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Objectives: Radiomics is the conversion of medical
images into quantitative high-dimensional data. Laryn-
geal cancer, one of the most common head and neck
cancers, has risen globally by 58.7%. CT, MRI and PET
are acquired during the diagnostic process providing
potential data for radiomic analysis and correlation with
outcomes.

This review aims to examine the applications of this
technique to laryngeal cancer and the future considera-
tions for translation into clinical practice.

Methods: A comprehensive systematic review-informed
search of the MEDLINE and EMBASE databases was
undertaken. Keywords “laryngeal cancer” OR “larynx”
OR “larynx cancer” OR “head and neck cancer” were
combined with “radiomic” OR “signature” OR “machine
learning” OR “artificial intelligence”. Additional articles
were obtained from bibliographies using the “snowball
method”.

Results: The included studies (n = 15) demonstrated
that radiomic features are significantly associated

INTRODUCTION

Since the 1990s, head and neck cancer (HNC) incidence
rates have risen by 33% and it is now the sixth most
common cancer worldwide.! A large proportion of these
cases occur in the larynx.>® Laryngeal cancers are staged
according to the American Joint Committee on Cancer
(AJCC) Tumour Node Metastases (TNM) system.4 Early-
stage cancers incorporate T-stage 1 and 2 tumours whilst
T-stage 3 and 4 are deemed advanced-stage cancers.®
Early-stage disease has a 3-year disease-specific survival
rate of 89%; however, advanced stage disease has a signifi-
cantly worse survival rate of around 50%.” The uncertainty

with various clinical outcomes (including stage, overall
survival, treatment response, progression-free survival)
and that predictive models incorporating radiomic
features are superior to those that do not. Two studies
demonstrated radiomics could improve laryngeal cancer
staging whilst 12 studies affirmed its predictive capa-
bility for clinical outcomes.

Conclusions: Radiomics has potential for improving
multiple aspects of laryngeal cancer care; however,
the heterogeneous cohorts and lack of data on laryn-
geal cancer exclusively inhibits firm conclusions. Large
prospective well-designed studies in laryngeal cancer
are required to progress this field. Furthermore, to imple-
ment radiomics into clinical practice, a unified research
effort is required to standardise radiomics practice.
Advances in knowledge: This review has highlighted the
value of radiomics in enhancing laryngeal cancer care
(including staging, prognosis and predicting treatment
response).

regarding the optimal treatment modality (surgery or
chemoradiotherapy) for advanced laryngeal cancer is an
important issue and to improve outcomes, personalised
(tumour-specific) treatment plans are required.>® With
the currently available methods, it is a substantial challenge
to predict which patients are likely to respond to a specific
treatment modality. Therefore, creating robust clinical
decision-making models incorporating all available data
sources (including medical imaging) are crucial.

During the diagnostic and staging process for laryngeal
cancer contrast-enhanced computed tomography (CT),
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Figure 1. Radiomics Workflow.
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magnetic resonance imaging (MRI) and positron emission
tomography (PET) are typically acquired.'” These images hold
valuable information on the tumour and its surrounding micro-
environment. Although historically, medical imaging had been
solely interpreted subjectively by a clinician, with advances in
computational algorithms it is now possible to extract quan-
titative (objective) information such as tumour shape, size,
texture and intensity from such images in a reproducible and
robust manner. These data can be analysed and correlated with
clinical outcomes.''? This process of image conversion into
mineable high-dimensional data is known as radiomics. The
radiomics workflow involves four key steps: image acquisition,
tumour segmentation, feature extraction and subsequent anal-
ysis resulting in a radiomic-based model (Figure 1). Further-
more, biopsies for laryngeal provide restricted data since
samples are obtained from one anatomical site of the tumour
at a single time point whilst the patient is under general anaes-
thetic. However, radiomics provides a non-invasive method of
evaluating the whole tumour over time without the need for
anaesthesia.’

