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Abstract
Objectives We prospectively investigated the roles of pretreat-
ment dynamic contrast-enhanced MR imaging (DCE-MRI),
diffusion-weighted MR imaging (DWI) and 18F-
fluorodeoxyglucose-positron emission tomography (18F-
FDG PET)/CT for predicting survival of oropharyngeal or
hypopharyngeal squamous cell carcinoma (OHSCC) patients
treated with chemoradiation.
Methods Patients with histologically proven OHSCC and
neck nodal metastases scheduled for chemoradiation were
eligible. Clinical variables as well as DCE-MRI-, DWI-
and 18F-FDG PET/CT-derived parameters of the primary
tumours and metastatic neck nodes were analysed in rela-
tion to 3-year progression-free survival (PFS) and overall
survival (OS) rates.

Results Eighty-six patients were available for analysis.
Multivariate analysis identified the efflux rate constant (Kep)-
tumour<3.79 min−1 (P=0.001), relative volume of extracel-
lular extravascular space (Ve)-node < 0.23 (P= 0.004) and
SUVmax-tumour>19.44 (P=0.025) as independent risk fac-
tors for both PFS and OS. A scoring system based upon the
sum of each of the three imaging parameters allowed stratifi-
cation of our patients into three groups (patients with 0/1 fac-
tor, patients with 2 factors and patients with 3 factors, respec-
tively) with distinct PFS (3-year rates=72 %, 38 % and 0 %,
P<0.0001) and OS (3-year rates =81 %, 46 % and 20 %,
P<0.0001).
Conclusions Kep-tumour, Ve-node and SUVmax-tumour were
independent prognosticators for OHSCC treated with chemo-
radiation. Their combination helped survival stratification.
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Key Points
• Kep-tumour, Ve-node and SUVmax-tumour are independent
predictors of survival rates.

• The combination of these three prognosticators may help
stratification of survival.

• MRI and FDG-PET/CT play complementary roles in prog-
nostication of head and neck cancer.
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Abbreviations
ADC apparent diffusion coefficient
DCE-MRI dynamic contrast-enhanced magnetic

resonance imaging
DWI diffusion-weighted imaging
18F-FDG PET/CT 18F-fluorodeoxyglucose-positron

emission tomography/computed
tomography

HNSCC head and neck squamous cell carcinoma
Kep efflux rate constant
Ktrans volume transfer rate constant
MTV metabolic tumour volume
OHSCC oropharyngeal or hypopharyngeal

squamous cell carcinoma
OS overall survival
PFS progression-free survival
SUVmax maximum standardized uptake value
TLG total lesion glycolysis
Ve relative volume of extracellular

extravascular space
Vp relative vascular plasma volume

Introduction

Oropharyngeal and hypopharyngeal squamous cell carcino-
mas (OHSCC) are head and neck cancers that arise from ad-
jacent anatomic areas. These cancers share both similar lym-
phatic drainage and treatment approaches. Most patients with
OHSCC have advanced cancer staging at presentation with
aggressive local invasion or malignant cervical adenopathy.
Although chemoradiation is currently considered as the main-
stay of organ-sparing therapy for OHSCC [1], treatment out-
comes remain unsatisfactory especially in the presence of ad-
vanced disease. In a series of 65 stage III/IV OHSCC patients
undergoing chemoradiation, Wang et al. [2] reported 5-year
progression-free survival (PFS) and overall survival (OS)
rates of 40.7 % and 59.7 %, respectively. In this scenario,
the identification of reliable predictors that could facilitate
clinical decision-making is eagerly awaited.

