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Abstract 

Background: The clinical role of perfusion‑weighted MRI (PWI) in head and neck squamous cell carcinoma (HNSCC) 
remains to be defined. The aim of this study was to provide evidence‑based recommendations for the use of PWI 
sequence in HNSCC with regard to clinical indications and acquisition parameters.

Methods: Public databases were searched, and selected papers evaluated applying the Oxford criteria 2011. A ques‑
tionnaire was prepared including statements on clinical indications of PWI as well as its acquisition technique and 
submitted to selected panelists who worked in anonymity using a modified Delphi approach. Each panelist was asked 
to rate each statement using a 7‑point Likert scale (1 = strongly disagree, 7 = strongly agree). Statements with scores 
equal or inferior to 5 assigned by at least two panelists were revised and re‑submitted for the subsequent Delphi 
round to reach a final consensus.

Results: Two Delphi rounds were conducted. The final questionnaire consisted of 6 statements on clinical indications 
of PWI and 9 statements on the acquisition technique of PWI. Four of 19 (21%) statements obtained scores equal or 
inferior to 5 by two panelists, all dealing with clinical indications. The Delphi process was considered concluded as 
reasons entered by panelists for lower scores were mainly related to the lack of robust evidence, so that no further 
modifications were suggested.

Conclusions: Evidence‑based recommendations on the use of PWI have been provided by an independent panel 
of experts worldwide, encouraging a standardized use of PWI across university and research centers to produce more 
robust evidence.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Open Access

*Correspondence:  s.bisdas@ucl.ac.uk

7 Department of Brain Repair and Rehabilitation, UCL Queen Square Institute 
of Neurology, University College London, London, UK
Full list of author information is available at the end of the article

http://orcid.org/0000-0001-9930-5549
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13244-022-01317-1&domain=pdf


Page 2 of 9Romeo et al. Insights into Imaging          (2022) 13:198 

Background
Head and neck squamous cell carcinoma (HNSCC) rep-
resents the most common malignancy in the highly het-
erogeneous group of neoplasms affecting this anatomical 
region. HNSCC management is often challenging since 
treatment goals include not only survival improvement, 
but also organ function preservation [1]. While multiple 
imaging modalities have a recognized role in the assess-
ment of the disease, MRI thanks to its excellent soft tis-
sue contrast offers exquisite anatomical details crucial for 
accurate diagnosis, staging and follow-up of HNSCC [2, 
3]. Moreover, advanced MRI sequences can provide valu-
able functional information on tumor biology and are 
increasingly being included in MR protocols not only for 
lesion characterization in the head and neck region, but 
also for treatment monitoring of HNSCC [4, 5]. Among 
these, perfusion weighted MR imaging (PWI) allows 
to assess cancer tissue vascular properties and has the 
potential to significantly improve the accuracy of MRI 
in HNSCC evaluation both for diagnosis and prognosis 
[6]. Dynamic contrast enhanced (DCE) MRI, based on 
the serial acquisition of multiple T1-weighted images 
before, during and after the intravenous injection of a 
Gd-based contrast agent, is the most frequently used 
perfusion technique for H&N region, though other per-
fusion techniques such as dynamic susceptibility con-
trast (DSC) and arterial spin labeling (ASL) have been 
proposed [7–9]. The rationale for using PWI in HNSCCs 
evaluation lies in the possibility of evaluating tumor neo-
angiogenesis. Indeed, malignant neoplasms induce the 
formation of new vessels which are characterized by high 
tortuosity, density, and a variable degree of permeability. 
Furthermore, PWI can depict areas of tumor hypoxia 
which could reduce the response to chemotherapy and 
radiation therapy, both treatments requiring an adequate 
blood and oxygen supply to the tumor to be effective. 
Therefore, PWI might be helpful in the early assessment 
of therapy outcome.

Despite these premises, the role of this technique still 
remains to be defined in the clinical practice. Further-
more, to obtain reliable and reproducible perfusion 
parameters, standardization of the acquisition protocol is 
needed, and minimum technical requirements should be 

established. To fill the gap of recommendations for PWI 
technique and its clinical use in HNSCC management, 
we performed a systematic review of the literature and 
recruited an international panel of independent experts 
in the field, aiming to reach a consensus on the most 
crucial aspects of the technique using a modified Delphi 
approach, under the auspices of the European Society of 
Neuroradiology. This initiative is particularly intended 
to provide clinical indications of PWI to clinicians, radi-
ologists, engineers/physicists, and technicians, as well as 
to suggest optimal acquisition parameters of a standard 
PWI protocol in daily clinical practice.

Methods
Systematic literature and evidence evaluation
A systematic review of the literature was performed to 
identify experimental studies on the use of PWI in head 
and neck cancer over the last 10  years. Different data-
bases, including PubMed, Scopus, and Web of Science, 
were searched by two researchers with 5 and 8 years of 
experience. The string search along with inclusion and 
exclusion criteria is reported in Additional file  1: S1. 
Selected papers were evaluated by five expert research-
ers with 8 to 10 years of experience, supervised by a sen-
ior researcher with more than 20  years of experience, 
applying the Oxford criteria 2011 [10], which also allow 
to adjust the final classification considering additional 
parameters such as “study quality”, “imprecision”, “indi-
rectness”, “inconsistency”, “small/large effect size”. Each 
study was then assigned a category from 1 to 5, where “1” 
is the highest level of quality and “5” the lowest one.

Questionnaire development
A multidisciplinary local expert team was built, including 
radiologists, physicists, medical oncologists, surgeons, 
and radiation oncologists to identify the relevant clinical 
scenarios in HNSCC patients. A questionnaire was then 
prepared including several statements, organized in two 
different categories: “Clinical indications” and “Acquisi-
tion protocol”. Details on the included information are 
reported in Additional file 1: S2.

For both sections, the highest-quality papers were 
selected according to the level of evidence and were 
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consulted for drafting a set of statements for each topic. 
The final questionnaire included a total of 20 statements, 
of which 6 related to clinical indications of PWI and 14 to 
the acquisition technique.

Expert panel selection
According to the Delphi procedure [11], a panel of 8 
experts was identified comprising of radiologists, scien-
tists, physicists and engineers. Panelists were selected 
among experts in the field, based on published papers 
and related research activities.

