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Background: Early detection of nasopharyngeal carcinoma (NPC) patients who are not sensitive to 
neoadjuvant chemotherapy (NAC) can guard against overtreatment. This study aimed to evaluate the 
effectiveness of amide proton transfer (APT) imaging and diffusion-weighted imaging (DWI) in predicting 
the early response to NAC in patients with NPC.
Methods: This prospective study enrolled fifty patients with biopsy-confirmed NPC from September 2021 
to May 2023. Magnetic resonance imaging (MRI) including APT and DWI, was performed before NAC. After 
NAC, patients were divided into complete response (CR), partial response (PR), and stable disease (SD) and 
progressive disease (PD) groups based on the Response Evaluation Criteria in Solid Tumours Version 1.1. The 
Kruskal-Wallis H test was used for statistical analysis. The differences in APT and apparent diffusion coefficient 
(ADC) values among the different efficacy groups were compared, the receiver operating characteristic (ROC) 
curve was drawn for statistically significant parameters, and the area under the curve (AUC) was calculated.
Results: Fifty patients (mean age: 47±14 years; 42 males and 8 females) were included in the final analysis 
(11 were in the CR group, 30 in the PR group, 9 in the SD group, and 0 in the PD group). The ADC values 
showed no significant differences among the different treatment response groups. The SD group showed 
significantly lower APTmax (P=0.025), APTskewness (P=0.025) and APT90% (P=0.001) values than the CR and 
PR groups. Setting APT90% =3.10% as the cut-off value, optimal diagnostic performance (AUC: 0.831; 
sensitivity: 0.778; specificity: 0.878) was obtained in predicting the SD group.
Conclusions: APT imaging can predict the early tumour response to NAC in patients with NPC. APT 
imaging may be superior to DWI in predicting tumour response.
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Introduction

Nasopharyngeal carcinoma (NPC), a common head and 
neck malignancy, is an epithelial malignancy originating 
from the nasopharyngeal mucosal lining. In accordance with 
the International Agency for Research on Cancer, there 
were approximately 133,354 new cases of NPC worldwide 
and 80,008 deaths in 2020, with the highest prevalence 
reported in East and Southeast Asia (1). 

Although concurrent chemoradiation (CCRT) is the 
primary curative treatment for locally advanced NPC, 
several recent trials have crucially confirmed the benefit of 
neoadjuvant chemotherapy (NAC) combined with CCRT 
on survival (2-5). Currently, NAC followed by CCRT is 
recommended as level 2A evidence for NPC patients with 
either T1, N1–3, or T2–T4, any N lesions by the National 
Comprehensive Cancer Network Guidelines (6). However, 
the curative effect of NAC varies from person to person 
in clinical practice, and approximately 10% of patients do 
not respond well to NAC (7). Pre-treatment identification 
of non-responders would facilitate personalised treatment 
selection, avoiding additional chemotherapy toxicity, 
treatment duration, and financial burden. Hence, accurately 
predicting the response to NAC before treatment is vital for 
the individualised management and prognosis of patients 
with NPC.

Magnetic resonance imaging (MRI) advances have 
improved the ability to diagnose NPC and predict and 
assess tumour responses to treatment (8,9). Diffusion-
weighted imaging (DWI) is  a  functional  imaging 
technology that can stably detect the Gaussian movement 
of water molecules in biological tissues and quantitatively 
analyse the internal microenvironment parameters such as 
cell density and intracellular space, through the apparent 
diffusion coefficient (ADC) (10). The ADC has been widely 
used for diagnosing, following up, and predicting treatment 
responses in many tumours, as it provides structural 
information regarding tumour cells (11-13). However, the 
criteria for predicting early treatment response in patients 
with NPC with ADC prior to treatment have not been 
harmonised.

