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HEAD & NECK
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Abstract
Purpose  To determine if treatment of nasopharyngeal carcinoma (NPC) induces early changes in amide proton transfer-
weighted (APTw) magnetic resonance imaging (MRI), and to perform a preliminary evaluation of APTw imaging in response 
assessment.
Methods  Sixteen patients with NPC planned for treatment with radiotherapy and/or chemotherapy underwent APTw imaging 
of the primary tumour pre-treatment and 2-week intra-treatment. Difference in pre- and intra-treatment APT mean (APTmean) 
was compared using the Wilcoxon signed rank test. Differences in APTmean and percentage change (%Δ) in APTmean were 
compared between responders and non-responders based on the outcome at 6 months, using the Mann–Whitney U test.
Results  APTmean decreased in 9/16 (56.3%) and increased in 7/16 (43.7%) with no significant difference between the pre- 
and intra-treatment APT values for the whole group (p > 0.05). NPC showed response in 11/16 (68.8%) and non-response in 
5/11 (31.2%). There were significant differences between the %Δ of responders and non-responders for APTmean (p = 0.01). 
Responders showed %Δ decrease in APTmean of − 23.12% while non-responders showed a %Δ increase in APTmean of 
+ 102.28%.
Conclusion  APT value changes can be detected in early intra-treatment. Intra-treatment %Δ APTmean shows potential in 
predicting short-term outcome.

Keywords  Amide proton transfer-weighted imaging · Chemical exchange saturation transfer · Magnetic resonance 
imaging · Nasopharyngeal carcinoma · Treatment response

Introduction

Locoregional relapse remains an important determinant of 
failure in nasopharyngeal carcinoma (NPC) [1]. Functional 
magnetic resonance imaging (MRI) produces imaging bio-
markers that may predict response and allow treatment 
regimens to be modified before or early in the course of 
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treatment. Currently, diffusion-weighted imaging (DWI) 
is the most promising MRI technique in head and neck 
cancer, and the apparent diffusion coefficient (ADC) is the 
most widely reported parameter. Non-responding cancers 
tend to have a higher ADC before treatment and a lower % 
rise in ADC in the first few weeks of treatment, compared 
to responding head and neck cancer, including NPC [2–5]. 
However, there are still limitations to using DWI and no 
thresholds have been established [5].

Amide proton transfer-weighted (APTw) imaging [6], 
a subset of chemical exchange saturation transfer (CEST) 
imaging, has emerged as another promising MRI technique 
for assessing cancers and treatment response. Increased 
tumour cellularity is associated with an increase in abnor-
mal protein synthesis and overexpression of several pro-
teins and peptides which are rich in amide protons [7], and 
in brain cancer a positive correlation has been observed 
between APT values and cellularity [8–11]. Early research 
into a range of cancers in the brain, breast, prostate, rec-
tum and lungs suggests APT values may be able to charac-
terize or grade cancers [9, 10, 12–21], differentiate cancers 
from post-treatment changes [22, 23] and assess treatment 
response [8, 24–29]. There is a paucity of research on 
APTw imaging in the head and neck but early reports show 
APT values are higher in tumours compared to normal 
surrounding tissues [30, 31]. To the best our knowledge, 
it is unknown if treatment induces early changes in head 
and neck cancer APT values and if so whether early intra-
treatment changes predict treatment response.

The primary aim of this preliminary study was to deter-
mine if APTw imaging is able to detect changes in APT 
early in the course of treatment of NPC. The secondary 
aim was to correlate APT values and change in APT values 
with short-term outcome.

Materials and methods

Subjects

This prospective study received approval from the local 
institutional ethics committee and written informed con-
sent was obtained from all patients. From March, 2016 
to September, 2017, 16 patients, with newly diagnosed 
biopsy-proven undifferentiated NPC with a primary 
tumour ≥ 1 cm, planned for treatment with radiotherapy 
and/or chemotherapy were recruited for the study. Three 
patients have been reported in a previous tumour charac-
terisation study which did not evaluate treatment changes 
[31].

