm; frequen-
cy matrix=384�384), and a spin-echo-echo-planar DWI
sequence (TR/TE=3400ms/100ms; slice thickness=5mm; slice
gap=1mm; frequency matrix=192�192, FOV=23�23cm; b
values=0 and 800s/mm2; and 3 signal averages) were obtained
before contrast injection. After the intravenous administration of
gadopentetate dimeglumine (0.2mL/kg of body weight; Mag-
nevist, Schering, Berlin, Germany), axial, sagittal, and coronal
T1-weighted fat-suppressed spin-echo sequences were performed
sequentially using the same parameters as before the injection.
Then, 5-mm thick sections were obtained with a 1-mm interslice
gap for the axial plane, resulting in a matrix size of 256�256.

2.4. MRI analysis

Imaging diagnoses were reviewed by 3 senior radiologists using
matched MB17 workstations provided by Siemens. All 3
radiologists were experienced in diagnosing NPC for >10 years
and independently reviewed the conventional MRI andMRDWI
images. None of these 3 radiologists were aware of the final
diagnosis and grouping of the patients. The diagnoses agreed by
at least 2 radiologists were considered as the diagnoses of the
conventional MRI and MR DWI.



Table 1

Characteristics of the patients.

Characteristics Values

Age, yr
Median 48
Range 21–82

Group, n (%)
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For DWI analysis, the locations of the lesions were analyzed on
DWI and ADC maps combined with conventional MRI. The
layer with the largest lesion area was selected and the areas of
liquefactive necrosis were avoided when ADC values were
measured in 3 intralesion regions of interest (ROIs). The ROIs
were no less than half of the maximum area of the target lesions.
The average of the measurements was used for analysis.
Local recurrent group 39 (24.4)
Fibrotic group 51 (31.8)
Clivus recurrent group 22 (13.8)
Clivus nonrecurrent group 48 (30.0)

Sex, n (%)
Male 130 (81.2)
Female 30 (18.8)

T category, n (%)
∗

2.5. Determination of local residual lesion and local
recurrence of NPC after radiotherapy

The assessment criteria were established according to the
literature in combination with the clinical experience of the
radiologists.
T1 10 (16.39)
T2 11 (18.03)
(1)
T3 16 (26.22)
T4 24 (39.34)

∗
According to the 7th UICC/AJCC staging system.
Locally residual NPC: within 6 months after radiotherapy,
MRI was performed in followed patients and identified
unsatisfactory regression of the NPC, NPC progression, or
unchanged NPC. Results were confirmed by histopathology.
Locally nonresidual tumor in the nasopharynx: shrunk or
(2)

disappeared NP was identified by monthly nasopharyngeal
MRI conducted after radiotherapy.
Locally recurrent NPC: newly emerged tumors or damaged
(3)

adjacent tissues in the nasopharynx were observed by MRI
during follow-up >6 months after radiotherapy. The MRI
findings were concurrent with aggravation of the clinical
symptoms of the nasopharynx, and the results were
confirmed by histopathology.
Locally nonrecurrent NPC: unchanged morphology, tumor
(4)

shrinkage, or tumor disappearance was observed in the
nasopharynx by clinical or MRI follow-up for more than a
year, with no newly emerging surrounding structural damage
or signs of infiltration.

2.6. Statistical analysis

Continuous data were tested for normal distribution using the
Kolmogorov-Smirnov test. Normally distributed continuous data
were presented as mean± standard divisions and analyzed using
analysis of variance with the Tukey post hoc test. Categorical
data were presented as frequencies and analyzed using the Fisher
exact test. MedCalc 12.7 (MedCalc, Ostend, West Flanders,
Belgium) was used to compare the diagnoses of the patients based
on conventionalMRI andMRDWI images, to obtain the receiver
operating characteristics (ROC) curve, and to calculate the
sensitivity and specificity of conventional MRI and MR DWI
images for locally recurrent NPC. The areas under the
conventional MRI and MR DWI ROC curves were compared
with the z test. SPSS 22.0 (IBM, Armonk, NY) was used for
statistical analysis. Two-sided P values <.05 were considered
statistically significant.
3. Results

3.1. Characteristics of the patients

Among the 1175 eligible patients, 833 patients were excluded for
being lost to follow-up, 93 for missing data, 68 for serious metal
artifacts affecting MRI, and 21 because they did not receive any
management despite suspicion of NPC recurrence. Finally, 160
patients were included in this study. They were 48 (21–82) years
old and 81.2% were men. The median disease duration of these
patients was 7 years (ranging from 1 to 13 yr) (Table 1).
3

