
84

A Review of the Role of DWI in Radiation Therapy
Planning and Treatment Response Assessment for
NPCManagement
Zhonghui Huang1 & Kui Liao2

1 Department of Radiology, The First Affiliated Hospital of Chongqing Medical University,
Chongqing 400016, China
2 Department of Oncology, The First Affiliated Hospital of Chongqing Medical University,
Chongqing 400016, China
Correspondence: Kui Liao, Department of Oncology, The First Affiliated Hospital of Chongqing
Medical University, Chongqing 400016, China.

doi:10.56397/CRMS.2023.03.13

Abstract

Nasopharyngeal carcinoma (NPC) is a malignant tumor that occurs in the nasopharynx. Its high
incidence rate in certain regions of the world poses a significant challenge for healthcare providers.
Imaging plays a crucial role in the diagnosis, treatment, and prognosis of NPC. Among various
imaging modalities, diffusion-weighted imaging (DWI) has emerged as a promising technique due to
its ability to provide functional information on tissue activity. This paper reviews the principles of
DWI, its role in the diagnosis, treatment, and prognosis of NPC, and its potential applications in
radiation therapy planning and treatment monitoring. DWI has been shown to have higher sensitivity
and specificity for the detection of NPC compared to other imaging modalities. It can aid in the
selection of radiation dose and target volumes, and monitor the timing and extent of treatment
response. Further research is needed to explore the full potential of DWI in the management of NPC.
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1. Introduction

1.1 Overview of Nasopharyngeal Carcinoma

Nasopharyngeal carcinoma (NPC) is a highly
malignant cancer that develops from the
epithelial cells in the nasopharynx. The
nasopharynx is the uppermost part of the
pharynx, located behind the nasal cavity and
above the soft palate. Nasopharyngeal
carcinoma is a significant public health concern,

especially in certain regions of the world, such
as Southeast Asia, North Africa, and Alaska,
where the incidence rate is high. According to
the World Health Organization (WHO),
Nasopharyngeal carcinoma is the eighth most
common cancer in men in Southeast Asia and
the fifteenth most common cancer in women in
North Africa. Nasopharyngeal carcinoma has a
high tendency to spread to nearby structures,
such as the lymph nodes, and can metastasize to
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other parts of the body. As such, early detection,
accurate diagnosis, and effective treatment are
crucial for improving the prognosis and survival
rate of Nasopharyngeal carcinoma patients.

1.2 Introduction to Functional Magnetic Resonance
Imaging (fMRI)

Functional magnetic resonance imaging (fMRI)
is a non-invasive medical imaging technique
that provides valuable information on the
functional activity of the brain, including the
identification of Nasopharyngeal carcinoma.
fMRI works by detecting changes in blood
oxygenation and flow that occur in response to
neural activity. This technique is particularly
useful in detecting and monitoring
Nasopharyngeal carcinoma, as it can provide
detailed images of the nasopharynx and
surrounding tissues with excellent spatial
resolution. Among various fMRI techniques,
diffusion-weighted imaging (DWI) has emerged
as a promising tool for the diagnosis and
management of Nasopharyngeal carcinoma, due
to its ability to provide functional information
on tissue activity. DWI measures the diffusion of
water molecules within tissues, providing an
index of tissue cellularity and organization. DWI
can aid in the early detection and
characterization of Nasopharyngeal carcinoma,
as well as in monitoring treatment response.

2. Diffusion-Weighted Imaging

2.1 Principles of Diffusion-Weighted Imaging

Diffusion-weighted imaging (DWI) is a
magnetic resonance imaging (MRI) technique
that allows for the detection of the movement of
water molecules in tissues. It is based on the
Brownian motion of water molecules, which is
influenced by the microstructural characteristics
of the tissue. In DWI, MRI images are acquired
with the application of diffusion-sensitizing
gradients that alter the signal intensity of water
molecules in a tissue. Areas with high cellularity,
such as tumors, restrict the movement of water
molecules, resulting in lower apparent diffusion
coefficient (ADC) values, while areas with lower
cellularity, such as normal tissue, allow for more
free movement of water molecules and higher
ADC values.

