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Abstract

Pretreatment determination of extranodal extension (ENE) has significant

clinical implications in human papillomavirus positive (HPV+) oropharyngeal

squamous cell carcinoma (OPSCC). Unfortunately there is no gold-standard

imaging modality for radiological assessment of ENE in HPV+ OPSCC, leading

to subjective assessments and complex decision making concerning ENE. A sys-

tematic review of diagnostic test accuracy was therefore undertaken, with five

databases systemically searched to evaluate the diagnostic performance of an

imaging modality for detection of ENE in HPV+ OPSCC. A meta-analysis was

conducted on four CT studies using a random-effects model. While a narrative

synthesis was provided for the studies using PET/CT and “CT and MRI.” Out of
1772 hits, six studies were included in the review. Meta-analysis on four CT

studies showed CT had an overall sensitivity of 77% and specificity of 60%.

PET/CT had a sensitivity of 37.5% and specificity of 97%. “CT and MRI” had a

sensitivity of 62% and specificity of 78%. Further diagnostic studies involving

CT, PET/CT and MRI are ultimately required.
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1 | INTRODUCTION

Oropharyngeal squamous cell carcinoma (OPSCC) is one
of the most common types of head and neck cancer

(HNC) in the western world.1 Previously it has been well
reported that sustained exposure to tobacco and alcohol
increases the risk of developing OPSCC.2 P16-positive
(p16+) OPSCC has now emerged as a distinct OPSCC
variant coinciding with the decline of tobacco-related
OPSCC. The primary risk factor for developing p16+
OPSCC is oral human papillomavirus (HPV) infection.3

The steep rise in the incidence of HPV-positive (HPV+)
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OPSCC has occurred on a global scale.4,5 Interestingly,
HPV+ OPSCC is a distinct entity with unique histopatho-
logical features, improved prognosis and enhanced
response to treatment compared to OPSCC associated
with other risk factors such as tobacco.6–8

Extranodal extension (ENE) is a well-known phenome-
non in cancers such as head and neck, breast and bladder
cancer.9 Detection of ENE particularly in HNC is consid-
ered one of the most important adverse prognostic factors
for local recurrence, distant metastasis and survival.10,11 As
such treatment is adjusted accordingly. Traditional treat-
ment paradigms would recommend adjuvant chemora-
diotherapy in the presence of pathologically confirmed
ENE.12,13 Furthermore, with a shift towards treatment
de-intensification and primary non-surgical treatment,
pathologic specimens may not be available to make this
determination and hence there is a reliance on pre-
treatment imaging to determine the presence of ENE and
therefore potentially the treatment offered to the patient. Of
particular importance to decision making is that HPV+
squamous cell carcinoma (SCC) has a propensity for peritu-
moral desmoplasia (fibrosis) which can mimic ENE making
the radiological diagnosis of ENE and subsequent treatment
planning in HPV+ OPSCC fraught with inaccuracies and
false assumptions.14 For the subset of patients who are pre-
sumed radiologic ENE positive and undergo primary che-
moradiotherapy, the diagnosis of radiologic ENE may be a
false positive and a treatment path consisting of surgery
(+/� adjuvant radiotherapy) may be more appropriate.
One of the main consequences of misdiagnosing radiologic
ENE include an estimated 25% of patients requiring
unplanned hospital admissions for the management of
treatment-related toxicities from concurrent chemora-
diotherapy, compared to single modality therapy.15 Con-
versely, given the limitations of staging scans, patients who
are incorrectly presumed ENE negative on pre-treatment
imaging may undergo a surgical approach. This may lead to
trimodal therapy (if pathologic ENE positive), when a
bimodal approach (primary chemoradiotherapy) would
likely be more appropriate and conservative.12,13 Given the
clinical implications of radiologic ENE, it is crucial that our
understanding of the strengths and limitations of currently
utilized imaging modalities to detect ENE are understood.