CEST acquisition and processing

MRI was performed pre-treatment and intra-treatment at 
2 weeks after the start of treatment, on a Philips Achieva 
TX 3T scanner (Philips Healthcare, Best, The Netherlands) 
using body coil for radiofrequency pulse transmission and 
a Philips neurovascular phased-array coil for reception for 
head and neck imaging. Conventional anatomical images 
included T1w and T2w with fat saturation; in addition, 
T1w contrast-enhanced images were obtained on the pre-
treatment scan. The largest cross-section of solid primary 
tumour was selected for single-slice APTw imaging. 
APTw imaging used a single-selection turbo spin-echo 
sequence with chemical shift-selective fat suppression 
(slice thickness = 4 mm; field of view = 230 × 230 mm; 
voxel size 2 × 2 mm; TE = 8 ms; TR = 2000 ms; echo train 
length = 14; number of signal average = 1; sensitivity 
encoding SENSE factor = 2; flip angle = 90° and partial 
Fourier factor = 0.7). To minimize ΔBo inhomogeneity 
localized high-order shimming was executed. A continu-
ous rectangular radiofrequency pulse with the B1 field 
strength of 2 µT and a fixed time of duration of 200 ms 
(× 4) was used for saturation. First, a baseline image with-
out applying the saturation pulse was acquired and then the 
saturated images were acquired at the frequency offsets of 
± 0.25, ± 0.5, ± 1, ± 1.5, ± 2, ± 2.5, ± 3, ± 3.5, ± 4, ± 4.5, 
± 5, ± 5.5, ± 6.5, ± 7.5 ppm. The saturation images at posi-
tive and negative offsets were acquired in an interleaved 
fashion. The scan time for APTw imaging was approxi-
mately 1 min 40 s. Details of processing and z spectrum 
analysis of APTw imaging data can be found in the past 
studies [30, 31]. MTRasym (magnetization transfer ratio 
asymmetry) measured at the offset of 3.5 ppm produced 
the APTw image.

CEST analysis

Using the anatomical images for correlation, the area of 
the single representative slice through the primary tumour 
was contoured manually excluding necrotic areas on both 
pre-treatment and intra-treatment APTw images. The 
primary tumour was contoured by one observer twice 
(1 month apart) with 23 years of experience and by a sec-
ond observer with 4 years of experience in MRI of the 
head and neck. The APT mean (APTmean) was extracted 
from histogram analysis of the pre-treatment and intra-
treatment APTw images, and APTmean absolute change (∆) 
between the two time points and % change (%∆) [(intra-
treatment measurement − pre-treatment measurement)/
pre-treatment measurement × 100] were calculated. The 
volume of the primary tumour was obtained pre-treatment 
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and intra-treatment by manually outlining the area on each 
slice and multiplying the sum of the areas by the slice 
thickness. The ∆ and %∆ in volume were calculated as 
described for the APTmean above.

Study endpoint

The short-term outcome of NPC was evaluated at 6 months 
after the end of treatment. Patients were designated as 
locoregional non-responders if they had histologically con-
firmed residual NPC, an enlarging residual mass, or a resid-
ual mass at the end of treatment which received an additional 
radiotherapy boost. All other patients were designated as 
locoregional responders.

Statistical analysis

Intraclass correlation coefficients (ICC) were calculated 
to assess intra-observer and inter-observer agreement for 
APTmean. The median values for APTmean, and volume pre-
treatment and intra-treatment were compared using the Wil-
coxon signed rank tests for non-parametric data. Afterwards, 
these parameters and changes in these parameters (∆ and 
%∆) were compared between responders and non-responders 
using the Mann–Whitney U tests. Statistical analysis was 
performed using SPSS software (v24.0, IBM, Armonk, NY). 
All statistical tests were two sided, and a p value of less 
than 0.05 was considered to indicate a statistically significant 
difference.

Results

Patients

APTw imaging was successful in all 16 NPC patients 
(male:female = 13:3; mean age = 49.4 ± 9.9 years (range 
36–67 years) and tumour shortest diameter = 1.84 ± 0.42 cm). 
The time interval between the treatment initiation and intra-
treatment scan was 14.5 ± 4.3 (12–29) days. At 6 months 
post-treatment, 5/16 (31.2%) NPCs were non-responders 
based on a positive biopsy at the primary site (n = 2), an 
enlarging primary tumour (n = 1) and a residual nodal mass 
requiring a radiotherapy boost (n = 2), the remaining 11/16 
(68.8%) were responders. The tumour characteristics with 
respective %ΔAPTmean are shown in Table 1.

Intra and inter‑observer agreement

The intra and inter-observer agreement ICC showed good 
to excellent agreement (p < 0.05) at 95% confidence interval 
(Supplementary Table 1) and the averaged values between 
inter-observer measurement and the average of intra-
observer measurements were used in this study.

