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Abstract / 0z

Diagnostic Performance of Diffusion-Weighted MRI and
FDG PET/CT for Detecting the Local Recurrence of Head
and Neck Squamous Cell Carcinoma

Bas-boyun Skuamoz Hiicreli Karsinomlarinda Lokal Niiksiin Saptanmasinda
Diftizyon Agirlikh MR ve FDG PET/BT’nin Tanisal Performansi

ibrahim ilker 0z', ismail Serifoglu®, Yavuz Sami Salihoglu®, Murat Damar?, Aykut Erdem Ding?, Rabiye Uslu?,

Mustafa Cagatay Blylkuysal*, Oktay Erdem’

Objective: To compare the efficacy between diffusion-weighted magnetic
resonance imaging (DW-MRI) and positron emission tomography/computed
tomography (PET/CT) in detecting the local recurrence of head and neck squa-
mous cell carcinoma (HNSCC) following treatment in the same patient group.

Methods: Twenty-three patients who had biopsy-proven HNSCC were en-
rolled. All patients were treated with radiotherapy and followed up with MRI
and PET/CT. The median delay times between radiotherapy and MRI and be-
tween MRI and FDG PET/CT were 71 days (range: 43-98 days) and 75 days
(range: 44—103 days), respectively. Diffusion-weighted single-shot echo planar
imaging was performed before contrast injection at b values of 0 and 1000 s/
mm?. PET/CT images were acquired after the administration of 3.7 MBq/kg
of fluorine-18-fluorodeoxyglucose, and the images were acquired 1 h later.

Results: The apparent diffusion coefficient (ADCOmean values of the recurrence
group were significantly lower than those of the post-treatment changes group
(0.773 vs. 1.588x10~> mm?/s, respectively; p<0.001). The standardized uptake val-
ue (SUV),_ values of the recurrence group were significantly higher than those of
the post-treatment changes group (15.642 vs. 4.508, respectively; p<0.001). There
was no significant correlation between ADC__ and SUV,__ values of recurrence
(r=0.341; p=0.278), whereas there was a negative correlation between ADC__
and SUV__ values of the post-treatment changes (r=-0.691; p=0.019).

n

Conclusion: PET/CT and DW-MRI are effective methods for distinguishing re-
currence from post-treatment changes. Follow-up should begin with DW-MRI,
and in patients with a suspicion of recurrence, PET-CT should be added to the
follow-up protocol.

Keywords: Head and neck cancer, diffusion weighted imaging, apparent dif-
fusion coefficient, positron emission tomography/computed tomography,
standardized uptake value

Introduction

Amag: Bas-boyun skuamaz hiicreli karsinom (SCC) lokal niikstin saptanmasin-
da difiizyon agirlikli manyetik rezonans goriintiileme (DA-MRG) ve pozitron
emisyon tomografi/bilgisayarli tomografi (PET/BT) etkinligini karsilastirmak.

Yontemler: Bas-boyun SCC tanisi biyopsi ile kanitlanmis ve radyoterapi ile te-
davi edilen 23 hasta calismaya dahil edildi. Takipte tim hastalardan MRG ve
PET/BT incelemesi yapildi. Tedavinin tamamlanmasi ile MR ve PET/BT ince-
lemleri arasindaki ortalama sire sirasiyla 70,30 giin (aralik 43-98) ve 76,34
giin (aralik 44-103) idi. Diftizyon agirlikli single-shot eko planar goriinttileme 0
ve 1000 sn/mm? b degerlerinde kontrast enjeksiyonundan once yapildi. PET/
BT goriinttileri flor-18-fluorodeoksiglukoz (3.7 MBq/kg) verilmesinden 1 saat
sonra goruntler elde edildi.

