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Introduction. The aim of this paper is to compare the diagnostic accuracy of PET/CT, PET/MRI, and the combination of PET/CT
and MRI for detecting synchronous cancer and distant metastasis in patients with oropharyngeal and hypopharyngeal squamous
cell carcinomas (OHSCC). Method. A large and growing body of literature has been conducted using the Preferred Reporting
Items for Systematic Reviews (PRISMA). The researchers collected all accessible literature existing through Cochrane Library
(John Wiley & Sons) electronic databases, Embase (Elsevier), PubMed (U.S. National Library of Medicine), Scopus, and Google
Scholar up to June 2020. Analyses were conducted using Stata version 12.0 (StataCorp LP). Results. A total of nine studies
consisting of 1166 patients were included. The pooled sensitivity of combined PET/CT with MRI, 18F-FDG PET/MRI, and 18F-
FDG PET/CT was 0.92, 0.80, and 0.79, respectively, and the corresponding specificities were 0.93, 0.91, and 0.88. The overall
prevalence of distant metastases and synchronous cancer in patients with oropharyngeal and hypopharyngeal squamous cell
carcinomas was 9.2% and 11.8%, respectively, with the esophagus (4.6%) being the most common site of synchronous cancer. The
most common sites of distant metastases were lung (3%), bone (1.2%), and distant lymph nodes (1.2%), respectively. Conclusion.
Our study showed an approximately similar diagnostic performance for PET/CT, PET/MRI, and the combination of PET/CT and

MRI for metastasis assessment in advanced oropharyngeal and hypopharyngeal squamous cell carcinomas.

1. Introduction

The common cancers of the head and neck include oro-
pharyngeal and hypopharyngeal squamous cell carcinomas
(OHSCC), which appear in adjacent anatomic areas. They
usually have similar treatments, such as chemotherapy,
radiotherapy, and surgery. However, the results of these
treatments have not been satisfying, particularly in advanced
cases [1]. Schaarschmidt et al. found that, in a period of five
years, the overall survival (OS) was 59.7% and progression-
free survival (PFS) was 40.7% [2]. There are some reasons for
the high mortality of HSCC including early metastases, late
presentations, and second primary cancers. Esophageal
cancer was reported to be the most frequent synchronous
malignancy in patients suffering from OHSCC [3-5]. It

would be possible to assess the distant sites as well as the
primary tumor areas with a single MRI examination [6, 7-9].
Moreover, it has been found that MRI is able to detect
second primary tumors among patients suffering from
untreated OHSCC (3). Another technical process that can
integrate anatomic data from MRI and also metabolic in-
formation from PET is called 18F-FDG PET/MRI. So far,
however, there is no evidence to prove any detrimental effect
on the diagnostic performance, regarding integrating PET
detectors with MRI scanners at the same time [10]. Studies
show that there are similarities in diagnostic value of PET/
MRI and PET/CT among HNC patients [11-14]. A con-
siderable amount of published studies described patients
with primary tumors emanating from different head and
neck areas. Alternatively, there are no adequate studies on
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synchronous cancers or distant metastases. The aim of this
paper is to conduct a systematic review and meta-analysis to
determine the clinical capabilities of PET/MRI for detecting
metastases among patients with OHSCC. Additionally, the
performances of this novel technique are compared with
those of PET/CT and the combination of MRI with PET/CT.

2. Material and Methods

2.1. Search Strategy. We searched for English articles in
Cochrane Library, Medline, EMBASETM, Trip Database,
and Google Scholar up to October 2020. The keywords used
for searching process were (“Positron Emission Tomogra-
phy” OR PET [MeSH] OR PET-CT) AND (“PET-MRI” OR
“Positron Emission Tomography-MRI” OR “'*F-FDG PET/
MRI”) AND (“Magnetic Resonance Imaging” OR “MRI”)
for the diagnostic test, and keywords included “oropha-
ryngeal” OR “hypo-pharyngeal” OR “squamous cell carci-
noma” OR “Head and neck SCC” OR “SCC” for the clinical
region. The articles that were designed as reviews, letter to
editors, comments, and case reports were excluded. In ad-
dition, we reviewed the references list of the included articles
in order to find more relevant articles. Two reviewers in-
dependently evaluated the articles in terms of the inclusion
criteria, and if there was a disagreement, it would be resolved
by a discussion with the third reviewer.