To date, radiomics has shown great promise in various specialties
and diseases.'* In lung cancer, radiomic techniques can'>'® accu-
rately predict the cancer status (malignant or benign) of pulmo-
nary nodules,”” the histological subtype of lung cancers'® and
predict both survival and response to (chemo)radiotherapy.'*
In oesophageal cancer, radiomics-based models can identify
the stage of oesophageal squamous cell carcinomas,'” predict
treatment response'® and prognosis'®. The correlation with gene
expression profiles have been demonstrated in multiple cancer
sites.2*?!

Despite this growing body of evidence, to our knowledge, no
study has critically reviewed the value of radiomics in laryngeal
cancer. Thus, this narrative review aims to evaluate the appli-
cations of radiomics in laryngeal cancer to date, highlight the
limitations and the potential future uses.
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METHODS

Search strategy and selection criteria

A comprehensive systematic review informed search of the
Ovid MEDLINE and EMBASE online databases (no interval/
period stipulated) was undertaken in November 2020. Keywords
“laryngeal cancer” OR “larynx” OR “larynx cancer” OR “head
and neck cancer” were combined with “radiomic” OR “signature”
OR “machine learning” OR “artificial intelligence”. This resulted
in 889 publications. Subsequently duplicates were removed,
abstracts were screened for relevance and only full peer-reviewed
articles in the English language were included. Additional arti-
cles were obtained from bibliographies using the “snowball
method” Two independent reviewers conducted the search and
screened the quality of the articles for inclusion. Discrepancies
were resolved by consensus. All peer-reviewed articles incorpo-
rating radiomic analysis of patients with laryngeal cancer were
included. This resulted in 15 articles (Figure 2). We synthesised
study findings narratively.

RESULTS

Through our structured search we identified 997 records, of
which 15 studies met the inclusion criteria. Findings from the
included studies are detailed below in three sections; the use of
radiomics in laryngeal cancer staging (Table 1), the predictive
value of CT-based radiomics (Table 2) and the predictive value of
PET-based radiomics in laryngeal cancer (Table 3).

Radiomics in laryngeal cancer staging

Two studies were identified from the indexed literature
(summarised in Table 1). Guo et al®® evaluated the use of
CT-based radiomics to predict thyroid cartilage invasion from
squamous cell carcinomas (SCC) of the larynx and hypopharynx.
In this patient cohort (n = 236), 80 had evidence of thyroid carti-
lage invasion (confirmed by histopathological assessment). The
authors demonstrated that a radiomics-based model had greater
capability than a radiologist alone in determining thyroid carti-
lage invasion from CT imaging. The model performance was
assessed by the area under the receiver operator curve (AUC).
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Figure 2. PRISMA flow diagram of the literature review process for studies on the application of radiomics in laryngeal cancer
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The AUC is a measure of the accuracy of a model. A value <0.5
is deemed as no better accuracy than chance, whilst a value with
perfect accuracy is 1. The AUCs for predicting thyroid cartilage
invasion were 0.905 (95%CI, 0.863-0.937) and 0.876 (95%CI
0.830-0.913) for the two radiomics-based models and 0.721
(95%CI, 0.663-0.774) for the radiologist alone. This study was
limited due to its use of three different scanners (with different
scanning parameters) and tumour demarcation was conducted
by two junior radiologists, which may result in inaccurate
segmentation.

Wang et al** assessed the value of CT-radiomics in distin-
guishing between T3 and T4 tumours, since surgical decision-
making is often influenced by this distinction. 211 patients with
locally advanced laryngeal cancer who underwent a total laryn-
gectomy were included. Eight radiomic features were associated
with the T-stage. Three models were subsequently formed and
assessed for their predictive capability of T-stage (as determined
by histopathological assessment following total laryngectomy);
a radiologist alone, a radiomics signature and a nomogram (a
pictorial representation of a complex mathematical model that
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generates a probability of an event’’) combining both. The AUCs
were 0.775 (95%ClI, 0.667-0.883), 0.862 (95% CI: 0.772-0.952)
and 0.892 (95% CI: 0.811-0.974) for the radiologist alone, the
radiomics signature and a combination of radiology reporting
and the radiomics signature, respectively. The main limitations
of this study are it was a single-centre retrospective study and the
CT imaging analysed may have been taken some time before the
total laryngectomy thus the histopathological assessment may
not be a true reflection of the CT findings.

