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Abstract

Objective: This study aimed to evaluate correlations, if any, between the ADC (Apparent Diffusion
Coefficient) measurements in MRI (Magnetic Resonance Imaging) and SUV max (Standardized Uptake
Value) in 18F-FDG PET/CT in patients with nasopharyngeal cancers and to investigate whether DW-
MRI (Diffusion Weighted MRI) can be an alternative to 18F-FDG PET/CT in the evaluation of the
response to treatment and prognosis in those patients.
Methods: This study was performed between January 2015 and February 2016 at Inonu University
Medical Faculty, Department of Radiology on 22 patients who were diagnosed with nasopharyngeal
cancer by histopathological evaluation at Department of Pathology of the same faculty. Diffusion
weighted images were obtained using 1.5 T MRI in all patients. 18F-FDG PET/CT images were obtained
approximately 1-2 weeks after the diffusion-weighted images.
Results: Two groups were created according to the histological subtypes as keratinized (n: 8) and non-
keratinized (n:14) among the 22 cases with a definitive histopathological diagnosis of nasopharyngeal
cancer. No statistical difference was found between the groups in terms of SUVmax, SUVmean and ADC
mean values (p>0.05). ADC mean values measured in patients with nasopharyngeal cancer were
statistically significantly and negatively correlated with SUV max (r=-0.619, p<0.001) and SUV mean
values (r=-0.677, p<0.001).
Conclusion: Even though there are anatomic and patient-related limitations of the DW-MRI in
nasopharyngeal cancers, we suggest that it may be a complementary and alternative method of 18F-FDG
PET/CT in the evaluation of treatment response and prognosis detection in nasopharyngeal cancers.
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Introduction
Nasopharyngeal cancers are rarely seen tumors in which
diagnosis, treatment, and staging is challenging due to the
anatomic localization of the tumor [1]. Nasopharyngeal cancers
are radiosensitive, and thus the standard type of treatment is
radiotherapy, and chemotherapy has also been reported to
increase the duration of survival [2]. Although CT and MR
imaging methods have been used in general in the selection of
appropriate therapy and evaluation of post-treatment changes,
the sensitivity and specificity of 18F-FDG PET/CT has been
reported to be higher [3]. Although tumor volume and
morphological changes in the tumor can be detected by
standard MR in nasopharyngeal cancers, the prediction of
tumor response to radiotherapy or chemotherapy is unclear [4].
Therefore 18F-FDG PET/CT imaging performed prior to

radiotherapy and chemotherapy has been considered to be a
new biomarker in the prediction of treatment response in
nasopharyngeal cancers and it is a functional method of
imaging that has been used in the staging of tumor in oncology
[5,6].

The standardized uptake value (SUV) used in 18F-FDG
PET/CT is a semi-quantitative value of 18F-FDG. SUV
provides an opportunity to evaluate the tumor glucose
metabolism. Since the tumor cells have a faster metabolism,
18F-FDG is held for a longer time in those cells and thus the
location of the tumor tissue can be viewed [7]. Also, the SUV
values measured in the PET CT, have simultaneously been
suggested to reflect the cellular proliferation, metabolic activity
and aggression of the tumor in many studies [8-12].

Biomedical Research 2017; 28 (9): 4255-4260 ISSN 0970-938X
www.biomedres.info

Biomed Res- India 2017 Volume 28 Issue 9 4255



Even though the 18F-FDG PET/CT has many beneficial uses in
the detection of the tumor and the evaluation of its metabolic
activity, it has some disadvantages, such as patient exposure to
high doses of radiation, high cost of the application, and lesser
availability of the application compared to MRI and CT.

Many studies have been recently published demonstrating that
diffusion MR, as an alternative to 18F-FDG PET/CT, yields
similar anatomic and functional details, which suggests a trend
towards this method that includes decreased radiation exposure
[13-15].

On the other hand, DWI provides valuable information about
the cellular structure and biological specifications of the
tissues. It is a non-invasive method of imaging to evaluate the
biological characteristics of the tissues. The diffusion
coefficient is the measurement of mobility in a molecular level.
The ADC value measured on the ADC map, obtained from the
DWI's, reflects the absolute magnitude of diffusion. The
diffusion rate decreases with the increased cellular density,
tumor cellularity, and nucleus/cytoplasm rate, and the ADC
values are lowered. ADC values have been found to be
inversely correlated with tumor cellularity in both animal and
human models in tumor staging and the evaluation of the
response to treatment in the meta-analyses performed [16-21].
Similarly, in nasopharyngeal cancers, ADC values were
demonstrated to be negatively correlated with the histological
tumor stage and ADC values might be used as a non-invasive
prognostic factor [22]. ADC values also provide useful
information in the evaluation of an early response to treatment
in chemotherapy [23].