3.2. Pathological and follow-up results

Among the 160 patients, 39 were in the local recurrent group
(including 32 men and 7 women); their median age was 49 years
(ranging from 26 to 82 yr). Thirty patients were confirmed with
nonkeratinizing carcinoma by pathological examinations, where-
as the remaining 9 were confirmed by follow-up (the follow-up
time was from 6 mo to 5 yr after radiotherapy, with a median
time of 2.5 yr).
For the 51 patients in the fibrotic group (including 40 men

and 11 women), the median age was 46 years (ranging from 21 to
77 yr). Forty-two were confirmed with fibrosis after radiotherapy
by pathological examination, whereas the remaining 9 were
confirmed by follow-up.
Seventy patients were included in the clivus recurrence and

clivus nonrecurrence groups, all of them confirmed by follow-up.
The follow-up time was from 6 months to 5 years after
radiotherapy, with a median time of 2.5 years. Twenty-two of the
patients were in the clivus recurrence group (including 18 men
and 4women); their median age was 49 years (ranging from 26 to
82 yr). For the 48 patients in the clivus nonrecurrence group
(including 40 men and 8 women), the median age was 46 years
(ranging from 21 to 77 yr).
3.3. Conventional MRI results

Images from 39 recurrent NPC patients showed different degrees
of swelling of the nasopharyngeal wall or mass. Recurrent lesions
on conventional MRI presented as longer T1 and longer T2
signals, and enhanced MRI presented as moderate enhancement
(39/39, 100%) (Fig. 1). Local swelling of the nasopharyngeal wall
in the 51 cases of the fibrotic group was not as obvious as in the
recurrence group on contrast sequences. Fibrotic lesions on
conventional and contrast MRI presented as similar signal to that
of the recurrent group (51/51, 100%).
In the clivus recurrence group, 14 patients (14/22, 63.6%)were

with nasopharyngeal wall thickening, whereas the other 8 (8/22,
36.4%) were not. The plain scan in all patients showed slightly
longer T1 and T2 signals (22/22, 100%). The enhanced scan
showed that 9 (9/22, 40.9%) and 5 (5/22, 22.7%) patients were
with evident and moderate enhancement, respectively; all these

http://www.md-journal.com


Figure 1. Male, 40 years old. August 23, 2014. Local recurrence of nasopharyngeal carcinoma 2 years after radiotherapy. A, Cross-sectional T1WI plain image
showing swollen thick lateral walls and posterior wall of nasopharynx with slight hypointensity. B, Cross-sectional T2WI plain image showing swollen thick lateral
walls and posterior wall of nasopharynx with slight hyper-intensity. C, Cross-sectional T1W1 enhanced image showing swollen thick lateral walls and posterior wall
of nasopharynx with significant hyperintensity, indicating tumor recurrence. D, diffusion-weighted imaging (DWI) lesions indicating high signal on the right lateral wall.
E, The apparent diffusion coefficient (ADC) diagram showing the partially low signal performance on the right side wall. The ADC value of the lesion is 0.882�10�3

mm2/s. Male, 47 years old. December 25, 2015. Localized fibrosis 1 year afterradiotherapy. F, Cross-sectional T1WI plain image showing swollen thick lateral walls
of the nasopharynx with slight hypo-intensity. G, Cross-sectional T2WI plain image showing swollen thick lateral walls of the nasopharynx with slight hyper-intensity.
H, Cross-sectional T1WI enhanced image showing swollen thick lateral walls of the nasopharynx with significant hyper-intensity that are similar to recurrent lesions.
I, DWI lesions with hypo-intensity. J, The ADC diagram shows lesions with hyper-intensity. The ADC value of the lesion is 1.439�10�3 mm2/s. T1WI= T1-weighted
imaging, T2WI = T2-weighted imaging.
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14 patients were with nasopharyngeal wall thickening. In
contrast, 5 (5/22, 22.7%) and 3 (3/22, 13.6%) patients were
with mild enhancement and no enhancement, respectively; all
these 8 patients were without nasopharyngeal wall thickening
(Fig. 2).
For the clivus nonrecurrence group, 23 patients (23/48,

47.9%) were with nasopharyngeal wall thickening, whereas
the other 25 (25/48, 52.1%) were not. The plain scan showed
slightly longer T1 and T2 signals in 23 patients (23/48, 47.9%).
The enhanced scan showed that 6 (6/48, 12.5%) and 17 (17/48,
35.4%) patients were with moderate and evident enhancement,
and all of these 23 patients were with nasopharyngeal wall
thickening. The remaining 25 patients (25/48, 52.1%) without
nasopharyngeal wall thickening were without enhancement
(Fig. 3).
For the clivus nonrecurrence group, 44 patients (44/48,