Delphi rounds
A modified Delphi approach was used for reaching a final 
consensus. The questionnaire was sent via email with 
no physical meeting was arranged. All panelists worked 
in anonymity. The first questionnaire was then sent via 
e-mail to panelists who agreed to join this initiative. Pan-
elists were asked to rate the level of agreement for each 
statement using a Likert scale provided in the question-
naire. A score was therefore assigned from 1 (strongly 
disagree) to 7 (strongly agree); definitions of agreement 
scale and recommendations are reported in Additional 
file  1: S3 and S4, respectively. Panelists were also asked 
to provide comments, particularly for statements rated 
with score equal or inferior to 5 (“agree with amend-
ments”). Statements for which scores equal or inferior to 
5 were assigned by at least two panelists were modified. 
Final questionnaires were also externally reviewed by 
two additional independent experts. A cost effectiveness 
analysis was also considered for questionnaire building.

Results
First Delphi round
After the first round, 9/20 statements (45%), of which 
6/6 belonging to clinical indications (100%) and 3/14 
(21%) to acquisition protocol sections, were rated with 
scores equal or inferior to 5 by at least two panelists, and 
therefore modified according to panelists’ comments. A 
statement related to the acquisition technique section 
was also removed as the reported information had been 

included in a related modified statement. Thus, a total of 
19 statements were included in the revised questionnaire.

Second Delphi round
After the second round, two panelists were no longer 
available. Thus, questionnaires completed by rest of six 
panelists were collected. Based on the assigned scores, 
4/19 (21%) statements obtained scores equal or inferior 
to 5 by two panelists, all dealing with clinical indications. 
Based on panelists’ comments, the Delphi process was 
considered concluded as reasons entered by panelists for 
lower scores were mainly related to the lack of robust evi-
dence, so that no further modifications were suggested. 
Issues related on the availability of the PWI sequence 
among centers and particularly of post-processing imag-
ing software were also considered when considering the 
final recommendations. Recommendations for clinical 
indications and acquisition protocol of PWI in HNSCC 
are reported in Tables  1 and 2, respectively, while the 
flowchart of all process is illustrated in Fig. 1. The cost-
effectiveness analysis could not be performed due to the 
lack of Level-1 evidence (i.e., randomized clinical trials, 
meta-analyses) supporting the usefulness of PWI in the 
clinical practice. Further details are reported in Addi-
tional file 1: S5.

Discussion
In this initiative, we aimed to provide evidence-based 
recommendations for the use of PWI in HNSCC. Based 
on the results of the Delphi procedure, it emerged clearly 
that, at present, robust evidence to support the use of 
PWI in clinical practice is still lacking. Indeed, the major-
ity (80%) of statements in which a full agreement could 
not be reached were related to clinical indications. Prom-
ising clinical applications of PWI are represented by 
lesion characterization, RT planning, assessment of treat-
ment response during or after chemo-radiation therapy/
induction chemotherapy, prediction of therapy outcome 
and detection of local tumor recurrence during follow-
up after treatment. However, evidence with higher qual-
ity (multicenter, well-designed prospective studies and 

Table 1 Clinical indications of PWI in HNSCC

*Statements with lower level of agreements

Clinical scenario Recommendation

Diagnosis May be recommended

N staging Not recommended*

Radiotherapy planning—gross tumor volume and organs at risk delineation May be recommended

Early assessment of response during chemo‑radiotherapy Not recommended*

Assessment of response after chemo‑radiation therapy/induction chemotherapy May be recommended*

Detection of local tumor recurrence during follow‑up after treatment May be recommended*
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clinical trials) is needed to suggest the application of 
this advanced imaging technique in the assessment of 
head and neck tumors. Interestingly, some discrepancies 
were found between the results of the systematic litera-
ture search and experts’ opinion. Indeed, while most of 
the published studies supported the use of PWI for dif-
ferent clinical scopes, i.e., prediction/assessment of the 
response to treatment, some concerns on its real appli-
cability were raised by the panelists. This divergence in 
the viewpoint clearly reflects a gap between research 
and clinical practice, for which more consistent proofs 
are needed to ensure the transition into clinical routine. 
On the other hand, the experts were more optimistic on 
some applications. Despite the availability of limited evi-
dence for specific issues, such as RT planning and assess-
ment of disease recurrence during follow-up, the possible 
use of PWI was advocated by panelists, thus producing 
a mild recommendation. Even considering issues related 
to costs of PWI post-processing software and the time 
needed for image post-processing and PWI parameters 
calculation, statements on the mandatory use of PWI 
could not be formulated. In this light, it appears even 
more important to provide clear recommendations on 
acquisition parameters and quantitative parameters cal-
culation, so that robust and reliable scientific findings 
can be obtained and validated with standardized and 
well-defined methods, comparable across centers. Each 

clinical indication and acquisition technique statement is 
discussed below.

Clinical indications
Statement 1. Diagnosis: May be recommended
Most panelists agree that the role of PWI for the diagno-
sis of HNSCC might not be crucial. Usually, the diagno-
sis and characterization of HNSCC lesions is made using 
morphological sequences such as T2w and conventional 
post-contrast T1w images. Experts suggest a possible 
role of PWI to differentiate HNSCCs from lymphomas, 
given that significant differences were found between the 
two entities in terms of quantitative and semiquantitative 
PWI parameters [12]. PWI was found to have a possible 
role to non-invasively characterize tumor microenviron-
ment, with consequential implications on tumor grade, 
T stage and treatment planning [13–15]. Indeed, PWI 
parameters and corresponding maps may have a role in 
defining tumor microcirculation properties such as ves-
sel size and distribution, flow heterogeneity, thus result-
ing in the spatial assessment of tissue permeability and 
hypoxia [16, 17]. In several studies, a significant corre-
lation was found between quantitative PWI parameters 
 (Ktrans, Kep and Ve) and tumor stage [18, 19]. An increase 
of PWI parametric maps heterogeneity was also shown 
with the progression of T and N stage [18]. PWI-derived 
histogram analysis parameters were proven to correlate 

Table 2 Acquisition technique recommendations for PWI in HNSCC

Perfusion type

1. DCE perfusion, achieved with 3D Spoiled‑Gradient Echo T1‑weighted sequences, should be used

2. Limited evidence exist on the applicability of DSC and ASL perfusion techniques in the clinical setting

DCE acquisition parameters
1. Axial images should be acquired on scanners with a field strength of 1.5 or 3.0 Tesla using head and neck or neurovascular coils, with the follow‑
ing minimum parameters

i. Slice thickness: ≤ 4 mm (recommended: 3 mm)

ii. Gap: no gap

iii. In‑plane resolution: ≤ 2 × 2 mm

iv. Fat suppression

2. T1 mapping sequences with multiple flip angles (suggested not inferior to 3, ideally ranging from 5° to 30°) should be acquired, with the same 
geometry of DCE, prior to contrast administration to obtain accurate data kinetic fitting