Differences in APTmean, and volume between pre‑ 
and intra‑treatment for the whole group

Pre-treatment and intra-treatment APTmean of the whole 
group showed no statistical difference between the two 

Table 1   Tumour characteristics, 
treatment and intra-treatment 
%ΔAPTmean of NPC patients

NPC Nasopharyngeal carcinoma, CCRT​ concurrent chemoradiotherapy, NAC neoadjuvant chemotherapy, 
%ΔAPTmean % change in APT mean
a NPC staging was according to the 7th edition of the Union for International Cancer Control (UICC)

Patient no. Overall stagea Treatment Diameter (cm) Outcome %ΔAPTmean

1 III CCRT​ 1.57 Responder − 51.96
2 II CCRT​ 2.37 Responder − 31.64
3 III CCRT​ 1.74 Non-responder 49.49
4 IV CCRT​ 1.39 Responder − 27.36
5 II CCRT​ 1.36 Responder − 23.12
6 IV CCRT​ 1.25 Responder − 17.93
7 IV CCRT​ 1.41 Non-responder 102.28
8 III CCRT​ 1.98 Responder 38.32
9 IV CCRT​ 2.79 Responder − 31.41
10 IV CCRT​ 1.90 Responder − 61.43
11 II CCRT​ 1.73 Non-responder − 20.08
12 III CCRT​ 2.12 Non-responder 463.33
13 III CCRT​ 1.62 Responder 49.50
14 IV Palliative chemotherapy 2.22 Non-responder 249.91
15 III CCRT​ 2.10 Responder 14.68
16 IV NAC + CCRT​ 1.88 Responder − 8.96
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time points (p > 0.05) (Table 2). A decrease in APTmean 
(range: − 8.96 to − 61.43%) was observed in 9/16 (56.3%) 
while an increase in APTmean (range 14.68–463.33%) was 
observed in 7/16 (43.7%) cases. Pre- and intra-treatment 
volumes of the whole group showed a statistically signifi-
cant decrease between the pre- and intra-treatment scans 
(p < 0.001) (Table 2).

Differences in APTmean, and volume 
between responders and non‑responders

The pre- and intra-treatment APTmean and volume, and 
the ∆ and %∆ in these parameters, for responders and 
non-responders, are shown in Table 3. APTmean showed 
higher pre-treatment and lower intra-treatment values for 
responders compared to non-responders, but statistical 
significance was not reached (p > 0.05). The ∆ and %∆ 
APTmean showed a significant decrease in responders and 
a significant increase in non-responders (p = 0.01). Fig-
ure 1 shows the box plot of %∆ for responders and non-
responders, and Fig. 2 shows the normalized %∆ APTmean 
with the reference line normalized to a mean value 0 for 
all 16 NPC cases. An example of a responder and non-
responder are shown in Figs. 3 and 4, respectively. Pri-
mary tumour volume pre-treatment, intra-treatment, ∆ and 
%∆ showed no significant difference between responders 
and non-responders (all p > 0.05) (Table 3).

Discussion

APTw imaging is a new MRI technique for examining can-
cer and its role in treatment response assessment of head 
and neck cancer is unknown. Therefore, in the first part of 
the study we aimed to determine if APTw imaging could 
detect early changes in the NPC and we found that in all 

Table 2   APTmean, and volume 
of pre-treatment and intra-
treatment for the whole group of 
16 NPC patients

APT Amide proton transfer, APTmean APT mean, z Wilcoxon signed ranked test statistic

Pre-treatment median (range) Intra-treatment median (range) z (p value)

APTmean (%) 2.41 (0.26–4.11) 2.50 (0.58–3.63) − 0.310 (0.756)
Volume (cm3) 102.05 (29.0–432.0) 51.55 (10.10–345.6) − 3.516 (< 0.001)

Table 3   APTmean, volume pre-
treatment and intra-treatment, 
and change (Δ and %Δ) for 
responders and non-responders

APT Amide proton transfer, APTmean APT mean, Δ absolute change, %Δ relative change, z Mann–Whitney 
U test statistic

Responders median (range) Non-responders median (range) z (p value)

APTmean (%)
 Pre-treatment 2.67 (1.21–4.11) 1.50 (0.26–2.92) − 1.53 (0.13)
 Intra-treatment 2.50 (0.58–3.37) 2.59 (1.45–3.63) − 0.74 (0.46)
 ΔAPTmean − 0.63 (− 2.37 to 0.90) 1.20 (− 0.59 to 1.85) − 2.66 (0.01)
 %ΔAPTmean − 23.12 (− 61.43 to 49.50) 102.28 (− 20.08 to 463.33) − 2.44 (0.01)

Volume (cm3)
 Pre-treatment 106.2 (31.4–321.0) 67.6 (29.0–432.0) − 0.40 (0.69)
 Intra-treatment 49.0 (10.1–279.0) 52.0 (21.9–345.6) − 0.62 (0.53)
 Δ Volume − 42.0 (− 110.5 to − 2.0) − 12.0 (− 86.4 to − 7.10) − 0.74 (0.46)
 %Δ Volume − 35.6 (− 6.30 to − 87.0) − 20.0 (− 11.6 to − 54.80) − 0.96 (0.34)

Fig. 1   Boxplot of %ΔAPTmean at 2  weeks of treatment for respond-
ing and non-responding NPCs. Responders tended to show decreas-
ing APTmean and non-responders tended to show increasing APTmean
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cases a change in APT level was detectable by 2 weeks 
after the start of treatment.