2.2. Study Selection. A large and growing body of literature
has been conducted using the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA). The re-
searchers collected all accessible literature existing through
Cochrane Library (John Wiley & Sons), electronic databases
Embase (Elsevier), PubMed (U.S. National Library of
Medicine), Scopus, and Google Scholar up to June 2020.

2.3. Inclusion and Exclusion Criteria. The present study
addressed several factors, namely, (i) examining the per-
formance of 18F-FDG PET/CT and PET MRI among those
suffering from oropharyngeal and hypopharyngeal squa-
mous cell carcinoma; (ii) imaging follow-up or histopath-
ological analysis as the reference standard; (iii) expressing of
stated values for false positive (FP), true positive (TN), true
negative (TN), and false negative (FN). Studies were ex-
cluded if they (i) focused on prognosis or therapeutic re-
sponse rather than detecting metastases; (ii) had less than 10
patients included; (iii) were published as a case report,
conference abstract, review, letter, comment, or animal
experiment; (iv) were not written in English. The researchers
examined all full-text articles in the scope of inclusion
criteria. Figure 1 illustrates the PRISMA flowchart for the
selection process.

2.4. Assessment of Methodological Quality. The Quality As-
sessment of Diagnostic Accuracy Studies (QUADAS-2) was
examined by two reviewers to determine the eligibility
criteria. This quality control instrument includes four
subsections, including the selection of patients, tests that are
considered as reference standard and index, and timing and
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flow of a study. Rating risks of bias was rated as low, high, or
unclear. To be included in this study, researchers must have a
low risk of bias. In the end, in case of any disagreement
between reviewers, they reached a consensus considering the
opinion of the third reviewer.

2.5. Data Extraction. Two reviewers analyzed the accepted
literature by applying PRISMA guidelines. The data about
year of publication, first author, country of studies, technical
specifications, study design, and reference standard and FP,
EN, TP, and TN were extracted from each article.

2.6. Statistical Analysis. To avoid clinical interstudy het-
erogeneity, studies that only possess PET MRI and 18F-FDG
PET/CT evaluations simultaneously were included. In order
to calculate the pooled sensitivities and specificities with 95%
confidence intervals (95% ClIs), the researchers used the
bivariate random effects model of Reitsma et al. [15].
Moreover, the positive and negative likelihood ratios (PLRs
and NLRs) and diagnostic odds ratios (DORs) were cal-
culated. The result was considered significant at a two-tailed
p-value of less than 0.10, by comparing the DORs of PET/
MRI and PET/CT with using Z tests. The researchers
transformed the natural logarithm of DOR in order to gain a
normal distribution. By examining the curve, we drew the
HSROCs, which stands for hierarchical summary receiver
curves and then calculated the area under each curve. Ap-
plying the chi-square statistic for the pooled estimate, the
heterogeneity among studies was assessed (p <0.10 indi-
cated a significant heterogeneity). The heterogeneity causes
the variation across studies, which was estimated by cal-
culating the I” values. To assess for publication bias, Deeks’
tunnel plot was applied, as illustrated by an asymmetric
appearance. Analyses were conducted using Stata version
12.0 (StataCorp LP).

3. Results

3.1. Literature Search. Our electronic searching process
provided us with an overall 588 studies, from which 299 were
excluded because they were duplicates or not written in
English; we also excluded 235 studies, which included re-
view, case report, and letters to editor. Finally, nine studies
were included in this review (Figure 1).

3.2. Characteristics of the Included Studies. Nine studies
consisting of 1166 patients with oropharyngeal and hypo-
pharyngeal squamous cell carcinomas were included. The
age range of the included population was 30-90 years, with a
mean age range of 60.1 years. The male-to-female ratio was
6.7 (Table 1).