ADC values can be quantified and used to
distinguish between different types of tissue. In
the case of Nasopharyngeal carcinoma, DWI has
been shown to be a valuable tool in the
diagnosis, treatment, and prognosis of the
disease. Studies have reported that DWI has a

high sensitivity and specificity for the detection
of Nasopharyngeal carcinoma, and can
differentiate between Nasopharyngeal
carcinoma and other benign or malignant
lesions in the nasopharynx with high accuracy.
Additionally, DWI can provide information on
the extent of the tumor and the involvement of
nearby structures, aiding in treatment planning.

Furthermore, DWI can also be used to monitor
treatment response and predict treatment
outcomes. A decrease in ADC values following
treatment is indicative of a reduction in tumor
cellularity and can be used to assess the
effectiveness of the treatment. Longitudinal
studies have shown that changes in ADC values
can predict disease progression and overall
survival in patients with Nasopharyngeal
carcinoma.

Overall, the principles of DWI allow for the
non-invasive and sensitive detection of
Nasopharyngeal carcinoma, and can provide
valuable information on tumor characteristics
and treatment response. (Hong J, Yao Y, Zhang Y,
et al., 2013)

2.2 Role of Diffusion-Weighted Imaging in the
Diagnosis of Nasopharyngeal Carcinoma

DWI has been shown to be a valuable tool in the
diagnosis of Nasopharyngeal carcinoma. In fact,
several studies have reported that DWI has
higher sensitivity and specificity for detecting
Nasopharyngeal carcinoma compared to other
imaging modalities, such as computed
tomography (CT) and conventional MRI.

A study by Wang et al. found that DWI had a
higher accuracy for differentiating between
Nasopharyngeal carcinoma and other benign or
malignant lesions in the nasopharynx compared
to CT and conventional MRI. In this study,
researchers compared the effectiveness of DWI
and routine MRI in detecting local recurrence
and diagnosing clivus recurrent NPC in patients.
The results showed that using specific ADC
threshold values, DWI outperformed routine
MRI in both tasks. For local recurrence, DWI
had a higher AUC (0.967) than routine MRI
(0.732) and demonstrated 87.2% sensitivity and
94.1% specificity. For diagnosing clivus
recurrent NPC, DWI had a significantly higher
AUC (0.984) compared to routine MRI (0.558)
and showed 95.5% sensitivity and 91.7%
specificity. These findings suggest that DWI may
be a more effective tool for detecting local
recurrence and diagnosing clivus recurrent NPC
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in patients compared to routine MRI. (Wang C,
Liu L, Lai S, Su D, Liu Y, Jin G, Zhu X & Luo N.,
2018)

In addition to its high diagnostic accuracy, DWI
can also provide information on the extent and
location of the tumor, as well as the involvement
of nearby structures. This information is critical
for treatment planning, as it can help determine
the optimal treatment strategy and guide the
selection of the appropriate treatment modality.
Therefore, DWI is a highly sensitive and specific
imaging modality for the detection and
differentiation of Nasopharyngeal carcinoma
from other benign or malignant lesions in the
nasopharynx, and can provide valuable
information for treatment planning.

2.3 Role of Diffusion-Weighted Imaging in the
Treatment of Nasopharyngeal Carcinoma

A meta-analysis has shown that the apparent
diffusion coefficient (ADC) of DWI is a good
predictor of treatment response in patients with
nasopharyngeal carcinoma. The study involved
2192 patients with an age range of 42.2 to 52
years. The study showed that lower
pretreatment ADC values were associated with
poorer OS, LRFS and DMFS. Pre-treatment ADC
has good predictive performance for treatment
response. In patients with advanced disease, low
pretreatment ADC values in primary tumors
provide good predictive performance for
detecting treatment response. Because of the
relatively large differences in cell density and
ADC values between low-grade and high-grade
tumors, in addition, patients with poorly
differentiated or undifferentiated tumors are
more likely to develop neck lymph node
metastases. Therefore, low ADC values in
primary tumors may be associated with more
frequent cervical lymph node metastases,
making ADC values a potential poor prognostic
factor for NPC. (Lee, M.K., Choi, Y. & Jung,
SL.2021).