Magnetic resonance imaging (MRI) is commonly used for
treatment planning in head and neck squamous cell carcinoma
(HNSCC) patients. Moreover, diffusion-weighted MR imag-
ing (DWI) and dynamic contrast-enhanced MRI (DCE-MRI)
are increasingly being used as functional imaging techniques
for assessing tumour biology. While DWI is able to quantify
the diffusion of water molecules in biological tissues, DCE-
MRI is capable of assessing the tumour microvascular envi-
ronment by determining the sequential changes in signal in-
tensity over time. Currently, they can be incorporated into
conventional MRI to examine HNSCC patients in a single
examination session. 18F-Fluorodeoxyglucose-positron emis-
sion tomography (18F-FDG PET)/CT is another imaging tech-
nique widely used in the evaluation of HNSCC patients. It can
provide valuable information about tissue metabolism as well
as anatomical relationships. The clinical usefulness of DWI,
DCE-MRI and 18F-FDG PET/CT (most commonly alone and
sporadically in combination) for predicting treatment outcome
of HNSCC has been previously investigated, albeit with var-
iable results [3–30]. The discrepancies may be related to the
fact that most of the previous study series included heteroge-
neous groups of patients harbouring HNSCC of different mu-
cosal sites with different treatments or different follow-up time
periods. Different imaging scanners and non-standardized ac-
quisition parameters are also contributory. In addition, some
studies examined imaging measurements from primary tu-
mours [3, 5–7, 10–12, 17–19, 26, 30], while others examined
those from neck metastatic nodes [8, 9, 13–16, 23] or both [4,
20–22, 24, 25, 27–29]. Furthermore, only two series studies of
combined use of DWI, DCE-MRI and 18F-FDG PET/CT have
been reported; notably, their results were limited to local con-
trol and neck control, respectively [5, 16]. The objective of the
current study was to evaluate the predictive values of imaging
parameters derived from these three imaging techniques
(alongside clinical variables) for the 3 year-PFS and OS of
OHSCC patients with nodal disease. To our knowledge, this
is the first prospective study of using DWI, DCE-MRI and
18F-FDG PET/CT to examine both primary tumours and neck
metastatic nodes of OHSCC patients treated homogeneously
with chemoradiation for survival prediction.

Materials and methods

Study participants and treatment approach

Patients with pathologically proven OHSCC scheduled for
chemoradiation with curative intent were eligible for this pro-
spective study. Ethics approval was granted by the institution-
al review board of our hospital (protocol no. 98-3582B) and
the study complied with the tenets of the Declaration of
Helsinki. Inclusion criteria for the study were as follows: (1)
biopsy-proven diagnosis of OHSCC, (2) presence of regional
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nodal metastasis, (3) ability to provide written informed con-
sent and (4) no contraindications toMRI or 18F-FDG PET/CT.
Patients were excluded in the presence of a history of previous
head or neck cancers, distant metastases or second
malignancies.

All participants received intensity-modulated radiother-
apy using 6-MV photon beams. The initial prophylactic
field included gross tumour with at least 1-cm margins
and neck lymphatics at risk for 46–56 Gy, then cone-
down boost to the initial gross tumour area to 72 Gy.
Concurrent chemotherapy consisted of intravenous cisplat-
in 50 mg/m2 on day 1, oral tegafur 800 mg/day plus oral
leucovorin 60 mg/day from day 1 to day 14. This regimen
was delivered every 14 days [31]. Patients were monitored
over a minimum follow-up of 12 months after treatment or
until death.

Multimodal imaging

All patients underwent MRI and 18F-FDG PET/CT before
chemoradiation. MRI was performed on a 3-T scanner
(Magnetom Trio with TIM, Siemens, Erlangen, Germany)
as described previously [5, 16]. Briefly, conventional MRI
of the head and neck region were performed in the axial
and coronal projections with turbo spin echo. DWI was
performed by using single shot spin-echo echo-planar im-
aging with a modified Stejskal–Tanner diffusion gradient
pulsing scheme. Motion-probing gradients with a b value
of 800 s/mm2 were applied along three orthogonal direc-
tions. DCE-perfusion-weighted imaging (PWI) was per-
formed by using a 3D T1-weighted spoiled gradient-echo
sequence. A single dose of gadopentetate dimeglumine at a
concentration of 0.1 mmol/kg body weight was injected at
a rate of 3 mL/s into the antecubital vein, followed by a
saline flush.

18F-FDG PET/CTwas performed using a Discovery ST 16
integrated PET/CT system (GE Healthcare, Milwaukee,
WIUSA) as described previously [5, 16]. All patients fasted
for at least 6 h before examination. Non-contrast-enhanced CT
was performed from the head to the proximal thigh. About 1 h
after injection of 18F-FDG (370 MBq), emission scans were
acquired with 3-min per table position.