3.3. Methodological Quality. We reported an overview of the
QUADAS 2 scores in Figure 2. Overall, there was a moderate
risk of bias due to index test. Regarding patients’ selection,
reference standard, and flow and timing of most studies, the
risk of bias was low.
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TaBLE 1: Characteristics of the included studies.

Author Country Year Num'ber of  Number of males  Age mean +SD Duration Study design
patients and females or range
Driessen et al. [16] Netherlands 2018 70 51/19 61 (42-81) 2011-2014 Prospective
Breik et al. [17] UK 2020 140 111/29 68 2010-2017  Retrospective
Chan et al. [18] Taiwan 2011 103 9716 53.6+9 2006-2008 Prospective
Yeh et al. [19] Taiwan 2020 198 187/11 56.0+9.8 — Prospective
Huang et al. [20] Taiwan 2011 27 26/1 — 2008/2010 Prospective
Schaarschmidt et al. [2] Germany 2015 25 23/2 56.5+7.7 Prospective
Kubiessa et al. [21] Germany 2014 17 17/4 60 (42-78) — Prospective
Urban et al. [22] Canada 2020 556 482/74 60 (33-90) 2012-2016  Retrospective
Kanda et al. [23] Japan 2013 30 24/6 66.9+11.1 2011-2013 Prospective

3.4. Heterogeneity between Studies and Publication Bias.
The heterogenicity was significant for the nine included
studies with respect to sensitivity and specificity for com-
bined 18F-FDG PET/CT with MRI(I*=93.4%) and PET/
CT(I*=72.7%). Heterogeneity was not statistically signifi-
cant for PET/MRI (I* =57.4%) (Table 2).

3.5. Meta-Analysis of Diagnostic Accuracy of Combined MRI
with PET/CT, PET MRI, and PET/CT. The pooled results
showed that the sensitivity and specificity of combined MRI
with PET/CT were 0.92 (95% CI 76%-97%) and 0.93 (95%
CI 74%-98%), respectively, and the DOR and accuracy for
this combined method were 160.52 (95% CI 44.81-575) and
0.94 (95% CI 92%-97%), respectively. PET/CT alone showed
a sensitivity of 0.79 (95% CI 72%-85%), specificity of 0.88
(95% CI 83%-92%), and accuracy of 0.87 (95% CI 83%-91%).

The DOR for PET/CT was 85.51 (95% CI 39.43-185.46). The
pooled sensitivity, specificity, DOR, and accuracy for PET/
MRI alone in detection of distant metastases in patients with
oropharyngeal and hypopharyngeal squamous cell carci-
nomas were 0.80 (95% CI 69%-87%), 0.91 (95% CI 79%-—
96%), 44.41 (95% CI 20.17-97.78), and 0.92(95% CI 90%-
93%), respectively (Table 2; Figure 3). The overall areas
under the curve for combined MRI with PET/CT, PET MRI,
and PET/CT using a hierarchical summary receiver
(HSROC) curve were 0.9790, 0.9154, and 0.9555, respec-
tively (Figure 4). The most useful values are considered to be
negative and positive predictive values (NPV and PPV).
However, these values depend on factors such as disease
prevalence. The PPV for combined MRI with PET/CT, PET
MRI, and PET/CT were 0.82, 0.84, and 0.85, respectively,
and the corresponding NPV for these methods were 0.99,
0.89, and 0.95, respectively. Figure 5 shows the Fagan’s
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FIGURE 2: The risk of bias in the studies conducted was measured using QUADAS-2 tool. The risk of bias shown in equation 2 in the image
model of each diagram indicates the number and percentage of studies with high (red), medium (yellow), and low (green) risk of bias in four
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R

TasLE 2: Diagnostic performance of combined MRI with PET/CT, PET MRI, and PET/CT in patients with synchronous cancers and distant
metastases in patients with oropharyngeal and hypopharyngeal squamous cell carcinomas.