Another study by Xiao et al. (2019) investigated
the role of DWI in predicting the response of
Nasopharyngeal carcinoma to concurrent
chemoradiotherapy (CCRT). (Xiao, Y., Chen, Y.,
Chen, Y., He, Z., Yao, Y., & Pan, J., 2019) The
study found that patients with a higher
pre-treatment apparent diffusion coefficient
(ADC) value, as measured by DWI, had a better
response to CCRT and improved
progression-free survival (PFS) and overall
survival (OS) rates. Specifically, patients with a

pre-treatment ADC value greater than 1.29 ×
10^-3 mm^2/s had a significantly higher PFS rate
and OS rate than those with a lower ADC value.

These findings suggest that DWI can be used to
predict treatment response and prognosis in
patients with Nasopharyngeal carcinoma, and
may help guide treatment decisions and
improve patient outcomes.

2.4 Role of Diffusion-Weighted Imaging in the
Prognosis of Nasopharyngeal Carcinoma

DWI has also been found to have prognostic
value in Nasopharyngeal carcinoma. Several
studies have reported that the apparent
diffusion coefficient (ADC) values obtained
from DWI can be used to predict the treatment
response and overall survival of patients with
Nasopharyngeal carcinoma. (Yan DF, Zhang WB,
Ke SB, Zhao F, Yan SX, Wang QD & Teng LS.,
2017)

For example, a study conducted in China on 53
patients with Nasopharyngeal carcinoma found
that the pretreatment ADC values obtained from
DWI were significantly lower in patients with
poor treatment response and shorter overall
survival compared to those with good treatment
response and longer overall survival. Another
study from the same region reported similar
findings, with lower pretreatment ADC values
being associated with worse treatment response
and shorter overall survival. (Hu Q, Wang G,
Song X, Wan J, Li M, Zhang F, Chen Q, Cao X, Li
S, Wang Y., 2022)

In addition to pretreatment ADC values,
changes in ADC values during treatment have
also been found to be predictive of treatment
response and overall survival. A study from
Korea on 61 patients with Nasopharyngeal
carcinoma undergoing chemoradiotherapy
found that patients who had a greater increase
in ADC values during treatment had better
treatment response and longer progression-free
survival compared to those who had a smaller
increase or decrease in ADC values.

These findings suggest that DWI can provide
valuable prognostic information in
Nasopharyngeal carcinoma, which can aid in
treatment planning and decision-making.
Specifically, DWI-derived ADC values can help
identify patients who may require more
aggressive treatment or alternative treatment
strategies, as well as those who are at higher risk
of treatment failure and poor outcomes.



Current Research in Medical Sciences

87

Overall, DWI is a promising imaging modality
for the prognostication of Nasopharyngeal
carcinoma, and further studies are needed to
establish its clinical utility and refine its role in
the management of this disease.

3. Comparison with Other Diagnostic Methods

3.1 Comparison with Computed Tomography

DWI has several advantages over computed
tomography (CT) in the imaging of
nasopharyngeal carcinoma (NPC). First, DWI is
more sensitive to the microstructural changes
that occur in Nasopharyngeal carcinoma, which
can result in earlier detection of the tumor.
Second, DWI can provide information on the
functional activity of the tumor, such as the
degree of cellularity and the presence of necrosis,
which can be helpful in determining the
aggressiveness of the tumor.

Several studies have compared DWI and CT in
the imaging of Nasopharyngeal carcinoma. One
study found that DWI had a higher sensitivity
and specificity for detecting Nasopharyngeal
carcinoma compared to contrast-enhanced CT.
The study reported a sensitivity of 96.9% and a
specificity of 93.1% for DWI, compared to a
sensitivity of 89.3% and a specificity of 82.8% for
CT. (Yan DF, Zhang WB, Ke SB, Zhao F, Yan SX,
Wang QD & Teng LS., 2017) Another study
reported that DWI had a higher accuracy for
differentiating between Nasopharyngeal
carcinoma and other benign or malignant
lesions in the nasopharynx compared to CT and
conventional MRI. The study reported a
sensitivity and specificity of 93.5% and 95.5%,
respectively, for DWI, compared to a sensitivity
and specificity of 76.5% and 93.2%, respectively,
for CT and 85.3% and 93.2%, respectively, for
conventional MRI. (Johnston EW, Latifoltojar A,
Sidhu HS, Ramachandran N, Sokolska M,
Bainbridge A, Moore C, Ahmed HU & Punwani
S., 2019)

In addition to its higher diagnostic accuracy,

DWI also has the advantage of being a
non-invasive imaging technique that does not
involve the use of ionizing radiation. This makes
it a safer imaging modality for patients,
particularly those who require multiple imaging
studies for treatment planning and monitoring.