Imaging modalities including computed tomography
(CT), magnetic resonance imaging (MRI), positron emis-
sion tomography (PET), combination PET/CT and ultra-
sound (US) can all be utilized to detect and diagnose ENE
from a radiological perspective.16 The choice of imaging
modality for detecting ENE largely comes down to clini-
cian preference as currently there is no gold-standard
imaging modality for radiological assessment of ENE.

Several reviews have been published on the accuracy
of imaging modalities and ENE in the broader

population of HNC.16–18 Unfortunately however there
are very few studies addressing ENE in the HPV+
OPSCC population. As such, the following research is
the first systematic review reporting on the correlation
between radiologic and pathologic ENE exclusively in
HPV+ OPSCC.

2 | MATERIALS AND METHODS

This systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement.19 The review proto-
col was registered in the PROSPERO International
Prospective Register of Systematic Reviews with registra-
tion number CRD42021250626.

3 | LITERATURE SEARCH

Terms to help identify the inclusion criteria were identi-
fied and selected with help of a scientific librarian, and
on May 18th 2021 the electronic databases MEDLINE
(PubMed), Embase (Ovid), Cochrane Central Register of
Controlled Trials (via Cochrane Library), Web of Science
and Scopus were searched with no restriction on publica-
tion date (see Appendix I for the full search strategy).
There were no language filters imposed on the search
strategy however due to time restraints and available
resources only studies in English were included. Title
and abstract screening was performed using JBI SUMARI
(System for the Unified Management of the Assessment
and Review of Information), while full-text screening was
performed using EndNoteX9 (Clarivate Analytics, PA,
USA). The reference lists of all included studies were also
screened for additional studies. Gray literature was not
searched.

4 | STUDY SELECTION

4.1 | Inclusion criteria

This review recruited studies based on: (1) study type: all
published studies that examined the diagnostic accuracy
(including sensitivity and specificity) of a conventional
imaging modality used to detect ENE in HPV+ OPSCC;
(2) participants: studies using participants with a confirmed
diagnosis of HPV+ OPSCC and suspected diagnosis of ENE
of cervical lymph node metastases; (3) index test: studies
using a conventional imaging modality to detect ENE
including CT, MRI, PET, PET/CT and US; and (4) reference
test: studies using histopathology (gold standard) as a
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reference test for ENE detection. All of the included studies
confirmed radiologic ENE assessment using histopathology.

4.2 | Exclusion criteria

This review excluded studies based on: (1) participants:
those with recurrent disease, HNC other than HPV+
OPSCC and participants without nodal disease; (2) index
tests: machine learning methods and studies using only
indirect measures that are not routinely used in radiologi-
cal assessment of ENE; (3) study type: review articles,
case studies and letters to the editor.

All stages of screening were performed independently
by the primary researcher (TM) and another reviewer
(CN) with expertise on the topic. Any disagreements
were resolved by discussion among the two reviewers.
The results of the search and the study inclusion process
is reported in full and presented in a PRISMA flow dia-
gram (see Figure 1).

5 | QUALITY ASSESSMENT AND
DATA EXTRACTION

5.1 | Assessment of methodological
quality

Selected studies were critically appraised by two indepen-
dent reviewers (TM and CS) for methodological quality
using QUADAS-2 (Quality Assessment of Diagnostic
Accuracy Studies-2). The QUADAS-2 checklist for primary
diagnostic accuracy studies is structured around four
domains; Patient Selection, Index Test, Reference Standard,
and Flow and Timing. Signaling questions with “yes,” “no”
or “unclear” responses are included to help determine the
risk of bias. The risk of bias is then assessed to be either
“A” low risk of bias, “B” unclear risk of bias, or “C” high
risk of bias based on the signaling questions for each
domain.20 Any disagreements that arose were resolved
through discussion between the two reviewers. All studies
were included regardless of methodology quality.