We expected treatment-induced cell death would decrease 
protein synthesis and the overexpression of proteins and pep-
tides rich in amide protons, leading to a decrease in APT 
values. However, the changes were mixed with just over 
half of our cases showing the expected decrease while the 
remainder showed an increase in APT value. Because of 
the mixed change, there was no statistical difference in the 
APT values between pre-treatment and intra-treatment in the 
whole group of tumours. A similar mixed change with both 
an increase and decrease in APT levels has been reported 
in two early breast cancer studies [24, 26]. These two stud-
ies in patients treated by chemotherapy observed a ratio of 
decreasing:increasing APT levels of 7:3 early intra-treatment 
[26] and 2:1 post-treatment [24].

In the second part of this study, we did a preliminary 
analysis of APT values to determine if the mixed changes 
we observed in APT values could be caused by differences 
in treatment response. We found the change in APTmean 
2 weeks after the start of treatment was significantly differ-
ent between responders and non-responders, based on the 
short-term outcome at 6 months. The decrease in APTmean 

Fig. 2   Normalized values of %Δ APTmean between responders and 
non-responders. Majority of responders were below and non-respond-
ers were above the normalized baseline at 0 representing decreasing 
and increasing %Δ APTmean, respectively. All results were within ± 2 
standard deviations of the baseline with the exception of one outlier 
that showed non-response

Fig. 3   52-Year-old male with 
a histologically confirmed 
responding nasopharyngeal car-
cinoma. Pre-treatment a axial 
APTw image and b APT his-
togram. Intra-treatment c axial 
APTw image and d APT histo-
gram. The APTmean decreased 
from 2.67% pre-treatment to 
2.05% intra-treatment (%Δ 
APTmean = − 23.12%)
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was smaller in non-responders compared to responders and 
interestingly most of the non-responders showed an increase 
in APTmean. A similar intra-treatment increase in APT val-
ues at 1–2 weeks in tumours with an unfavorable response 
has been observed also in glioblastoma [8] and breast can-
cer [24]. The pathophysiological explanation for this early 
intra-treatment increase in APT values is unknown but one 
possibility is that it may be due to an early proliferation of 
resistant tumour cells.

The preliminary results from our study and previous stud-
ies in other cancer groups suggest that rising APT values 
could be an early imaging marker of poor response so allow-
ing treatment to be modified. For head and neck cancer, in 
the future this potentially could allow for the escalation of 
radiotherapy using dose painting or the addition of target 
agents. However, a minority of responders in our study and 
in a previously reported breast cancer study [26] also showed 
increasing APT values. Therefore, the mechanisms underly-
ing changes in APT values are likely to be far more complex 
than currently understood and could involve factors such as 
intratumoural pH changes, the influence of which on APTw 
imaging is still unclear [24, 27].

This study has some limitations. First, because this was a 
preliminary study the sample size was small, and we choose 

only to examine tumours > 1 cm. Therefore, we did not 
attempt to calculate the diagnostic performance of APTw 
imaging, and the success rate in obtaining APTw images 
may be higher than that in a general population which 
includes patients with smaller primary tumours. Second, we 
only examined the association of APTw imaging with short-
term outcome and one of the indicators of short-term non-
response, a residual mass requiring a radiotherapy boost, 
was based on the clinical judgment of the radiotherapist. 
Third, current constraints in APTw imaging only allow the 
examination of one slice through the tumour which may not 
be representative of the APT value in very heterogeneous 
tumours.

Conclusions

In summary, APTw imaging could detect changes in 
APTmean in primary NPC 2 weeks after the start of treat-
ment, and both an increase and a decrease in APTmean were 
observed. Compared to responding tumours, non-responding 
tumours tended to show an increase, rather than a decrease, 
in APTmean. This is one of the first studies to assess treat-
ment-induced APT changes in head and neck cancer, and 

Fig. 4   36-Year-old female with 
a histologically confirmed 
non-responding nasopharyngeal 
carcinoma. Pre-treatment a 
axial APTw image and b APT 
histogram. Intra-treatment c 
axial APTw image and d APT 
histogram. APTmean increased 
from pre-treatment 0.26% to 
intra-treatment 1.45% (%Δ 
APTmean = + 463.3%)
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although it is only a preliminary study the results are encour-
aging and suggest APTw imaging may have a valuable role 
in treatment assessment.
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