ADC and SUV values reflect cellular density and metabolic
activity, respectively, and thus it is suggested that these two
parameters might be correlated. Although this association has
been demonstrated in studies of the cervix, rectum, breast
cancer, and lymphoma, the association of these two parameters
and nasopharyngeal cancer has yet to be demonstrated. DW-
MRI, which includes no radiation, might be suggested to be an
alternative to PET/CT in staging and the evaluation of the
response to treatment in nasopharyngeal cancers if this kind of
an association can be demonstrated.

Material and Methods

Patients
This prospective study was conducted between January 2015
and February 2016 at Inonu University’s Department of
Radiology, on a total of 28 patients, including 16 males and 12
females, with 11 keratinized and 17 non-keratinized
nasopharyngeal cancers, which were detected as a result of
histopathological evaluations at the Department of Pathology
of the same university. The mean age of the cases was 41 ± 14
years. Patients who received no radiotherapy or chemotherapy
and had stage I (n: 8), stage II (n: 9), and stage III (n: 5) tumors
according to the World Health Organization (WHO) criteria
were included in the study. Six patients were excluded from the
study of which two were due to the sensitivity artifact caused

by metallic tooth implants and four were due to motion
artifacts caused by swallowing or speaking. This study was
approved by the Ethics Board of the Medical School of Inonu
University

MRI protocol
MR sequences were obtained using a 1.5 T MRI device
(Symphony, Siemens Medical System, Erlangen, Germany) in
all patients. The images were obtained starting from the
supracellular region to the end of the clavicle using head and
neck coils. Axial plane fast spin echo T1 (TR: 489 ms, TE: 8.7
ms, FoV: 240 mm, NEX: 3, Matrix: 230 × 384, Cross-Section
thickness: 4 mm, FA: 1500, Bandwidth: 250 Hz/Pixel) and fast
spin echo T2 (TR: 4285, TE: 91, FoV: 240 mm, NEX: 2,
Matrix: 269 × 384, Cross-Section thickness: 4 mm, FA: 1500,
Bandwidth: 255 Hz/Pixel), and axial, coronal, and sagittal
plane T1-weighted fat-suppressed weighted images (TR: 826,
TE: 16, FoV: 240 mm, NEX: 2, Matrix: 269 × 384, Cross-
Section thickness: 4 mm, FA: 1500, Bandwidth: 255 Hz/Pixel)
following i.v. injection of contrast material (0.1 mmol/kg
gadopentetate dimeglumine {Magnevist; Schering, Berlin,
Germany) were obtained.

A DW-MRI study was conducted before contrast enhanced
sections were obtained. DW-MRI sequences were obtained
from the axial plane echo planar spin echo T2. Diffusion
weighted images were obtained at 1000/mm2 and b values with
EPI technique. The parameters of diffusion weighted images
were: TR: 3900, TE: 95, FoV: 250 mm, NEX: 3, Matrix: 230 ×
384, cross-section thickness: 4 mm, bandwidth: 300 Khz.
ADCs were determined on tumor-by-tumor (overall ADCs)
and pixel-by-pixel (ADC mapping) bases. Gray-scale ADC
map images were saved in DICOM format. Freehand ROIs
along the margins of the lesions were manually placed onto the
ADC maps by using the corresponding fat-suppressed T2-
weighted MR images as references for placing the ROIs. Then,
average ADCs of the whole lesions were determined (overall
ADCs) (Figure 1). For ADC mapping, the gray-scale ADC
maps, on which lesions were indicated by ROIs, were
converted to perfusion color ADC map (Figure 2). These
procedures were performed on a personal computer by using
Osiri XMD software (http://www.osirix-viewer.com/) [24].
Reproducibility of ADC measurements is a critical factor.
Gordon et al. reported that MR imaging-based volume
measurements of pharyngeal carcinomas are reliably
reproducible, with a mean percentage error of 12% for the
measurements. Therefore, poor reproducibility in the
placement of ROIs would greatly affect the reliability of the
ADC measurement [25]. For the measurements, ADC values
were measured, which was manually placed by two
radiologists who had no information of the clinical data and
had 10 years of experience in order to minimize intraobserver
and interobserver variability for DWI measurements, resulting
in less than 5% variability.
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18F-FDG PET/CT protocol
18F-FDG PET/CT images were obtained using a
hybrid PET/CT scanner (Biograph MCT, Siemens, Erlanger,
Germany). Patients were required to fast for at least 6 h before
the imaging procedure and blood glucose levels were checked
to determine whether or not they were less than 150 mg/dl.
Oral or intravenous contrast agents were not administered to
the patients. 18F-FDG PET/CT imaging was performed 1 h
after an intravenous injection of 8-10 mCi (296-370 MBq) 18F-
FDG while the patients were in a supine position. During the
waiting period, the patients rested in a quiet room without the
administration of any muscle relaxant. PET images were
obtained for 4 min/bed position. The patients were allowed to
breathe normally during the procedure.