Records removed before 
screening:

Duplicate records removed 
(n = 306) 
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(n = 1466) 

Records excluded 
(n = 1356) 

Reports sought for retrieval 
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(n = 110) 

Reports excluded (n = 104) 

Qualitative synthesis: 
Full-text studies 
(n = 6) 
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• Ineligible study design
(n = 30)

• Non-English studies (n = 6)
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FIGURE 1 PRISMA flow diagram of study

selection [Color figure can be viewed at

wileyonlinelibrary.com]
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5.2 | Data extraction

With aid from a standardized form,21 data was extracted
from papers included in the review by the primary author
(TM) and reviewed by a secondary author (AF). Any dis-
agreements that arose between the two reviewers were
resolved through discussion. The data extracted includes:

1. Basic information from the study—year of publication,
authors, study design, location, number of participants.

2. Participant characteristics—age, sex, tumor type, tumor
location.

3. Details about the imaging modality used—CT, MRI,
PET/CT.

4. Details about the index test and reference standard—
diagnostic criteria, blinding, time interval.

5. Outcomes per index test (including sensitivity,
specificity, positive predictive value [PPV], nega-
tive predictive value [NPV], area under the ROC
curve [AUC] and inter-rater agreement [Cohen's
Kappa {K}]) for studies using two observers. For
studies using two observers to detect radiological
ENE, the outcomes for each observer were
extracted.

All included studies reported their outcomes with
sensitivity, specificity, PPV and NPV values except for
the PET/CT study by Snyder et al.22 With aid from a
local statistician, calculations were required to convert
the Snyder et al.22 “ENE misclassification analysis” to
the review's primary outcomes and an overall diagnos-
tic accuracy. These calculations can be found in
Appendix II. The CT study by Faraji et al.23 investi-
gated the highest performing characteristics to aid
radiological ENE detection with no overall assessment
for ENE being reported. Therefore, in the following
review the highest overall performing characteristic
for ENE detection in the Faraji et al.23 study (“absence
of perinodal fat plane”) was used in the CT meta-
analysis.

5.3 | Statistical analysis

All statistical data analysis was performed using Stata
version 15.1 (StataCorp LLC, Texas, USA) and Meta-
DiSc version 1.4 (the Unit of Clinical Biostatistics
team of the Ram�on y Cajal Hospital, Madrid, Spain)
with assistance from a local statistician. The main out-
comes were sensitivity and specificity measures with
95% confidence intervals for each imaging modality
used to detect ENE in HPV+ OPSCC. Secondary out-
comes included PPV, NPV, area under the ROC curveT
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(AUC) and interobserver agreements (K)(where appli-
cable) for the different imaging modalities. If two
observers were present in a study, the mean of both
observers was used for analysis purposes. A meta-
analysis was conducted on the four CT studies using a
random-effects model.23–26 The results for pooled CT
sensitivity and specificity are displayed on paired
forest plots and a summary receiver operating charac-
teristic curve (SROC). The I2 statistic was used to eval-
uate heterogeneity (with I2 > 50% indicating
significant heterogeneity) as was Cochran's Q p value
(with p value <0.05 indicating significant heterogene-
ity). In view of the heterogeneity found for both sensi-
tivity and specificity, a random-effects model was
used throughout. Statistical tests were considered
significant against the null hypotheses if p values
<0.05. The remaining two studies (investigating
combination PET/CT and “CT and MRI”)22,27 are
described using a narrative synthesis approach, due to
the heterogeneity of these index tests prohibiting
pooling of data for a meta-analysis. Publication bias
was unable to be assessed (as per Cochrane Guide-
lines) due to the limited number of included studies
(<10) in the review.28

6 | RESULTS

6.1 | Study selection

A total of 1772 citations were retrieved in the initial
search. Following removal of duplicates (n = 306), 1466
citations underwent title and abstract screening. Of the
1466, 110 papers were assessed for full-text eligibility and
104 were excluded. Six studies were included in the
review, with four eligible for meta-analysis23–26 and two
undergoing a narrative synthesis.22,27 The study selection
process is shown in Figure 1.