91.7%) were found with high signals on DWI images and
iso- or slightly high signals on the ADC images. Four patients
(4/48, 8.3%) were with iso- or slightly low signals on the
DWI images and iso- or slightly low signals on the ADC images
(Fig. 3).
3.4. DWI results

Thirty-nine cases of recurrent NPC showed high or slightly higher
signals on DWI and all of them showed low signals on ADCmaps
(Fig. 1D–E). Fifty-one patients of the fibrotic group showed
slightly lower signals than those of the recurrence group on DWI.
4

On ADC maps, 36 cases of the fibrotic group showed equal or
slightly low signal performance and the remaining 15 cases
showed moderate high signal (Fig. 1I–J).
For the clivus recurrence group, DWI showed high signals in 17

patients (17/22, 77.3%) and isosignals in 4 patients (4/22,
18.2%). The lesions of these 21 patients (21/22, 95.5%) in the
ADC images showed low or slightly low signals. The remaining
patient (1/22, 4.5%) was with isosignal in the DWI image, and
with slightly high signal in the ADC image (Fig. 2).
3.5. Diagnostic performance

The average ADC value in the recurrence group (0.753±0.127�
10�3mm2/s) was significantly lower than that of the fibrotic
group (1.233±0.310�10�3mm2/s) (P< .0001). The mean ADC
values in the clivus recurrence group and clivus nonrecurrence
group were 0.780±0.166�10�3 and 1.666±0.342�10�3

mm2/s, respectively (P= .002).
When the ADC threshold of the recurrence group was 0.887�

10�3mm2/s, the sensitivity, specificity, positive predictive value,
negative predictive value, and area under the curve (AUC) of
DWI for recurrent NPC were 0.8717, 0.9411, 0.9189, 0.9057,
and 0.967, respectively. The sensitivity, specificity, positive
predictive value, negative predictive value, and AUC of
conventional MRI for recurrent NPC were 0.7179, 0.7451,
0.6829, 0.9268, and 0.732, respectively (Table 2). The area
under the ROC curve was significantly different (P< .001)
between MR DWI and conventional MRI (Fig. 4).



Figure 2. A–E, Female, 42 years old. March 18, 2011. The patient had received treatments for nasopharyngeal carcinoma (NPC) 2 years before, and was highly
suspected with clivus recurrent NPC according to imaging and medical history. A, T1WI plain scan. B, T2WI plain scan. C, T1WI enhanced scan. D, Diffusion-
weighted imaging (DWI) image showing high signals of the lesion before radiotherapy. E, Apparent diffusion coefficient (ADC) image showing low signals of the lesion
before radiotherapy. The ADC value of the lesion area was 0.668�10�3mm2/s. All these findings suggest abnormal signals at the clivus of the skull base. F–J,
Female, 42 years old. November 11, 2011. F, T1WI plain scan. G, T2WI plain scan. H, T1WI enhanced scan. All these 3 images were obtained after radiotherapy
and showed that the range of the abnormal signals decreased after treatment, which confirmed the recurrence of NPC. The patient was followed. I, DWI image after
radiotherapy, showing high signals of the lesion. J, ADC image showing low signals of the lesion after radiotherapy. The ADC value in the lesion area was 2.353�
10�3mm2/s. T1WI = T1-weighted imaging, T2WI = T2-weighted imaging.

Figure 3. A–E, Male, 56 years old. November 29, 2012. This patient had received treatments for nasopharyngeal carcinoma (NPC) 1 year before, and was highly
suspected with postradiotherapy changes in the clivus. A, T1WI plain scan. B, T2WI plain scan. C, T1WI enhanced scan. D, Diffusion-weighted imaging (DWI) image
showing high signals of the lesion before follow-up. E, Apparent diffusion coefficient (ADC) image showing high signals of the lesion before follow-up. The ADC value
in the lesion area was 1.668�10�3mm2/s. F–J, Male, 56 years old. March 11, 2013. The images during follow-up suggested postradiotherapy changes. F, T1WI
plain scan. G, T2WI plain scan. H, T1WI enhanced scan. All 3 images were obtained at 3 months of follow-up, and showed that the range of the abnormal signals in
the clivus did not change evidently. The patient was further followed after being confirmed with post-radiotherapy changes. I, DWI image of the patient at 3 months
of follow-up, showing high signals of the lesion. J, ADC image of the patient at 3 months of follow-up. The ADC value in the lesion area was 1.399�10�3mm2/s.
T1WI = T1-weighted imaging, T2WI = T2-weighted imaging.
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Table 2

Diagnostic performance of recurrent nasopharyngeal carcinoma
by routine magnetic resonance imaging and diffusion-weighted
imaging.