In recent years, amide proton transfer (APT) imaging, 
a subset of chemical exchange saturation transfer (CEST) 
imaging, has been demonstrated to indirectly detect mobile 
cellular proteins and amino acids in vivo based on the 
exchange between amide protons and bulk water protons 
(14-17). APT imaging, as a novel molecular imaging 
technology, makes it a reliable approach to reflect tumour 

cell density and proliferation (18). Most studies have focused 
on the differential diagnosis and histological characteristics of 
tumours. Recently, certain studies of assessing the treatment 
responses have been reported (19-21).

This study aimed to determine the value of DWI 
combined with APT imaging for evaluating and predicting 
early efficacy of NAC against NPC and thus providing 
more accurate information for individualised treatment. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-24-188/rc).

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by institutional ethics board of Guangdong 
Second Provincial General Hospital (No. 2023-KY-
KZ-144-03) and informed consent was taken from all the 
patients. Fifty individuals with untreated NPC verified by 
pathological examination from October 2021 to May 2023 
were included for further assessment.

The inclusion criteria for patient enrolment were as 
follows: (I) patients with undifferentiated non-keratinising 
NPC confirmed by pathological examination; (II) patients 
with the primary nasopharyngeal lesions with a maximum 
diameter >1 cm; (III) patients with APT-weighted imaging 
and DWI before treatment; and (IV) patients who did not 
undergo chemoradiotherapy or surgery prior to MRI scans. 

Patients were excluded based on the following criteria:  
(I) incomplete periodic follow-up information; (II) inadequate 
image quality due to obvious signal loss, motion artifacts, 
and geometrical distortion; (III) concurrent or previous 
history of tumour.

Clinical data collection

Age, sex, tumour node metastasis (TNM) stage, histological 
features, institutional treatment, and other demographic 
and clinical information were noted. All TNM statuses were 
determined based on the 8th edition of the International 
Union Against Cancer and the American Joint Committee 
on Cancer system. 

All patients with NPC received standard treatment. MRI 
examination was performed before NAC in all patients. 
The three NAC regimens were as follows: (I) gemcitabine + 

https://qims.amegroups.com/article/view/10.21037/qims-24-188/rc
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cisplatin; (II) paclitaxel + cisplatin ± fluorouracil; (3) docetaxel +  
cisplatin ± fluorouracil.

During treatment, each patient underwent a routine 
clinical MRI follow-up. After the patient received 2 cycles 
of NAC, the target lesions were assessed separately by 
two radiologists on axial T1-weighted contrast-enhanced 
images, and any disagreements were settled through 
consensus discussion. The treatment response of the 
primary tumour was assessed by calculating the relative 
change percentage of tumour maximum diameter between 
pre- and post-treatment as ΔD = (Dpre-treatment − Dpost-treatment)/
Dpre-treatment. The patients were split into four groups 
based on Response Evaluation Criteria in Solid Tumours 
Version1.1 (22), complete response (CR, ΔD =100%), 
partial response (PR, ΔD ≥30%), stable disease (SD, −20%< 
ΔD <30%), and progressive disease (PD, ΔD ≤−20%).

MRI study

All patients were scanned using a 3T MRI scanner (uMR 
780; United Imaging Healthcare, Shanghai, China) with a 
24-channel head and neck joint coil. Imaging scans ranged 
from the base of the skull to the sternoclavicular joint. A 
routine MRI was performed to determine the sites of the 
NPC lesions. In addition to T1-weighted imaging (T1WI) 
in the axial, coronal, and sagittal planes [repetition time 
(TR)/echo time (TE) = 805 ms/8.08 ms, field of view  
(FOV) =220 mm × 220 mm; slice thickness =4 mm; slice 
gaP =20 mm], T2-weighted imaging (T2WI) in the axial 
plane (TR/TE =4,123 ms/93.92 ms, FOV =220 mm × 
220 mm, slice thickness =5 mm; slice gap =20 mm), DWI 
(TR/TE =2,734 ms/66.3 ms, FOV =250 mm × 250 mm, 
slice thickness =5 mm, slice gap =20 mm, b values =0 and  
600 s/mm2), and contrast-enhanced T1WI, APT imaging 
was performed for each patient. ADC maps were produced 
from both b-values mentioned above. To avoid the influence 
of contrast agents on APT scanning, APT scanning was 
performed before enhanced scanning. To eliminate the 
influence of B0 field inhomogeneity on the APT images, 
zero-order symmetrical mode ( 0S ) and water saturation 
shift referencing (WASSR) techniques were corrected 
before APT imaging. The maximum cross-sectional area of 
the solid tumour was selected for single-layer 0S , WASSR, 
and APT imaging. The greatest cross-section of each solid 
primary tumour was selected for single-slice APT imaging. 
The 0S , WASSR, and APT sequences possessed the same 
plane and spatial resolution and used a two-dimensional 
(2D) single-shot turbo spin-echo sequence with chemical 