6.2 | Study characteristics

A total of six studies with 463 participants were
included in the review.23–27 All studies were of retro-
spective cohort study design and conducted between
2006 and 2017. The most common site of primary
tumor was tonsillar (n = 298) followed by base of ton-

TABLE 2 QUADAS-2 critical appraisal results

Study

Risk of bias

Patient selection Index test Reference standard Flow and timing

Geltzeiler et al.24 A A B B

Patel et al.26 A B A B

Lee et al.27 A B B B

Noor et al.25 A A B A

Faraji et al.23 B A B B

Snyder et al.22 A A A B

Note: A, Low risk; B, Unclear risk; C, High risk.

Study

Geltzeiler et al. 2017

Patel et al. 2018

Noor et al. 2019

Faraji et al. 2020

Overall  (I^2 = 93.39%, p = 0.00) 0.0.77 (0.77 (0.60,60, 0.0.94)94)

0.0.93 (0.93 (0.76,76, 0.0.99)99)

ES (ES (95%95% CICI))

0.0.64 (0.64 (0.54,54, 0.0.73)73)

0.0.92 (0.92 (0.83,83, 0.0.97)97)

100.100.0000

24.24.7474

%%

0.0.59 (0.59 (0.47,47, 0.0.70)70)

24.24.9292

WWeeiightght

25.25.9898

24.24.3636

.4 .6 .8 1
Sensitivity

Sensitivity of detecting extranodal extension

Study

Geltzeiler et al. 2017

Patel et al. 2018

Noor et al. 2019

Faraji et al. 2020

Overall  (I^2 = 80.73%, p = 0.00) 0.0.60 (0.60 (0.47,47, 00..7373))

EESS (95% CI (95% CI))

0.0.42 (0.42 (0.31,31, 00..5555))

0.0.70 (0.70 (0.59,59, 00..8080))

0.0.59 (0.59 (0.39,39, 00..7878))

1100.00.0000

0.0.68 (0.68 (0.58,58, 00..7777))

2525..8822

WeWeiigghhtt

2626..9933

%%

1919..5588

2727..6677

.3 .5 .7 .9
Specificity

Specificity of detecting extranodal extension

FIGURE 2 Coupled forest plot of sensitivity and specificity of

CT for detecting ENE. Abbreviation: ES, effect size. [Color figure

can be viewed at wileyonlinelibrary.com]
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gue (n = 127). Four of the studies were conducted in
the United States,22–24,26 one in Australia25 and one
in Korea.27 Four of the studies assessed contrast-
enhanced computed tomography (ceCT),23–26 one
study assessed PET/CT,22 and one study assessed “CT
and MRI” for radiological detection of ENE.27 No
studies focusing on US or MRI met the inclusion
criteria of the review. See Table 1 for a detailed
description of the included studies.

6.3 | Risk of bias

None of the studies were considered to be of high risk of
bias in the QUADAS-2 domains of patient selection, index
test, reference standard, and flow and timing. Unclear risk
of bias was found in the majority of studies in the domains
of reference standard and flow and timing. This was mostly
as a result of insufficient information regarding the blinding
status of the pathologist to the index test, and a lack of
information regarding timing between index test and

reference standard. Low risk of bias was found in the
majority of studies in the domains of patient selection and
index test. Overall quality and applicability was not assessed
per the QUADAS-2 tool and Cochrane recommenda-
tions.20,28 A summary of results for the risk of bias assess-
ment is presented in Table 2.