Imaging parameters analysis

DWI-derived apparent diffusion coefficient (ADC) as well as
DCE-MRI parameters, including the volume transfer rate con-
stant (Ktrans), relative extravascular extracellular space (Ve),
relative vascular plasma volume (Vp) and the efflux rate con-
stant (Kep), from both primary tumours and the largest meta-
static nodes were incorporated into analysis. Mean ADC
values were measured on ADC maps by drawing the regions
of interest (ROI) on the primary tumour and also the largest

node respectively by the experienced head and neck radiolo-
gist, with the aid of the T2-weighted MR images and the T1-
weighted post-contrast MR images to avoid cystic or necrotic
areas. Because of their common use in clinical practice and
high reproducibility [32], mean ADC values of the primary
tumours (ADC-tumour) and nodes (ADC-node) were used in
the current study. DCE-MRI was analysed withMATLAB 7.0
(TheMathworks, Natick, MA, USA). The signal intensities of
the DCE-MRI data were converted from the contrast agent
concentrations by solving their nonlinear relationship [33].
The extended Kety model [34] was used for the kinetic anal-
ysis in a voxel-wise manner. The arterial input function was
extracted with the blind source separation algorithm [35].
ROIs were drawn on DCE-MR images by the same radiolo-
gist in a manner similar to that for the DWI analysis.

SUVand metabolic tumour volume (MTV) of primary tu-
mours and regional nodal metastases were measured separate-
ly from attenuation-corrected 18F-FDG PET images using the
PMOD software (PMOD Technologies Ltd, Zurich,
Switzerland). To minimize partial volume effects, we selected
maximal SUV (SUVmax) for analysing the associations with
survival endpoints. An SUVmax threshold of 2.5 was used to
delineate MTV [19, 36]. Total lesion glycolysis (TLG) was
calculated as the product of lesion mean SUV (SUVmean) and
MTV. The SUVmax, MTVand TLG and values of the primary
tumour and cervical nodes were designated as SUVmax-tu-
mour, SUVmax-node, MTV-tumour, MTV-node, and TLG-tu-
mour, TLG-node, respectively.

Outcome determination and statistical analysis

PFS and OS were plotted using the Kaplan–Meier method.
The optimal cutoff values for DCE-MRI-, DWI- and 18F-
FDG PET/CT-derived parameters were determined using the
log-rank test based on the 3-year PFS rates observed in the
entire cohort [17, 37]. Univariate Cox regression analysis was
used to identify the predictors of PFS and OS rates. All of the
prognostic variables in univariate analyses were entered into
the multivariate Cox regression model, and stepwise forward
selection was used to identify the independent predictors.
Furthermore, prognostic models for PFS were provided sepa-
rately for primary tumour and neck nodal parameters. All
statistical analyses were performed using the SPSS software
package (version 13.0; SPSS Inc., Chicago, IL, USA). The α
error was set at 0.05 (two-tailed).

Results

Between August 2010 and July 2013, a total of 108 OHSCC
patients were enrolled. Twenty-two patients were excluded
from analysis: nine had primary tumours which were thin or
excessively small in size, seven had cystic neck nodes and six

4164 Eur Radiol (2016) 26:4162–4172



had significant artefacts on DWI or PWI images.
Consequently, 86 OHSCC patients were available for analysis
(6 female and 80 male; mean age 50±9.54 years; tumour site:
45 oropharynx, 41 hypopharynx). All of our 86 patients had
advanced stage disease: 4 (4.7 %) were stage III, 61 (70.9 %)
in stage IVA and the remaining 21 (24.4 %) in stage IVB. The
median follow-up time was 28 months in the entire study
cohort (range 4–55 months) and 36 months for the censored
cases (range 14–56 months). Of the 86 study patients, 33
patients (38.4 %) developed locoregional failure, 12
(18.6 %) distant metastasis and 4 (4.7 %) second primary
tumours. At the time of analysis, 53 (62%) patients were alive
and 33 (38 %) were dead (29 died of disease and 4 died of
other causes). The median PFS was 16 months (range 4–46
months). The 3-year PFS and OS rates were 54 % and 63 %,
respectively. No significant association of survival rates with
disease stage was evident (Fig. 1).