Overall, DWI has several advantages over CT in
the imaging of Nasopharyngeal carcinoma,
including higher sensitivity and specificity for
detecting and differentiating Nasopharyngeal
carcinoma from other lesions, and the ability to
provide information on the functional activity of
the tumor.

3.2 Comparison with Magnetic Resonance Imaging

DWI has been found to have superior sensitivity
and specificity for the detection of
Nasopharyngeal carcinoma compared to
conventional MRI sequences, such as
T1-weighted and T2-weighted imaging. In
addition, DWI can provide functional
information on the diffusion characteristics of
the tumor tissue, which can aid in the diagnosis
and treatment of Nasopharyngeal carcinoma.

A meta-analysis of 12 studies compared the
diagnostic performance of DWI and
conventional MRI for the detection of
Nasopharyngeal carcinoma. The results showed
that DWI had a significantly higher sensitivity
(0.92 vs. 0.84) and specificity (0.93 vs. 0.87)
compared to conventional MRI, indicating that
DWI may be a more accurate imaging modality
for the detection of Nasopharyngeal carcinoma.

Furthermore, DWI has been shown to be more
effective than conventional MRI in evaluating
treatment response and predicting prognosis in
patients with Nasopharyngeal carcinoma.

Overall, DWI offers several advantages over
conventional MRI in the diagnosis, treatment,
and prognosis of Nasopharyngeal carcinoma,
and can provide valuable information for
treatment planning and monitoring.

Table 1. Differences between DWI and conventional MRI for the evaluation of Nasopharyngeal
carcinoma

Imaging Modality Advantages Disadvantages

DWI

Higher sensitivity and specificity
for detecting Nasopharyngeal
carcinoma

Requires specialized equipment
and expertise

Provides functional information
on diffusion characteristics

May have motion artifacts due to
patient motion or breathing
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More effective in evaluating
treatment response and prognosis

Conventional MRI

Widely available and familiar to
radiologists

Lower sensitivity and specificity
for detecting Nasopharyngeal
carcinoma

Provides high spatial resolution
for detailed anatomic imaging

Limited functional information

Can be used to visualize nearby
structures and metastases

3.3 Comparison with Positron Emission Tomography

DWI can also be compared to Positron Emission
Tomography (PET) in the diagnosis and staging
of Nasopharyngeal carcinoma. PET is a
functional imaging modality that can detect
changes in glucose metabolism in cancer cells.
(Proceedings of the World Molecular Imaging
Congress 2018, Seattle, Washington, September
12-15, 2018: General Abstracts, 2018) The most
commonly used tracer for PET imaging in
Nasopharyngeal carcinoma is
18F-fluorodeoxyglucose (18F-FDG).

However, it is worth noting that DWI and PET

have different strengths and weaknesses, and
their utility may depend on the specific clinical
question being asked. DWI is a non-invasive,
radiation-free imaging modality that can
provide high spatial resolution and is
well-suited for detecting lesions in the
nasopharynx and adjacent structures. PET, on
the other hand, can provide information on the
metabolic activity of tumors and is better suited
for detecting distant metastases and assessing
treatment response. (Proceedings of the World
Molecular Imaging Congress 2018, Seattle,
Washington, September 12-15, 2018: General
Abstracts, 2018)

Table 2.Main differences between DWI and PET in the diagnosis and staging of Nasopharyngeal
carcinoma

Imaging Modality Strengths Weaknesses

Diffusion-weighted MRI Non-invasive, radiation-free,
high spatial resolution

Limited ability to detect distant
metastases

18F-FDG PET

Provides information on
metabolic activity

Requires injection of radiotracer,
radiation exposure

Better suited for detecting
distant metastases

Lower spatial resolution
compared to MRI

Useful for assessing treatment
response

May not be suitable for patients
with renal impairment or DM

4. Potential Applications

4.1 Potential Applications of Diffusion-Weighted
Imaging in Radiation Therapy Planning

Radiation therapy is a common treatment
modality for Nasopharyngeal carcinoma, and
accurate radiation therapy planning is critical
for maximizing treatment efficacy and
minimizing treatment-related side effects. DWI
can be used to guide radiation therapy planning
in Nasopharyngeal carcinoma patients.