Bulgular: Niiks saptanan hastalarda ADC_ . degerleri saptanmayan hasta-
larla karsilastinldiginda istatistiksel olarak anlamli derecede diistik bulun-
mustur (0,773’ karsi 1,588 x10-3/mm? sirasiyla, p<0,001). Niiks saptanan
hastalarda SUV.___degerleri saptanmaya hastalara gore istatistiksel olarak an-
lamli derecede yiiksek bulundu (15,642’ karsi 4,508 sirasiyla; p<0,001). Niiks
saptanan hastalarda ADC .~ ve SUV,__ degerleri arasinda anlamli bir kore-

lasyon izlenmedi (p=0,278, r=0,341). Niiks saptanmayan hastalarda ADC

ortalama

ve SUV_ degerleri arasinda negatif korelasyon saptandi (p=0,019, r=-0,691).
Sonug: PET/BT ve DAG-MRG bag-boyun SCC hastalarinda tedavi sonrasi niikst
saptamada etkin yontemlerdir. Bag-Boyun SCC hastalari tedavi sonrasi DAG-
MRG ile takip edilebilir ve niiks stiphesi olan hastalarda PET-BT takip proto-
koltine eklenebilir.

Anahtar Kelimeler: Bas ve boyun kanseri; diftizyon agirlikli gortinttileme,
goruniir difiizyon katsayisi, pozitron emisyon tomografisi/bilgisayarli tomog-
rafi, standardize tutulum degeri
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For patients with head and neck squamous cell carcinoma (HNSCC), multidisciplinary treatment
involving surgery, radiotherapy, and/or chemotherapy improves survival and quality of life (1, 2).
Despite aggressive combined management, locoregional recurrence is observed in approximately
40% of patients (3). Physical examination after treatment can be compromised by post-treatment
changes, as surgical intervention can change the normal anatomy and radiotherapy can cause
edema, inflammation, fibrosis, and necrosis (4). Particularly in the early stages of treatment, post-
treatment follow-up imaging is also a challenge. Differentiation of post-treatment changes from
a recurrence of HNSCC is generally not possible on computed tomography (CT) or magnetic reso-
nance imaging (MRI); recurrent tumors and post-treatment changes may show similar appear-
ances on routine MRI. After contrast administration, mass-like enhancement of post-treatment
changes may mimic recurrence (1). Conversely, some recurrent tumors do not show enhance-
ments, and thus, they cannot be distinguished from post-treatment changes (5).

Diffusion-weighted MRI (DW-MRI) is sensitive to the randomized (Brownian) motion of water mol-
ecules. This imaging technique uses two opposite gradients of similar strength along a particular
diffusion direction. The first gradient stimulates dephasing, and the second gradient will com-
pletely rephase all stationary molecules. Consequently, the movement of protons in living tissues
results in incomplete rephrasing and is then converted into a decrease in the signal intensity on
the resulting image (6, 7). The apparent diffusion coefficient (ADC) is a quantitative value associ-



ated with the amount and speed of proton movement within the
tissue and calculated from the DW-MRI (7, 8). In living tissues, cell
size, density, and integrity affect diffusivity.

Fluorodeoxyglucose (FDG) positron emission tomography (PET)/CT
is a functional imaging method that measures increased cellular
glucose metabolism as expressed by the standardized uptake val-
ue (SUV) (9). At the tissue level, FDG uptake is correlated with the
number of viable tumor cells and their metabolic activities (8). SU-
V__ is the most common quantitative measurement because the
value is independent of the observer and the size of the selected
region of interest (ROI) (10).

Many studies have shown the advantages of DW-MRI or PET/CT
for distinguishing recurrent tumors from post-treatment changes
in head and neck cancers (1, 2, 4, 9). However, few studies have
investigated the diagnostic performence of DW-MRI and PET-CT in
the same patients with head and neck cancers (8, 11). Moreover,
there have been no reports on the diagnostic performance of DW-
MRI and PET-CT in distinguishing between recurrence and post-
treatment changes in the same patient group. Therefore, in the
present study, we compared ADC__ and SUV__ values to define
their diagnostic significance in the detection of recurrence in HN-
SCC within the same patient group.