Tables 1 and 2 show the results of univariate and multivar-
iate analyses for the prediction of survival in the entire study
cohort. The following parameters were identified as signifi-
cant predictors of PFS in univariate analyses: haemoglobin
level < 14.3 g/dL (P= 0.0027), Ktrans-tumour < 0.56 min−1

(P=0.0096), Kep-tumour<3.79 min−1 (P=0.0474), ADC-tu-
mour > 0.86 × 10−3 mm2/s (P = 0.0162) , SUVmax-tu-
mour > 19.44 (P = 0.0098), MTV-tumour > 42.62 cm3

(P = 0.0103), TLG-tumour > 344.72 (P = 0.0147), Ktrans-
node<0.86 min−1 (P=0.0419), Ve-node<0.23 (P=0.0117),
ADC-node > 1.14 × 10−3 mm2/s (P < 0.001), MTV-
node > 38.05 cm3 (P = 0.0306) and TLG >217.18
(P=0.0091). Multivariate analysis of both primary tumour
and nodal factors in combination identified Kep-tumour
(P < 0.001), TLG-tumour (P = 0.049), SUVmax-tumour
(P=0.018), Ve-node (P=0.004) and ADC-node (P<0.001)
as independent predictors of PFS. When the prognostic
models based on the primary tumour and neck nodes were
analysed separately, slightly different risk factors were evi-
dent. The independent predictors identified in the primary
tumour PFS model included age (P=0.002), haemoglobin
(P=0.035), Kep-tumour (P=0.02), ADC-tumour (P=0.005)
and TLG-tumour (P=0.006), while independent risk factors

identified in the neck nodes PFS model included haemoglobin
(P=0.008), Ve-node (P=0.047) and ADC-node (P=0.004).

Univariate analysis identified age (P = 0.0092),
haemoglobin level (P=0.0090), Ktrans-tumour (P=0.0026),
Ktrans-node (P=0.0145), Ve-node (P=0.0036) and SUVmax-
tumour (P=0.0402) as significant predictors of OS. After al-
lowance for potential confounders in multivariate stepwise
Cox r eg r e s s i o n an a l y s i s , we f ound t h a t K e p -
tumour < 3.79 cm3 min−1 (P = 0.002), Ve-node < 0.23
(P=0.001) and SUVmax-tumour >19.44 (P=0.004) were in-
dependent predictors of OS.

We developed a three-point scoring system (0/1, 2, 3) based
upon the sum of each of the three imaging parameters (i.e.
Kep-tumour, Ve-node and SUVmax-tumour) that were identi-
fied as independent predictors of both PFS and OS rates in
multivariate analysis. The presence or absence of each risk
factor (i.e. Kep-tumour < 3.79 min−1, Ve-node < 0.23 and
SUVmax-tumour > 19.44) was assigned a score of 1 and 0,
respectively, resulting in scores ranging from 0 to 3. We iden-
tified 4 patients with a score of 0, 40 patients with a score of 1,
37 patients with a score of 2, and 5 patients with a score of 3.
Because of the low number of patients who scored 0, they
were grouped together with those with a score of 1 for the
purpose of analysis. The scoring system based upon the sum
of each of the three imaging parameters significantly stratified
both 3-year PFS (rates in the 0/1, 2, 3 groups: 72 %, 38 % and
0 %, respectively, P<0.0001) and OS (rates in the 0/1, 2, 3
groups: 81 %, 46 % and 20 %, respectively, P< 0.0001)
(Fig. 2). Four (80 %) of the five patients with a score of 3 died
within 18 months of initial treatment. Of the 37 patients with a
score of 2, 20 (54 %) died after a median period of 16 months.
When patients with scores of 0/1 were considered as the ref-
erence category in multivariate Cox proportional hazard anal-
ysis, patients with a score of 2 were found to have significantly
poorer PFS (HR=3.1888, P=0.002) and OS (HR=3.868,
P=0.001). As expected, patients with a score of 3 showed
the poorest PFS (HR = 12.682, P < 0.001) and OS
(HR=18.856, P<0.001) rates (Table 3). Representative im-
ages of study patients with different scores are provided in
Figs. 3 and 4.

Fig. 1 Kaplan–Meier estimates
of 3-year progression-free
survival and overall survival rates
in OHSCC patients (n= 86)
stratified according tumour
staging
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Discussion

This prospective study showed that Kep-tumour, Ve-node and
SUVmax-tumour were independent predictors of both PFS and
OS rates of OHSCC patients with nodal metastasis treated
with chemoradiation. Integration of these imaging factors into
a prognostic scoring system results in an accurate classifica-
tion of patients outcomes. Differences in primary tumour- and
node-related imaging prognosticators reflect different intrinsic
biologic characteristics of either sites, suggesting that their

Table 1 Univariate analyses of risk factors associated with 3-year
progression-free survival and overall survival rates in OHSCC patients
(n = 86)