7 | REVIEW FINDINGS

7.1 | Evaluation of diagnostic
performance

7.1.1 | CT

The results of the CT meta-analysis showed a pooled sen-
sitivity of 77% (95% confidence intervals [CI] 60%–94%),
and specificity of 60% (95% CI 47%–73%). A paired forest
plot of the meta-analysis can be seen in Figure 2. The
area under the SROC curve (AUC) was 0.72 (Figure 3).
Individual sensitivity, specificity, PPV and NPV values

FIGURE 3 Summary receiver operating characteristic (SROC) curve of diagnostic performance of CT. The area under the SROC curve

(AUC) was 0.72. Abbreviations: SE, sedimentation equilibrium; Q*, an index defined by the point on the SROC curve where the sensitivity

and specificity are equal, which is the point closest to the top-left corner of the receiver operating characteristic (ROC) space. [Color figure

can be viewed at wileyonlinelibrary.com]

MOREY ET AL. 2881

http://wileyonlinelibrary.com


for each of the four CT studies can be found in Table 1.
Cochran's Q test and Higgins I2 statistics demonstrated
the possibility of substantial heterogeneity in the CT
meta-analysis in terms of sensitivity and specificity (I2

93.4%, p < 0.0001 for Q test for sensitivity; I2 80.7%,
p < 0.0001 for Q test for specificity). These findings were
adjusted for using a random-effects model. [Correction
added on 20 September 2022, after first online publica-
tion: The in-text citation “Appendix III” has been
updated as “Table 1”.]

7.1.2 | PET/CT

The sole PET/CT study22 reported their outcomes in
terms of an "ENE misclassification analysis” (misclassi-
fied, under-staged, over-staged). With input from a local
statistician to convert outcomes (see Appendix II),
PET/CT had a calculated sensitivity of 37.5% (95% CI
15%–64%), specificity of 97% (95% CI 84%–99%), PPV of
86% and NPV of 76%. The overall diagnostic accuracy
was 77.5% (95% CI 63%–88%).

7.1.3 | “CT and MRI”

The sole “CT and MRI” study27 had a sensitivity of 62%
(95% CI 53%–70%), specificity of 78% (95% CI 70%–84%),
PPV of 62%, NPV of 78% and AUC of 0.70. The results
were unable to be separated to individual CT and MRI
outcomes.

7.2 | Interobserver agreement

Five of the studies contained assessments from two differ-
ent observers to detect radiological ENE.22,23,25–27 In
these studies, inter-rater agreements were reported using
the K value (Cohen's kappa coefficient). Based on Kappa
statistics by Landis and Koch29: three studies were con-
sidered to have “moderate” inter-rater agreements
(K 0.4–0.5), while the remaining two studies were consid-
ered to have “substantial” agreement between observers
(K 0.7) for detecting ENE (see Table 1).

8 | DISCUSSION

By performing this review, we were able to report on the
diagnostic value of CT and PET/CT for assessment of ENE
in the HPV+ OPSCC population (n = 463). Given that
HPV+ SCC has a propensity for peritumoral desmoplasia
(fibrosis) which can mimic ENE, it is important guidance

is available on the various imaging modalities and their
accuracy for ENE in HPV+ OPSCC. Particularly, to help
guide patients to appropriate treatment (i.e., whether sur-
gery +/� adjuvant therapy vs. primary chemoradiother-
apy) and to avoid trimodal therapy when there is a
misdiagnosis suggesting absence of radiologic ENE.12,13

The pooled sensitivity, specificity and AUC values for
our CT meta-analysis were 77%, 60% and 0.72, respec-
tively. Unfortunately, due to limited numbers and the
Lee et al. study design,27 we were unable to perform a
comparative meta-analysis among CT, PET/CT and MRI.
However, on direct comparison, the findings from our
CT meta-analysis appear to show higher sensitivity albeit
lower specificity and accuracy values for ENE detection
compared to the single PET/CT study22 (86% vs. 37.5%,
76% vs. 97%, 72% vs. 77.5%, respectively). High specificity,
PPV and overall diagnostic accuracy values (97%, 86%,
77.5%, respectively) possibly suggests the superior diag-
nostic value of PET/CT compared to CT for ENE detec-
tion in HPV+ OPSCC. In the clinical setting, CT may
therefore be of greater use at helping exclude the diagno-
sis of ENE, while PET/CT may be of greater use in detect-
ing the presence of ENE in HPV+ OPSCC although further
studies are ultimately required. For both CT sensitivity and
specificity there was substantial heterogeneity in the meta-
analysis (I2 93.4% vs. 80.7%, respectively). Due to the limited
study numbers, unfortunately no meta-regression for analy-
sis on possible causes was able to be performed.