Predictive value of radiomics in laryngeal cancer
Overall, there is limited literature on the value of predictive
radiomics exclusively in laryngeal cancer. However, studies have
been conducted in HNCs, which incorporate a sub cohort of
laryngeal cancer patients. Detailed below are studies evaluating
the predictive capability of CT- and PET-based radiomics.

Predictive value of computed tomography-based
radiomics

Nine studies were included that evaluated the predictive value of
CT-based radiomics (summarised in Table 2). Chen et al** used
LIFEx radiomics software to analyse CT imaging of 96 laryngeal
cancer patients. They subsequently generated a radiomics nomo-
gram incorporating three radiomic textural features (high gray-
level run emphasis, long-run high gray-level emphasis and zone
length non-uniformity) and clinicopathological outcomes. The
predictive capability of the model was assessed by the concor-
dance index (C-index). The C-index provides a goodness-of-fit
statistic for a predictive model whilst accounting for censored
data. Therefore, it is often used to evaluate predictive models for
survival. Similar to AUC, a value <0.5 suggests a poor model
whilst a value closer to one suggests a strong model. The radio-
mics nomogram had better prognostic capability (overall survival
- OS) than cancer staging alone (C-index, 0.817 vs 0.682, p =
0.009) and demonstrated good agreement between actual and
predicted survival. However, this retrospective study conducted
in a single centre included a relatively small population, with
potential selection bias. Although the training and validation
cohorts were similar, the treatment received, and complications
of treatment could also be potential confounders.

Agarwal et al®, analysed pre-treatment imaging of advanced
laryngopharyngeal SCC (n = 31) treated with chemoradiotherapy
and demonstrated that medium texture entropy was an indepen-
dent predictor of local control (p < 0.001) and laryngectomy-
free-survival (p < 0.001). This study had numerous strengths;
firstly, the patient cohort was uniformly treated with chemora-
diotherapy unlike other studies which have an array of different
treatment approaches. Furthermore, all images were obtained
using a uniform protocol from the same CT scanner. However,
the tumour was contoured by a single operator thus cannot
account for inter operator variability. Also, the tumour was
delineated at the point of maximal cross-sectional area, meaning
that the entire tumour was not analysed; although this may be
less time-consuming if implemented into clinical practice.

In the indexed literature, eight further studies evaluating CT-ra-
diomics wereidentified thatincorporated a sub cohort oflaryngeal
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cancer patients. Ou et al®® analysed pre-treatment images of
patients with locally advanced HNC:s treated with chemoradio-
therapy (cisplatin with radiotherapy) or bio-radiotherapy (cetux-
imab with radiotherapy). 18 of 120 patients included in the study
had laryngeal cancer. Multivariate analysis showed a radiomic
signature (incorporating 24 radiomic features) significantly
predicted OS (HR 0.3, p = 0.02) and progression-free survival
(PFS) (HR 0.3, p = 0.02). Further combination with the molec-
ular phenotype (pl6 status) created an enhanced predictive
model (AUC = 0.78vs AUC = 0.67, p = 0.01) for overall survival.
This study highlights the utility of a multitude of data sources
such as clinical staging, risk factors for disease, radiomic features
and molecular phenotypes to form robust predictive models.
However, this retrospective study included a small heterogenous
population (primary tumours of distinct anatomical subsites)
and during the study period the standard of care for CT acqui-
sition changed, which could impact the validity of the results.
Furthermore, the implementation of the pl6 status into the
model has limited value in laryngeal cancer since this is of prog-
nostic importance in oropharyngeal cancers.