Routine MRI DWI

Result confirmed
by pathology
or follow-up Total (+) (�) (+) (�)

(+) 39 28 11 34 5
(�) 51 13 38 3 48

90 41 49 37 53
Positive predictive value 0.6829 0.9189
Negative predictive value 0.9268 0.9057

The sensitivity and specificity of DWI were 0.8717 and 0.9411, respectively.
The sensitivity and specificity of routine MRI were 0.7179 and 0.7451, respectively.
DWI = diffusion-weighted imaging, MRI = magnetic resonance imaging.

Table 3

Effectiveness of magnetic resonance imaging and diffusion-
weighted imaging in diagnosing clivus recurrent nasopharyngeal
carcinoma.

MRI DWI

Results confirmed
by follow-up Total (+) (�) (+) (�)

(+) 22 14 8 21 1
(�) 48 25 23 4 44

70 39 31 25 45
Positive predictive value 0.3590 0.8400
Negative predictive value 0.7419 0.9778

The sensitivity and specificity of DWI were 0.9545 and 0.9167, respectively.
The sensitivity and specificity of MRI were 0.6363 and 0.4791, respectively.
DWI = diffusion-weighted imaging, MRI = magnetic resonance imaging.
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Using <1.018�10 mm /s as the threshold of ADC in
diagnosing clivus recurrent NPC, the sensitivity, specificity,
positive predictive value, negative predictive value, and AUC of
DWI for recurrent NPC were 0.9545, 0.9167, 0.8400, 0.9778,
and 0.984, respectively (Fig. 4). The sensitivity, specificity,
positive predictive value, negative predictive value, and AUC of
conventional MRI for skull base recurrent NPC was 0.6363,
0.4791, 0.3590, 0.7419, and 0.558, respectively (Table 3). The
AUC of DWI and conventional MRI was significantly different
(P< .001) (Fig. 5).

4. Discussion

Tumor recurrence is the major cause of treatment failure for
NPC. Early identifying the tumor recurrence and provide
treatments in time are critical for increasing survival and improve
quality of life. The clivus of the skull base is one of the most
common sites of NPC recurrence.[17] DWI is used for a variety of
cancers, but few data are available for NPC. Therefore, this study
Figure 4. Receiver operating characteristics (ROC) curve of DWI in diagnosing
local recurrent nasopharyngeal carcinoma (NPC). DWI = diffusion-weighted
imaging, MRI = magnetic resonance imaging.

6

aimed to investigate the DWI features of recurrent NPC after
radiotherapy, and ADC thresholds for the diagnosis of recurrent
NPC. The results showed that DWI has higher diagnostic value
for recurrent NPC than MRI. DWI can increase the sensitivity
and specificity of diagnosing locally recurrent NPC.
ConventionalMRI can display the locations, range, and lymph

node metastasis of most NPCs, but it is very difficult for
conventional MRI to accurately identify recurrent NPC from
fibrosis after radiotherapy, radiation osteomyelitis, or responsive
inflammation.[5] The major reason is that the recurrent tumor
after NPC radiotherapy and the nonrecurrent lesion both show
slightly longer T1 and T2 signals in conventional MRI, and show
different enhancement in enhanced scanning.[12,15,18] Therefore,
using conventional MRI makes very difficult to clearly diagnose
early recurrent tumors and multiple follow-ups are needed to
observe the changes of the nasopharyngeal cavity. The present
study showed that the sensitivity and specificity of conventional
MRI in diagnosing local and clivus recurrent NPC were both
relatively low (71.79% and 74.51% for locally recurrent NPC,
Figure 5. Receiver operating characteristics (ROC) curve of MR DWI in
diagnosing clivus recurrent nasopharyngeal carcinoma (NPC). MR DWI =
magnetic resonance diffusion-weighted imaging.
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and 63.63% and 47.91% for clivus recurrent NPC). Based on
previous studies,[19,20] it may be hypothesized that the similarities
between recurrent tumor and nonrecurrent tumor lesions on
conventional MRI are associated with pathological changes such
as congestion, edema, and inflammation in the local soft tissue of
the NPC area after radiotherapy, and these changes can last for
several months to several years. These changes are in fact the
major causes of the difficulties in identifying locally recurrent
tumors from nonrecurrent lesions on conventional MRI images
after radiotherapy of NPC.
DWI is a noninvasive imaging technique that can be used to