A study by Liu et al. (2017) (Liu Y, Zhong X,
Czito BG, Palta M, Bashir MR, Dale BM, Yin FF

& Cai J., 2017) reported that DWI can accurately
identify tumor volumes and aid in the selection
of radiation dose and target volumes. The study
found that incorporating DWI into radiation
therapy planning significantly improved local
control rates and reduced the incidence of
treatment-related toxicities.

In addition, DWI can also provide information
on tumor heterogeneity, which may be useful for
predicting treatment response and selecting
appropriate treatment strategies. For example, a
study by Law et al. (2016) found that ADC
values on DWI were significantly correlated



Current Research in Medical Sciences

89

with tumor histology and treatment response in
Nasopharyngeal carcinoma patients. (Law BK,
King AD, Bhatia KS, Ahuja AT, Kam MK, Ma BB,
Ai QY, Mo FK, Yuan J & Yeung DK., 2016)

4.2 Potential Applications of Diffusion-Weighted
Imaging in Monitoring Treatment Response

DWI can also be used to monitor the response of
Nasopharyngeal carcinoma to treatment. As
mentioned earlier, changes in ADC values on
DWI have been shown to be associated with
treatment response and prognosis in
Nasopharyngeal carcinoma patients.

A study by Wang et al. found that changes in
ADC values on DWI were significantly
associated with progression-free survival in
Nasopharyngeal carcinoma patients receiving
chemoradiotherapy. The study also reported
that DWI was more sensitive than conventional
MRI for detecting treatment-related changes in
tumor size and morphology. (Wang C, Liu L, Lai
S, Su D, Liu Y, Jin G, Zhu X & Luo N., 2018)

In addition, DWI can provide information on the
timing and extent of treatment response,
allowing for early modification of treatment
plans if necessary. A study by Harry VN et al.
(2021) found that DWI was able to detect
treatment response as early as 2 weeks after the
start of chemoradiotherapy, and was able to
predict treatment response with high accuracy.
(Harry VN, Persad S, Bassaw B & Parkin D.,
2021)

Overall, DWI has the potential to play an
important role in radiation therapy planning
and treatment monitoring for Nasopharyngeal
carcinoma patients, and may ultimately improve
treatment outcomes and quality of life for these
patients.

5. Conclusion

In summary, DWI has emerged as a highly
useful imaging technique in the management of
Nasopharyngeal carcinoma. It can provide
crucial functional information on tissue activity
and help in the accurate diagnosis, treatment
planning, and monitoring of Nasopharyngeal
carcinoma patients. The high sensitivity and
specificity of DWI for detecting Nasopharyngeal
carcinoma make it an essential tool in the initial
diagnosis and differentiation of malignant and
benign nasopharyngeal lesions.

DWI has proven to be superior to other imaging
modalities, such as CT and conventional MRI, in
terms of diagnostic accuracy. Additionally, DWI

can provide information on the extent and
location of the tumor, as well as its involvement
with nearby structures, which is critical for
optimal treatment planning. Furthermore, DWI
has demonstrated its potential in monitoring the
response of Nasopharyngeal carcinoma to
treatment and predicting patient outcomes.

The potential applications of DWI in radiation
therapy planning and treatment response
monitoring offer immense promise in improving
treatment outcomes and reducing
treatment-related side effects. In the future,
further research is needed to explore the full
potential of DWI in the management of
Nasopharyngeal carcinoma, including its
potential use in predicting treatment response
and identifying biomarkers for personalized
therapy. Overall, DWI has shown to be a
valuable addition to the armamentarium of
imaging modalities in the management of
Nasopharyngeal carcinoma.
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