shift-selective fat suppression. The sequence parameters were 
as follows: TR/TE =4,500 ms/39.9 ms, 230×230 mm; slice 
thickness, 6 mm; the recovery time is roughly 2,700 ms. The 
difference is that the number of 0S  images is 1, WASSR 
acquires 11 images in the range of −1 to 1 ppm (frequency 
shift step 0.2 ppm), and APT at −4.5 to 4.5 ppm acquires  
31 images. The APT sequence uses 10 Gaussian saturation 
radio frequency (RF) pulses each having a duration of 100 
ms and interleaved by a 10 ms delay. The average CEST 
power is 2 μT. The scanning time for APT imaging was 
approximately 3 min 30 s.

APT image processing

APT imaging data were analysed using CEST-MATLAB 
(Math Works, Natick, Mass) provided by uMR, and 
magnetisation transfer ratio asymmetry ( asymMTR ) was 
performed. The APT signal is represented by asymMTR  that 
was calculated using the following equation:

( ) ( ) ( )
0

3.5 3.5
3.5 sat sat

asym

S ppm S ppm
MTR ppm

S
− − +

=	 [1]

where ( )3.5asymMTR ppm  was the magnetization transfer ratio 
asymmetry at +3.5 ppm offset frequency, and satS  and 0S  
are the signal intensity obtained with and without selective 
saturation pulse, respectively.

Image analysis

First, the tumours were identified on conventional anatomical 
images namely, T1WI, T2WI, and contrast-enhanced 
T1WI. The region of interest (ROI) of the primary NPC 
was manually drawn on the APT and ADC images using 
the ImageJ software (National Institute of Health, Bethesda, 
MD, USA), which best represented the overall tumour signal, 
covering the greatest solid portion of the tumour. Overt 
haemorrhages, air spaces, necrosis, and cysts were excluded. 
Histogram analysis was performed on tumour regions to obtain 
imaging parameters such as the mean, kurtosis, skewness, and 
percentile value for the 90th percentiles. The analysis of all 
images and the measurement of APT and ADC values were 
conducted separately in consensus by two radiologists (G.L. 
and Y.Z. who possess 10 and 5 years of expertise in head and 
neck imaging, respectively), and the mean value of the two 
measurements was used as the measurement result.

Statistical analysis

SPSS 25 (IBM SPSS Statistics Version 20, Chicago, IL, 

http://ras.smu.edu.cn/s/com/sciencedirect/www/G.https/topics/medicine-and-dentistry/fluorouracil
http://ras.smu.edu.cn/s/com/sciencedirect/www/G.https/topics/medicine-and-dentistry/magnetization-transfer
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USA) was used for statistical analysis. The intraclass 
correlation coefficient (ICC) was calculated for APT- 
and ADC-related parameters to assess inter-observer 
agreement. Each MRI value was expressed as the median 
(25th–75th percentile). The Kruskal-Wallis H test was used 
to assess any significant differences between groups with 
different clinical phases or treatment responses. Statistical 
significance was set at P<0.05. To compute the area under 
the curve (AUC), cut-off value, sensitivity, and specificity, 
the receiver operating characteristic (ROC) curve analysis 
was conducted. 