observe the free diffusion of water molecules at the molecular
level in living organisms. This technique can detect early
pathological changes related with the changes of water volume
in tissues.[18,21] Previous studies have shown that ADC values of
tumors are positively associated with the differentiation of tumor
cells.[10,12–16,22,23] DWI has already been applied in the diagnosis
of prostate, breast, and liver diseases.[19,20] Previous studies
about the diagnosis of NPC demonstrated that compared with
conventional MRI, DWI could detect distant metastases of NPC
and postradiotherapy biological changes earlier, and with higher
sensitivity and specificity,[10,24] as observed in the present study.
This method could compensate the limitations of conventional
imaging diagnosis and provide additional, more accurate
evidence for clinical staging, assessing biological behaviors of
the tumors, evaluating treatment efficacy, and assessing progno-
sis. The present study also showed that the ADC values of the
primary NPC and lesions with muscle involvement were lower
than normal tissues, which showed high and low signals in the
DWI and ADC images, respectively. These findings are in
agreement with previous findings.[25,26] In addition, the present
study also showed that the ADC values of recurrent NPC were
significantly lower than that of the nonrecurrent lesions.
Furthermore, the present study also demonstrated that DWI
has relatively high diagnostic power for recurrent tumor
compared with conventional MRI. Nevertheless, DWI often
shows more artifacts than conventional MRI sequences and there
is thus a probability of missing small lesions.[27,28] Additional
studies with the combination of different and multiple b values
could overcome this issue, as suggested in prostate cancer.[29]

The mechanism underlying the association between a high
pretreatment ADC value and local failure may be correlated with
the radiosensitivity of the tumor.[21,30,31] Indeed, a number of
biological features such as hypoxia, inflammation, cell density,
and cell membrane integrity affect the diffusion of water in tissues
and hence the ADC value, and these factors may also influence
the radiosensitivity of the tumor. For example, tumor hypoxia
promotes inflammation, which is correlated with a high ADC
value as it increases the interstitial water content of the
tissue,[32,33] and hypoxia is a well-known characteristic associat-
ed with low radiosensitivity.[34,35] On the contrary, ADC values
are inversely correlated with cell density in many malignancies,
and tumors with a high cell density are more likely to have a
higher number of viable proliferative cells and may exhibit a
better response to radiotherapy.[36,37] Therefore, it is expected
that tumors with fewer viable proliferative cells would have high
ADC values and lower radiosensitivity. Nevertheless, these
mechanisms still need to be confirmed in NPC.
It has to be noted that the diagnostic thresholds of the recurrent

tumor at the nasopharynx and clivus of skull base were different.
The diagnostic threshold of the recurrent tumor at the clivus of
skull base was higher than nasopharynx. When using 1.018�
10�3mm2/s as the diagnostic threshold for recurrent tumor at the
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clivus, the sensitivity and specificity were both the highest, and
the lesions at the clivus all showed relatively higher signals on the
ADC images than normal bone marrow. Based on a previous
study[38] and the analysis of the age of the patients in the present
study, we speculated that this finding could be associated with the
fact that all the patients in the present study were adults with a
large amount of adipose tissue in the clivus, and the imaging
sequence used by the DWI has adipose-pressing effects.
This study has several limitations. First, the number of patients

was relatively small. Secondly, the variation of ADC values in
the nonrecurrent group was relatively high, which could be
associated with the differences in the evolution of the
pathological changes of the tissues in the nonrecurrent group.
Thirdly, the data about the optimization of the multi-b values in
the DWI sequences were unavailable. Fourthly, only highly
suspicious cases during clinical and MRI follow-up were
examined by nasopharyngoscopy; not all patients within
6 months after radiotherapy were confirmed by biopsy, but by
PET/CT and clinical follow-up. Fifthly, the anatomical structure
of the skull base is complex. Thus, susceptibility artifacts or
image drift often occurs on DWI images, although preventive
measures were taken including placing a padded oil pillow below
the neck of the patients when scanning, and determining the ROI
based on the location of the spinal cord in fused images. Finally,
the follow-up period was short. Further studies with larger
sample sizes and more specific investigations are needed to
confirm our findings.
In conclusion, DWI has higher diagnostic value than

conventional MRI for diagnosing recurrent NPC. The diagnostic
power was the highest when using 0.887�10�3 and 1.018�
10�3mm2/s as the threshold for diagnosing local and clivus
recurrent NPC, respectively. Because DWI is very easy to operate,
we recommend to use this technology as a routine imaging
modality for patients with NPC.
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