Methods

This retrospective study was approved by the Bulent Ecevit Uni-
versity Clinical Research Ethics Committee. Informed consent was
obtained from all individuals. Inclusion criteria consisted of adult
patients with histologically proven HNSCC, who had been treated
with radiotherapy, undergone an endoscopic examination, and
received both DWI-MRI and FDG PET/CT. From a computerized
search of the PACS archives and medical records of our institu-
tion from November 2011 to January 2014, we identified 32 adult
patients with histologically proven HNSCC who had been treated
with radiotherapy. We obtained the pathological diagnosis of all of
these patients by reviewing the medical records at our institution.
All patients who met the following criteria were included in this
study: 1) patients who had undergone an endoscopic examination
after radiotherapy; and 2) patients who received both DWI-MRI
and FDG PET/CT. Three patients were excluded due to lesions that
were <1 cm in size, which does not allow ADC measurements. Six
patients were excluded because they did not have a biopsy-proven
diagnosis of recurrence or post-treatment changes. Due to possible
biopsy sampling errors, post-treatment changes were also followed
up for a minimum of 6 months. No changes or decrease in the size
of the lesions on MR images and no other support for recurrence in
the clinical examination were accepted as post-treatment changes.
Three patients had poor DW-MRI quality from breathing and swal-
lowing artifacts. These patients were not excluded because the
MR test characteristics would have been artificially elevated (i.e.,
biased for higher accuracy). Finally, 23 patients who had a biopsy-
proven diagnosis after treatment (3 women and 20 men) with a
median age of 65 years (range: 19-81 years) were included in the
study. All patients were treated with radiotherapy: alone (n=9),
after surgical intervention (n=6), or simultaneously with chemo-
therapy (n=8). The median delay times between radiotherapy and
MRI and between MRI and FDG PET/CT were 71 days (range: 43—-98
days) and 75 days (range: 44—103 days), respectively. The median
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delay time between the two examinations was 6 days (range: 1-12
days). The median follow-up duration for the patients was 14.5
months (range: 7-26.7 months).

MRI and PET/CT Imaging Techniques

A 1.5-Tesla system (Intera Master Gyroscan; Philips Medical Sys-
tems, Best, the Netherlands) with a head/neck coil was used for
MRI. Routine MRI protocols were used for all patients, including
transverse T1-weighted turbo spin-echo (TSE) (TR/TE=430/12 ms)
and T2-weighted turbo spin-echo (TSE) (TR/TE=6925/120 ms) se-
quences with or without fat suppression and a slice thickness of 6
mm, slice gap of 0.6 mm, field of view of 23x25 cm, and a matrix
size of 228x512.

Diffusion-weighted single-shot echo planar imaging was per-
formed before the contrast injection at b values 0 and 1000 s/mm?
with the following parameters: TR/TE=4000-4280/94—110 ms, a
field of view of 23x28 cm, matrix size of 94x160, slice thickness of
6 mm, slice gap of 1.2 mm, and bandwidth of 2.137 kHz. Spectral
presaturation with inversion recovery (SPIR) was used for fat sup-
pression. We did not use any antisusceptibility devices on the head
and neck to decrease susceptibility artifacts, and respiratory trig-
gering and cardiac gating were not used.

Next, we obtained T1-weighted turbo spin-echo (TR/TE=430-
606/12 ms) in the transverse, sagittal, and coronal planes after an
intravenous injection of gadopentetate dimeglumine (Magnevist;
Bayer Pharma AG, Berlin, Germany) was administered in all pa-
tients. The SPIR for fat suppression had a slice thickness of 6 mm,
slice gap of 0.6 mm, field of view of 23x25 c¢m, and matrix size of
190x512.