Results

In this study, 50 patients with undifferentiated NPC 
(mean age: 50 years; range, 20–78 years) were included. 
In accordance with the treatment efficacy evaluation,  
11 patients were assigned to the CR group, 30 to the PR 
group, 9 to the SD group and none to the PD group.  
Table 1 lists the patient characteristics. There were no 
statistically significant differences in age, sex, or TNM stage 
among the CR, PR, and SD groups. 

ICC for the inter-observer agreements showed excellent 
agreement for the APT (0.89) and ADC (0.82).

Relationship between the ADC-related parameters and 
tumour response

Table 2 shows the comparisons of ADC-derived histogram 
parameters among the three groups. There was no 

Table 1 Clinical features of the 50 patients with NPC

Factors CR PR SD

Age (years)

Median 50 50 47

Range 25–61 20–78 28–73

Gender

Male 9 26 7

Female 2 4 2

Primary tumour staging

T1 3 1 0

T2 3 11 1

T3 4 12 7

T4 1 6 1

Nodal staging

N0 0 0 0

N1 1 5 1

N2 7 20 7

N3 3 5 1

Overall stage

I 0 0 0

II 1 3 0

III 5 18 3

IV 5 9 6

NPC, nasopharyngeal carcinoma; CR, complete response; PR, 
partial response; SD, stable disease.

Table 2 ADC-related parameters for different treatment response groups

ADC value (×10−3 mm2/s)
Group

P value
CR (n=11) PR (n=30) SD (n=9)

Mean 0.95 (0.82–1.15) 0.91 (0.85–1.08) 0.92 (0.84–0.97) 0.731

Max 2.03 (1.45–2.14) 2.22 (1.69–2.53) 2.12 (1.77–2.48) 0.402

Min 0.40 (0.31–0.50) 0.33 (0.14–0.47) 0.30 (0.12–0.47) 0.250

Skewness 1.10 (0.15–1.65) 1.08 (0.75–1.58) 1.75 (0.99–2.06) 0.292

Kurtosis 3.47 (0.62–6.81) 2.22 (0.78–5.44) 6.77 (2.16–8.72) 0.204

90% 1.20 (1.04–1.56) 1.30 (1.09–1.57) 1.17 (1.08–1.31) 0.466

The ADC values are expressed as the median (25th–75th percentile). ADC, apparent diffusion coefficient; CR, complete response; PR, 
partial response; SD, stable disease.
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significant difference in ADC values among the CR, PR and 
SD groups (P>0.05). 

Relationship between the APT-related parameters and 
tumour response

Table 3 presents the comparisons of the APT imaging-
derived histogram parameters  among the treatment 
response groups. The SD group showed significantly lower 
APTskewness (P=0.025) and APT90% (P=0.001) than the CR and 
PR groups, but no significant differences were observed in 
APTmean and APTkurtosis (all P>0.05). 

Figure 1A-1C show the results of pairwise comparisons 
of APT signals, including APT90%, APTmax and APTskewness 
between the three groups. We observed a downward trend, 
particularly in APT90%. 

Figure 2 the ROC analysis results revealed that the AUC 

Table 3 APT-related parameters for different treatment response groups

APT value (%)
Group

P value
CR (n=11) PR (n=30) SD (n=9)

Mean 2.56 (1.60–2.79) 2.18 (1.74–2.59) 1.65 (1.08–2.46) 0.497

Max 8.93 (5.97–9.92) 7.90 (6.92–8.89) 4.72 (3.49–7.05) 0.025*

Min −1.87 (−4.18 to −0.38) −1.51 (−2.76 to −0.69) −1.09 (−3.28 to −0.63) 0.915

Skewness 0.62 (0.28 to 1.22) 0.37 (−0.10 to 1.00) −0.66 (−1.27 to −0.07) 0.025*

Kurtosis 4.34 (2.76–6.55) 4.44 (2.96–5.71) 4.30 (3.48–5.80) 0.865

90% 4.32 (4.04–5.45) 3.76 (3.45–4.13) 2.66 (1.86–3.05) 0.001**

The APT values are expressed as the median (25th–75th percentile). **, P<0.01 indicates significant difference; *, P<0.05 indicates 
significant difference. APT, amide proton transfer; CR, complete response; PR, partial response; SD, stable disease.