Three previous reviews on the topic exist however all
in the broader population of HNC and SCC-related
HNC.16-18 In 2015 a systematic review by Su et al.16 inves-
tigated various imaging modalities used to detect ENE in
all HNC types. The findings revealed CT to be appropri-
ately specific (85%) however poorly sensitive (77%). MRI
had potential for superior sensitivity (85%) while similar
specificity (85%) to CT. US and combination PET/CT
showed no evidence for their use in detecting ENE. More
recently, two further reviews have been conducted by Park
et al.17 on CT and MRI in SCC-related HNC,17 and Abdel-
Halim et al.18 on all imaging modalities in SCC-related
HNC.18 In comparison to the three previous reviews
involving CT in the broader population of HNC,16-18 the
CT outcomes in our meta-analysis are inferior to all three,
likely reflecting the different and more complex nature of
HPV+ OPSCC. In the review by Park et al.17 a subgroup
analysis of CT in HPV+ OPSCC was performed which
reported CT sensitivity to be similar to our findings
(73% vs. 77%), however our pooled CT specificity was
inferior (60% vs. 74%). The subgroup analysis however
included the “CT and MRI” study by Lee et al.27 which
likely explains our differences in results. While comparing
the single PET/CT study by Snyder et al.,22 the sensitivity
values are inferior to the previous findings in HNC by Su
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et al.16 and Abdel-Halim et al.18 (37.5% vs. 86% vs. 80%,
respectively), however the specificity values for PET/CT
are superior (97% vs. 86% vs. 83%, respectively) in our
review in the HPV+ OPSCC population.

In terms of diagnostic criteria for ENE, the radiologi-
cal assessment of ENE remains an ongoing contentious
issue. In four of the included studies,23–26 observers uti-
lized five or more different diagnostic features to detect
radiological ENE, however with variability between stud-
ies in their choice of diagnostic features and overall
approach to detecting ENE. The combination of central
node necrosis, irregular nodal margins, matted nodes and
perinodal stranding featured as part of ENE assessment
in four of the included studies.23–26 One study used an
“overall impression” for ENE as their assessment,22 while
the other remaining study assessed for “irregularity of
nodal rim” or “infiltration of adjacent soft tissues” to pre-
dict presence or absence of ENE.27 This review alongside
previous studies on ENE in HNC reflect the ongoing sub-
jective nature of radiological ENE assessment.

Despite the exclusion of ENE in the most recent Ameri-
can Joint Committee on Cancer (AJCC) 8th edition staging
system for HPV+ OPSCC, there is currently insufficient evi-
dence on the prognostic role of ENE in HPV+ OPSCC to
support de-intensification therapy.30 As a result, many clini-
cians are continuing to utilize the AJCC 7th edition for
treatment decisions concerning ENE in HPV+ OPSCC.31

Therefore, given that the radiological or histopathological
diagnosis of ENE continues to warrant treatment with che-
moradiotherapy (primary or adjunct),12,13 there is clinical
concern that a certain percentage of patients may undergo
unnecessary treatment with chemoradiotherapy related
side-effects when the radiological diagnosis of ENE may be
a false-positive. The pre-treatment diagnosis of ENE there-
fore plays an imperative role in the work up of patients with
HPV+ OPSCC and suspected ENE. The results of our
review suggest that the use CT alone may be of greater
value in helping exclude rather than diagnose the presence
of ENE in HPV+ OPSCC. Therefore if the use of CT sug-
gests the absence of radiological ENE, these patients may
be better served with surgery (+/� adjuvant therapy) as
opposed to primary chemoradiotherapy which has been
found to have a more toxic side-effect profile.11 Conversely,
the potential superior diagnostic value of PET/CT for ENE
detection in HPV+ OPSCC suggests that those with radio-
logical ENE on PET/CT may be better served with primary
chemoradiotherapy compared to a surgical approach.11