Zhang et al”’, incorporating 21 patients with laryngeal cancer,
evaluated the association of CT radiomics with survival in
HNC patients treated with induction chemotherapy (cisplatin,
5-flurouracil, docetaxel). The authors identified primary mass
entropy (HR 2.10, p = 0.036) and skewness measurements (HR
3.67,p=0.009) asindependent predictors of overall survival. There
were multiple limitations in this retrospective study including a
small heterogeneous patient population, lack of validation in an
external cohort, exclusion of non-contrast CT imaging which
excludes patients with renal impairment and only a single user
performed the segmentation. Kuno et al*® also demonstrated that
numerous textural features including three histogram features
(geometric mean [HR 4.68, p = 0.026], harmonic mean [HR 8.61,
p = 0.004], and fourth moment [HR 4.56, p = 0.048]) and four
gray-level run-length features (short-run emphasis [HR 3.75,
p = .044], gray-level nonuniformity [HR 5.72, p = 0.004], run-
length nonuniformity (HR 4.15, p = 0.043), and short-run low
gray-level emphasis [HR 5.94, p = 0.035]) were associated with
local treatment failure in HNSCC (19/62 patients with laryngeal
cancer). However, the study included a heterogeneous popula-
tion, with differing CT protocols, slice thickness and exclusion
of regions demonstrating necrosis and ulceration. Cozzi et al*’
also confirmed that CT-based radiomic features correlated
well with overall survival (Run length Non-Uniformity, Gray-
Level Non-Uniformity, Neighbourhood Gray-Level Different
Matrix (NGLDM) Coarseness), PFS (Shape Compacity, Gray-
Level Co-occurrence Matrix (GLCM) Correlation) and local
control (Shape Volume, NGLDM Coarseness) in HNC patients
(8/110 with laryngeal cancer) treated with chemoradiotherapy.
Although CT acquisition parameters were uniform, limitations
include the study’s retrospective nature, inclusion of a heteroge-
neous population from a single centre, lack of external validation
and segmentation by one radiation oncologist.

Meneghetti et al*® both, developed and validated a radiomics
signature incorporating two significant radiomic features (high-
dependence high-emphasis of the NGLDM and 10t percentile of
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histogram intensity) locoregional control in advanced HNSCC.
This model achieved good discriminatory performance when
performed on an external validation cohort (C-Index 0.66,
95% CI 0.55-0.75). However as with a lot of these studies there
were a limited sub cohort of laryngeal cancer patients, only 8 of
233, to draw conclusions regarding laryngeal cancer.

Valliéres et al’! conducted one of the largest studies to date, and
extracted 1615 radiomic features from pre-treatment CT and
PET images of 300 patients (45 with laryngeal cancer) to correlate
with the risk of locoregional recurrence and distant metastases
in HNCs. The prediction models formulated (combining both
clinical and radiomic features) were good predictors of locore-
gional control (AUC 0.69, C-Index 0.67) and distant metastases
(AUC 0.86, C-Index 0.88). This study had numerous strengths,
in particular that patient recruitment was undertaken at multiple
sites and the combination of PET- and CT-based radiomics.

Finally, Keek et al*” identified that CT-based radiomic features
extracted from peri-tumoural tissue (surrounding microenvi-
ronment) from HNSCCs were not useful in the prediction of
locoregional recurrence or distant metastasis. This study incor-
porated 57 (of 444) patients with laryngeal cancer. Although
Keek et al*? used an external validation dataset, this study was
limited due to its retrospective nature, leading to several clin-
ical features (such as weight loss) not being comparable between
the training and validation cohorts and the omission of valuable
semantic imaging.

Predictive value of positron emission tomography-
based radiomics

Alongside CT, PET imaging with fluorodeoxyglucose (‘*F-
FDG) provides useful functional and metabolic information
on a tumour’®, As such, PETCT has been targeted for radiomic
analysis. Although to date, there are no studies that evaluate PET
radiomics exclusively in laryngeal cancer, four studies were iden-
tified from the literature that include a subcohort of laryngeal
cancer patients (summarised in Table 3).

Guezennec et al’® identified metabolic tumour volume (p =
0.008) and the textural feature correlation (p = 0.028) obtained
from '®F-FDG PET in HNCs were prognostic factors for overall
survival. Of the 284 patients included, 32 patients had laryn-
geal cancer. There are several limitations in this study including
analysis of a heterogeneous cohort of patients with tumours of
differing anatomical subsites and staging and in 99 patients,
due to very small regions of interest, they were unable to extract
radiomic features. Feliciani et al** used PET radiomics to predict
treatment failure in HNCs treated with chemoradiotherapy. 14
(of 90) patients had laryngeal cancer and retrospective radiomic
analysis identified a lower Low-intensity Long-run Emphasis
(LILRE) was associated with greater risk of treatment failure.
Additionally, the model based on radiomics markers was supe-
rior in predicting local failure compared to the model based on
clinical variables alone (C-index 0.76 vs 0.65).