3. Temporal resolution should be ≤ 5 s, with 5 acquisitions prior to contrast agent administration and a total acquisition time of at least 5 min

Contrast agent
1. Gadolinium‑based contrast agents should be employed at the recommended dosage based on molecule choice with an injection 
rate ≥ 2 mL/s, followed by at least 20 mL saline flush

Image analysis
1. Bi‑compartimental and extended Tofts models are the current reference standard for quantitative perfusion parameter calculation

2. The arterial input function should be measured placing a ROI in the carotid arteries (external/internal or common based on lesion location and 
best time‑intensity curve morphology). The use of a population‑based AIF can be considered

Quantitative DCE parameters calculation
1. ROIs should be placed on DCE post‑contrast images avoiding areas of hemorrhage, necrosis, cystic components and neighboring vessels and 
pasted on perfusion maps to extract the quantitative parameters
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with VEGF and EGFR expression, particularly in oro-
pharynx carcinoma [20, 21] and also in HNSCC nodal 
metastasis [22]. Nevertheless, the routine use of PWI in 
clinical practice for the diagnosis of HNSCC could not be 
endorsed.

Statement 2. N staging: Not recommended
Several studies in the scientific literature support a pos-
sible role of PWI for lymph node (LN) characterization 
in HNSCC. Indeed, PWI parameters were found elevated 
in malignant LN compared to the benign ones, indepen-
dently of short-axis diameter [23]. PWI parameters also 
negatively correlate with 18F-FMISO uptake in malignant 
LNs, supporting the hypothesis that hypoxic metastatic 
LNs are poorly perfused [24]. Differences in terms of 
 Ktrans extracted from pathological LNs in nasopharynx 
HNSCC were also observed among patients with differ-
ent N stages, with N3 patients showing the highest values 
[25]. Conversely, lower  Ktrans values calculated for pri-
mary HNSCC of the oral cavity were found in advanced 
N stage cases, possibly indicating that hypoxic tumors 
are more prone to nodal dissemination [26]. Despite pub-
lished studies are limited mainly by small sample size, 
the proposed recommendation by the local panel for this 
statement was “May be recommended”. However, pan-
elists scores were concordant suggesting a “downgrade” 
of such a recommendation toward “Not recommended”, 
particularly claiming that, at present, there is no proof 

of a clear benefit of using PWI over PET/CT or ultra-
sound-guided fine needle aspiration biopsy. Despite the 
applied changes, there was still a disagreement of two 
panelists based on the lack of sufficient evidence. There-
fore, comparative studies and cost-effectiveness analysis 
are required to demonstrate the actual potential of PWI 
in this clinical scenario.

Statement 3. Radiotherapy planning—gross tumor volume 
and organs at risk delineation: May be recommended
Based on the current literature, there is no established 
single imaging modality for adequately defining a RT 
boosting target volume [27]. Due to the lack of robust 
evidence on this matter, the recommendation originally 
proposed was “Not recommended”. Nevertheless, PWI 
might be useful for RT planning, as suggested in the lit-
erature and acknowledged by the experts. Indeed, PWI 
can identify intratumoral areas of hypoxia, which is one 
of the most important prognostic factors determin-
ing RT failure [28]. In this setting, artificial intelligence 
(AI)-based models applied to DCE-MRI were built to 
identify poorly perfused subvolumes of tumors [29, 30]. 
Considering that RT planning is often made on the basis 
of different MR images, including both anatomical and 
functional (e.g., diffusion MR imaging); the recommen-
dation was changed to “May be recommended” after the 
first round of the Delphi process, achieving a wider con-
sensus among panelists during the second round.

Fig. 1 Flowchart illustrating the process of recommendations development
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Statement 4. Early assessment of response 
during chemo‑radiotherapy: Not recommended
Several studies promote the use of PWI for early assess-
ment of treatment response during chemo-RT. A recent 
systematic review by Bernstein et al. including six stud-
ies found that  Ktrans and its related histogram analytical 
parameters were predictive of good clinical outcomes 
[31]. The majority of available studies report that higher 
pre-treatment  Ktrans values, that decrease early during 
chemo-RT, are associated with better treatment and sur-
vival outcomes [32–36]. To date, PWI parameters have 
been applied in prospective clinical trials for the assess-
ment of treatment response [34, 37]. However, some dis-
crepancies are reported in the literature as pre-treatment 
PWI parameters were unable to predict treatment fail-
ures [38], and difference between good-responders and 
poor/non-responders [39]. In line with these contradict-
ing findings and considering the scores < 5 given by two 
panelists, the final indication was “Not recommended”. 
Further standardization of acquisition techniques and 
quantitative parameters calculation is needed to further 
promote the use of quantitative PWI in clinical practice, 
thus allowing to assess the usefulness of the routine per-
formance of a contrast-enhanced MRI during treatment 
that could influence treatment strategy.

Statement 5. Assessment of response 
after chemo‑radiation therapy/induction chemotherapy: 
May be recommended
Like the early assessment of the response to treatment, 
most of the available evidence suggest a possible role of 
quantitative PWI parameters for the assessment of treat-
ment response. Baseline values of Ve were found to be 
higher in responders compared to non-responders oral 
cancer patients, reflecting an increase of the extravas-
cular-extracellular space due to cell death [40]. In the 
same way, nasopharyngeal carcinoma patients showing 
complete response exhibited lower post-treatment  Ktrans 
values and larger delta  Ktrans between pre- and post-treat-
ment MRI examinations [41]. Considering the promising 
findings of the literature, the recommendation proposed 
by the local team was “Recommended”, that was succes-
sively downgraded to “May be recommended” during the 
Delphi procedure due to the lack of randomized clinical 
trials and concerns on parameters variability across cent-
ers. This position was further highlighted by the lower 
level of agreement on this statement, as two experts still 
assigned scores ≤ 5 due to the lack of robust evidence.

Statement 6. Detection of local tumor recurrence 
during follow‑up after treatment: May be recommended
Most of the studies conducted on the usefulness of PWI 
for the discrimination of post-treatment changes and 

local recurrence are based on the use of semiquantita-
tive parameters and DSC-PWI [9, 42, 43]. For this state-
ments, opinion among the panelists was divided as some 
of them advocated the use of PWI for imaging follow-up 
while others were skeptical based on the limited number 
of studies published so far [44]. A final “May be recom-
mended” option was finally assigned as the discrepancy 
was mainly due to the lack of available evidence and con-
sidering the need to further promote research activities 
in this field.