PET/CT images were acquired using an integrated PET/CT scan-
ner (Gemini TF PET/CT 16-slice; Philips Medical Systems). Patients
fasted for at least 6 h before undergoing the scan, 3.7 MBq/kg of
fluorine-18-FDG was administered, and images were acquired 1
h later. Glucose levels were measured in all patients before the
examination, with a cutoff limit of 8.3 mmol/L (150 mg/dL). The
PET scan was performed with a 1.5 min per bed position, from the
vertex to the proximal thigh. CT data acquisition for attenuation
correction was performed using the following parameters: 120 kV,
150 mAs, 16x1.5 collimation slice, pitch=0.81, and 0.5 s per rota-
tion. PET images were reconstructed using the Gemini TF's default
reconstruction algorithm (BLOB-OS-TF; a 3-dimensional ordered-
subset iterative time-of-flight reconstruction technique using three
iterations, 33 subsets, and a voxel size of 4x4x4 mm) with a slice
thickness of 5 mm. SUV was calculated using the standard formu-
la: SUV=measured radioactivity concentration from tissue (Bq/g)/
injected radioactivity dose (Bg)/patient’s body weight (g).

MRI and PET/CT Imaging Analysis

Reviewers were blinded to clinical data and histopathology. Im-
ages were evaluated by two reviewers: 1) a radiologist with 6 years
of experience in head and neck MRI and 2) a nuclear medicine spe-
cialist with 5 years of experience in PET/CT imaging. The reviewers
were free to use any window setting and multi-planar evaluation
to optimize the visualization of the lesions. Images used to calcu-
late ADC__and SUV__ values were selected in consultation with
the authors.

A computer program included in the Philips Extended MR Work-
space (version 2.6.3.2; Philips Medical Systems) was used for the
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Figure 1. a-f. Transverse FDG-PET/CT and MR images of a 70-year-old patient with a laryngeal tumor following radiotherapy. PET (a), fused PET/CT (b), and
value=15.9). T2WI (d) and post-contrast TIWI (e) show a heterogeneously enhanced lesion. The ADC map (f)
value of 0.72x10~> mm?/s. The biopsy revealed the recurrence of the tumor

FDG-PET/CT: fluorodeoxyglucose positron emission tomography; SUVmax: maximum standardized uptake value; MR: magnetic resonance; ADC: apparent

diffusion coefficient; WI: weighted image
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Figure 2. a-f. Transverse FDG-PET/CT and MR images of a 55-year-old patient with a laryngeal tumor after radiotherapy. PET (a), fused PET/CT (b) and low-dose CT

demonstrates a positive focus (SUV,
low signal intensity at the site of the lesion with a mean ADC

‘mean

value=5). T2WI (d) and post-contrast T1WI (€) show an ill-defined, heterogeneous enhanced lesion. The ADC map (f) shows
value of 1.60 10~ mm?/s. The biopsy revealed post-treatment changes

FDG-PET/CT: fluorodeoxyglucose positron emission tomography; SUVmax: maximum standardized uptake value; MR: magnetic resonance; ADC: apparent

diffusion coefficient; WI: weighted image

calculation of ADC_ . values. ADC . measurements were calcu-
lated on ADC maps that were generated from a DW-MRI with a
standard b value of 1000 s/mm?2 We used an ROI with a median
nean Values on

ADC maps. We measured three ROIs with a size similar to the solid

size of 30 mm? (range: 7-291 mm?) to calculate ADC

portion of the mass to obtain the mean ADC__value correspond-
ing to the contrast-enhanced T1-weighted images that were used
to eliminate the effect of possible distortion due to susceptibility
artifacts. Furthermore, to avoid necrosis or cystic parts of the tu-
mors, measurements of ADC were illustrated on the corresponding
T2-weighted images (Figures 1, 2).
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Table 1. Clinical and radiological data of the 23 patients with post-treatment head and neck squamous cell carcinoma