PET CT, and fused PET/CT images were analyzed on a
Workstation (Siemens Syngo.via (version VA11B_HF03)
workstation) to measure the SUV. SUV of each voxel was
calculated according to the Equation.

SUV=measured radioactivity concentration (Bq/mL)/Injected
radioactivity [Bq]/(lean body mass (kg) × 1000)

Figure 1. Nasopharyngeal cancer with parapharyngeal extension
shows intermediate signal intensity on the corresponding ADC map.
Average ADCs of the whole lesions 0.902 × 10−3 mm2/s.

Figure 2. ADC maps, on which lesions were indicated by ROIs, were
converted to perfusion color ADC map.

3D ROI was placed over each lesion in PET/CT work station
by two Nuclear Medicine Physicians who was blinded to the
MRI results. Maximum standardized uptake value in the 3D
ROI was designated as SUVmax. The lesion volume was
automatically defined using fixed threshold value of 50% of
the maximum uptake. The SUVmean was then calculated as
the average of SUV values in all voxels within the threshold-
defined tumor volume (Figure 3).

Figure 3. Axial and coronal images reveal intense hypermetabolic
FDG activity (SUVmax=15.17, SUVmean=8.84) nasopharyngeal
cancer with extension to parapharyngeal space.

Statistical analysis
Statistical analysis was performed using the SPSS 15
(Statistical Package for Social Sciences) program.

The one-way ANOVA test was performed in the comparison of
the groups and Pearson’s correlation coefficient was used to
evaluate the association of all quantitative parameters.

Results
Two groups were created according to the histological subtypes
as keratinized and non-keratinized among the 22 cases with a
definitive histopathological diagnosis of nasopharyngeal
cancer. Eight cases were histopathologically diagnosed with
“keratinized” and 14 cases histopathologically diagnosed with
“non-keratinized” were included in the first and second group,
respectively. SUVmax, SUVmean, and ADC mean values were
compared between the groups and no significant differences
were found in those values between the groups (p>0.05) (Table
1).

Table 1. Comparison of SUVmax, SUVmean, and ADC mean values
between the groups (SD: Standard Deviation, NS: Non-significant).
None of the three parameters demonstrated a statistically significant
difference between the two groups when SUVmax, SUVmean, and
ADCmean values were compared between the groups.

Group 1
(n=8)

Group 2

(n=14)

p

SUV max ± SD 16.2 ± 8.6 16.6 ± 8.1 (p>0.05) NS

SUV mean ± SD 9.2 ± 5.1 9.7 ± 4.2 (p>0.05) NS

ADC mean ± SD

(× 10−3 s/mm2)

755.5 ± 141.6 770.5 ± 132.3 (p>0.05) NS
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Group 1 Keratinized Nasopharyngeal Cancer

Group 2 Non-Keratinized Nasopharyngeal cancer

A statistically significant negative correlation was found ADC
mean values, and SUV values (SUVmax-mean) (Figures 4 and
5).

Figure 4. Correlation between SUVmax and ADCmean.

Figure 5. Correlation between SUV mean and ADC mean.

Discussion
This is the first study in nasopharyngeal cancer that compared
the ADC values in DW-MRI and SUV values of 18F-FDG
PET/CT and it demonstrates a statistically significant negative
correlation between ADC values and SUV values. DWI is a
clinical measurement of the molecular diffusion motion of the
water in the extracellular fluid. Since the extracellular water
motion would be limited in highly cellular tissues, ADC values
decrease. Structural barriers would be decreased in the cystic
and necrotic parts of the tumor, and thus the ADC values will
be higher. Similarly, the cellularity in the tumor tissue would
cause a decrease in water diffusion resulting in a decrease in
ADC values.

DWI has the ability to differentiate cystic and benign lesions
from malignant ones. In one of the two studies on head and
neck cancers, researchers who retrospectively analyzed a total
of 33 patients who had 17 benign and 16 malignant lesions
found that benign lesions yielded high ADC values and
malignant lesions yielded low ADC values. In a similar study,
ADC values were suggested to be useful in differentiating
benign and malignant head and neck lesions in 78 pediatric
patients and this method was emphasized to have an accuracy,
sensitivity, and a specificity of 92.8%, 94.4%, and 91.2%,
respectively [26,27].