Acquisition protocol
The first two statements were not modified after the first 
Delphi round. Indeed, the majority of panelists agreed 
that DCE-MRI obtained with 3D-spoiledgradient- echo 
T1-weighted images is a choice of sequence for acquir-
ing DCE-MRI data [31, 45], due to shorter acquisition 
time and high contrast-resolution of the head and neck 
region. It should be noted that new generation sequences 
are expected to enter the clinical arena in the near future, 
based on radial acquisition technique, which is less prone 
to artefacts caused by voluntary/involuntary motions 
[46].

Regarding the application of DSC and ASL perfusion 
techniques, preliminary studies have demonstrated a 
correlation between tumor blood flow as estimated by 
ASL and DCE-MRI techniques [47, 48] and pathologi-
cal degree of tumor differentiation [49]. However, experts 
agreed that limited evidence exist to promote the use of 
DSC and ASL techniques in clinical practice.

Statement 3 includes recommendations on basic acqui-
sition parameters. Here, the aim is to provide general 
advice, to be adjusted based on MRI scanner, patients 
and lesions’ features. In detail, it is advisable that slice 
thickness remains under 4  mm, with the optimal value 
of 3 mm, with no gap and an in-plane resolution < 2 × 2 
 mm2. Use of fat suppression methods is also recom-
mended. Dedicated head and neck phased array coils 
should be used, taking the possibility of also employ-
ing surface coils into account, to improve image details 
and signal-to-noise ratio (SNR). Drawbacks of the use of 
surface coils are related to the low depth of penetration, 
thus limiting their use to superficial organs, such as the 
larynx. Since information on the in-plane resolution was 
given, it was decided not to include recommendation on 
FOV, as it is usually prescribed depending on lesion size 
and position.

Flip angle should also be kept as low as possible, due 
to the short TR, and T1 mapping with variable flip angle 
should also be performed, to calculate the baseline T1, 
thus allowing a more accurate estimation of T1 changes 
related to contrast agent injection, as reported in state-
ment 4.
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Expert agreed that temporal resolution of the PWI 
sequence should be kept high (i.e., lower than 5  s) by 
using parallel imaging, without compromising SNR and 
spatial resolution. This is crucial to accurately calculate 
the transfer of contrast agent through capillary vessels 
and thus assess vascular function [50]. The use of a power 
injector is also essential, with a rate ≥ 2 ml/s, (ranging in 
the literature between 2 and 4 ml/s), acknowledged as the 
most widely adopted in literature.

Different pharmacokinetic models were used, with the 
most extensively being used as proposed by Tofts and co-
investigators [51], enabling the estimation of all the most 
widely used parameters, such as  Ktrans, Kep, Ve and Vp. 
The measurement of AIF, probing the amount of con-
trast agent entering the tissue of interest, is necessary 
for the estimation of quantitative parameters. Usually, a 
region of interest (ROI) is placed on a major vessel near 
the tumor site for AIF calculation, that is internal/exter-
nal carotid artery for the head and neck region. As the 
reliability of AIF measurement is challenging due to par-
tial volume effects, temporal resolution-related under-
sampling, and inflow effects, panelists also suggested the 
possibility of using a population-based AIF to improve 
precision, especially when temporal resolution is sub-
optimal. While the aim of this initiative was to provide 
recommendations for PWI acquisition technique, a 
statement was also included on quantitative param-
eters calculation from DCE images, as several concerns 
were raised recently in the literature on their variability. 
As multiparametric maps are computed from DCE-MR 
images, ROI delineation should be performed on native 
post-contrast perfusion images, preferably the subtracted 
ones, using T2w and high-resolution post-contrast T1w 
images to better delineate tumor margins. While drawing 
ROIs, care should be taken to exclude areas of necrosis, 
hemorrhage, cysts and neighboring vessels. No specific 
instructions on which post-contrast time point should be 
used for tumor segmentation can be derived from the lit-
erature at this stage. However, considering the enhance-
ment pattern of HNSCCs, the calculation of quantitative 
parameters should not be influenced by the time point at 
which tumor segmentation is performed. Nonetheless, 
this issue remains to be clarified.

Conclusions
Evidence-based recommendations on the use of PWI 
have been provided by an independent panel of experts 
worldwide, combining information derived from the cur-
rent literature with experts’ opinion using the Delphi 
technique. Based on this experience, there is still no suf-
ficient evidence and resources to promote the use of PWI 
in clinical practice. Nevertheless, a wider consensus was 

reached among panelists on acquisition parameters to be 
used to standardize the acquisition of the PWI sequence 
and computation of corresponding quantitative param-
eters. Experts further encourage a standardized use of 
PWI across research and clinical centers to produce more 
robust evidence, preferably by way of multicenter/multi-
platform studies in order to assess the clinical value of 
this challenging and promising functional MR technique 
for future applications in head and neck.

Recommendations’ update
The provided recommendations will be updated every 
two years based on the availability of relevant evidence 
on the matter.

Abbreviations
AIF: Arterial input function; ASL: Arterial spin labeling; DCE: Dynamic contrast 
enhanced; DSC: Dynamic susceptibility contrast; FOV: Field of view; HNSCC: 
Head and neck squamous cell carcinoma; Ktrans: Volume transfer constant; 
LN: Lymph node; PWI: Perfusion weighted imaging; RT: Radiotherapy; SNR: 
Signal‑to‑noise ratio; Ve: Volume fraction of extravascular extracellular space; 
Vp: Volume fraction of plasma space.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13244‑ 022‑ 01317‑1.

Additional file 1. string search; inclusion/exclusion criteria; informa‑
tion included in the PWI questionnaire; definition of the agreement to a 
7‑scores Likert scale; definitions of recommendations; and cost‑effective‑
ness analysis.

Acknowledgements
This work was conducted with the endorsement of the European Society of 
Neuroradiology. We thank Prof. Roberto Pacelli and Dr. Francesco Perri for their 
contribution in the preliminary identification of clinical scenarios for the use of 
PWI in HNSCC.