Parameter PET/CT PET/MRI Combined PET/CT with MRI
Sensitivity (95% CI) 0.79 (95% CI 72%-85%) 0.80 (95% CI 69%-87%) 0.92 (95% CI 76%-97%)
Specificity (95% CI) 0.88(95% CI 83%-92%) 0.91 (95% CI 79%-96%) 0.93 (95% CI 74%-98%)
PLR (95% CI) 8.95 (95% CI 4.21-19.03) 9.64 (95% CI 3.93-23.64) 13.22 (95% CI 3.36-52.06)
NLR (95% CI) 0.10 (95% CI 0.05-0.19) 0.21 (95% CI 0.14-0.32) 0.08 (95% CI 0.02-0.26)
DOR (95% CI) 85.51 (95% CI 39.43-185.46) 44.41 (95% CI 20.17-97.78) 160.52 (95% CI 44.81-575)
PPV 0.85 0.84 0.82

NPV 0.95 0.89 0.99

Accuracy 0.87 (95% CI 83%-91%) 0.92 (95% CI 90%-93%) 0.94 (95% CI 92%-97%)
AUC-SROC

P 72.7% 57.4% 93.4%

Q index 7.15 7.32 30.11
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FiGure 3: Hierarchical summary receiver (HSROC) curve for 18F-FDG PET/CT (a), 18F-FDG PET/MRI (b), and combined PET/CT with
MRI (c) for the detection of distant metastases in patients with oropharyngeal and hypopharyngeal squamous cell carcinomas.

nomogram. A pretest probability of 50% for all three di-
agnostic tools was fixed, which was estimated by the number
of symptomatic cases in selected studies. PET CT had a
posttest probability of 89.3%. For PET MRI (b), the posttest
probability was 93.1%, and combined PET CT with MRI (c)
had a posttest probability of 89.5%. If a patient’s test was
positive, the posttest probability that the patient truly had
developed metastases would be 10.7% (a) or 10.2 (b) or 16.7

(c) (solid line in red). The results were obtained using the
following  calculations:  pretest  odds=prevalence/
1—prevalence; posttest odds=pretest oddsx LR - (LR+);
posttest  probability = posttest  odds/1 + posttest  odds
(Figure 5).

The reported sensitivity of combined MRI with PET/CT
ranged from 76% in Taiwan (based on three included
studies) and 100% in Netherlands (based on one study
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included), while the corresponding specificities were 80%
and 99%.

For PET/MRI, the highest sensitivity and specificity
belonged to Japan (sensitivity: 94%, specificity: 83%) based
on one included study, and PET/CT was reported to have the
highest sensitivity and specificity in Netherlands (97%) and
Taiwan (98%), respectively (Figure 6).

3.6. Meta-Analysis of the Prevalence of Distant Metastases and
Synchronous Cancer in Patients with Oropharyngeal and
Hypopharyngeal Squamous Cell Carcinoma. The overall
prevalence of distant metastases and synchronous cancer in
patients with oropharyngeal and hypopharyngeal squamous
cell carcinomas were 9.2% (95% CI: 6, 12.5) and 11.8% (95%
CL: 8.2, 15.5), respectively, with the esophagus (4.6%) being
the most common site of synchronous cancer. The most
common sites of distant metastases were lung (3%), bone
(1.2%), and distant lymph nodes (1.2%).

4. Discussion

In the present study, the researchers presented a higher
sensitivity of PET/CT combined with MRI compared with
PET/MRI or PET/CT alone in the diagnosis of distant
metastases in patients with oropharyngeal and hypophar-
yngeal squamous cell carcinomas. There is a large volume of
published studies indicating that the role of PET/MRI is
generally the same as the diagnostic ability of PET/CT in
the head and the neck region [24-26]. The advantages of CT
for the evaluation of head and neck lesions are the easy
accessibility and having a fewer motion artifacts. However,
sometimes additional MRI is recommended for cases with
previously obtained PET/CT. This is for the simple reason
that MRI is proved to perform better in soft-tissue contrast