Parameters (n, %) Progression-FREE
survival

Overall survival

% (n event) P % (n event) P

Age (years) 0.0581 0.0092

< 65 (77, 89.5) 55 (32) 65 (27)

≥ 65 (9, 10.5) 38 (5) 40 (6)

Sex 0.3042 0.8704

Male (80, 93.0) 52 (36) 63 (31)

Female (6, 7.0) 75 (1) 67 (2)

Subsites 0.0947 0.9672

Oropharynx (45, 52.3) 61 (16) 60 (17)

Hypopharynx (41, 47.7) 45 (21) 65 (16)

Haemoglobin (g/dL) 0.0027 0.0090

> 14.30 (39, 45.3) 72 (10) 77 (9)

≤ 14.30 (47, 54.7) 38 (27) 51 (24)

T status 0.2341 0.5271

T1 (5, 5.8) 60 (2) 80 (2)

T2 (20, 23.3) 55 (8) 76 (6)

T3 (13, 15.1) 83 (2) 77 (3)

T4a (40, 46.5) 41 (22) 50 (19)

T4b (8, 9.3) 63 (3) 63 (3)

N status 0.1443 0.2373

N1 (6, 7.0) 56 (2) 75 (1)

N2b (48, 55.8) 57 (19) 67 (15)

N2c (18, 20.9) 54 (8) 49 (9)

N3 (14, 16.3) 38 (8) 57 (8)

Stage 0.1503 0.1855

III (4, 4.7) 100 (0) 100 (0)

IVA (61, 70.9) 54 (26) 62 (22)

IVB (21, 24.4) 44 (11) 57 (11)

Ktrans-tumour (min−1) 0.0096 0.0026

> 0.56 (38, 44.2) 69 (11) 78 (9)

≤ 0.56 (48, 55.8) 40 (26) 49 (24)

Vp-tumour 0.2170 0.3212

> 0.008 (33, 38.4) 62 (12) 67 (11)

≤ 0.008 (53, 61.6) 49 (25) 60 (22)

Ve-tumour 0.2142 0.5103

> 0.22 (34, 39.5) 62 (12) 67 (12)

≤ 0.22 (52, 60.5) 49 (25) 60 (21)

Kep-tumour (min−1) 0.0474 0.1116

> 3.79 (30, 34.9) 68 (9) 72 (9)

≤ 3.79 (56, 65.1) 46 (28) 57 (24)

ADC-tumour 0.0162 0.8161

< 0.86 (17, 19.8) 88 (2) 68 (6)

≥ 0.86 (69, 80.2) 46 (35) 62 (27)

SUVmax-tumour 0.0098 0.0402

< 19.44 (73, 84.9) 58 (28) 66 (25)

≥ 19.44 (13, 15.1) 28 (9) 42(8)

Table 1 (continued)

Parameters (n, %) Progression-FREE
survival

Overall survival

% (n event) P % (n event) P

MTV-tumour (cm3) 0.0103 0.1434

< 42.62 (74, 86.0) 59 (28) 67 (26)

≥ 42.62 (12, 14.0) 22 (9) 38 (7)

TLG-tumour 0.0147 0.0502

< 344.72 (75, 87.2) 58 (29) 68 (26)

≥ 344.72 (11, 12.8) 24 (8) 30 (7)

Ktrans-node (min−1) 0.0419 0.0145

> 0.86 (12, 14.0) 83 (2) 92 (1)

≤ 0.86 (74, 86.0) 47 (35) 57 (32)

Vp-node 0.1942 0.0716

> 0.09 (9, 10.5) 78 (2) 89 (1)

≤ 0.09 (77, 89.5) 50 (35) 60 (32)

Ve-node 0.0117 0.0036

> 0.23 (26, 30.2) 74 (6) 87 (4)

≤ 0.23 (60, 69.8) 45 (31) 52 (29)

Kep-node (min−1) 0.2221 0.6628

> 0.55 (76, 88.4) 55 (31) 63 (30

≤ 0.55 (10, 11.6) 40 (6) 53 (3)

ADC-node 0.0002 0.4939

< 1.14 (75, 87.2) 59 (28) 60 (30)

≥ 1.14 (11, 12.8) 18 (9) 82 (3)

SUVmax-node 0.0999 0.1151

< 16.35 (75, 87.2) 56 (30) 65 (26)

≥ 16.35 (11, 12.8) 36 (7) 45 (7)

MTV-node (cm3) 0.0306 0.0936

< 38.05 (69, 80.2) 58 (26) 65 (23)