Author contributions
We confirm that each author made substantial contributions to all the follow‑
ing categories established by the ICMJE: "conception and design, or acquisi‑
tion of data, or analysis and interpretation of data," "drafting the article or revis‑
ing it critically for important intellectual content," "final approval of the version 
to be published," "agreement to be accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity of any part of 
the work are appropriately investigated and resolved." VR was involved in the 
conceptualization, data curation, formal analysis, investigation, methodology, 
project administration, supervision, validation, visualization, writing—original 
draft, writing—review and editing. AS contributed to the data curation, formal 
analysis, investigation, methodology, writing—original draft, writing—review 
and editing. LU helped in the data curation, formal analysis, investigation, 
methodology, supervision, writing—review and editing. RC contributed to the 
data curation, formal analysis, investigation, methodology, writing—review 
and editing. SC was involved in the data curation, formal analysis, investiga‑
tion, methodology, writing—review and editing. MQ contributed to the 
investigation, supervision, validation, methodology, writing—review and edit‑
ing. SC contributed to the investigation, methodology, supervision, validation, 
visualization, writing—review and editing. DF contributed to the investiga‑
tion, methodology, supervision, validation, visualization, writing—review 
and editing. XG was involved in the investigation, methodology, supervision, 
validation, visualization, writing—review and editing. GP performed the 

https://doi.org/10.1186/s13244-022-01317-1
https://doi.org/10.1186/s13244-022-01317-1


Page 8 of 9Romeo et al. Insights into Imaging          (2022) 13:198 

investigation, supervision, validation, visualization, writing—review and 
editing. AS‑D was involved in the investigation, methodology, supervision, 
validation, visualization, writing—review and editing. HT contributed to the 
investigation, methodology, supervision, validation, visualization, writing—
review and editing. AV performed the investigation, supervision, validation, 
visualization, writing—review and editing. AB was involved in the investiga‑
tion, methodology, supervision, validation, visualization, writing—review and 
editing. KS‑P contributed to the conceptualization, supervision, validation. SB 
was involved in the conceptualization, data curation, formal analysis, investiga‑
tion, methodology, project administration, resources, supervision, validation, 
visualization, writing—review and editing.

Funding
This study received no funding.

Availability of data and materials
Data can be provided by the corresponding author under reasonable 
question.

Declarations

Ethics approval and consent to participate:
Not applicable.

Consent for publication:
Not applicable.

Competing interests
The authors confirm that they do not have competing interests.

Author details
1 Department of Advanced Biomedical Sciences, University of Naples “Federico 
II”, Naples, Italy. 2 Department of Clinical Medicine and Surgery, University 
of Naples “Federico II”, Naples, Italy. 3 Interdepartmental Research Center 
on Management and Innovation in Healthcare ‑ CIRMIS, University of Naples 
Federico II, Naples, Italy. 4 Biostructure and Bioimaging Institute, National 
Research Council, Naples, Italy. 5 Department of Radiology, Perelman School 
of Medicine, the University of Pennsylvania, Philadelphia, PA, USA. 6 Depart‑
ment of Medical and Surgical Specialties, Radiological Sciences, and Public 
Health, University of Brescia, Brescia, Italy. 7 Department of Brain Repair 
and Rehabilitation, UCL Queen Square Institute of Neurology, University 
College London, London, UK. 8 Lysholm Department of Neuroradiology, 
The National Hospital for Neurology and Neurosurgery, University College 
Hospitals NHS Trust, London, UK. 9 Department of Computer Science, Centre 
for Medical Image Computing, Queen Square Institute of Neurology, Univer‑
sity College London, London, UK. 10 Department of Radiology, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA. 11 Departments of Medical Phys‑
ics, Memorial Sloan Kettering Cancer Center, New York, NY, USA. 12 Department 
of Radiology, Cantonal Hospital Fribourg, University of Fribourg, Fribourg, Swit‑
zerland. 13 Department of Radiology and Diagnostic Imaging, IRCCS Regina 
Elena National Cancer Institute, Rome, Italy. 14 Department of Neuroradiology, 
University Clinical Centre, Ljubljana, Slovenia. 

Received: 1 July 2022   Accepted: 19 October 2022

References
 1. Argiris A, Karamouzis MV, Raben D, Ferris RL (2008) Head and neck cancer. 

Lancet 371:1695–1709. https:// doi. org/ 10. 1016/ S0140‑ 6736(08) 60728‑X
 2. Junn JC, Soderlund KA, Glastonbury CM (2021) Imaging of Head and 

Neck Cancer With CT, MRI, and US. Semin Nucl Med 51:3–12. https:// doi. 
org/ 10. 1053/j. semnu clmed. 2020. 07. 005

 3. Wong KH, Panek R, Bhide SA, Nutting CM, Harrington KJ, Newbold 
KL (2017) The emerging potential of magnetic resonance imaging in 
personalizing radiotherapy for head and neck cancer: an oncologist’s 
perspective. Br J Radiol 90:20160768. https:// doi. org/ 10. 1259/ bjr. 20160 
768

 4. Dai YL, King AD (2018) State of the art MRI in head and neck cancer. Clin 
Radiol 73:45–59. https:// doi. org/ 10. 1016/j. crad. 2017. 05. 020

 5. El Beltagi AH, Elsotouhy AH, Own AM, Abdelfattah W, Nair K, Vattoth S 
(2019) Functional magnetic resonance imaging of head and neck cancer: 
Performance and potential. Neuroradiol J 32:36–52. https:// doi. org/ 10. 
1177/ 19714 00918 808546

 6. Davis AJ, Rehmani R, Srinivasan A, Fatterpekar GM (2018) Perfusion and 
permeability imaging for head and neck cancer. Magn Reson Imaging 
Clin N Am 26:19–35. https:// doi. org/ 10. 1016/j. mric. 2017. 08. 002

 7. Xiao B, Wang P, Zhao Y, Liu Y, Ye Z (2021) Using arterial spin labeling blood 
flow and its histogram analysis to distinguish early‑stage nasopharyngeal 
carcinoma from lymphoid hyperplasia. Medicine (Baltimore) 100:e24955. 
https:// doi. org/ 10. 1097/ MD. 00000 00000 024955

 8. Ahn Y, Choi YJ, Sung YS et al (2021) Histogram analysis of arterial spin 
labeling perfusion data to determine the human papillomavirus status of 
oropharyngeal squamous cell carcinomas. Neuroradiology 63:1345–1352. 
https:// doi. org/ 10. 1007/ s00234‑ 021‑ 02751‑6

 9. Abdel Razek AAK, Gaballa G, Ashamalla G, Alashry MS, Nada N (2015) 
Dynamic susceptibility contrast perfusion‑weighted magnetic resonance 
imaging and diffusion‑weighted magnetic resonance imaging in dif‑
ferentiating recurrent head and neck cancer from postradiation changes. 
J Comput Assist Tomogr 39:849–854. https:// doi. org/ 10. 1097/ RCT. 00000 
00000 000311