Bogowicz et al also conducted two studies to determine the
benefits of '*F-FDG PET radiomics in head and neck cancer.*>¢

BJR

In one study they extracted radiomic features using two different
“in-house” radiomics software packages from images three
months post-radiotherapy.®® The aim was to predict tumour
control and determine whether the radiomics software used had
a substantial impact. 11 of 128 patients had laryngeal cancer,
and the authors demonstrated that radiomic features histogram
range and GLCM difference entropy were associated with local
control and both models (from differing software) performed
equally well (with C-indices > 0.7 in all models). This emphasises
that different software implementations can be equally valuable.
Their second study compared the use of '*F-FDG PET to CT
radiomics for patients with HNSCC.*® This study included 10
(of 121) patients with laryngeal cancer. The model demonstrated
that more homogeneous tumours (Gray-Level Size Zone Matrix
(GLSZM) entropy) with a focused region of high FDG uptake
(GLSZM Short-Zone Low Gray-level Emphasis) suggested a
better prognosis. Both PET, CT and PET/CT (combined)-based
models performed equally well in predicting local tumour
control with C-indices of 0.72, 0.74, 0.77, respectively. This study
has certain limitations including its retrospective nature, the
lack of external validation and patients were recruited from a
single centre potentially resulting in selection bias. Furthermore,
it is well known that not the entire tumour exhibits increased
metabolic activity; therefore, areas of the tumour may have been
missed through the auto-segmentation process.

DISCUSSION

This review has demonstrated that radiomic features extracted
from CT and PET imaging can help in predicting treatment
response, molecular phenotypes, prognosis and assist in the
staging process for laryngeal cancer. 14 of the 15 studies showed
that radiomic features are significantly associated with various
outcomes (including OS, treatment response, PFS) and that
predictive models incorporating radiomic features are superior
to models that exclude radiomics. Despite these promising find-
ings, the lack of studies evaluating laryngeal cancer exclusively
means drawing valid conclusions is challenging. Further large
collaborative multicentre prospective studies exclusive to laryn-
geal cancer are required to progress this field.

Laryngeal cancer staging

Accurate pre-therapeutic staging of laryngeal carcinomas is
an important factor in guiding treatment. For patients under-
going surgery studies have often demonstrated, there are often
discrepancies between the clinical stage (clinical examina-
tion with imaging) and the pathological stage (based on the
pathology specimen), which can result in inadequate or excessive
treatment.”

There are two key challenges regarding laryngeal cancer staging
that need to be addressed. Firstly, the distinction between T2 and
T3 tumours because current guidelines advises different treat-
ment options. Due to its excellent soft tissue resolution, MRI
imaging is often used to aid in this distinction as it can delineate
cartilage involvement and deep tumour extension.*’ T2 tumours
are advised microsurgery or radiotherapy, whilst T3 tumours
are recommended chemoradiotherapy or surgery with adjuvant
(chemo)radiotherapy.*' The second challenge is the distinction
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between T3 and T4 tumours, which is predominantly based on
the extent of extra laryngeal spread and/or destruction of the
thyroid cartilage.*” This distinction is crucial in deciding between
chemoradiotherapy or a total laryngectomy. Thus, it is important
to identify additional methods to stage the cancer correctly as
this could have a significant impact on a patient’s outcome.

There are two studies detailed in the results (Guo et al**, Wang
et al*?), which focus on advanced laryngeal cancer and show the
benefits of radiomics in predicting thyroid cartilage invasion and
distinguishing between T3 and T4 tumours. Clinically, accurate
assessment of cartilage invasion is essential as this will influence
the treatment strategy. Firstly, invasion of the inner cortex of
the thyroid cartilage suggests T3 disease, which has a differing
treatment approach relative to T2 tumours.* Furthermore, inva-
sion through the thyroid cartilage would suggest T4 disease and
would thus meet criteria for a potential laryngectomy.**

To date, no studies have sought to use radiomics to tackle the
challenge of early stage disease (i.e. the distinction between T2
and T3). Further large-scale studies addressing the challenges of
staging are required.