Age RT-MRI RT-PET/CT MRI-PET/CT  Mean ADC,
Number (year) Sex Location time (day) time (day) time (day) (x10-* mm?/s) Suv Recurrence
1 76 M Oral cavity 57 65 8 0.84 6.7
2 49 M Nasopharynx 74 77 3 1.267 4.1
3 55 M Larynx 88 95 7 1.349 3.69
4 52 M Nasopharynx 68 73 5 1.701 4.7
5 55 F Larynx 43 44 1 1.601 5
6 54 M Oral cavity 62 65 3 1.81 5.1
7 49 M Larynx 52 61 9 0.847 7.6
8 69 M Larynx 71 77 6 2.727 2.1
9 74 M Larynx 65 69 4 3.366 1.8
10 65 M Larynx 83 90 7 0.867 6.2
11 64 M Larynx 44 53 9 1.098 2.6
12 19 F Oral cavity 74 75 1 0.852 15 4
13 63 M Larynx 92 99 7 0.737 7.9 F
14 70 M Larynx 53 62 9 0.721 15.9 +
15 69 M Larynx 65 71 6 0.783 16.5 a4
16 74 M Larynx 64 68 4 0.709 9.7 4
17 70 M Larynx 98 103 5 0.678 26.5 +
18 81 F Oral cavity 61 69 8 0.948 26.3 +
19 67 M Nasopharynx 77 89 12 0.915 25 +
20 81 M Larynx 71 76 5 0.677 16.5 +
21 65 M Larynx 83 90 7 0.867 6.2 I
22 71 M Larynx 80 92 12 0.71 14.1 4
23 53 M Oral cavity 92 93 1 0.674 8.1 +

RT-MRI and RT-PET/CT time indicate the delay times between radiotherapy and MRI. FDG PET/CT imaging; MRI-PET/CT time, delay time between the two examinations
SCC: squamous cell carcinoma; RT: radiotherapy; MRI: magnetic resonance imaging; PET/CT: positron emission tomography/computed tomography; FDG: fluorodeoxyglucose; ADC:

indicates apparent diffusion coefficient; SUVmax: maximum standardized uptake value

SUv,_ values were automatically calculated with a computer pro-
gram included in the Philips Extended Brilliance Workspace (version
4.5.3.40140; Philips Medical Systems). SUV__ was the maximum tis-
sue concentration of FDG in the ROIL. An ROl was placed with the
aid of contrast-enhanced T1-weighted and T2-weighted images that
were used to identify the same anatomical level of the DW-MRI.

Statistical analysis

Statistical Package for the Social Sciences 19.0 (SPSS Inc.; Chicago, IL,
USA) was used for statistical analysis. Descriptive statistics of the contin-
uous variables are presented as the mean, standard deviation, median,
minimum, and maximum values. Categorical variables are presented
as frequencies and percentages. The Shapiro—Wilk test and graphical
techniques, such as histograms, Q—Q, and P—P plots, were used as tests
of normality. A Mann-Whitney U-test was used for non-parametric
two-group comparisons. Receiver operating characteristic (ROC) analy-
sis was used to determine the cutoff value for post-treatment changes,
recurrence discrimination, and comparisons of the area under the
curve (AUQ) of the SUV__ and ADC__ . For all statistical comparisons, a
p value of <0.05 was considered to be statistically significant.

Results

According to the pathological diagnosis and clinical and radiologi-
cal follow-up, recurrence was detected in 12 patients, and post-
treatment changes were found in 11 patients. Table 1 presents

the raw data of patients. Otherwise, no significant difference was
observed in the mean age, mean ROI size, and mean interval from
completion of radiotherapy to post-treatment imaging between
the recurrence group and the group with post-treatment changes.
ADC__ values recorded in the 12 patients with recurrence ranged
from 0.67 to 0.95x10* mm?/s. ADC__ values noted in the 11 pa-
tients with post-treatment changes ranged from 0.84 to 3.37x103
mm?/s. The median ADC__ values in the patients with recurrence
were significantly lower than those in the patients with post-treat-
ment changes (0.73 vs. 1.35x10~ mm?/s, respectively; p<0.001)
(Figure 3a).

SUV__ values of the patients with recurrence ranged from 6.2
to 26.5, and those of the patients with post-treatment changes
ranged from 1.8 to 7.6. The mean SUV __ values in the patients
with recurrence were significantly higher than those in the pa-
tients with post-treatment changes (15.45 vs. 4.70, respectively;
p<0.001) (Figure 3b).