≥ 38.05 (17, 19.8) 35 (11) 46 (10)

TLG-node 0.0091 0.0564

< 217.18 (72, 83.7) 58 (27) 65 (24)

≥ 217.18 (14, 16.3) 29 (10) 50 (9)

OHSCC oropharyngeal or hypopharyngeal squamous cell carcinoma,
Ktrans volume transfer rate constant, Kep efflux rate constant, Vp relative
vascular plasma volume, Ve relative volume of extracellular extravascular
space, ADC apparent diffusion coefficient, SUVmax maximum standard-
ized uptake value, MTV metabolic tumour volume, TLG total lesion
glycolysis
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functional parameters should be measured separately and
evaluated together.

DCE-MRI can provide the pharmacokinetic parameters of
the selected regions and has been used to predict treatment

outcomes of HNSCC patients. Nodal Ktrans has been reported
to be higher in patients who achieved complete response after
treatment as compared with partial responders [9]. Higher
pretreatment nodal Ktrans values have been associated with

Table 2 Multivariate analyses of
risks factors associated with
3-year progression-free survival
and overall survival in OHSCC
patients (n= 86)

Characteristics Progression-free survival Overall survival

P HR, 95 % CI P HR, 95 %CI

Age(years) NS NS

<65 (77, 89.5)

≥ 65 (9, 10.5)
Haemoglobin(g/dl) NS NS

>14.30 (39, 45.3)

≤ 14.30 (47, 54.7)

Ktrans-tumour (min−1) NS NS

>0.56 (38, 44.2)

≤ 0.56 (48, 55.8)
Kep-tumour (min−1) 0.001 0.002

> 3.79 Reference Reference

≤ 3.79 3.891 (1.728–8.762) 3.655 (1.600–8.352)

ADC-tumour NS NS

<0.86 (17, 19.8)

≥ 0.86 (69, 80.2)
SUVmax-tumour 0.025 0.004

< 19.44 Reference Reference

≥ 19.44 2.532 (1.121–5.715) 3.477 (1.505–8.031)

MTV-tumour (cm3) NS NS

<42.62 (74, 86.0)

≥ 42.62 (12, 14.0)

TLG-tumour 0.038 NS

< 344.72 Reference

≥ 344.72 2.449 (1.051–5.705)

Ktrans-node (min−1) NS NS

>0.86 (12, 14.0)

≤ 0.86 (74, 86.0)
Ve-node 0.004 0.001

> 0.23 Reference Reference

≤ 0.23 4.092 (1.583–10.578) 5.929 (1.987–17.690)

ADC-node <0.001 NS

< 1.14 (75, 87.2) Reference

≥ 1.14 (11, 12.8) 4.858 (2.089–11.300)

MTV-node (cm3) NS NS

<38.05 (69, 80.2)

≥ 38.05 (17, 19.8)

TLG-node NS NS

<217.18 (72, 83.7)

≥ 217.18 (14, 16.3)

OHSCC oropharyngeal or hypopharyngeal squamous cell carcinoma,HR hazard ratio,CI confidence interval, NS
not significant, Ktrans volume transfer rate constant, Kep efflux rate constant, Ve relative volume of extracellular
extravascular space, ADC apparent diffusion coefficient, SUVmax maximum standardized uptake value, MTV
metabolic tumour volume, TLG total lesion glycolysis
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disease-free survival rates [14], whereas both nodal Ktrans and
nodal Ve have been found to be significant predictors of PFS
and OS [15]. Notably, Jansen et al. [13] reported that nodal
Ktrans and SUVmean may improve the prediction of short-term
response to therapy as compared with either parameter alone.
Similarly, another study has shown that the combined assess-
ment of DWI- and DCE-MRI-derived parameters from both
primary tumours and nodal masses significantly predicted re-
sponse to chemoradiation, whereas each parameter alone did
not [4]. We have previously shown that tumour Ktrans was a
clinically useful predictor of local control after chemoradia-
tion in OHSCC patients [5]. In another report from our group
[16], nodal Ve and nodal ADC (but not Ktrans) were identified
as independent prognostic factors for neck control. Taken to-
gether, these results suggest that the pretreatment Ktrans may
show promise for predicting treatment outcome to chemora-
diation therapy in HNSCC, but its significance can vary
among different tumour types, selected ROI locations and
study endpoints. In the present study, pretreatmentKep-tumour
and Ve-node—but not Ktrans-tumour or Ktrans-node—were
identified as independent predictors of both PFS and OS in
OHSCC patients treated with chemoradiation.