Predictive value of radiomics in laryngeal cancer

Of the 13 studies evaluating, the predictive value of radiomics
only one study (Chen et al**) focussed exclusively on laryngeal
cancer. The authors demonstrated that a radiomics-based model
incorporating three radiomic features and clinicopathological
features (tumour stage, anatomical subsite, laryngectomy) had
good predictive capability for OS. In fact, 12 of the 13 studies
demonstrated that including radiomic features significantly
improves prediction models for various outcomes. However,
this may be due to publication bias, where negative results have
not been published. Only one study, conducted by Keek et al*%,
highlighted that radiomic features were not useful, although this
study did evaluate peri-tumoural tissue rather than the entire
tumour. Although these results show promise it is important
to highlight that the majority of studies include heterogeneous
cohorts of patients with an array of different HNCs of distinct
anatomical subsites at various stages. Thus, further studies are
required before extrapolating these findings to laryngeal cancer.

A key focus in laryngeal cancer should be the formation of robust
prediction models to aid in stratifying patients more likely to
respond to specific treatments. Radiomics alone is not a solution
for these models but if combined with other key clinicopatho-
logical features (such as demographics, risk factors for disease,
histopathological features and genomic structure)** can form
robust clinical decision-making models.

Limitations of literature

There are several limitations that resonate throughout the liter-
ature and should be addressed in future studies. Firstly, the
majority of these studies have been conducted in single centres
and have failed to validate their findings externally. They also
include heterogeneous cohorts with an array of different HNCs
with laryngeal cancer generally poorly represented. Secondly, the
use of different scanners with different scanning parameters and
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different protocols also limits the literature. The radiomic soft-
ware implementations ranged from in-house developed software
to readily available free software (e.g. LIFEx) (as seen in Table 2).
The reliability and prognostic value of radiomic features can be
highly dependent on the platform used, thus making this process
coherent and unified is a significant challenge**. Although the
image biomarker standardisation initiative (an international
collaboration) is making strides in standardising this process.”!
In addition, radiomic contouring was often conducted by a single
operator and thus could not account for inter observer variability
and has greater potential for human error.

Finally, the lack of biological and genomic data to allow correla-
tion with radiomic features. The correlation will improve our
understanding of specific radiomic features and how they reflect
tumour biology.

FUTURE CONSIDERATIONS

Radiomics has significant promise but further developments
are required before translation from bench to bedside. Firstly,
the level of evidence regarding laryngeal cancer is insufficient
and large multicentre prospective studies exclusively in laryn-
geal cancer are required. A consensus also needs to be reached
regarding scanning protocols, image segmentation and feature
extraction software. In the future, deep learning techniques
could also be implemented to perform its own implicit feature
extraction.”*® Finally, to improve reproducibility, publications
should allow access to raw data, and methods used to extract
features.

The strengths of this review include the comprehensive search
strategy and the screening process using two independent
reviewers. Furthermore, the pitfalls that resonate throughout
the literature have been highlighted. These can act as a guide
for researchers formulating new studies to ensure these are
addressed. However, there are some limitations. The lack of
studies exclusively on laryngeal cancer, the use of different soft-
ware implementations and the use of different scanning param-
eters means drawing meaningful conclusions is difficult. Finally,
our review was limited to studies in the English language.

CONCLUSION

This review highlights that radiomics has great potential for
improving multiple aspects of laryngeal cancer care from staging,
prognosis to predicting treatment response. By evaluating the
current literature, this review provides a stepping stone for the
future integration of radiomics in laryngeal cancer care.

However, the lack of data on laryngeal cancer exclusively means
drawing conclusions is challenging. Further large prospective
studies exclusively in laryngeal cancer, utilising genomic and
biological data are required to progress this field. In order to
implement radiomics into clinical practice, a unified research
effort is required to standardise radiomic practice.
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