The cutoff value for ADC__ to discriminate recurrence and post-
treatment changes was 0.95x10 mm?/s and was statistically
significant (p<0.001) with AUC=0.924 (0.734-0.990). The sensitiv-
ity, specificity, and accuracy of the cutoff value were 100% (73.4—
100.0), 72.73% (39.1-93.7), and 86.96%, respectively. The DW-MRI
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Figure 3. a, b. Box-and-whisker plots of the ADC . (a)and SUV. _ (b) values for post-treatment changes and recurrence groups

with a 0.95x10~° mm?/s cutoff value for ADC__ had a 100% nega-
tive predictive value (NPV) and 82% positive predictive value (PPV).

The cutoff value for SUV__ to discriminate between recurrence and
post-treatment changes was 7.6, and it was statistically significant
(p<0.001) with an AUC=0.981 (0.818—0.984). The sensitivity, speci-
ficity, and accuracy of the cutoff value were 91.67% (61.5-98.6),
100.0% (71.3—-100.0), and 91.30%, respectively. The PET-CT with a

7.6 cutoff value for SUV__had a 91% NPV and 92% PPV.

There was no statistical difference between the AUC values of
Suv, . and ADC__ (p=0.342). However, a moderate negative
correlation was found between ADC__ and SUV__ values of
the patients in the post-treatment changes group (r=-0.691;
p=0.019). However, there was no significant correlation between
ADC . and SUV__ values of the patients in the recurrence group

(r=0.341; p=0.278).
Discussion

Both DW-MRI and PET-CT had the ability to diagnose recurrence
with a high degree of accuracy, and there was no statistically sig-
nificant difference between the diagnostic performances of these
methods in the same patients (p=0.342). However, DW-MRI had
higher NPV than did PET-CT. According to our findings, a diagnosis
of post-operative changes can be placed on lesions with an ADC
value of >0.95 via DW-MRI. The occurrence of post-treatment
changes combined with recurrence in lesions with ADC values of
<0.95 decreases the PPV of DW-MRI relative to that of PET-CT. Ac-
cording to our results, lesions with SUV values of >7.6 can be easily
accepted as recurrence. Based on these results, we recommend
that the first imaging method of choice for post-treatment follow-
up of HNSCC patients should be DW-MRI because, compared with
PET-CT, it has a lower cost and does not involve ionizing radiation.
Imaging with a PET-CT should be chosen as an imaging method for
lesions evaluated in DW-MRI as recurrence. This will decrease un-
necessary exposure of patients to radiation during follow-up and
will also decrease costs.

Our cutoff value of ADC__for recurrent HNSCC was lower than
that of previous studies. Abdel Razek et al. (4) reported that when
1.30x10> mm?/s was used as the cutoff value of ADC, differentia-
tion of recurrence from post-treatment changes was made with
87% accuracy, 84% sensitivity, 90% specificity, 94% PPV, and 76%

NPV. Hwang et al. (2) also reported that the optimal cutoff value for
ADC, ,, was 1.46x10~ mm?/s with a 85.0% sensitivity, 84.6% speci-
ficity, and 84.8% accuracy. Vogel et al. (1) reported that a threshold
value of 1.3x10-* mm?/s for ADC had 74% accuracy, 78% sensitivity,
and 71% specificity to distinguish recurrence from post-treatment
changes. In these studies, the time intervals between treatment

and imaging were also very heterogeneous and highly variable.

This finding may be related to the interval between treatment
and imaging, as well as the selection of sampling areas for the
calculation of ADC values. Additionally, artifacts caused by air or
dentures on the DW-MRI in the upper aerodigestive tract or oral
cavity make it difficult to identify small lesions. Occasionally, these
artifacts could make it difficult to accurately measure the precise
ADC value of the lesions. Therefore, the proper choice of ROI ar-
eas during ADC measurement is also a very important factor to
decrease false results and observer dependence. Micronecrosis
and hypervascular portions in the tumors cause increasing ADC
values (8). The areas of gross necrosis and possible areas of edema
should be excluded from the ROI, and multiple ROIs with a mean
value should be used to prevent sampling error even if the lesion
shows significant signal intensity homogeneity or heterogeneity.
However, volume averaging and areas of micronecrosis cannot be
avoided during ADC measurements (4).