in structures that are complex. MRI also is preferred because
of its better depiction of the cancerous bone marrow of
craniofacial bones. Moreover, the fact that MRI does not
expose the patient to any kind of radiation and has no
limitation for patients with dental prostheses must be
considered [26-29]. The generalizability of much published
research on this issue has shown that the accuracy of MRI in
detecting second primary cancers or distant metastases is
comparable to that of PET/CT in HNC [18, 30]. The large
body of previous studies is in accordance with the present
systematic review suggesting that MRI and PET/CT have
various superiorities for diagnosis of malignancies in dif-
ferent sites. Because liver and brain lesions have high FDG
uptake physiologically and small lesions may be obscured,
MRI can be more accurate in detecting these lesions [31].
However, using MRI sometimes does not lead to the correct
result when detecting lesions in the lungs and intestines and
distant nodes [31, 32]. Catalano et al., in their meta-analysis,
pointed that PET/MRI outperformed PET/CT and was more
sensitive in detection of metastases of liver and bone. They
also reported that PET/MRI was more accurate in assessing
lymphadenopathy and local staging of pelvic malignancies
[33]. In this paper, the most sensitive results were obtained
through the combination of PET/CT and MRI with a sen-
sitivity of 92% and a specificity of 93%. Some known MRI
deficiencies are compensated by PET. While CT scans can
also fill in some of the remaining MRI gaps, these two factors
make combined PET/CT and MRI more sensitive compared
with using PET/MRI or PET/CT only. The results of the
present study indicated a sensitivity of 80% and a specificity
of 91% for PET/MRI, while the corresponding ratios for
PET/CT were 79.4% and 88.2%. However, as shown in
HSROC curve, confidence intervals for PET/CT combined
with MRI, PET/CT, and PET/MRI were overlapping, so no
significant difference in terms of the diagnostic performance
was found between these three methods. Partovi et al.
concluded in their study that imaging of lymph nodes and
distant metastases in patients with head and neck cancer is
the same on both 18F-FDG-PET/MR and PET/CT [34].
Broadly speaking, CT is predicted to be suitable for assessing
lesions located in sites such as lungs, while MRI is better for
diagnosing head and neck and intracranial lesions. Another
associated factor causing these differences can be different
acquisition protocols. The prevalence of distant metastases
varies widely according to the published data, with an es-
timated 18.2% prevalence for the previous studies and 2.8%
to 23.8% for the new ones [35-38]. A possible explanation
for this different statistic is the classification of patients with
head and neck tumors of different areas in one group. From
the previously mentioned data, the prevalence of synchro-
nous cancers/distant metastases seems to be more in patients
with oropharyngeal and hypopharyngeal squamous cell
carcinomas compared with patients with oral cavity cancers
[39]. The overall prevalence of distant metastases and
synchronous cancer in patients with oropharyngeal and
hypopharyngeal squamous cell carcinomas was 9.2% (95%
CL: 6, 12.5) and 11.8% (95% CI: 8.2, 15.5), respectively, with
the esophagus (4.6%) being the most common site of syn-
chronous cancer. The most common sites of distant
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FIGURE 6: Sensitivity and specificity of 18F-FDG PET/CT for the detection of distant metastases in patients with oropharyngeal and

hypopharyngeal squamous cell carcinomas based on the countries.

metastases were lung (3%), bone (1.2%), and distant lymph
nodes (1.2%). The meta-analysis presented in this study has
different limitations. First, some parameters of the scan in
different studies may affect the accuracy of MRI and PET/
CT, which were not considered in this study due to lack of
data. Second, the design of most of the included studies was
retrospective and did not use a blinded method. Third, the
small number of articles included in this study may lead to
bias.

5. Conclusion

Our study showed an approximately similar diagnostic
performance for PET/CT, PET/MRI, and the combination of
PET/CT and MRI for metastasis assessment in oropha-
ryngeal and hypopharyngeal squamous cell carcinomas.
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