Figure 1 Comparison of APT values, including APT90%, APTmax and APTskewness among the CR, PR, and SD groups. **, P<0.01 indicates 
significant difference; *, P<0.05 indicates significant difference. APT, amide proton transfer; CR, complete response; PR, partial response; 
SD, stable disease.
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of the ROC curve of APT90% (0.831) was higher than 
those of APTmax (0.774) and APTskewness (0.787). Setting 
APT90% =3.10% as the cut-off value, optimal diagnostic 
performance (AUC: 0.831; sensitivity: 0.778; specificity: 
0.878) was obtained in predicting the SD group. 

Representative cases are presented in Figures 3-5.

Discussion

Accurately predicting the response to NAC may improve 
the prognosis of NPC by providing alternative treatment 
for patients who are insensitive to NAC, thus avoiding 
undesirable chemotherapy-related toxicities. The purpose 
of the present research was to analyse and compare the 
value of APT and ADC in predicting the early therapeutic 
response to NAC in NPC. In this study, we used histogram 
analysis to provide information regarding intratumoral 
heterogeneity that adopts a voxel-by-voxel technique to 
calculate the ADC and APT values for every voxel within 
the ROI (19,23,24). In this study, APT90% was the best 
APT parameter to indicate poor response to NAC in 
patients with NPC. APT90% has a significant advantage over 
APTmean, APTmax, APTmin, APTskewness, and APTkurtosis in that it 

is more repeatable and statistically less impacted by random 
fluctuations (25). 

While ADC has been demonstrated to be a feasible 
imaging biomarker for prognostic purposes in many 
malignancies, our study revealed that there was no 
significant difference in ADC across the three groups prior 
to treatment, which is consistent with previous reports by 
Hong et al. (26), Chen et al. (27) and Tangyoosuk et al. (28). 
However, prior studies have noted that pre-treatment ADC 
can predict the prognosis of patients with NPC (11,29-31). 
Therefore, whether pre-treatment ADC can be used as a 
predictor of therapeutic response remains controversial 
and may be related to the influence of various factors 
such as DWI parameter setting in different centres, ROI 
selection, sample size, and tumour heterogeneity. This 
study illustrated the limited value of pre-treatment ADC in 
predicting the early efficacy of NAC in NPC. 

Compared with  ADC, APT imaging has  good 
application prospects for predicting the early efficacy of 
NAC in NPC. First, the APT value is positively correlated 
with tumour cell density and proliferation (32-34), and 
is associated with abnormal synthesis and overexpression 
of intracellular mobile proteins and peptides. Malignant 

Figure 3 Pictures of a 26-year-old man with NPC in the CR group. (A,B) contrast-enhanced T1WI before and after NAC, after NAC, the 
mass exhibited a marked decrease in size and was almost indistinguishable. (C-G) ADC map, ADC histogram (ADC90% =1.04×10−3 mm2/s), APT 
image, APT histogram (APT90% =3.84%), and the Z-spectra before treatment, respectively. ADC, apparent diffusion coefficient; APT, amide 
proton transfer; NPC, nasopharyngeal carcinoma; CR, complete response; T1WI, T1-weighted imaging; NAC, neoadjuvant chemotherapy.
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tumours are generally associated with more active mitosis, 
higher cell density, and increased synthesis of free proteins 
and peptides, ultimately leading to increased APT 
values. Second, APT is related to the degree of tumour 
angiogenesis (35). Zheng et al. (36) found that a high 
protein and peptide content in blood increases the APT 
value. Finally, APT was shown to have a relationship with 
PH (37), accounting for approximately 34%. However, the 
contribution of the possible PH variation to the measured 
APT value may be minimal in the tumors, because the 
intracellular PH is almost the same as that in the different 
tumor or different tumor grades (38). APTmax, APTskewness 
and APT90% was lower in the SD group than the CR and 
PR groups, which was in accordance with previous findings 
(39,40). As a result, pre-therapeutic APT values exhibited 
good prediction performance for the early tumour response 
in NPC patients after NAC.