In the present study, in line with the literature, PET-CT exhibited
high sensitivity and specificity. In a recent review of diagnostic per-
formance of post-treatment FDG PET or FDG PET/CT imaging in head
and neck cancers, Gupta et al. (12) reported that the pooled sensitiv-
ity and specificity for detecting residual disease at the primary site
was 79.9% (95% CI: 73.7%-85.2%) and 87.5% (95% Cl: 85.2%89.5%),
respectively; the review included a total of 24 studies involving 1122
patients. The optimal cutoff value of SUV__ was found to be 7.6 in
our study. Nakajo et al. (11) reported that the optimal cutoff value
to differentiate between disease-free and non-free patients was 12.1
for SUV__ with 90% (9/10) sensitivity and 75% (12/16) specificity in
the follow-up of 26 patients with primary HNSCC. The SUV,_ cut-
off value in our study was thus lower than previously reported. The
reason for this descrepancy may be that a large number of factors
affect SUV measurements; these factors principally consist of bio-
logical factors such as body size, blood glucose levels, and patient
breathing, as well as technological factors including interscanner
variability, image reconstruction parameters, injected radioactivity,
and the use of CT contrast material (13).



Examining the relationship between SUV__ and ADC__ values re-
vealed a moderate negative correlation between these values in
the post-treatment changes group (r=-0.691, p=0.019). In the re-
currence group, however, there was no correlation. In the study by
Nakajo et al. (11) SUV__and ADC values of primary HNSCC had a
negative correlation. According to Nakajo et al., the moderate and
inverse correlation demonstrates that glycolytic activity is partially,
but significantly, associated with the microstructural environment in
HNSCC, Choi et al. (8) showed no significant correlation between SU-
V__and ADC__ in 47 patients with primary HNSCC. Therefore, the
negative correlation in the post-treatment group may be related to
the small number of viable cells and increased extracellular water
component. In the recurrence group, the microstructural environ-
ment that includes microscopic necrotic areas still affects the ADC___
value to a degree. SUV__ values depend on the number of viable
tumor cells and their metabolic activity and are not as affected by the
microstructural environment to the same extent as ADC__values.
Our study has some limitations: 1) we enrolled a small number of
patients from a single center and performed retrospective analy-
sis, which could lead to selection bias. We attempted to include all
patients who met the inclusion criteria to minimize selection bias;
2) the time of post-treatment imaging. Edema, active inflamma-
tory reactions, and increased vascular permeability are the major
changes after radiation therapy, especially during the first 6 months
(14). Therefore, the optimum timing for post-treatment imaging
is 12 weeks or more after the completion of radiotherapy (12). In
this study, the time of post-treatment imaging was as early as 43
days (range: 43103 days) in some patients. Patients with early post-
treatment imaging were considered to be early recurrence after the
endoscopic examination and underwent both DW-MRI and PET-CT.
This was one of the reasons for early post-treatment imaging. Addi-
tionally, we included HNSCC in various locations with radiotherapy
being the last treatment modality, and some of the included pa-
tients had also been treated with chemotherapy and surgery.

Our study revealed that PET/CT and DW-MRI are effective methods
for distinguishing the recurrence of HNSCC from post-treatment
changes, and they have similar and highly accurate results. When
both DW-MRI and PET-CT are performed, they offer complementary
information and guarantee a complete evaluation of recurrence in
HNSCGs. Follow-up should begin with DW-MRI, and in patients with
a suspicion of recurrence, PET-CT should be added to the follow-up
protocol. Finally, our findings indicate that a combination of DWIand
PET means that FDG-PET/MRI may be a more useful method for the
diagnosis and follow-up of head and neck carcinoma.
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