Interestingly, new research is looking into degrees of
nodal extension (microscopic versus macroscopic ENE
>2 mm) and their associated prognostic implications.
The ECOG-ACRIN 3311 trial suggested that only macro-
scopic ENE is likely to require chemotherapy and full-
dose radiotherapy (66-Gy), while surgery and low-dose

adjuvant radiotherapy (50 or 60-Gy) might be an appro-
priate treatment regimen for patients with microscopic
ENE <1 mm.32 If these findings are accepted clinically,
and research continues to focus on treatment de-
intensification protocols, imaging modalities will need
high precision to accurately differentiate between micro-
scopic and macroscopic ENE.

More recently, newer imaging modalities such as tex-
ture analysis and machine learning methods are currently
being investigated in attempts to improve ENE detection
and reduce the current subjective nature of its assessment
among radiologists.33,34 Recent findings by Kann et al.34 in
SCC-related HNC suggest their CT machine learning algo-
rithm showed superior diagnostic advantage at detecting
ENE with an achieved AUC of 0.90 (88.6% accuracy), out-
performing their radiologists AUCs of 0.60 and 0.82
(p < 0.0001 and p = 0.16). The highest sensitivity and speci-
ficity values for the CT machine learning method were 82%
and 91%, respectively. While the variable sensitivity and
specificity values for either radiologist ranged from 24%–
71% and 75%–96%, respectively, for detection of ENE. In a
HPV+ SCC-related HNC subgroup analysis, the machine
learning method also outperformed either radiologist with
an AUC of 0.81 compared to 0.75 and 0.56. Although these
findings were identified in SCC-related HNC, machine
learning methods may have superior diagnostic value in the
HPV+ OPSCC population and further research is required.

Despite every effort throughout the methodological
steps to minimize limitations in the review, several limita-
tions do exist. Although the search was conducted both
electronically and manually with the aid of a scientific
librarian, the defined exclusion criteria resulted in six non-
English studies being excluded and only published studies
being retrieved. It is therefore uncertain whether all rele-
vant studies on the topic have been included in the review.

Regarding the included studies, all studies were of ret-
rospective study design which has an impact on selection
bias among the included participants. Furthermore, in the
CT meta-analysis involving sensitivity and specificity sub-
stantial heterogeneity was found. Multiple factors such as
patient populations, radiologist experience level, and use
of different radiological features for the diagnosis of ENE
could have contributed to this however no meta-regression
was able to be performed to explore this further. There-
fore, given the small number of included studies and find-
ings of substantial heterogeneity, caution must be taken
for widespread extrapolation of the review findings.

9 | CONCLUSION

In conclusion, pooled CT specificity values (60%) appear too
low to suggest clinical value for CT in detecting ENE in

MOREY ET AL. 2883



HPV+ OPSCC. The use of CT however might have clini-
cally acceptable capabilities at helping exclude the diagnosis
of radiological ENE in HPV+ OPSCC. This may be of bene-
fit to patients who are presumed ENE negative on radiology
and recommended a pathway of surgery (+/� adjuvant
therapy) rather than primary chemoradiotherapy, with
the attendant reduction in treatment-related toxicity.
While findings from the single PET/CT study22 suggest
PET/CT may be of superior diagnostic value for ENE detec-
tion in HPV+ OPSCC however further diagnostic studies
are ultimately required to allow for a true comparative anal-
ysis between CT, PET/CT and MRI. It is conceivable these
will be augmented by new radiological modalities such as
machine learning to improve diagnostic accuracy in the
future.
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