Moreover, tumours sensitive to chemotherapy have 
more tumour cells in the active phase of proliferation, 
active mitosis, and increased neovascularization, which 
is conducive to the entry of chemotherapeutic drugs into 
the tumour to interfere with the division and proliferation 

of cancer cells. Therefore, patients with high APT 
values before chemotherapy are often more sensitive to 
chemotherapy (29). Nishie et al. found that the response 
of rectal cancer to NAC was in inverse proportion to the 
APT before treatment, whose studies used APT before 
treatment as the observation indicators (20). The results of 
these previous research are contrary to ours, and this may 
be related to the pathological components of the tumour. 
Certain studies have demonstrated that tumours containing 
mucin (abundant extracellular/intracellular protein), which 
are considered to have high APT values, are insensitive to 
chemotherapy (41).

Typically, the higher the proliferative activity of the 
tumour, the higher the proportion of tumour cells in the 
division phase and the more proteins synthesised, which 
is more conducive to the interference of chemotherapy 
drugs with tumour cellular proliferation. The APT value 
can reflect the protein in the tissue at the cellular molecular 
level, reflect the proliferation activity and cell density of 
tumour cells by protein content, and predict the sensitivity 
to chemotherapy. However, ADC can quantitatively 
analyse the degree of diffusion of water molecules in the 

Figure 4 Pictures of a 55-year-old man with NPC in the PR group. (A,B) contrast-enhanced T1WI before and after NAC, after NAC, 
the mass exhibited a partial decrease in size with a residual tumour remaining at the left posterior pharyngeal wall. (C-G) ADC map, 
ADC histogram (ADC90% =0.97×10−3 mm2/s), APT image, APT histogram (APT90% =4.13%), and the Z-spectra before treatment, 
respectively. ADC, apparent diffusion coefficient; APT, amide proton transfer; NPC, nasopharyngeal carcinoma; PR, partial response; 
T1WI, T1-weighted imaging; NAC, neoadjuvant chemotherapy.
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interstitial spaces (between cells), which is directly related 
to cell density (42), and has certain limitations for the 
intuitive performance of the proliferation and division 
of tumour cells. APT values are indicative of both the 
activity and density of tumour cells, whereas ADC values 
mainly reflect the density of tumour cells. This could be 
the reason why APT imaging is a better predictor of the 
efficacy of early chemotherapy in patients with NPC than 
ADC imaging. 

There are some limitations of our study that must 
be acknowledged. First, this was a single-centre, small-
sample size study with selection bias. Moreover, the 
distribution of patients in each group was not balanced, 
and this affected the results of the statistical analysis. More 
extensive multicentre studies are needed to strengthen these 
results. Second, just two b-values were employed in the 
ADC measurements in this study, and therefore, the ADC 
measurements may be unreliable. Third, we used 2D-APT 
that only scans a single slice of the tumour. Therefore, it 
is not possible to comprehensively evaluate NPC. Due to 
the heterogeneity of the tumour, a single slice does not 

fully reflect the tumour. In future experiments, three-
dimensional (3D)-APT will be used to evaluate tumours 
comprehensively; however, it requires a long scanning time. 
Fourth, ADC and APT were not used to comprehensively 
analyse this study’s long-term treatment efficacy. Therefore, 
further studies are required to confirm the correlation 
between the ADC and APT values and the long-term 
prognosis of radiotherapy and chemotherapy. Finally, this 
study was limited to evaluating chemotherapy efficacy 
by imaging, which may have caused errors in the efficacy 
results.

In conclusion, pre-therapeutic APT imaging can be used 
to predict tumour response to NAC in NPC. APT imaging 
could be superior to ADC imaging in predicting tumour 
response.
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