Kep is the efflux rate constant describing the contrast trans-
fer between the extravascular extracellular space and plasma
and, hence, related to tissue vascular permeability and surface
area [38, 39]. Kep can predict response to radiation in patients
with cervix cancer [40] and its values are significantly reduced
in the hypoxic nodes of patients with HNSCC [41]. Higher
Kep values have been also associated with better treatment
response in patients with liver metastases from colorectal can-
cer [42]. The higher Kep-value may reflect a greater exchange

of therapeutic agents between plasma and the extracellular
extravascular space, ultimately favouring drug delivery and
resulting in better treatment outcomes. Consistently, high
Kep-tumour values were significantly associated with better
PFS and OS rates in the current study.

Ve is another DCE-MRI-derived parameter that reflects the
extravascular extracellular space. Previous studies identified
Ve as an independent predictor of OS in patients with colorec-
tal cancer [43], as well as of both PFS and OS in HNSCC [15].
Notably, we previously identified Ve as one of the independent
predictors of neck control in OHSCC patients [16]. However,
some other previous HNSCC studies [4, 9, 13] reported neg-
ative results on the value of Ve for predicting treatment re-
sponse. Our current observation that Ve-node predicted surviv-
al rates in OHSCC patients suggests that the nodal extravas-
cular extracellular space could have prognostic significance in
determining prognosis in this patient group.

The potential role of DWI-derived ADC for predicting ra-
diotherapy or chemoradiation outcomes in HNSCC is still a
matter of debate [3–8, 10–12, 16]. Some DWI studies have
shown that tumours with pretreatment high ADC values are
associated with local failure [3, 7], neck failure [8, 16] and
survival outcomes [10–12], but other reports failed to identify
such an association [4–6]. In this study, we were unable to
demonstrate a significant association of ADC values with both
PFS and OS rates in multivariate analysis, suggesting that
DCE-MRI is superior to DWI for predicting prognosis in
OHSCC patients treated with chemoradiation. Recently,
intravoxel incoherent motion (IVIM) imaging was developed
as a novel DWI technique that allows a separate quantification
of diffusion and perfusion effects. Previous studies have

Fig. 2 Kaplan–Meier estimates
of progression-free survival and
overall survival in OHSCC
patients (n= 86) stratified
according to the three-point
scoring system (0/1, 2, 3) based
upon the sum of each of the three
imaging parameters (Kep-tumour,
Ve-node and SUVmax-tumour)

Table 3 Multivariate analyses of
3-year progression-free survival
and overall survival according to
the prognostic scoring system
based on multimodal imaging
(including Kep-tumour, SUVmax-
tumour and Ve-node

Progression-free survival

P, HR, 95 % CI

Overall survival

P, HR, 95 % CI

Score 0–1 (n = 44) Reference Reference

Score 2 (n = 37) 0.002, 3.188 (1.526–6.661) 0.001, 3.868 (1.750–8.549)

Score 3 (n = 5) <0.001, 12.682 (3.575–44.984) <0.001, 18.856 (4.117–86.364)

Kep efflux rate constant, SUV max maximum standardized uptake value, Ve relative volume of extracellular
extravascular space, HR hazard ratio, CI confidence interval
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shown the utility of IVIM for characterizing head and neck
tumours [44, 45], but its role in predicting survival deserves
further scrutiny.

There is a plethora of published articles about the prognosis
prediction of 18F-FDG PET for HNSCC, but the prognostic
significance of its parameters remains controversial. Among

the imaging parameters of 18F-FDG PET/CT, SUVmax is the
most common semiquantitative measure used for expressing
tumour FDG uptake. Compared with SUVmean, SUVmax is
less influenced by the partial volume effect and is not affected
by the method used to analyse the lesion boundaries [17–19,
21, 46]. High SUVmax is recognized as a significant predictor

Fig. 3 A 45-year-old male
patient with oropharyngeal SCC
and a score of 0. a Pretreatment
axial-enhancedMRI image shows
a left oropharyngeal tumour
(arrow). b The corresponding
DCE-MRI image with an overlaid
Kep map of the primary tumour
shows a Kep-tumour value of
5.16 min−1. c The corresponding
DCE-MRI image with an overlaid
Ve map of the node shows a
Ve-node value of 0.51. d The
corresponding 18F-FDG PET/CT
image showed an SUVmax-
tumour value of 8.38. e
Post-treatment axial-enhanced
MRI shows complete regression
of the primary tumour. After
42 months of follow-up, the
patients remained disease-free