In a different study, ADC values used in diffusion weighted
imaging in the differential diagnosis of squamous cancers and
lymphoma in head and neck cancers were found to be effective
in the differentiation of these two types of cancer. Because
tumor cellularity was higher in lymphoma, ADC values were
lower under these conditions [28]. Nevertheless, one of the
benefits of DWI in head and neck tumors is the ability to
evaluate the tumor response to therapy prior to chemotherapy
and radiotherapy. In two studies performed in patients
diagnosed with squamous cell carcinoma, lower pre-treatment
ADC values were obtained in patients in whom a complete
response to treatment was obtained and higher in patients who
responded partially to the treatment [29,30].

On the other hand, ADC values were reported to demonstrate a
negative correlation with histological tumor grade in
nasopharyngeal cancers. Low ADC values were demonstrated
to be related to an increased tumor cellularity in high grade
tumors in some studies; thus it has been reported that ADC
might be used as a non-invasive prognostic factor [22].
However, SUV values of 18F-FDG PET/CT and ADC values
used in DWI have some similar oncological uses. A positive
correlation was found between the SUVmax values of 18F-
FDG PET/CT and metabolic volume of the tumor (MTV),
tumor stage, and total lesion glucose (TLG) values in
nasopharyngeal cancers [31]. Nevertheless, 18F-FDG PET/CT
is a method with potential to evaluate the treatment response.
A decrease in SUV max values after treatment in 18F-FDG
PET/CT has been reported in some studies to be directly
proportional with the response of the tumor to the treatment;
survival in those patients has also been reported to be longer
[32]. ADC values that are used in the diffusion weighted
imaging and SUV values that are used in 18F-FDG PET/CT
provide indirect information about the cellular density and
metabolism of the tumor, respectively. This gives rise to the
idea that these two parameters might be correlated in
nasopharyngeal cancers. Hence, negative correlations were
found between ADC mean and SUV mean, ADC min and SUV
max, and ADC min and SUV mean values in a study
performed in 29 patients with gastrointestinal tumors [15]. No
correlation was found between ADC min and SUV max, and
ADC mean and SUV mean values in a study on 33 patients
with cervix cancer; however, a negative correlation was found
between ADCmin/ADCmean (rADCmin) and SUVmax/SUV
mean (rSUVmax) ratios [14].
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Negative correlations were found between ADC mean and
SUV max (r=-0.619, p<0.001) and ADCmean and SUVmean
(r=-0.677, p<0.001) in the present study. The determination of
a statistically significant negative correlation between ADC
values and SUV values in the present study in patients with
nasopharyngeal cancers suggests that MR diffusion imaging
may provide a functional imaging similar to PET CT. As
reported in many studies on nasopharyngeal cancers, the
effective clinical use of PET CT in the evaluation of tumor
prognosis and response to treatment suggests that a similar
correlation might be provided with ADC values in DW-MRI,
as well. A fast scanning period, easy patient preparation, and
no use of any intravenous contrast material in MR diffusion
imaging puts this method in an advantageous position
compared to PET CT, due to the high exposure to radiation in
PET CT, use of radioisotopes, high cost of the application, and
less availability compared to MR imaging.

However, we encountered some difficulties in diffusion
weighted imaging in the present study. In general, the
nasopharyngeal region is composed of heterogeneous
structures such as fatty tissue, muscle tissue, glandular tissues,
bone, and air; and some sensitivity artifacts that may decrease
the signal-to-noise ratio might be encountered in the head and
neck region such as air, metallic surgical implants, and dental
fillings. Furthermore, patient-related motion artifacts such as
tooth motions, swallowing, and speaking might also be
encountered during the procedure. In this present study, an
appropriate diffusion weighted imaging and optimal ADC
measurements could not be performed in a substantial number
of patients (n: 6). This was a serious limitation of diffusion
weighted imaging in nasopharyngeal cancers. Future advances
in diffusion MR technology and more studies performed in a
higher number of patients with nasopharyngeal cancer will
likely demonstrate that diffusion MR imaging is a
complementary and alternative method to PET CT.

Conclusion
A negative correlation between ADC values in diffusion
weighted imaging and SUV values measured in PET CT in
nasopharyngeal cancers suggests that diffusion MR imaging
may provide similar functional information with PET CT. We
consider that diffusion weighted imaging may be an alternative
method to PET CT in the diagnosis and evaluation of treatment
response and prediction of prognosis in nasopharyngeal
cancers. However, the presence of anatomic and patient-related
limitations of diffusion MR imaging in nasopharyngeal cancers
are the disadvantages of the method. This problem may be
overcome by possible technological advances in the future and
we consider that more and extensive studies should be
performed on this subject.
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