 10. Howick J, Chalmers I, Glasziou P et al (2011) OCEBM levels of evidence 
working group*. The oxford levels of evidence 2. In: Oxford cent. 
Evidence‑Based Med

 11. Fitch K, Bernstein SJ, Aguilar MD et al (2001) The RAND/UCLA appropri‑
ateness method user’s manual. RAND Corp, St Monica 

 12. Lee FK, King AD, Ma BB‑Y, Yeung DK (2012) Dynamic contrast enhance‑
ment magnetic resonance imaging (DCE‑MRI) for differential diagnosis 
in head and neck cancers. Eur J Radiol 81:784–788. https:// doi. org/ 10. 
1016/j. ejrad. 2011. 01. 089

 13. Surov A, Meyer HJ, Gawlitza M et al (2017) Correlations between DCE 
MRI and histopathological parameters in head and neck squamous cell 
carcinoma. Transl Oncol 10:17–21. https:// doi. org/ 10. 1016/j. tranon. 2016. 
10. 001

 14. Surov A, Leifels L, Meyer HJ, Winter K, Sabri O, Purz S (2018) Associations 
between histogram analysis DCE MRI parameters and complex 18F‑FDG‑
PET values in head and neck squamous cell carcinoma. Anticancer Res 
38:1637–1642. https:// doi. org/ 10. 21873/ antic anres. 12395

 15. Dong Ji X, Yan S, Xia S, Guo Y, Shen W (2019) Quantitative parameters 
correlated well with differentiation of squamous cell carcinoma at 
head and neck: a study of dynamic contrast‑enhanced MRI. Acta Radiol 
60:962–968. https:// doi. org/ 10. 1177/ 02841 85118 809543

 16. Bisdas S, Seitz O, Middendorp M et al (2010) An exploratory pilot study 
into the association between microcirculatory parameters derived by 
MRI‑based pharmacokinetic analysis and glucose utilization estimated 
by PET‑CT imaging in head and neck cancer. Eur Radiol 20:2358–2366. 
https:// doi. org/ 10. 1007/ s00330‑ 010‑ 1803‑x

 17. Newbold K, Castellano I, Charles‑Edwards E et al (2009) An exploratory 
study into the role of dynamic contrast‑enhanced magnetic resonance 
imaging or perfusion computed tomography for detection of intratu‑
moral hypoxia in head‑and‑neck cancer. Int J Radiat Oncol 74:29–37. 
https:// doi. org/ 10. 1016/j. ijrobp. 2008. 07. 039

 18. Zheng D, Chen Y, Chen Y et al (2014) Dynamic contrast‑enhanced MRI 
of nasopharyngeal carcinoma: a preliminary study of the correlations 
between quantitative parameters and clinical stage. J Magn Reson Imag‑
ing 39:940–948. https:// doi. org/ 10. 1002/ jmri. 24249

 19. Huang B, Wong C‑S, Whitcher B et al (2013) Dynamic contrast‑enhanced 
magnetic resonance imaging for characterising nasopharyngeal carci‑
noma: comparison of semiquantitative and quantitative parameters and 
correlation with tumour stage. Eur Radiol 23:1495–1502. https:// doi. org/ 
10. 1007/ s00330‑ 012‑ 2740‑7

 20. Meyer HJ, Leifels L, Hamerla G, Höhn AK, Surov A (2019) Associations 
between histogram analysis parameters derived from DCE‑MRI and histo‑
pathological features including expression of EGFR, p16, VEGF, Hif1‑alpha, 
and p53 in HNSCC. Contrast Media Mol Imaging 2019:1–10. https:// doi. 
org/ 10. 1155/ 2019/ 50819 09

 21. Choi YS, Park M, Kwon HJ, Koh YW (2016) Human papillomavirus and 
epidermal growth factor receptor in oral cavity and oropharyngeal squa‑
mous cell carcinoma: correlation with dynamic contrast‑enhanced MRI 

https://doi.org/10.1016/S0140-6736(08)60728-X
https://doi.org/10.1053/j.semnuclmed.2020.07.005
https://doi.org/10.1053/j.semnuclmed.2020.07.005
https://doi.org/10.1259/bjr.20160768
https://doi.org/10.1259/bjr.20160768
https://doi.org/10.1016/j.crad.2017.05.020
https://doi.org/10.1177/1971400918808546
https://doi.org/10.1177/1971400918808546
https://doi.org/10.1016/j.mric.2017.08.002
https://doi.org/10.1097/MD.0000000000024955
https://doi.org/10.1007/s00234-021-02751-6
https://doi.org/10.1097/RCT.0000000000000311
https://doi.org/10.1097/RCT.0000000000000311
https://doi.org/10.1016/j.ejrad.2011.01.089
https://doi.org/10.1016/j.ejrad.2011.01.089
https://doi.org/10.1016/j.tranon.2016.10.001
https://doi.org/10.1016/j.tranon.2016.10.001
https://doi.org/10.21873/anticanres.12395
https://doi.org/10.1177/0284185118809543
https://doi.org/10.1007/s00330-010-1803-x
https://doi.org/10.1016/j.ijrobp.2008.07.039
https://doi.org/10.1002/jmri.24249
https://doi.org/10.1007/s00330-012-2740-7
https://doi.org/10.1007/s00330-012-2740-7
https://doi.org/10.1155/2019/5081909
https://doi.org/10.1155/2019/5081909


Page 9 of 9Romeo et al. Insights into Imaging          (2022) 13:198  

Parameters. AJR Am J Roentgenol 206:408–413. https:// doi. org/ 10. 2214/ 
AJR. 15. 14713

 22. Jansen JFA, Carlson DL, Lu Y et al (2012) Correlation of a priori DCE‑MRI 
and 1H‑MRS data with molecular markers in neck nodal metastases: Ini‑
tial analysis. Oral Oncol 48:717–722. https:// doi. org/ 10. 1016/j. oralo ncolo 
gy. 2012. 02. 001

 23. Yan S, Wang Z, Li L et al (2016) Characterization of cervical lymph 
nodes using DCE‑MRI: differentiation between metastases from SCC 
of head and neck and benign lymph nodes. Clin Hemorheol Microcirc 
64:213–222. https:// doi. org/ 10. 3233/ CH‑ 162065

 24. Jansen JFA, Schöder H, Lee NY et al (2010) Noninvasive assessment of 
tumor microenvironment using dynamic contrast‑enhanced magnetic 
resonance imaging and 18F‑fluoromisonidazole positron emission 
tomography imaging in neck nodal metastases. Int J Radiat Oncol 
77:1403–1410. https:// doi. org/ 10. 1016/j. ijrobp. 2009. 07. 009