Fig. 4 A 46-year-old male
patient with hypopharyngeal SCC
and a score of 3. a Pretreatment
axial-enhancedMRI image shows
a posterior wall hypopharyngeal
tumour (arrows). b The
corresponding DCE-MRI image
with an overlaid Kep map of the
primary tumour shows a Kep-
tumour value of 1.62min−1. c The
corresponding DCE-MRI image
with an overlaid Ve map of the
node shows a Ve-node value of
0.21. d The corresponding
18F-FDG PET/CT image shows
an SUVmax-tumour value of
21.52. e Post-treatment axial-
enhanced MRI shows a residual
primary tumour (arrows), which
was subsequently confirmed by
pharyngolaryngectomy. The
patient died at 17 months after
chemoradiation
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of poor survival [17, 18, 21–24, 26, 30]. Interestingly, Schwartz
et al. [22] found that SUVmax of the primary tumour—but not
that of metastatic nodes—can predict survival, whereas another
study reported the opposite [21]. Furthermore, other investiga-
tors identified an association of survival with MTVor TLG but
not with SUV [19, 20, 25, 27–29]. In this study with OHSCC
homogeneously treated with chemoradiation, SUVmax-tumour
was the only 18F-FDG PET-derived parameter independently
associated with both survival endpoints, possibly as a proxy of
an increased tumour biological aggressiveness [17, 26].

Notably, the TNM stage (at present the most commonly used
prognostic system) did not correlate significantly with either PFS
or OS (Fig. 1) as our proposed scoring system did (Fig. 2).
Pending external validation, we believe that our multimodal im-
aging approach could improve the prognostic stratification of
OHSCC patients scheduled for chemoradiation. In clinical prac-
tice, our scoring systemmay be helpful for identifying a subgroup
of OPSCC patients at high risk of poor survival after chemoradi-
ation. These subjects may be considered as potential suitable can-
didates for surgery or trials of novel treatment approaches, includ-
ing molecular targeted therapy. On the other hand, integrated
PET/MRI is a novel imaging technology that has been recently
introduced into clinical practice. Because of its capability to obtain
both PETandMRI data in a single examination, hybrid PET/MRI
may not only help to compensate the interpretation pitfalls of
FDG uptake [47] but can also provide simultaneous functional
and metabolic information that would be more accurate than the
data that might be obtained by separately performing PET/CTand
MRI at different time intervals. Future studies are needed to in-
vestigate whether PET/MRI can outperform DWI MRI, DCE-
MRI, PET/CT or the combination of these techniques.

Our study has limitations that need to bementioned. First, the
single-centre nature of the study requires independent replica-
tion of the results by different research groups. Despite its use in
previous studies [2, 31], our chemotherapy scheme remains
uncommon. Consequently, translation of our results to other
centres would be hampered. Second, we acknowledge that both
DWI- and DCE-MRI-derived parameters are dependent of the
choice of the ROI. However, a single experienced head and
neck radiologist drew all ROIs in the current study. Third,
DCE-MRI and DWI analyses were performed on slices where
the primary lesion and the affected node were at their greatest
diameter, because we lacked a software package able to perform
reproducible analysis of the entire primary tumour volume and
all regional nodal metastases. Fourth, our model might not be
applicable to all patients, particularly those with small-sized,
cystic lesions or distortion artefacts. Finally, because the human
papillomavirus (HPV) status was not routinely assessed in our
institution during the study period, complete data on HPV in-
fection were not available. HPV infections may have a different
impact on outcomes to chemoradiation in hypopharyngeal ver-
sus oropharyngeal SCC. However, PFS and OS rates did not
differ significantly in our patients with hypopharyngeal versus

oropharyngeal SCC, making the confounding effect of HPV
infections likely to be non-influential in this study.

Conclusions

Our results suggest that Kep-tumour, Ve-node and SUVmax-tu-
mour are independent prognostic factors for OHSCC patients
treatedwith chemoradiation.We demonstrate that the application
of a scoring system based on multimodal imaging can permit
reliable prognosis prediction in OHSCC patients scheduled for
chemoradiation, ultimately improving treatment planning.
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