 25. Huang B, Kwong DL‑W, Lai V et al (2017) Dynamic contrast‑enhanced 
magnetic resonance imaging of regional nodal metastasis in naso‑
pharyngeal carcinoma: correlation with nodal staging. Contrast Media 
Mol Imaging 2017:1–6. https:// doi. org/ 10. 1155/ 2017/ 45196 53

 26. Chikui T, Kitamoto E, Kami Y, Chan Q, Whitcher B, Khong P‑L (2015) 
Dynamic contrast‑enhanced MRI of oral squamous cell carcinoma: a 
preliminary study of the correlations between quantitative parameters 
and the clinical stage. Br J Radiol 88:20140814. https:// doi. org/ 10. 1259/ 
bjr. 20140 814

 27. Teng F, Aryal M, Lee J et al (2018) Adaptive boost target definition in high‑
risk head and neck cancer based on multi‑imaging risk biomarkers. Int J 
Radiat Oncol 102:969–977. https:// doi. org/ 10. 1016/j. ijrobp. 2017. 12. 269

 28. Newbold K, Partridge M, Cook G et al (2006) Advanced imaging applied 
to radiotherapy planning in head and neck cancer: a clinical review. Br J 
Radiol 79:554–561. https:// doi. org/ 10. 1259/ bjr/ 48822 193

 29. You D, Aryal M, Samuels SE, Eisbruch A, Cao Y (2016) Temporal feature 
extraction from DCE‑MRI to identify poorly perfused subvolumes of 
tumors related to outcomes of radiation therapy in head and neck can‑
cer. Tomography 2:341–352. https:// doi. org/ 10. 18383/j. tom. 2016. 00199

 30. Wang P, Popovtzer A, Eisbruch A, Cao Y (2012) An approach to identify, 
from DCE MRI, significant subvolumes of tumors related to outcomes in 
advanced head‑and‑neck cancera). Med Phys 39:5277–5285. https:// doi. 
org/ 10. 1118/1. 47370 22

 31. Bernstein JM, Homer JJ, West CM (2014) Dynamic contrast‑enhanced 
magnetic resonance imaging biomarkers in head and neck cancer: 
Potential to guide treatment? A systematic review. Oral Oncol 50:963–
970. https:// doi. org/ 10. 1016/j. oralo ncolo gy. 2014. 07. 011

 32. Zheng D, Yue Q, Ren W et al (2017) Early responses assessment of neo‑
adjuvant chemotherapy in nasopharyngeal carcinoma by serial dynamic 
contrast‑enhanced MR imaging. Magn Reson Imaging 35:125–131. 
https:// doi. org/ 10. 1016/j. mri. 2016. 08. 011

 33. Ng S‑H, Lin C‑Y, Chan S‑C et al (2013) Dynamic contrast‑enhanced MR 
imaging predicts local control in oropharyngeal or hypopharyngeal 
squamous cell carcinoma treated with chemoradiotherapy. PLoS One 
8:e72230. https:// doi. org/ 10. 1371/ journ al. pone. 00722 30

 34. Yoo DS, Kirkpatrick JP, Craciunescu O et al (2012) Prospective trial of 
synchronous bevacizumab, erlotinib, and concurrent chemoradiation in 
locally advanced head and neck cancer. Clin Cancer Res 18:1404–1414. 
https:// doi. org/ 10. 1158/ 1078‑ 0432. CCR‑ 11‑ 1982

 35. Kim S, Loevner LA, Quon H et al (2010) Prediction of response to chemo‑
radiation therapy in squamous cell carcinomas of the head and neck 
using dynamic contrast‑enhanced mr imaging. AJNR Am J Neuroradiol 
31:262–268. https:// doi. org/ 10. 3174/ ajnr. A1817

 36. Chawla S, Kim S, Loevner LA et al (2011) Prediction of disease‑free 
survival in patients with squamous cell carcinomas of the head and neck 
using dynamic contrast‑enhanced MR imaging. AJNR Am J Neuroradiol 
32:778–784. https:// doi. org/ 10. 3174/ ajnr. A2376

 37. Machiels J‑P, Bossi P, Menis J et al (2018) Activity and safety of afatinib in a 
window preoperative EORTC study in patients with squamous cell carci‑
noma of the head and neck (SCCHN). Ann Oncol 29:985–991. https:// doi. 
org/ 10. 1093/ annonc/ mdy013

 38. King AD, Chow SKK, Yu K‑H et al (2015) DCE‑MRI for pre‑treatment predic‑
tion and post‑treatment assessment of treatment response in sites of 
squamous cell carcinoma in the head and neck. PLoS One 10:e0144770. 
https:// doi. org/ 10. 1371/ journ al. pone. 01447 70

 39. Hou J, Yu X, Hu Y et al (2016) Value of intravoxel incoherent motion and 
dynamic contrast‑enhanced MRI for predicting the early and short‑term 
responses to chemoradiotherapy in nasopharyngeal carcinoma. Med 
(Baltimore) 95:e4320. https:// doi. org/ 10. 1097/ MD. 00000 00000 004320

 40. Chikui T, Kitamoto E, Kawano S et al (2012) Pharmacokinetic analy‑
sis based on dynamic contrast‑enhanced MRI for evaluating tumor 
response to preoperative therapy for oral cancer. J Magn Reson Imaging 
36:589–597. https:// doi. org/ 10. 1002/ jmri. 23704

 41. Zheng D, Chen Y, Liu X et al (2015) Early response to chemoradiotherapy 
for nasopharyngeal carcinoma treatment: value of dynamic contrast‑
enhanced 3.0 T MRI. J Magn Reson Imaging 41:1528–1540. https:// doi. 
org/ 10. 1002/ jmri. 24723

 42. Choi SH, Lee JH, Choi YJ, Park J (2017) Detection of local tumor recurrence 
after definitive treatment of head and neck squamous cell carcinoma: 
histogram analysis of dynamic contrast‑enhanced T1‑weighted perfusion 
MRI. AJR Am J Roentgenol 208:42–47. https:// doi. org/ 10. 2214/ AJR. 16. 
16127

 43. Choi YJ, Lee JH, Sung YS et al (2016) Value of dynamic contrast‑enhanced 
MRI to detect local tumor recurrence in primary head and neck cancer 
patients. Medicine (Baltimore) 95:e3698. https:// doi. org/ 10. 1097/ MD. 
00000 00000 003698

 44. Ishiyama M, Richards T, Parvathaneni U, Anzai Y (2015) Dynamic contrast‑
enhanced magnetic resonance imaging in Head and Neck Cancer: 
differentiation of new H&N cancer, recurrent disease, and benign post‑
treatment changes. Clin Imaging 39:566–570. https:// doi. org/ 10. 1016/j. 
clini mag. 2015. 01. 016

 45. Noij DP, de Jong MC, Mulders LGM et al (2015) Contrast‑enhanced 
perfusion magnetic resonance imaging for head and neck squamous cell 
carcinoma: a systematic review. Oral Oncol 51:124–138. https:// doi. org/ 
10. 1016/j. oralo ncolo gy. 2014. 10. 016

 46. Wu X, Raz E, Block TK et al (2014) Contrast‑enhanced radial 3D fat‑
suppressed T1‑weighted gradient‑recalled echo sequence versus 
conventional fat‑suppressed contrast‑enhanced T1‑weighted studies of 
the head and neck. AJR Am J Roentgenol 203:883–889. https:// doi. org/ 
10. 2214/ AJR. 13. 11729

 47. Fujima N, Kudo K, Tsukahara A et al (2015) Measurement of tumor blood 
flow in head and neck squamous cell carcinoma by pseudo‑continuous 
arterial spin labeling: comparison with dynamic contrast‑enhanced MRI. J 
Magn Reson Imaging 41:983–991. https:// doi. org/ 10. 1002/ jmri. 24637

 48. Lin M, Yu X, Luo D et al (2018) Investigating the correlation of arterial spin 
labeling and dynamic contrast enhanced perfusion in primary tumor of 
nasopharyngeal carcinoma. Eur J Radiol 108:222–229. https:// doi. org/ 10. 
1016/j. ejrad. 2018. 09. 034

 49. Abdel Razek AAK, Nada N (2018) Arterial spin labeling perfusion‑
weighted MR imaging: correlation of tumor blood flow with pathological 
degree of tumor differentiation, clinical stage and nodal metastasis of 
head and neck squamous cell carcinoma. Eur Arch Otorhinolaryngol 
275:1301–1307. https:// doi. org/ 10. 1007/ s00405‑ 018‑ 4950‑3

 50. Gaddikeri S, Gaddikeri RS, Tailor T, Anzai Y (2016) Dynamic contrast‑
enhanced MR imaging in head and neck cancer: techniques and clinical 
applications. AJNR Am J Neuroradiol 37:588–595. https:// doi. org/ 10. 
3174/ ajnr. A4458

 51. Tofts PS, Brix G, Buckley DL et al (1999) Estimating kinetic parameters 
from dynamic contrast‑enhanced t1‑weighted MRI of a diffusable tracer: 
Standardized quantities and symbols. J Magn Reson Imaging 10:223–232. 
https:// doi. org/ 10. 1002/ (SICI) 1522‑ 2586(199909) 10:3% 3c223:: AID‑ JMRI2% 
3e3.0. CO;2‑S

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.2214/AJR.15.14713
https://doi.org/10.2214/AJR.15.14713
https://doi.org/10.1016/j.oraloncology.2012.02.001
https://doi.org/10.1016/j.oraloncology.2012.02.001
https://doi.org/10.3233/CH-162065
https://doi.org/10.1016/j.ijrobp.2009.07.009
https://doi.org/10.1155/2017/4519653
https://doi.org/10.1259/bjr.20140814
https://doi.org/10.1259/bjr.20140814
https://doi.org/10.1016/j.ijrobp.2017.12.269
https://doi.org/10.1259/bjr/48822193
https://doi.org/10.18383/j.tom.2016.00199
https://doi.org/10.1118/1.4737022
https://doi.org/10.1118/1.4737022
https://doi.org/10.1016/j.oraloncology.2014.07.011
https://doi.org/10.1016/j.mri.2016.08.011
https://doi.org/10.1371/journal.pone.0072230
https://doi.org/10.1158/1078-0432.CCR-11-1982
https://doi.org/10.3174/ajnr.A1817
https://doi.org/10.3174/ajnr.A2376
https://doi.org/10.1093/annonc/mdy013
https://doi.org/10.1093/annonc/mdy013
https://doi.org/10.1371/journal.pone.0144770
https://doi.org/10.1097/MD.0000000000004320
https://doi.org/10.1002/jmri.23704
https://doi.org/10.1002/jmri.24723
https://doi.org/10.1002/jmri.24723
https://doi.org/10.2214/AJR.16.16127
https://doi.org/10.2214/AJR.16.16127
https://doi.org/10.1097/MD.0000000000003698
https://doi.org/10.1097/MD.0000000000003698
https://doi.org/10.1016/j.clinimag.2015.01.016
https://doi.org/10.1016/j.clinimag.2015.01.016
https://doi.org/10.1016/j.oraloncology.2014.10.016
https://doi.org/10.1016/j.oraloncology.2014.10.016
https://doi.org/10.2214/AJR.13.11729
https://doi.org/10.2214/AJR.13.11729
https://doi.org/10.1002/jmri.24637
https://doi.org/10.1016/j.ejrad.2018.09.034
https://doi.org/10.1016/j.ejrad.2018.09.034
https://doi.org/10.1007/s00405-018-4950-3
https://doi.org/10.3174/ajnr.A4458
https://doi.org/10.3174/ajnr.A4458
https://doi.org/10.1002/(SICI)1522-2586(199909)10:3%3c223::AID-JMRI2%3e3.0.CO;2-S
https://doi.org/10.1002/(SICI)1522-2586(199909)10:3%3c223::AID-JMRI2%3e3.0.CO;2-S

	Clinical indications and acquisition protocol for the use of dynamic contrast-enhanced MRI in head and neck cancer squamous cell carcinoma: recommendations from an expert panel
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Key Points 
	Background
	Methods
	Systematic literature and evidence evaluation
	Questionnaire development
	Expert panel selection
	Delphi rounds

	Results
	First Delphi round
	Second Delphi round

	Discussion
	Clinical indications
	Statement 1. Diagnosis: May be recommended
	Statement 2. N staging: Not recommended
	Statement 3. Radiotherapy planning—gross tumor volume and organs at risk delineation: May be recommended
	Statement 4. Early assessment of response during chemo-radiotherapy: Not recommended
	Statement 5. Assessment of response after chemo-radiation therapyinduction chemotherapy: May be recommended
	Statement 6. Detection of local tumor recurrence during follow-up after treatment: May be recommended

	Acquisition protocol
	Conclusions
	Recommendations’ update
	Acknowledgements
	References


